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Abstract: GIS-integrated multi-criteria decision-making (GIS-MCDM) is used to assess sites for
energy-generation facilities and related infrastructure. This systematic review examines 87 studies
published from 2023 to 2025, selected from 554 Scopus-indexed records. MCDM methods,
publication years, study locations, facility types, and siting criteria were coded at the study level; a
VOSviewer overlay was used to describe keyword co-occurrence. The included studies numbered 22
in 2023 (25.29%), 36 in 2024 (41.38%), and 29 in 2025 (33.33%). Turkey was the most frequently
examined setting (n = 22), followed by China (n = 15), India (n = 7), and Iran (n = 6), after
subnational location labels were harmonised. AHP was coded in 60 studies (68.97%), TOPSIS in 14
(16.09%), and fuzzy AHP in 10 (11.49%); a study could use more than one method. Solar (n = 31;
35.63%), wind (n = 22; 25.29%), and hybrid renewable applications (n = 15; 17.24%) were the most
common facility types. Slope (n = 56), proximity to electrical networks (n = 52), road access (n =
49), and proximity to residential areas (n = 47) were the most frequently coded criteria. The
concentration of study locations and variation in reported criteria limit direct comparison across
studies. Future GIS-MCDM applications should state their spatial criteria, decision rules, and
sensitivity analyses clearly.

Keywords: energy facility site selection; GIS; MCDM; systematic literature review; bibliometric

mapping; renewable energy planning
1. Introduction

Decisions the spatial allocation of power generation facilities exerts a significant influence on technical
performance, economic feasibility, environmental compatibility, and societal acceptance of energy
systems. Site selection is a strategic planning decision that shapes the entire lifecycle of power
generation projects (Islam et al., 2024). Inappropriate siting leads to reduced energy yield, land use

conflicts, environmental degradation, and prolonged regulatory processes (Wati & Meukam, 2024),
making systematic and methodologically defensible approaches essential (Rekik & El Alimi, 2024a).

The spatial allocation of power generation facilities exerts a significant influence on technical
performance, economic feasibility, environmental compatibility, and societal acceptance of energy
systems. Site selection is a strategic planning decision that shapes the entire lifecycle of power
generation projects (Islam et al., 2024). Inappropriate siting leads to reduced energy yield, land use

conflicts, environmental degradation, and prolonged regulatory processes, making systematic and
methodologically defensible approaches essential (Rekik & El Alimi, 2024a; Wati & Meukam, 2024).
Under the global energy transition, accelerated renewable energy deployment driven by international

commitments to decarbonization and energy security has made effective siting more critical than ever
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(Hasti et al., 2023). Unlike fossil fuel plants, renewable energy systems depend on spatially

heterogeneous natural resources, where solar PV installations rely on solar irradiance, land availability,
and grid proximity, while wind energy development is governed by wind speed distribution,

topography, and environmental exclusion zones (Kocabaldir & Yiicel, 2023; Sacidi et al., 2023).
Suboptimal siting in densely populated or environmentally sensitive landscapes can undermine
technical performance and generate social and regulatory resistance (Yildiz, 2024). Beyond

conventional technologies, emerging systems including offshore wind, hybrid configurations, and
marine-based renewables introduce additional spatial complexity that demands integration of resource

evaluation, spatial optimization, and multi-criteria evaluation frameworks (Chisale & Lee, 2024;

Yousefi et al., 2024). As a result, power plant site selection has evolved from a technical optimization

task into a multidimensional challenge that must reconcile technical, environmental, economic, and

sociopolitical criteria within a unified analytical framework (Romero-Ramos et al., 2023; Uyan &

Ertung, 2023).

Geographic Information Systems (GIS) have become increasingly central to spatial planning in the
energy sector, with a growing body of research demonstrating their value in supporting site selection
decisions for power generation facilities (Cook & Pétursson, 2025). Studies consistently show that GIS-

based approaches allow planners to evaluate large geographic areas under multiple spatial constraints,
making them a widely adopted tool in energy infrastructure planning (Shao et al., 2024). Research has
increasingly combined GIS with Multi-Criteria Decision-Making (MCDM) methods to strengthen the
analytical basis of site selection. This integration has gained traction because single-method spatial

approaches are often insufficient for addressing the complexity of real-world planning decisions. By
incorporating expert judgment and multiple competing criteria, GIS-MCDM studies produce more
transparent and reproducible siting outcomes across diverse planning contexts (Flora, 2025; R. Kumar
& Pamucar, 2025; Zandi et al., 2025).

The methodological orientation of GIS-MCDM research has shifted considerably over the past two
decades, moving from deterministic and rule-based approaches toward fuzzy and hybrid models that
better handle uncertainty and complexity in spatial data and expert judgment (Shao etal., 2023; Shehab

etal., 2024; Yousefi et al., 2022). Sectorally, this line of research has expanded well beyond its origins

in solar and wind energy. While these two sectors continue to dominate the literature due to their
rapid global deployment and strong spatial resource dependence (Wang et al., 2023; Yaman, 2024),

more recent studies have extended GIS-MCDM applications into offshore wind, hybrid renewable
configurations, wave and tidal energy, and biogas production, each introducing distinct spatial and

environmental planning considerations (Karipoglu et al., 2023; Shao et al., 2024).

Geographically, GIS-MCDM research remains concentrated in a small number of regions, particularly
parts of Asia and the Middle East where renewable energy investment and spatial data availability are

relatively high (Hasti et al., 2023; Islam et al., 2024). Many other regions remain underrepresented,
which limits the generalizability of existing findings (Zandi & Lotfata, 2025). Studies published after

2020 reflect a growing emphasis on hybrid and fuzzy approaches and the incorporation of emerging

technologies such as hydrogen systems (Flora, 2025; R. Kumar & Pamucar, 2025). Despite this

growth, the literature remains fragmented across technology-specific and region-specific case studies
with varied criteria and methods, making broader comparisons difficult and constraining the
development of generalizable insights regarding dominant approaches, geographic coverage, and
sectoral evolution (Cook & Pétursson, 2025).

Although several reviews have examined GIS and MCDM applications in renewable energy planning,
most focus on specific sectors or limited time periods, leaving important dimensions insufficiently
explored (Shao et al., 2020). Many do not include studies published after 2023, and only a few consider
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methodological, geographic, and sectoral patterns within a single integrated framework. At the same
time, the growing use of hybrid energy systems, offshore renewable technologies, and hydrogen
related applications has introduced new spatial planning challenges that earlier reviews have not fully
captured, while recent advances in fuzzy logic and hybrid MCDM models have further expanded
methodological diversity (R. Kumar & Pamucar, 2025). These gaps highlight the need for a more

comprehensive and up to date synthesis of GIS and MCDM applications in power plant site selection.

This review examines GIS-MCDM studies of energy-facility site selection published between 2023 and
2025. It identifies the MCDM methods used, the years and settings of the included studies, the types
of facilities examined, and the site selection criteria reported (Figure 1). The review addresses four

research questions :

RQ1: Which MCDM methods are most commonly used in GIS-based energy facility site selection?

RQ2: How are the included energy-facility siting studies distributed by publication year and study
location?

RQ3: Which energy facility types are examined most often, and how are they distributed by
publication year?

RQ4: Which site selection criteria are reported most often across the included studies?
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Figure 1.  Conceptual framework for GIS-MCDM energy facility site selection
2. Material and methods

This study adopts a Systematic Literature Review (SLR) to examine, evaluate, and synthesize empirical
evidence on the application of Geographic Information Systems (GIS) integrated with Multi-Criteria
Decision-Making (MCDM) approaches in energy facility site selection (Amjad et al., 2025; Hafida et
al., 2025; W. Li etal., 2025). The review follows PRISMA guidelines (Page et al., 2021) and applies
a four-stage workflow consisting of identification, screening, eligibility, and inclusion to systematically

filter relevant studies. The Scopus search combined site-selection, GIS-MCDM, and energy-
technology terms, as detailed in Table 1, backward reference checking was also used to identify
additional eligible studies. The selected articles were then analysed using qualitative thematic narrative
synthesis to identify recurring patterns in GIS techniques, dominant MCDM methods, and spatial
criteria used in decision making, while bibliometric mapping with VOSviewer was employed to reveal
the intellectual structure and temporal evolution of this research stream. This mapping illustrates the
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progression of GIS MCDM applications over time and highlights the energy sectors that most
frequently adopt these approaches, including wind, solar, thermal, and geothermal systems (Aziz et
al., 2025; Demir et al., 2024). Although the use of PRISMA improves methodological transparency,
predefined inclusion and exclusion criteria may unintentionally omit relevant evidence that falls outside
conventional quality thresholds (Shamseer et al., 2015), and the emphasis on established GIS MCDM
techniques may also limit attention to emerging or less conventional decision-making frameworks that

could provide additional insights for energy facility site selection.
2.1 Data and search strategy
The bibliographic search was conducted using the Scopus database. Publisher information was

extracted solely for descriptive reporting based on Scopus metadata. The complete search strings, filter

settings, and search date are provided in Table 1.

Table 1. Database search configuration for systematic review
Data Source Description
Scopus Journal articles indexed in Scopus, with publisher metadata including

Elsevier, MDPI, Springer, Wiley, IEEE, Taylor and Francis, and SAGE

Initial keyword search (TITLE-ABS-KEY ("site selection" OR "site suitability" OR "suitability
analysis" OR "location selection" OR siting) AND ("power plant" OR
"power station" OR "electricity generation" OR "renewable energy"
OR "solar farm" OR "photovoltaic plant" OR "wind farm" OR
hydropower OR "hydro power" OR "biomass plant" OR geothermal)
AND ("GIS" OR "geographic information system*" OR geospatial OR
"spatial analysis" OR "spatial decision support") AND ("multi-criteria"
OR "multi criteria" OR MCDM OR MCDA OR "multi-criteria
decision" OR AHP OR ANP OR TOPSIS OR VIKOR))

Keyword search (TITLE-ABS-KEY ("site selection" OR "site suitability" OR "suitability

(with restrictions) analysis" OR "location selection" OR siting) AND ("power plant" OR
"power station" OR "electricity generation" OR "renewable energy"
OR "solar farm" OR "photovoltaic plant" OR "wind farm" OR
hydropower OR "hydro power" OR "biomass plant" OR geothermal)
AND ("GIS" OR "geographic information system*" OR geospatial OR
"spatial analysis" OR "spatial decision support") AND ("multi-criteria"
OR "multi criteria" OR MCDM OR MCDA OR "multi-criteria
decision” OR AHP OR ANP OR TOPSIS OR VIKOR) AND
PUBYEAR >= 2023 AND PUBYEAR <= 2025 AND (LIMIT-TO
(DOCTYPE , "OR")) AND (LIMIT-TO (LANGUAGE , "English"))
AND (LIMIT-TO (SRCTYPE , "j")) AND (LIMIT-TO (PUBSTAGE ,
"final"))

Timeframe and Language 2023 — 2025, English articles

2.2 Inclusion and exclusion criterion

The bibliographic search focused on English-language journal articles indexed in Scopus from 2023 to
2025. Studies were eligible when GIS-MCDM supported a spatial siting decision for an energy facility.
For this review, energy facilities include generation, conversion, storage, distribution, and energy-
coupled end-use applications in which energy-related criteria form part of the location analysis. Table
2 states the inclusion and exclusion rules used for the 87-study list.
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Table 2. Inclusion and exclusion criteria for article screening
Criteria Inclusion (accepted articles) Exclusion (rejected articles)
Publication Original research articles published in Editorials, conference proceedings,
Type and  scientific journals that have gone through  book series, trade journals, and articles
Stage the final publication stage. still in press.
Language Articles published in English. Articles published in languages other

Time Frame

Keywords
and Scope

Research
Method
Relevance of
Research
Focus

Data Quality

Articles published between 2023 and
2025.

GIS-MCDM studies of site selection for
generation, conversion, storage,
distribution, or energy-coupled end-use
facilities.
Empirical studies (quantitative,
qualitative, or mixed-methods).

Articles that evaluate energy-related
criteria in selecting an energy facility
location.

detailed

methodology, and measurable outcomes.

Clearly defined objectives,

than English.
Articles published before 2023.

Studies without a spatial siting decision
for an energy facility or without GIS-
MCDM analysis.

Conceptual papers or articles without
empirical data, such as review articles.
Studies whose primary decision does
not concern an energy facility location

Unclear research design, low data
quality, or insufficient reporting.

Following the application of these criteria, the retrieved records were refined by removing duplicates
and subsequently screened and selected using the PRISMA flow process, as summarized in Figure 2.
This process ensures that only studies that meet the predefined inclusion criteria are included for
further analysis.

Scopus records R Removed before screening: 438
n=>554 Out of scope: 92; proceedings: 48; before 2023: 297; non-English: 1
Records screened " Records excluded: 20
n=116 Limited relevance or insufficient quality (general reasons)
Reports sought N Reports not retrieved: 9
n=96 Availability or retrieval constraints reported in earlier manuscript
v
Reports assessed q Further full-text exclusions: 0
n=_3§7 None recorded between 87 assessed and 87 included
v
Studies included
n =87

Figure 2. PRISMA flowchart for GIS-MCDM energy facility site selection

Figure 2 reports 554 Scopus records, 438 records removed before screening, 116 screened records,
and 20 screening exclusions. Of 96 reports sought, nine were recorded as not retrieved; 87 reports
were assessed and included. The original figure repeated the nine as full-text exclusions, which would
incorrectly reduce the final total to 78. Reasons for the nine unretrieved reports were not available in
the supplied records. The original publisher totals sum to 87: Elsevier 52, MDPI 16, Springer 13,
Wiley three, and IEEE, Taylor & Francis, and SAGE one each.
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2.3 Quality assurance

The available material includes eligibility questions and a final 87-record recap but no archived study-
level appraisal scores or assessor-agreement results. Table 3 is therefore treated as a reporting
checklist. No numerical quality threshold, independent dual screening, or quality-based exclusion is
inferred from the material supplied for this revision.

Table 3. Reporting—quality criteria for evaluating studies

Reporting domain Operational description

Decision problem The facility, location, and siting objective can be identified.

GIS and MCDM The spatial workflow and the role of each named decision method are

integration described.

Criterion reporting The spatial criteria and any exclusions are named clearly enough for coding.

Method reporting Weight derivation, ranking, and uncertainty procedures are described
where used.

Output reporting The suitability map, selected sites, or other location outcome is reported.

The checklist in Table 3 describes what should be reported for a study to be coded. It does not establish
risk of bias or a comparative quality score. The descriptive synthesis below uses the author-supplied
study list, the original citation-linked method table, and the numbered criterion references. Coding
and eligibility decisions that cannot be reconstructed from these sources remain identified as

limitations.
2.4 Data analysis technique

For RQ1, the unit was a unique study matched from each Mendeley citation in the original method
table to one of the 87 listed records; a study could use several methods. RQ2 used publication year
and study setting, with Tibet harmonised to China and Kurdistan Province to Iran. RQ3 assigned one
primary facility type per record using the labels in the supplied recap. RQ4 counted each criterion
once per referenced study, allowing several criteria per study. Percentages for every category use 87
as the denominator; method and criterion percentages need not sum to 100%. The retained sources
are examples of GIS-MCDM research, not evidence for this review’s coded (Benti et al., 2023; Chai
etal., 2024; Feloni & Karandinaki, 2021).

A VOSviewer keyword overlay was available in the reviewed manuscript. The raster image shows a
colour scale for average publication year, but the supplied files do not include the VOSviewer project,
keyword threshold, counting settings, or normalisation record. The map is therefore used as a
descriptive illustration only. The retained references concern GIS-based applications and bibliometric
context (Abdi et al., 2025; Zandi & Lotfata, 2025). Results were summarised with counts and

percentages by publication year. We did not estimate pooled effects or rank the effectiveness of

MCDM methods because the records describe different decision problems and outcomes. The

keyword map is interpreted separately from the study-level sector and method counts.
3. Results and discussion
The descriptive analysis covers 87 included studies. Figure 3 groups them by publisher: Elsevier (52

studies), MDPI (16), Springer (13), Wiley (3), and IEEE, Taylor & Francis, and SAGE (1 each). These
counts account for all 87 studies. Sections 3.1 to 3.4 then address RQ1 (MCDM methods), RQ2
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(publication years and study locations), RQ3 (energy sectors), and RQ4 (site selection criteria),

Distribution of Publications by Academic Publisher
MDPI _ 16 (18.39%)
Springer Nature _ 13 (14.94%)
Wiley . 3(3.45%)

IEEEI 1 (1.15%)

respectively.

Taylor & Francis I 1 (1.15%)

SAGE I 1 (1.15%)

0 10 20 40 50 60

30
Number of Publications
Figure 3. Publisher distribution of the selected power plant site selection studies
3.1 RQI1. MCDM methods

The original Table 4 contains active Mendeley citations for the studies assigned to each method.
Matching those citation records to the 87-item list yields 60 studies using AHP (68.97%), 14 using
TOPSIS (16.09%), and ten using fuzzy AHP (11.49%). These are frequencies of reported method use,
not evidence that one method produces better sites. The original discussion cited broader reviews and
method examples (Mahmudah et al., 2024; Sanchez-Lozano et al., 2022).

Methods were reported in different roles. AHP and related pairwise-comparison variants commonly
derived weights; TOPSIS and other compromise methods ordered candidate locations. Some studies
combined weighting and ranking methods. The references retained in this paragraph provide
background context; the frequencies above come from the study identities linked in Table 4 (Khanlari
& Alhuyi Nazari, 2022; A. Kumar et al., 2017; Nzotcha et al., 2019; Pohekar & Ramachandran
2004a).

TOPSIS

F-AHP

BWM

CRITIC

VIKOR

EWM

GRA

ANP

ENTROPY

0 10 20 30 40 50 60
Unique records (multiple coding; N = 87)

Figure 4. Publication trend of the selected power plant site selection studies by year
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GIS overlays spatial data and exclusion zones, while MCDM assigns priorities or compares candidate

locations. The 34 labels in Table 4 include distinct methods and variants; related variants were kept

separate to match the citation-linked rows. The percentage denominator is 87 even though a paper

may contribute to more than one row (Shao et al., 2020; Tarife et al., 2023).

Table 4.  MCDM methods, unique study counts, and source citations (N = 87)

Method, n (% of 87)

Reference

AHP 60 (68.97%)

ANP 2 (2.30%)
BWM 4 (4.60%)
CRITIC 4 (4.60%)
DEA 1 (1.15%)
EDAS 1 (1.15%)
ENTROPY 2 (2.30%)
EWM 3 (3.45%)
F-AHP 10 (11.49%)

F-MARCOS 1 (1.15%)
F-SWARA 1 (1.15%)
F-TOPSIS 2 (2.30%)
G-AHP 1 (1.15%)
G-CRITIC 1 (1.15%)
GIAHP 1 (1.15%)
GRA 3 (3.45%)
GTMA 1 (1.15%)

IF 1 (1.15%)
IF-AHP 1 (1.15%)
MAIRCA 1 (1.15%)
MARCOS 1 (1.15%)
MAUT 1 (1.15%)
MEREC 2 (2.30%)
MULTIMOORA
(1.15%)

PF-AHP 1 (1.15%)
PROMETHEE 1 (1.15%)
SAW 2 (2.30%)
SWARA 1 (1.15%)
TODIM 1 (1.15%)
TOPSIS 14 (16.09%)

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

VIKOR 4 (4.60%)
WASPAS 1 (1.15%)

(Akay, 2025; Amsharuk & Faska, 2023, 2024; Asadi, Pourhossein, & Mohammadi-
Ivatloo, 2023; Asadi, Pourhossein, Noorollahi, et al., 2023; Asadi, Ramezanzade, et al.
2023; BaSegmez, 2025; Bawazir et al., 2023; Bertsiou et al., 2025; Bimenyimana et al.,
2024; Boonman et al., 2025; Can et al., 2024; Chai et al., 2024; Chouhan et al., 2024;
Demir et al., 2023, 2024; Dincer et al., 2024, 2025; Eslami et al., 2023; Ghivas et al.,
2025; Ghosh et al., 2024; Girma et al., 2025; Hafida et al., 2025; Hasti et al., 2023;
Hauger etal., 2025; Imam et al., 2024; Islam et al., 2024; Jbaihi et al., 2024; Kocabaldir
& Yiicel, 2023; Y. Li et al., 2025; Liao et al., 2025; Mbufua et al., 2025; Nassar et al.,
2025; Rane et al., 2024; Raza et al., 2023; Reher et al., 2025; Rekik & El Alimi, 2023,
2024b; Romero-Ramos et al., 2023; Salih et al., 2024; Saraswat et al., 2024; Shao etal.,
2023, 2024; Shehab et al., 2024; Shi et al., 2025; Sun et al., 2025; Tarife et al., 2023;
Tian et al., 2024; Vasudevan et al., 2024; Wati & Meukam, 2024; Yaman, 2024; Yang
etal., 2025; Yegizaw & Mengistu, 2023; Yildiz, 2024; Yousefi et al., 2024; Yu et al.
2025; Yum & Das Adhikari, 2023)

(Uyan & Dogmus, 2023)

(Amjad et al., 2025; Gumussoy et al., 2024; Shafii et al., 2025; Uyan & Ertunc, 2023)
(Abdi et al., 2025; S. Kumar et al., 2024; Luhaniwal et al., 2025; Shao et al., 2023)
(Shafii et al., 2025)

(Rekik & El Alimi, 2024a)

(S. Kumar etal., 2024; Liu et al., 2024)

(Base@mez, 2025; Sun etal., 2025; Yu et al., 2025)

(Arcaetal., 2023; Aziz etal., 2025; Chisale & Lee, 2024; Jbaihi et al., 2024; Karipoglu
ctal., 2023, 2024; Kaynak & Giimiis, 2025; Rekik & El Alimi, 2024a; Tang et al., 2024;
Yilmaz et al., 2024)

(G. Demir et al., 2024)

(G. Demir etal., 2024)

(Karipoglu et al., 2023; Sacidi et al., 2023; Tang et al., 2024)

(Shao etal., 2023)

(Zhao et al., 2024)

(Shao etal., 2025)

(Luhaniwal et al., 2024; Shafii et al., 2025; Zhao et al., 2024)

(Luhaniwal et al., 2024)

(Luhaniwal et al., 2024; Sahin et al., 2024)

(Gokler, 2025)

(Abdi et al., 2025)

(S. Kumar et al., 2024)

(Saraswat et al., 2024)

(R. Kumar & Pamucar, 2025; Shao etal., 2025)

(Malini€ et al., 2025)

(Gokler, 2025)

(Mbufua et al., 2025)

(Nwaiwu et al., 2023; Shehab et al., 2024)

(Liu etal., 2024)

(Liu et al., 2024)

(Amsharuk & Faska, 2023, 2024; Gumussoy et al., 2024; Hasti et al., 2023; Kaynak &
Giimiig, 2025; Luhaniwal et al., 2025; Malini€ et al., 2025; Saraswat et al., 2024; Shafii
etal., 2025; Shi etal., 2025; Sun et al., 2025; Tian et al., 2024)

(Luhaniwal et al., 2024; Shao et al., 2023; Sun et al., 2025; Yu et al., 2025)

(Saraswat et al., 2024)
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AHP accounted for 60 unique studies, followed by TOPSIS (14) and fuzzy AHP (10). The citation-
linked Table 4 differs from the shorter method list in the separate recap, which lists 54, 11, and nine,
respectively. This revision uses the manuscript’s active citations because all cited method entries could
be linked to the 87-study list. Method combinations are counted in each applicable row (Ayough etal.,
2022; Boonmee & Tanpruttianunt, 2026; Dehe & Bamford, 2015; Hofer et al., 2016; Malini€ et al.,
2025; Opricovic & Tzeng, 2004; Pohekar & Ramachandran, 2004b; Prieto-Amparan et al., 2021;
Rezaei, 2015).

The distribution is descriptive. Frequent use of AHP shows what the authors chose in this set of articles;
it cannot establish accuracy, stability, or superiority. Comparisons would require common
alternatives, criteria, and validation data across studies. The retained sources discuss GIS-MCDM and
decision support more generally (Shao et al., 2020; Sotiropoulou & Vavatsikos, 2021).

Weighting methods assign relative importance to criteria. Ranking methods compare candidate sites
after performance values and weights are combined. Fuzzy extensions represent imprecise preferences
or inputs and can be applied at either stage. These functions should be reported separately when one
study combines several techniques. In an AHP-based analysis, pairwise comparisons produce a set of
criterion weights. Those weights express the decision maker’s priorities for factors such as resource
potential, slope, road access, and grid connection. They do not by themselves show that the final map
is insensitive to changes in judgement (Farsi et al., 2024). A ranking procedure orders discrete

alternatives or suitable zones after criterion values have been assembled. TOPSIS, VIKOR,
PROMETHEE, and other methods use different comparison rules, so a paper should state both how it
weighted criteria and how it ranked sites. AHP can supply weights to a later ranking step, as the
retained citation discusses in its application.

Handling uncertainty in MCDM-based siting decisions involves several recurring challenges reported
across the reviewed literature. One major difficulty is the inherent ambiguity and subjectivity
embedded in both the criteria framework and the importance assigned to each criterion. Because
weights are frequently derived from expert judgment, the process can introduce bias and vagueness
that propagate into the final suitability outcomes (Chen Jong & Mohamud Ahmed, 2024) . To address
this, some studies apply fuzzy set theory to represent imprecise inputs and subjective preferences more

flexibly, allowing decision-makers to express evaluations in a way that better reflects real-world
uncertainty (Dheena & Mohanraj, 2011).

A second challenge concerns model sensitivity and stability. MCDM outputs can change substantially
under small perturbations in assumptions, which may undermine confidence in the resulting site
ranking. This issue has motivated the integration of simulation-based strategies, such as Monte Carlo
methods, to quantify uncertainty and improve the reliability of decision outcomes (Cui et al., 2023).

Relatedly, uncertainty often exists simultaneously in both criteria performance values and the
associated weights. Stochastic frameworks such as SMAA—TOPSIS have been proposed to explicitly
model this dual uncertainty and to produce rankings that are more risk-informed and statistically robust

(E. Zhu et al., 2018).

Beyond technical uncertainty, the literature also highlights human and temporal factors. Experts
operate under bounded rationality, and the relevance or credibility of evidence may shift over time as
new information becomes available. Time-aware approaches, including time-series-based evidential
reasoning, have therefore been used to update expert evidence dynamically and reduce subjectivity as
the decision context evolves (Fang & Liao, 2021). Collectively, these challenges support the broader

need for uncertainty-aware MCDM designs that not only quantify imprecision, but also enhance
robustness, transparency, and decision defensibility in siting applications.

Page | 205


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/

Copyright © Authors
Published by Rescarcher and Lecturer Society

=4

-access article under the: https://creativecommons.org/licenses/by/4.0/

This is an open

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

3.2 RQ2. Publication year and study setting

Turkey is the most common study setting (22 records), followed by China (15), India (seven), and Iran
(six). The raw recap lists China as 14 and Tibet as one; those were combined for country reporting. It
also lists Iran as five and Kurdistan as one. The Kurdistan article identifies Kurdistan Province, Iran, so
the country total is six. Table 5 gives year-specific counts. The other 37 studies cover 27 settings after
those country labels and “Marocco” are harmonised. Table 5 combines those settings in one row; the
complete location coding remains in the extraction recap. These are study locations, not author
affiliations. One publication can address a location without representing national research output, so
the pattern should be interpreted as case-study coverage only.

40 -

35 1

Figure 5. Publication years in the author-supplied 87 included studies

Publication counts for the 87 included studies were 22 in 2023 (25.29%), 36 in 2024 (41.38%), and
29 in 2025 (33.33%). The count was highest in 2024 (Figure 5). These figures describe the studies
captured by the stated search limits and do not establish a long-term growth trend in the field.

40 1
35 A
30 A
25

20 A
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15 4

Figure 6.  Study locations of the 87 included studies (2023—-2025)

Across the 87 included studies, Turkey was the most frequently examined setting (n = 22), followed
by China (n = 15), India (n = 7), and Iran (n = 6; Figure 6). For country-level reporting, the record
labelled Tibet was counted under China and the Kurdistan Province record under Iran. Table 5 reports
study locations by publication year. The remaining 37 studies cover 27 settings after spelling and
country labels were standardised. These counts describe the locations examined in the studies, not the
authors’ institutional affiliations or national research output.
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Table 5.  Leading study settings and other locations by publication year (N = 87)

Setting 2023 2024 2025 Total
Turkey 8 8 6 22
China 1 7 7 15
India 0 6 1 7

Iran 4 1 1 6
Other settings 9 14 14 37

3.3 RQ3. Energy sectors

Using one primary sector per study, solar accounted for 31 records (35.63%), wind for 22 (25.29%)),
and hybrid renewable systems for 15 (17.24%). Concentrated solar power was coded as solar, and the
source label “Windy Energy” was standardised as wind. Table 6 reports sector counts by publication
year, and Figure 7 shows the sector totals.

Solar

Wind

Hybrid renewable
Marine energy
Pumped hydro storage
Hydrogen

Biomass / biogas
Nuclear

Geothermal

Thermal / heat

k T T r T T r )
0 5 10 15 20 25 30 a5
Unique records (multiple coding; N = 87)

Figure 7.  Primary energy-sector labels in the supplied 87 included studies
The other sectors were marine energy (n = 4), hydrogen (n = 3), pumped hydro storage (n = 3),
biomass or biogas (n = 3), geothermal (n = 2), nuclear (n = 2), and thermal or heat systems (n = 2).

The hybrid category includes a solar/wind-powered desalination facility.

Table 6. Primary energy sector labels in the supplied list (classification pending; N = 87)

Sector 2023 2024 2025 Total
Solar
Wind
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— p—
N W
—_
=]
N W
N —

[
(2]

Marine energy
Pumped hydro storage
Hydrogen

Biomass / biogas
Nuclear

Geothermal
Thermal / heat

N — O = O O = U1~
SO =) OO N O wwu

SO O NN = WO U1 o
N NN W W w p

Page | 207


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/

Copyright © Authors
Published by Rescarcher and Lecturer Society

=4

-access article under the: https://creativecommons.org/licenses/by/4.0/

This is an open

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

.umulative prospect theory
thermalienergy bi.ata

- algorithm
@ hybrighowegNRg suitalijlity analyse
offshorewind¥ar i gis a ations
gaswnts ffsh ¢.. (' s ' agriculture
qgis g f
arzurum., off. desallnatlg:v\. -
ruralare! " distributed layout ~ Ocean @urrents

M @ carbon @mission
-

bindighd

. wer
envnr.@ntﬂasses’hent ‘ il water resources
suitabilily index __ wind@peed® TR Hybr gy cthod
. 0 rr weighted lineagcombifiations
cargggoon kafgbuk '

ideal solutions

"~ resenvoirs (water)

. gangue hill

o aking * - _
compl‘. a | 4 w E ahp-oh coal m|n.e5
” Olar phatovoltaics coal mine

.@’Woltaics. gra'itic
' -
° v@r
® bi&s. biomass
anaerob.lfgestion

U(%VOSViewer
20230 20235 20240 20245 20250

Figure 8. Keyword co-occurrence overlay

Figure 8 shows a VOSviewer keyword co-occurrence overlay. Larger nodes represent more frequent
keywords, links indicate co-occurrence, and colour represents average publication year. Yellow terms
have a later average publication year than purple terms on the displayed scale. Keywords such as
“desalination” and “coal mine” appear in the map, but keyword labels alone cannot determine study
eligibility or establish a research trend.

Solar and wind are the largest primary sector groups, comprising 31 and 22 studies, respectively.
Together, they account for 53 of the 87 included studies (60.92%). This proportion describes the
composition of this review’s 2023—2025 study set. Recent studies have examined the application of
GIS-based multi-criteria decision analysis to renewable-energy planning, including a systematic review
of location and design criteria for renewable-energy projects (Cook & Pétursson, 2025) and an
integrated GIS-MCDA-AHP framework for solar and wind energy site selection (Nassar et al., 2025).

The smaller groups include marine energy (n = 4), hydrogen (n = 3), pumped hydro storage (n = 3),
and nuclear energy (n = 2). Siting requirements differ by energy technology. Decision-making for
marine energy has been reviewed in the context of multi-criteria decision-making applications, while
solar—hydrogen production has been examined in related research (Flora, 2025). Nuclear power plant

siting has also been investigated using multi-criteria decision—making and GIS-based approaches (Shafii
et al., 2025; Susiati et al., 2025). Under the eligibility rule in Table 2, the solar/wind-powered
desalination facility and district—heating application remain in the 87—study set as energy—coupled

facilities, rather than being described as electricity-generation plants.

Related GIS-MCDM applications extend to electric-vehicle charging (W. Li et al., 2025). Other
examples concern hydrogen infrastructure (Giil & Akyiiz, 2026), power-to-gas conversion (Soha &

Hartmann, 2022) , and pumped-storage siting (C. Zhu et al., 2026) . These examples provide context;

the frequencies in Table 6 were calculated from the 87 included studies.
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3.4 RQA4. Site-selection criteria

The numbered criterion list in the recap was linked to the 87 study identities, with repeat references
to the same paper counted once per criterion. Slope appears in 56 studies (64.37%), electrical-network
proximity in 52 (59.77%), highway or road access in 49 (56.32%), residential areas in 47 (54.02%),
and land use in 36 (41.38%). Table 7 reports the ten most frequent coded labels by year; the complete
27-label list remains in the extraction recap. Figure 9 groups selected labels conceptually and is not a
frequency plot. The retained citations provide context for criterion selection.

Table 7. Ten most frequent siting criteria by publication year (multiple coding; N = 87)

Criterion 2023 2024 2025 Total %
Slope 12 20 24 56 64.37
Proximity to Electrical Network 12 20 20 52 59.77
Highway and Road 11 21 17 49 56.32
Residental Area 8 20 19 47 54.02
Land Use 8 15 13 36 41.38
Elevation 4 12 12 28 32.18
Proximity to Protected Areas 4 10 13 27 31.03
Aspect 6 9 9 24 27.59
Source of water (waterbodies) 4 8 4 16 18.39
Proximity to Faults 3 5 7 15 17.24
/vl Slope I
Topographic ——’I Elevation |
/ \ \‘l Aspect ]
Proximity to electrical network |
E G s
§ Transportation network ]
% /'i Land use |
B Land Use and
i’j Environmental "—’i Protected arca ]
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Figure 9. Conceptual grouping of selected siting criteria

Land use is consistently applied because power plant siting must avoid conflict with existing land
functions and fit broader spatial planning and environmental conservation objectives (Tercan et al.

2021). Proximity to the electrical network and roads is repeatedly favored because suitability declines
as facilities become more remote from substations and transport access, which increases

interconnection and logistics burdens (Chen et al., 2026). Distance from residential areas is regularly

incorporated because support for renewable and other power projects is strongly shaped by location,
size, visual effects, and other place-based perceptions that influence local acceptance (Enserink et al.,
2022). Protected areas are frequently screened or buffered because biodiversity related siting criteria
are used to reduce ecological conflict and satisfy legal requirements in project development (Levin et
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al., 2025). Water related criteria become important where cooling or process water is operationally
decisive, since adequate freshwater availability remains a key condition for reliable plant performance
in water intensive technologies (Erdem et al., 2025). Taken together, these findings indicate that

power plant siting through GIS and MCDM now relies on a recognizable common planning core, while
still requiring contextual adjustment in response to local geography, regulation, and technology
specific risk exposure (Wimhurst et al., 2023).

4. Conclusion

This review synthesised 87 GIS-MCDM studies of energy facility site selection published between 2023
and 2025. AHP appeared in 60 studies, TOPSIS in 14, and fuzzy AHP in ten; some studies used more
than one method. The number of included studies was highest in 2024 (36), while Turkey was the
most frequently examined setting (22). Solar (31), wind (22), and hybrid renewable applications (15)
accounted for 68 of the 87 studies. Slope (56), proximity to electrical networks (52), road access (49),
and proximity to residential areas (47) were the most frequently coded siting criteria.

These frequencies describe the methods and criteria reported in the included studies. They do not
show which method produces better sites or which criterion should receive the greatest weight. The
review also covers generation, storage, conversion, and energy-coupled facilities. Their technical
requirements differ, so a criterion or decision rule used for one facility type cannot be transferred to

another without examining its relevance and measurement.

The findings are bounded by the English-language Scopus search for 2023 to 2025 and the available
coding of the 87 studies. Annual publication counts cannot establish long-term growth. In addition,
the absence of archived study-level quality scores prevents the synthesis from weighting findings by
methodological quality. Future reviews should retain screening decisions and study-level coding
records. Primary GIS-MCDM studies should report criterion definitions, exclusion thresholds,
weighting procedures, and sensitivity results so that their site rankings can be examined and compared.

Author’s declaration
Author contribution

Reza Nugraha: Conceptualization, methodology, formal analysis, data curation, investigation,
visualization, and writing - original draft. Ade Gafar Abdullah: Supervision, validation, project
administration, and writing - review and editing. Ade Karim: Methodology, formal analysis,
validation, and writing - review and editing. Dimas Aulia Saputra: Data extraction, bibliometric
analysis, visualization, and writing - review and editing. Navia Rahmalia Zahra: Data extraction,
literature screening, validation, and writing - review and editing. Ida Hamidah: Supervision,
validation, resources, and writing - review and editing. Nina Widiawati: Validation, resources, and

writing - review and editing.
Funding statement

This research was funded by the Ministry of Higher Education, Science, and Technology of the
Republic of Indonesia through the PMDSU Program under Contract Nos. 319/C3/DT.05.00/PL-
PMDSU/2026 and 1212/UN40.F7/PT.01.01/2026.

Data availability

The bibliographic data used in this study were obtained from the Scopus database. The search strategies,
coding templates, extracted data, and decision logs supporting the findings of this systematic review
are available from the corresponding author upon reasonable request.

Page | 210


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Acknowledgements

The authors would like to thank the PMDSU Program under the Ministry of Higher Education,
Science, and Technology of the Republic of Indonesia and the Indonesian Endowment Fund for
Education (LPDP), Ministry of Finance of the Republic of Indonesia, for their support of the authors’
studies and the preparation of this article for publication.

Conflict of interest
The authors declare that they have no conflicts of interest regarding the publication of this manuscript.
Ethical clearance

This research does not involve humans as subjects. The study is a systematic literature review based on
previously published scientific literature and bibliographic data; therefore, ethical clearance and

informed consent were not required.
Al statements

ChatGPT (OpenAl) was used only to assist with language refinement, including grammar, coherence,
cohesiveness, and readability. All Al-assisted suggestions were manually reviewed and verified by the
authors for accuracy and consistency with the original data, references, and intended scientific
meaning. The authors remain fully responsible for the accuracy, integrity, and content of the
manuscript. No Al tool was used to generate or analyse the research data.

Publisher’s and Journal’s Note

Researcher and Lecturer Society as the publisher, and the editor of Journal of Engineering Researcher
and Lecturer state that there is no conflict of interest towards this article publication.

References

Abdi, A. P., Damci, A., Turkoglu, H., Kirca, V. S. O., Demirkesen, S., Sadikoglu, E., & Arslan, A.
E. (2025). A Geographic Information System-Based Integrated Multi-Criteria Decision-Support
System for the Selection of Wind Farm Sites: The Case of Djibouti. Sustainability (Switzerland),
17(6). https://doi.org/10.3390/5u17062555

Akay, S. S. (2025). Investigating Land Suitability for PV Farm and Existing Sites Using a Multi-Criteria
Decision ~Approach in Gaziantep, Tirkiye. Applied Sciences (Switzerland), 15(5).
https://doi.org/10.3390/app1505244 1

Amjad, F., Agyekum, E. B., Shaikh, A. K., Tarawneh, B., Kumar, P., & Amjad, A. (2025). Geospatial
and multi-criteria decision-making approach for optimal site selection of solar/wind desalination
plants in Oman. Energy Reports, 14. https://doi.org/10.1016/j.egyr.2025.06.036

Amsharuk, A., & kaska, G. (2023). The Approach to Finding Locations for Wind Farms Using GIS
and MCDA: Case Study Based on Podlaskie Voivodeship, Poland. Energies, 16(20).
https: //doi.org/10.3390/en16207107

Amsharuk, A., & kaska, G. (2024). Site Selection of Wind Farms in Poland: Combining Theory with
Reality. Energies , 17(11). https://doi.org/10.3390/en17112635

Arca, D., Keskin Citiroglu, H., & Yal¢inkaya, N. M. (2023). Determining optimal solar power plant

(SPP) sites by technical and environmental analysis: the case of Safranbolu, Tiirkiye. Environmental
Science and Pollution Research, 30(17). https://doi.org/10.1007/511356-023-25879-9

Page | 211


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su17062555
https://doi.org/10.3390/app15052441
https://doi.org/10.1016/j.egyr.2025.06.036
https://doi.org/10.3390/en16207107
https://doi.org/10.3390/en17112635
https://doi.org/10.1007/s11356-023-25879-9

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Asadi, M., Pourhossein, K., & Mohammadi-Ivatloo, B. (2023). GIS-assisted modeling of wind farm
site selection based on support vector regression. Journal of Cleaner Production, 390.
https: //doi.org/10.1016/j.jclepro.2023.135993

Asadi, M., Pourhossein, K., Noorollahi, Y., Marzband, M., & Iglesias, G. (2023). A New Decision
Framework for Hybrid Solar and Wind Power Plant Site Selection Using Linear Regression
Modeling Based on GIS-AHP. Sustainability, 15(10), 8359.
https: //doi.org/10.3390/su15108359

Asadi, M., Ramezanzade, M., & Pourhossein, K. (2023). A global evaluation model applied to wind
power plant site selection. Applied Energy, 336.
https://doi.org/lO.1016/i.apenergv.2023. 120840

Ayough, A., Boshruei, S., & Khorshidvand, B. (2022). A new interactive method based on multi-
criteria preference degree functions for solar power plant site selection. Renewable Energy, 195.
https://doi.org/10.1016/j.renene.2022.06.087

Aziz, M. T., Haque, A., Islam, M. R., Hosen, M. B., Kader, Z., Aziz, M. A., & Saha, O. R. (2025).
Site suitability assessment for solar powered green hydrogen production plants: A GIS based AHP

and Fuzzy AHP approach for Bangladesh. Renewable Energy, 254.
https://doi.org/10.1016/j.renene.2025.123675

Bagegmez, M. (2025). Strategic multi-criteria framework for nuclear plant siting: Integrating AHP,
EWM, and Game Theory with GIS.  Progress in  Nuclear  Energy, 188.
https: //doi.org/10.1016/j.pnucene.2025.105897

Bawazir, R. O., Cetin, N. S., & Fadel, W. (2023). Optimum PV distributed generation based on grid
and geographical area: A case study of Aden governorate, Yemen. Energy Conversion and
Management, 297. https://doi.org/10.1016/j.enconman.2023.117703

Benti, N. E., Alemu, Y. B., Balta, M. M., Gunta, S., Chaka, M. D., Semie, A. G., Mekonnen, Y. S.,
& Yohannes, H. (2023). Site suitability assessment for the development of wind power plant in
Wolaita area, Southern Ethiopia: an AHP-GIS model. Scientific Reports, 13(1).
https: //doi.org/ 10.1038/s41598-023-47149-x

Bertsiou, M. M., Theochari, A. P., Gergatsoulis, D., Gerakianakis, M., & Baltas, E. (2025). Optimal
Site Selection for Wind and Solar Parks in Karpathos Island Using a GIS-MCDM Model. ISPRS
International Journal ngeo—]rzformation, 14(3). https://doi.org/ 10.3390/iigil4030125

Bimenyimana, S., Wang, C., Asemota, G. N. O., Uwizerwa, ]J. M. V., Thirwe, ]. P., Tuyizere, M.
N., Mwizerwa, F., Mo, Y., Abiyese, M., Ishimwe, H., & Ishimwe, A. M. (2024). Wind Energy
Siting  Optimization in Fujian Province, China. Sustainability (Switzerland), 16(24).
https://doi.org/10.3390/5u162411103

Boonman, A., Fukuda, S., & Junpen, A. (2025). Spatial Multi-Criteria Land Suitability Analysis for
Community-Scale ~ Biomass ~ Power  Plant  Site  Selection. Energies, 18(17).
https://doi.org/10.3390/en18174469

Boonmee, C., & Tanpruttianunt, N. (2026). A fuzzy multi-criteria decision framework for community

isolation center site selection to enhance public health resilience. Journal of Safety Science and
Resilience, 7(1). https://doi.org/10.1016/j.jnlssr.2025.100227

Can, G., Kocabaldir, C., & Yiicel, M. A. (2024). Spatial multi-criteria decision analysis for site
selection of wind power plants: a case study. Energy Sources, Part A: Recovery, Utilization and
Environmental Effects, 46(1). https://doi.org/10.1080/15567036.2024.2328826

Chai, S., Kong, F., Liu, Y., Liang, M., & Liu, Q. (2024). Photovoltaic Solar Farms Site Selection
through “Policy Constraints—Construction Suitability”: A Case Study of Qilian County, Qinghai.
Land, 13(9). https://doi.org/10.3390/land 13091420

Chen, J., Shen, J., Zhang, S., Wang, R., Zhen, Z., Wang, C., & Cai, W. (2026). Solar and wind
power plant site selection in China: Machine learning-based regional and temporal probability.
Applied Energy, 402. https://doi.org/10.1016/j.apenergy.2025.127033

Page | 212


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jclepro.2023.135993
https://doi.org/10.3390/su15108359
https://doi.org/10.1016/j.apenergy.2023.120840
https://doi.org/10.1016/j.renene.2022.06.087
https://doi.org/10.1016/j.renene.2025.123675
https://doi.org/10.1016/j.pnucene.2025.105897
https://doi.org/10.1016/j.enconman.2023.117703
https://doi.org/10.1038/s41598-023-47149-x
https://doi.org/10.3390/ijgi14030125
https://doi.org/10.3390/su162411103
https://doi.org/10.3390/en18174469
https://doi.org/10.1016/j.jnlssr.2025.100227
https://doi.org/10.1080/15567036.2024.2328826
https://doi.org/10.3390/land13091420
https://doi.org/10.1016/j.apenergy.2025.127033

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Chen Jong, F., & Mohamud Ahmed, M. (2024). Multi-Criteria Decision-Making Solutions for
Optimal Solar Energy Sites Identification: A Systematic Review and Analysis. IEEE Access, 12.
https: //doi.org/ 10.1109/ACCESS.2024.3461948

Chisale, S. W., & Lee, H. S. (2024). Comprehensive onshore wind energy assessment in Malawi based

on the WRF downscaling with ERAS5 reanalysis data, optimal site selection, and energy
production. Energy Conversion and Management : X, 22.
https: //doi.org/10.1016/j.ecmx.2024.100608

Chouhan, A. K., Kumar, R., & Mishra, A. K. (2024). Assessment of the geothermal potential zone of
India utilizing GIS-based multi-criteria decision analysis technique. Renewable Energy, 227.
https://doi.org/10.1016/j.renene.2024.120552

Cook, D., & Petursson, J. G. (2025). The role of GIS mapping in multi-criteria decision analysis in

informing the location and design of renewable energy projects - A systematic review. In Energy
Strategy Reviews (Vol. 59). https://doi.org/10.1016/j.esr.2025.101765

Cui, H., Dong, S., Hu, J., Chen, M., Hou, B., Zhang, ]., Zhang, B., Xian, ]., & Chen, F. (2023). A
hybrid MCDM model with Monte Carlo simulation to improve decision-making stability and
reliability. Information Sciences, 647. https://doi.org/10.1016/j.ins.2023.119439

Dehe, B., & Bamford, D. (2015). Development, test and comparison of two Multiple Criteria Decision

Analysis (MCDA) models: A case of healthcare infrastructure location. Expert Systems with
Applications, 42(19), 6717—6727. https://doi.org/10.1016/j.eswa.2015.04.059

Demir, A., Dinger, A. E., Ciftci, C., Gllgimen, S., Uzal, N., & Yilmaz, K. (2024). Wind farm site
selection using GIS-based multicriteria analysis with Life cycle assessment integration. Earth
Science Informatics, 17(2). https://doi.org/10.1007/512145-024-01227-4

Demir, A., Dinger, A. E., & Yilmaz, K. (2023). A novel method for the site selection of large-scale

PV farms by using AHP and GIS: A case study in izmir, Tirkiye. Solar Energy, 259.
https://doi.org/10.1016/j.so0lener.2023.05.031
Demir, G., Riaz, M., & Deveci, M. (2024). Wind farm site selection using geographic information

system and fuzzy decision making model. Expert Systems with Applications, 255.
https://doi.org/10.1016/j.eswa.2024.124772
Dheena, P., & Mohanraj, G. (2011). Multicriteria decision-making combining fuzzy set theory, ideal

and anti-ideal points for location site selection. Expert Systems with Applications, 38(10).
https://doi.org/10.1016/j.eswa.2011.04.144

Dinger, A. E., Demir, A., & Yilmaz, K. (2024). Multi-objective turbine allocation on a wind farm
site. Applied Energy, 355. https://doi.org/10.1016/j.apenergy.2023.122346

Dinger, A. E., Demir, A., & Yilmaz, K. (2025). Enhanced Objectivity of AHP for More Reliable Solar
Farm Site Selection. Energy Science and Engineering, 13(5). https://doi.org/10.1002/ese3.70027

Enserink, M., Van Etteger, R., Van den Brink, A., & Stremke, S. (2022). To support or oppose
renewable energy projects? A systematic literature review on the factors influencing landscape

design  and  social  acceptance. Energy ~ Research  and  Social ~ Science, 91.
https://doi.org/10.1016/j.erss.2022.102740

Erdem, O., Daley, K., Hoelzle, G., & Radaideh, M. I. (2025). Multi-objective combinatorial
methodology for nuclear reactor site assessment: A case study for the United States. Energy
Conversion and Management: X, 26. https://doi.org/10.1016/j.ecmx.2025.100923

Eslami, S., Noorollahi, Y., Marzband, M., & Anvari-Moghaddam, A. (2023). Integrating heat pumps
into district heating systems: A multi-criteria decision analysis framework incorporating heat

density and renewable energy mapping.  Sustainable  Cities and  Society,  98.
https://doi.org/10.1016/j.scs.2023.104785
Fang, R., & Liao, H. (2021). Emergency material reserve location selection by a time-series-based

evidential reasoning approach under bounded rationality. Quality and Quantity, 55(4).
https://doi.org/10.1007/s11135-020-01064-9

Page | 213


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1109/ACCESS.2024.3461948
https://doi.org/10.1016/j.ecmx.2024.100608
https://doi.org/10.1016/j.renene.2024.120552
https://doi.org/10.1016/j.esr.2025.101765
https://doi.org/10.1016/j.ins.2023.119439
https://doi.org/10.1016/j.eswa.2015.04.059
https://doi.org/10.1007/s12145-024-01227-4
https://doi.org/10.1016/j.solener.2023.05.031
https://doi.org/10.1016/j.eswa.2024.124772
https://doi.org/10.1016/j.eswa.2011.04.144
https://doi.org/10.1016/j.apenergy.2023.122346
https://doi.org/10.1002/ese3.70027
https://doi.org/10.1016/j.erss.2022.102740
https://doi.org/10.1016/j.ecmx.2025.100923
https://doi.org/10.1016/j.scs.2023.104785
https://doi.org/10.1007/s11135-020-01064-9

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Farsi, H., Dizene, R., Flamant, G., & Notton, G. (2024). Multi-Criteria Decision Making Methods
for Suitable Site Selection of Concentrating Solar Power Plants. Sustainability (Switzerland),
16(17). https://doi.org/10.3390/sul 6177673

Feloni, E., & Karandinaki, E. (2021). GIS-based MCDM Approach for Wind Farm Site Selection - A
Case Study. Journal of Energy and Power Technology, 03(03).
https://doi.org/10.21926/jept.2103039

Flora, F. M. 1. (2025). An MCDM-GIS based site suitability analysis for solar power plant integration
in Cameroon: Solar hybridization to optimize green electricity and hydrogen production. In

International Journal of Hydrogen Energy (Vol. 106).
https://doi.org/10.1016/j.ijhydene.2025.01.445

Ghiyas, S., Sikarudi, D., & Jafari, M. (2025). A novel integrated GIS-Al framework for optimal CSP
plant site selection: a multi-criteria approach under climate change scenarios in Bushehr, Iran.
Advances in Space Research, 76(9). https://doi.org/lo. 1016/j.asr.2025.08.028

Ghosh, D., Sinha, S., Singh, T. P., Gagnon, A. S., & Singh, D. (2024). Multi-Criteria Decision
Analysis-Based Solutions for the Installation of Photovoltaic (PV) Solar Power Plants in an Energy
Deficit State of India: An Effort Toward SDG-7 (Affordable and Sustainable Energy). Transactions
in GIS, 28(7). https://doi.org/10.1111/tgis. 13251

Girma, W., Awoke, A. G., Hailu, H., & Melesse, A. M. (2025). Multi-criteria decision analysis for
optimal placement of pumped hydro-energy storages: the case of existing hydropower reservoirs
of Ethiopia. Applied Water Science, 15(9). https://doi.org/10.1007/513201-025-02524-2

Gokler, S. H. (2025). Enhanced site selection for solar power plants utilizing the geographic

information system and pythagorean fuzzy analytical hierarchy process method. Sustainable
Energy, Grids and Networks, 44. https://doi.org/10.1016/j.segan.2025.101929

Gil, M., & Akyiiz, E. (2026). Consensus-based GIS-MCDM model for hydrogen infrastructure in
Southern ~ Marmara,  Turkiye.  International  Journal —of  Hydrogen  Energy,  202.
https://doi.org/10.1016/j.ijhydene.2025.152954

Gumussoy, A. D., Onen, V., & Yalpir, S. (2024). Combined use of BWM-TOPSIS methods in the
selection of thermal power plant installation site in the Karapinar/Turkiye Region, at risk of

sinkhole formation. Environmental Monitoring and Assessment, 196(1).
https://doi.org/10.1007/510661-023-12244-7

Hafida, D. N., Louassa, S., & Kheder-Haddouche, S. (2025). MCDM GIS framework for wind energy
sites  suitability in Algeria’s northwest. Energy for Sustainable Development, §9.
https://doi.org/10.1016/j.esd.2025.101836

Hasti, F., Mamkhezri, ]., McFerrin, R., & Pezhooli, N. (2023). Optimal solar photovoltaic site
selection using geographic information system—based modeling techniques and assessing

environmental and economic impacts: The case of Kurdistan. Solar Energy, 262.
https://doi.org/10.1016/j.solener.2023.111807

Hauger, S., Gudat, C., Lieb, V., & Glaser, R. (2025). GIS-based potential analysis and agro-economic
site selection for agrivoltaics using AHP in two German counties. Renewable Energy, 247.
https://doi.org/10.1016/j.renene.2025.123039

Hofer, T., Sunak, Y., Siddique, H., & Madlener, R. (2016). Wind farm siting using a spatial Analytic
Hierarchy Process approach: A case study of the Stidteregion Aachen. Applied Energy, 163.
https: //doi.org/10.1016/j.apenergy.2015.10.138

Imam, A. A., Abusorrah, A. M., & Marzband, M. (2024). Potential of Concentrated Solar Power in
the Western Region of Saudi Arabia: A GIS-Based Land Suitability Analysis and Techno-
Economic Feasibility Assessment. IEEE Access, 12.
https://doi.org/10.1109/ACCESS.2023.3344752

Islam, M. R., Aziz, M. T., Alauddin, M., Kader, Z., & Islam, M. R. (2024). Site suitability assessment
for solar power plants in Bangladesh: A GIS-based analytical hierarchy process (AHP) and multi-

Page | 214


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su16177673
https://doi.org/10.21926/jept.2103039
https://doi.org/10.1016/j.ijhydene.2025.01.445
https://doi.org/10.1016/j.asr.2025.08.028
https://doi.org/10.1111/tgis.13251
https://doi.org/10.1007/s13201-025-02524-z
https://doi.org/10.1016/j.segan.2025.101929
https://doi.org/10.1016/j.ijhydene.2025.152954
https://doi.org/10.1007/s10661-023-12244-z
https://doi.org/10.1016/j.esd.2025.101836
https://doi.org/10.1016/j.solener.2023.111807
https://doi.org/10.1016/j.renene.2025.123039
https://doi.org/10.1016/j.apenergy.2015.10.138
https://doi.org/10.1109/ACCESS.2023.3344752

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

criteria  decision  analysis (MCDA) approach. Renewable  Energy, 220.
https://doi.org/10.1016/j.renene.2023.119595

Jbaihi, O., Ouchani, F. Z., Ghennioui, A., Ferfra, M., & Cherkaoui, M. (2024). Technical potential
appraisal and optimal site screening comparing AHP and fuzzy AHP methods for large-scale CSP

plants: A GIS-MCDM approach in Morocco. Sustainable Energy Technologies and Assessments, 6§.
https://doi.org/10.1016/j.seta.2024.103877

Karipoglu, F., Koca, K., & [Ibahar, E. (2024). Convenient Site Selection of a Floating PV Power Plant
in Turkiye by using GIS-Fuzzy Analytical Hierarchy Process. Environmental Science and Pollution
Research, 31(15). https://doi.org/10.1007/s11356-024-32470-3

Karipoglu, F., Ozturk, S., & Efe, B. (2023). A GIS-based FAHP and FEDAS analysis framework for

suitable site selection of a hybrid offshore wind and solar power plant. Energy for Sustainable
Development, 77. https://doi.org/10.1016/j.esd.2023.101349

Kaynak, T., & Giimig, M. G. (2025). Biogas potential estimation and geospatial decision-making: a

hybrid MCDA approach to optimizing biogas facility locations. Environment, Development and
Sustainability, 27(5). https://doi.org/10.1007/510668-025-06107-5
Khanlari, A., & Alhuyi Nazari, M. (2022). A review on the applications of multi-criteria decision-

making approaches for power plant site selection. In Journal of Thermal Analysis and Calorimetry
(Vol. 147, Number 7). https://doi.org/10.1007/510973-021-10877-1
Kocabaldir, C., & Yiicel, M. A. (2023). GIS-based multicriteria decision analysis for spatial planning

of solar photovoltaic power plants in Canakkale province, Turkey. Renewable Energy, 212.
https: //doi.org/10.1016/j.renene.2023.05.075

Kumar, A., Sah, B., Singh, A. R., Deng, Y., He, X., Kumar, P., & Bansal, R. C. (2017). A review of
multi criteria decision making (MCDM) towards sustainable renewable energy development. In
Renewable and Sustainable Energy Reviews (Vol. 69). https://doi.org/10.1016/j.rser.2016.11.191

Kumar, R., & Pamucar, D. (2025). A Comprehensive and Systematic Review of Multi-Criteria
Decision-Making (MCDM) Methods to Solve Decision-Making Problems: Two Decades from
2004 to 2024, Spectrum of Decision Making Applications, 2(1).
https://doi.org/10.31181/sdmap21202524

Kumar, S., Arzaghi, E., Baalisampang, T., Abaei, M. M., Garaniya, V., & Abbassi, R. (2024). A risk-
based multi-criteria decision-making framework for offshore green hydrogen system

developments: Pathways for utilizing existing and new infrastructure. Sustainable Production and
Consumption, 46. https://doi.org/10.1016/j.spc.2024.03.020

Levin, M. O., Condon, D., Krasner, N. Z., Forester, E., Holmes, C. C., Bateman, B. L., Delach, A.,
Ennen, J. R., Kalies, E. L., Kays, R., Lovich, J. E., Smith, A. B., Wu, G. C., & Hernandez, R.
R. (2025). Bibliographic synthesis of biodiversity-relevant criteria for solar energy siting. In

Renewable and Sustainable Energy Reviews (Vol. 223).
https://doi.org/lO.1016/i.rser.2025.116026

Li, W., Samat, N., Tan, M. L., & Mahamud, M. A. (2025). Trends of GIS-based Multi-Criteria
Decision-Making (GIS-MCDM) in site selection for electric vehicle charging stations: A

bibliometric ~ analysis. ~ In  Discover ~ Sustainability =~ (Vol. = 6,  Number 1).
https: //doi.org/10.1007/543621-025-02245-y
Li, Y., Deng, Z., Li, ]., Li, M., & Zhao, Z. (2025). Integrating spatial multi-criteria decision analysis

and GIS for pumped hydro storage site selection in arid Northwest China: A topology-driven
framework. Journal of Energy Storage, 138. https://doi.org/10.1016/j.est.2025.118538

Liao, Y., Miao, S., Fan, W., & Liu, X. (2025). A Novel Hybrid Fuzzy Comprehensive Evaluation and
Machine Learning Framework for Solar PV Suitability Mapping in China. Remote Sensing, 17(12).
https://doi.org/10.3390/rs17122070

Liu, J., Ma, X., & Lu, C. (2024). A three-stage framework for optimal site selection of hybrid offshore
wind-photovoltaic-wave-hydrogen energy system: A case study of China. Energy, 313.
https: //doi.org/10.1016/j.energy.2024.133723

Page | 215


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.renene.2023.119595
https://doi.org/10.1016/j.seta.2024.103877
https://doi.org/10.1007/s11356-024-32470-3
https://doi.org/10.1016/j.esd.2023.101349
https://doi.org/10.1007/s10668-025-06107-5
https://doi.org/10.1007/s10973-021-10877-1
https://doi.org/10.1016/j.renene.2023.05.075
https://doi.org/10.1016/j.rser.2016.11.191
https://doi.org/10.31181/sdmap21202524
https://doi.org/10.1016/j.spc.2024.03.020
https://doi.org/10.1016/j.rser.2025.116026
https://doi.org/10.1007/s43621-025-02245-y
https://doi.org/10.1016/j.est.2025.118538
https://doi.org/10.3390/rs17122070
https://doi.org/10.1016/j.energy.2024.133723

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Luhaniwal, J., Agarwal, S., & Mathur, T. (2025). Assessment of offshore wind farm site suitability in
India  uwsing GIS and MCDM  methods. Operational ~ Research, 25(2).
https:/ /doi.org/ 10.1007/s12351-025-00912-6

Luhaniwal, J., Puppala, H., Agarwal, S., & Mathur, T. (2024). Framework for strategic deployment
of hybrid offshore solar and wind power plants: A case study of India. Journal of Cleaner Production,
479, 144009. https://doi.org/10.1016/j.jclepro.2024.144009

Mahmudah, R. S., Putri, D. 1., Abdullah, A. G., Shafii, M. A., Hakim, D. L., & Setiadipura, T. (2024).
Developing a Multi-Criteria Decision-Making model for nuclear power plant location selection

using Fuzzy Analytic Hierarchy Process and Fuzzy VIKOR methods focused on socio-economic
factors. Cleaner Engineering and Technology, 19. https://doi.org/10.1016/j.clet.2024.100737

Malini¢, V., Durlevi¢, U., Brasanac-Bosanac, L., Novkovi¢, ., Joksimovi¢, M., Goli¢, R., & KrstiC,
F. (2025). A Hybrid Fuzzy AHP-MULTIMOORA Approach for Solar Energy Development on
Rural Brownfield Sites in Serbia. Sustainability (Switzerland), 17(17).
https://doi.org/10.3390/sul 7177988

Mbufua, N. A., Tiam Kapen, P., Ngapgue, F., & Nzeukou Takougang, A. (2025). Geospatial
parametric approach for identifying optimal sites for wind-solar hybrid energy systems. Results in
Engineering, 27. https://doi.org/10.1016/j.rineng.2025.106448

Nassar, A. K., Al-Dulaimi, O., Fakhruldeen, H. F., Sapaev, 1. B., Jabbar, F. I., Dawood, I. I., Khalaf,
D. H., & Algburi, S. (2025). Multi-criteria GIS-based approach for optimal site selection of solar
and wind energy. Unconventional Resources, 7. https://doi.org/10.1016/j.uncres.2025.100192

Nwaiwu, U., Leach, M., & Liu, L. (2023). Development of an Improved Decision Support Tool for

Geothermal Site Selection in Nigeria Based on Comprehensive Criteria. Energies, 16(22).
https://doi.org/10.3390/en16227602

Nzotcha, U., Kenfack, J., & Blanche Manjia, M. (2019). Integrated multi-criteria decision making
methodology for pumped hydro-energy storage plant site selection from a sustainable

development perspective with an application. Renewable and Sustainable Energy Reviews, 112.
https://doi.org/10.1016/j.rser.2019.06.035

Opricovic, S., & Tzeng, G. H. (2004). Compromise solution by MCDM methods: A comparative
analysis of VIKOR and TOPSIS. European Journal of Operational Research, 156(2).
https://doi.org/10.1016/50377-2217(03)00020- 1

Page, M. ]., McKenzie, ]. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J.
M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S., ...
Moher, D. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71

Pohekar, S. D., & Ramachandran, M. (2004a). Application of multi-criteria decision making to

sustainable energy planning - A review. In Renewable and Sustainable Energy Reviews (Vol. 8,
Number 4). https://doi.org/10.1016/j.rser.2003.12.007

Pohekar, S. D., & Ramachandran, M. (2004b). Application of multi-criteria decision making to
sustainable energy planning - A review. In Renewable and Sustainable Energy Reviews (Vol. 8,
Number 4). https: //doi.org/10.1016/j.rser.2003.12.007

Prieto-Amparan, ]. A., Pinedo-Alvarez, A., Morales-Nieto, C. R., Valles-Aragon, M. C., Alvarez-
Holguin, A., & Villarreal-Guerrero, F. (2021). A regional gis-assisted multi-criteria evaluation

of  site-suitability = for  the  development of solar  farms.  Land,  10(2).
https://doi.org/10.3390/1and 10020217

Rane, N. L., Glinen, M. A., Mallick, S. K., Rane, J., Pande, C. B., Giduturi, M., Bhutto, J. K.,
Yadav, K. K., Tolche, A. D., & Alreshidi, M. A. (2024). GIS-based multi-influencing factor
(MIF) application for optimal site selection of solar photovoltaic power plant in Nashik, India.
Environmental Sciences Europe, 36(1). https://doi.org/10.1186/s12302-023-00832-2

Page | 216


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s12351-025-00912-6
https://doi.org/10.1016/j.jclepro.2024.144009
https://doi.org/10.1016/j.clet.2024.100737
https://doi.org/10.3390/su17177988
https://doi.org/10.1016/j.rineng.2025.106448
https://doi.org/10.1016/j.uncres.2025.100192
https://doi.org/10.3390/en16227602
https://doi.org/10.1016/j.rser.2019.06.035
https://doi.org/10.1016/S0377-2217(03)00020-1
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.rser.2003.12.007
https://doi.org/10.1016/j.rser.2003.12.007
https://doi.org/10.3390/land10020217
https://doi.org/10.1186/s12302-023-00832-2

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Raza, M. A., Yousif, M., Hassan, M., Numan, M., & Abbas Kazmi, S. A. (2023). Site suitability for
solar and wind energy in developing countries using combination of GIS- AHP; a case study of
Pakistan. Renewable Energy, 206. https://doi.org/10.1016/j.renene.2023.02.010

Reher, T., Lavaert, C., Ottoy, S., Martens, J. A., Van Orshoven, ]., Cappelle, J., Diels, J., & Van de
Poel, B. (2025). Room for renewables: A GIS-based agrivoltaics site suitability analysis in
urbanized landscapes. Agricultural Systems, 224. https://doi.org/10.1016/j.agsy.2025.104266

Rekik, S., & El Alimi, S. (2023). Optimal wind-solar site selection using a GIS-AHP based approach:
A case of Tunisia. Energy Conversion and Management: X, 18.
https://doi.org/10.1016/j.ecmx.2023.100355

Rekik, S., & El Alimi, S. (2024a). A GIS based MCDM modelling approach for evaluating large-scale
solar PV installation in Tunisia. Energy Reports, 11.
https://doi.org/10.1016/j.egyr.2023.12.018

Rekik, S., & El Alimi, S. (2024b). A spatial ranking of optimal sites for solar-driven green hydrogen

production using GIS and multi-criteria decision-making approach: A case of Tunisia. Energy
Exploration and Exploitation, 42(6). https://doi.org/10.1177/01445987241268072

Rezaei, ]J. (2015). Best-worst multi-criteria decision-making method. Omega (United Kingdom), 53.
https://doi.org/10.1016/j.omega.2014.11.009

Romero-Ramos, J. A., Gil, J. D., Cardemil, J. M., Escobar, R. A., Arias, 1., & Pérez-Garcia, M.
(2023). A GIS-AHP approach for determining the potential of solar energy to meet the thermal

demand in southeastern Spain productive enclaves. Renewable and Sustainable Energy Reviews, 176.
https: //doi.org/10.1016/j.rser.2023.113205

Sacidi, R., Noorollahi, Y., Aghaz, J., & Chang, S. (2023). FUZZY-TOPSIS method for defining
optimal parameters and finding suitable sites for PV power plants. Energy, 282.
https://doi.org/10.1016/j.energy.2023.128556

Sahin, G., Kog, A., & van Sark, W. (2024). Multi-criteria decision making for solar power - Wind
power plant site selection using a GIS-intuitionistic fuzzy-based approach with an application in
the Netherlands. Energy Strategy Reviews, 51. https://doi.org/10.1016/j.esr.2024.101307

Salih, A., Hassaballa, A. A., & Eltawil, M. A. (2024). Integrating spatial data and multi-criteria analysis
for wind farm suitability mapping in eastern Saudi Arabia. Energy, 301I.
https://doi.org/10.1016/j.energy.2024.131623

Sanchez-Lozano, ]J. M., Ramos-Escudero, A., Gil-Garcia, I. C., Garcia-Cascales, M. S., & Molina-
Garcia, A. (2022). A GIS-based offshore wind site selection model using fuzzy multi-criteria

decision-making with application to the case of the Gulf of Maine. Expert Systems with Applications,
210. https://doi.org/10.1016/j.eswa.2022.118371

Saraswat, S. K., Digalwar, A. K., & Vijay, V. (2024). Analysis of Multi-renewable Energy Potential
Sites in India Using Spatial Characteristics: A GIS and Hybrid MCDM Approach. Process Integration
and Optimization for Sustainability, 8(5). https://doi.org/10.1007/s41660-024-00441-3

Shafii, M. A., Fitriyani, D., Muldarisnur, M., Nugraha, R., Chairulloh, A., Abdullah, A. G., &
Nur’aini Mahmudah, R. S. (2025). Integration of multiple decision-making methods with GIS
for nuclear power plants siting in Bangka Belitung, Indonesia. Ain Shams Engineering Journal, 16(8).
https://doi.org/10.1016/j.as¢j.2025.103487

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P., Stewart,
L. A., Altman, D. G., Booth, A., Chan, A. W., Chang, S., Clifford, T., Dickersin, K., Egger,
M., Gotzsche, P. C., Grimshaw, ]J. M., Groves, T., Helfand, M., ... Whitlock, E. (2015).
Preferred reporting items for systematic review and meta-analysis protocols (prisma-p) 2015:
Elaboration and explanation. In BM] (Online) (Vol. 349). https://doi.org/10.1136/bmj.g7647

Shao, M., Han, Z., Sun, ]., Gao, H., Zhang, S., & Zhao, Y. (2024). A novel framework for wave
power plant site selection and wave forecasting based on GIS, MCDM, and ANN methods: A

case study in Hainan Island, Southern China. Energy Conversion and Management, 299.
https://doi.org/10.1016/j.enconman.2023.117816

Page | 217


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.renene.2023.02.010
https://doi.org/10.1016/j.agsy.2025.104266
https://doi.org/10.1016/j.ecmx.2023.100355
https://doi.org/10.1016/j.egyr.2023.12.018
https://doi.org/10.1177/01445987241268072
https://doi.org/10.1016/j.omega.2014.11.009
https://doi.org/10.1016/j.rser.2023.113205
https://doi.org/10.1016/j.energy.2023.128556
https://doi.org/10.1016/j.esr.2024.101307
https://doi.org/10.1016/j.energy.2024.131623
https://doi.org/10.1016/j.eswa.2022.118371
https://doi.org/10.1007/s41660-024-00441-3
https://doi.org/10.1016/j.asej.2025.103487
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1016/j.enconman.2023.117816

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Shao, M., Han, Z., Sun, J., Xiao, C., Zhang, S., & Zhao, Y. (2020). A review of multi-criteria decision
making applications for renewable energy site selection. In Renewable Energy (Vol. 157).
https: //doi.org/ 10.1016/j.renene.2020.04.137

Shao, M., Mao, Z., Sun, ]., Guan, X., Shao, Z., & Tang, T. (2025). Multi-scale offshore wind farm
site selection decision framework based on GIS, MCDM and meta-heuristic algorithm. Ocean
Engineering, 316. https://doi.org/10.1016/j.occaneng.2024.119921

Shao, M., Zhao, Y., Sun, J., Han, Z., & Shao, Z. (2023). A decision framework for tidal current power
plant site selection based on GIS-MCDM: A case study in China. Energy, 262.
https://doi.org/10.1016/j.energy.2022.125476

Shehab, Z. N., Faisal, R. M., & Ahmed, S. W. (2024). Multi-criteria decision making (MCDM)
approach for identifying optimal solar farm locations: A multi-technique comparative analysis.
Renewable Energy, 237. https://doi.org/10.1016/j.renene.2024.121787

Shi, F., Li, X., Li, Mi. L., & Bai, B. (2025). Site selection strategy for photovoltaic power plants
construction on gangue hills: An integrated method based on GIS and AHP-TOPSIS. Energy
Strateg)/ Reviews, 59. https://doi.org/lo.1016/i.esr.2025. 101722

Soha, T., & Hartmann, B. (2022). Complex power-to-gas plant site selection by multi-criteria

decision-making  and GIS. Energy Conversion and ~ Management: X, 13.
https://doi.org/10.1016/j.ecmx.2021.100168

Sotiropoulou, K. F., & Vavatsikos, A. P. (2021). Onshore wind farms GIS-Assisted suitability analysis
using PROMETHEE 1. Energy Policy, 158. https://doi.org/10.1016/j.enpol.2021.112531

Sun, Z., Zhao, Y., Bolz, P., Cote, C., & Ren, ]. (2025). A multimethod GIS-based framework for site
selection of underground pumped storage power stations using closing coal mines: A case study

of the Shanxi province, China. Renewable Energy, 243.
https://doi.org/10.1016/j.renene.2025.122521

Susiati, H., Noeraida, N., Widiawaty, M. A., Pane, ]J. S., Dede, M., Handono, K., & Sunardi, S.
(2025). Trends and insights in nuclear power plant siting: a multi-criteria decision-making
approach. In Discover Applied Sciences (Vol. 7, Number 5). https://doi.org/10.1007/542452-025-
06897-3

Tang, L., Liu, Y., Pan, Y., Ren, Y., Yao, L., & Li, X. (2024). Optimizing solar photovoltaic plant
siting in Liangshan Prefecture, China: A policy-integrated, multi-criteria spatial planning
framework. Solar Energy, 283. https://doi.org/10.1016/j.solener.2024.113012

Tarife, R., Nakanishi, Y., Zhou, Y., Estoperez, N., & Tahud, A. (2023). Integrated GIS and Fuzzy-
AHP Framework for Suitability Analysis of Hybrid Renewable Energy Systems: A Case in
Southern Philippines. Sustainability (Switzerland), 15(3). https://doi.org/10.3390/s5u15032372

Tercan, E., Eymen, A., Urfali, T., & Saracoglu, B. O. (2021). A sustainable framework for spatial
planning of photovoltaic solar farms using GIS and multi-criteria assessment approach in Central
Anatolia, Turkey. Land Use Policy, 102. https://doi.org/10.1016/j.landusepol.2020.105272

Tian, F., Li, X., Liu, M., Xia, C., Guo, X., Fang, X., & Huang, L. (2024). Application of a GIS-Based
Multi-Criteria Decision-Making Approach to the Siting of Ocean Thermal Energy Conversion
Power Plants: A Case Study of the Xisha Sea Area, China. Energies, 17(20).
https: //doi.org/10.3390/en17205097

Uyan, M., & Dogmus, O. L. (2023). An Integrated GIS-Based ANP Analysis for Selecting Solar Farm
Installation Locations: Case Study in Cumra Region, Turkey. Environmental Modeling and
Assessment, 28(1). https://doi.org/10.1007/510666-022-09870-1

Uyan, M., & Ertung, E. (2023). GIS-based optimal site selection of the biogas facility installation using
the  Best-Worst ~ Method.  Process  Safety  and  Environmental — Protection, 180.
https://doi.org/10.1016/j.psep.2023.10.058

Vasudevan, V., Gundabattini, E., & Gnanaraj, S. D. (2024). Geographical Information System (GIS)-
Based Solar Photovoltaic Farm Site Suitability Using Multi-criteria Approach (MCA) in Southern

Page | 218


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.renene.2020.04.137
https://doi.org/10.1016/j.oceaneng.2024.119921
https://doi.org/10.1016/j.energy.2022.125476
https://doi.org/10.1016/j.renene.2024.121787
https://doi.org/10.1016/j.esr.2025.101722
https://doi.org/10.1016/j.ecmx.2021.100168
https://doi.org/10.1016/j.enpol.2021.112531
https://doi.org/10.1016/j.renene.2025.122521
https://doi.org/10.1007/s42452-025-06897-3
https://doi.org/10.1007/s42452-025-06897-3
https://doi.org/10.1016/j.solener.2024.113012
https://doi.org/10.3390/su15032372
https://doi.org/10.1016/j.landusepol.2020.105272
https://doi.org/10.3390/en17205097
https://doi.org/10.1007/s10666-022-09870-1
https://doi.org/10.1016/j.psep.2023.10.058

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Tamilnadu, India. Journal of The Institution of Engineers (India): Series C, 105(1).
https: //doi.org/10.1007/540032-023-01001-3

Wang, C. N., Chung, Y. C., Wibowo, F. D., Dang, T. T., & Nguyen, N. A. T. (2023). Site Selection
of Solar Power Plants Using Hybrid MCDM Models: A Case Study in Indonesia. Energies, 16(10).
https: //doi.org/10.3390/en16104042

Wati, E., & Meukam, P. (2024). Impact of the climate change on the site suitability for solar farms:

Case study of Cameroon. Renewable Energy, 225.
https://doi.org/10.1016/j.renene.2024.120310

Wimbhurst, J. J., Nsude, C. C., & Greene, J. S. (2023). Standardizing the factors used in wind farm
site  suitability models: A review. In  Heliyon (Vol. 9, Number 5).
https://doi.org/10.1016/j.heliyon.2023.e15903

Yaman, A. (2024). A GIS-based multi-criteria decision-making approach (GIS-MCDM) for
determination of the most appropriate site selection of onshore wind farm in Adana, Turkey.
Clean Technologies and Environmental Policy, 26(12). https://doi.org/10.1007/5s10098-024-
02866-3

Yang, D., Zhang, X., & Song, W. (2025). Mapping the optimal regions for wind farm construction in

China. Resources, Conservation and Recycling, 222,
https://doi.org/10.1016/j.resconrec.2025.108455
Yegizaw, E. S., & Mengistu, D. A. (2023). Multi-criteria decision analysis for wind farm location

selection in Bahir Dar City and its surroundings, Northwestern Ethiopia. Environmental Monitoring
and Assessment, 195(5). https://doi.org/10.1007/510661-023-11114-y
Yildiz, S. S. (2024). Spatial multi-criteria decision making approach for wind farm site selection: A

case study in Bahkesir, Turkey. Renewable and Sustainable Energy —Reviews, 192.
https://doi.org/10.1016/j.rser.2023.114158
Yilmaz, 1., Kocer, A., & Aksoy, E. (2024). Site selection for solar power plants using GIS and fuzzy

analytic hierarchy process: Case study of the western mediterranean region of Turkiye. Renewable
Energy, 237. https: //doi.org/ 10.1016/j.renene.2024.121799

Yousefi, H., Moradi, S., Zahedi, R., & Ranjbar, Z. (2024). Developed analytic hierarchy process and
multi criteria decision support system for wind farm site selection using GIS: A regional-scale

application with environmental responsibility. Energy Conversion and Management: X, 22.
https: //doi.org/10.1016/j.ecmx.2024.100594

Yousefi, H., Motlagh, S. G., & Montazeri, M. (2022). Multi-Criteria Decision-Making System for
Wind Farm Site-Selection Using Geographic Information System (GIS): Case Study of Semnan
Province, Iran. Sustainability (Switzerland), 14(13). https://doi.org/10.3390/sul14137640

Yu, M., Zhao, L., Chen, Z., & Wu, ]. (2025). Balancing Solar Potential and Environmental Risk: A
GIS-Based Site-Selection Approach for Concentrated Solar Power in Tibet. Sustainability
(Switzerland), 17(11). https://doi.org/10.3390/sul 7114895

Yum, S. G., & Das Adhikari, M. (2023). Suitable site selection for the development of solar based
smart hydrogen energy plant in the Gangwon-do region, South Korea using big data: A geospatial

approach. International Journal of Hydrogen Energy, 48(93).
https://doi.org/10.1016/j.ijhydene.2023.06.024

Zandi, 1., & Lotfata, A. (2025). Evaluating solar power plant sites using integrated GIS and MCDM
methods: a case study in Kermanshah Province.  Scientific ~ Reports,  15(1).
https://doi.org/10.1038/s41598-025-87476-9

Zandi, 1., Pahlavani, P., Lotfata, A., & Ata, B. (2025). A GIS-based fermatean fuzzy MCDM approach
for identifying the optimal sites for solar power plant installation in Kermanshah Province.
Scientific Reports, 15(1). https://doi.org/10.1038/541598-025-19058-8

Zhao, H., Lu, C., & Zhang, Y. (2024). Optimal site selection for wind-photovoltaic-complemented

storage power plants based on Geographic Information System and Grey Relational Analysis-
Group Criteria Importance Through Inter Criteria Correlation-Interactive and Multicriteria

Page | 219


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s40032-023-01001-3
https://doi.org/10.3390/en16104042
https://doi.org/10.1016/j.renene.2024.120310
https://doi.org/10.1016/j.heliyon.2023.e15903
https://doi.org/10.1007/s10098-024-02866-3
https://doi.org/10.1007/s10098-024-02866-3
https://doi.org/10.1016/j.resconrec.2025.108455
https://doi.org/10.1007/s10661-023-11114-y
https://doi.org/10.1016/j.rser.2023.114158
https://doi.org/10.1016/j.renene.2024.121799
https://doi.org/10.1016/j.ecmx.2024.100594
https://doi.org/10.3390/su14137640
https://doi.org/10.3390/su17114895
https://doi.org/10.1016/j.ijhydene.2023.06.024
https://doi.org/10.1038/s41598-025-87476-9
https://doi.org/10.1038/s41598-025-19058-8

Copyright © Authors
Published by Rescarcher and Lecturer Society

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

ISSN 2963-7511
Journal of Engineering Researcher and Lecturer, Vol. 5, No. 3, 2026, pp. 197-220

Decision  Making: A case study of China. jJournal of Energy = Storage, 92.
https://doi.org/10.1016/j.est.2024.112148

Zhu, C., Bian, Z., Zhou, Y., Xu, Y., Liu, X., & Bi, M. (2026). A GIS-MCDM-based three-stage
framework for underground pumped storage hydropower site selection in coal-resource-

exhausted cities: A case study of  Xuzhou, China. Energy, 342.
https://doi.org/10.1016/j.energy.2025.139470
Zhu, F., Zhong, P. an, & Sun, Y. (2018). Multi-criteria group decision making under uncertainty:

Application in reservoir flood control operation. Environmental Modelling and Software, 100.
https://doi.org/10.1016/j.envsoft.2017.11.032

Page | 220


https://rlsociety.org/index.php/journal/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.est.2024.112148
https://doi.org/10.1016/j.energy.2025.139470
https://doi.org/10.1016/j.envsoft.2017.11.032

	GIS-integrated multi-criteria decision-making for sustainable energy facility site selection: A systematic review and bibliometric mapping
	Abstract: GIS-integrated multi-criteria decision-making (GIS-MCDM) is used to assess sites for energy-generation facilities and related infrastructure. This systematic review examines 87 studies published from 2023 to 2025, selected from 554 Scopus-in...
	1. Introduction
	2. Material and methods
	2.1 Data and search strategy
	2.2 Inclusion and exclusion criterion
	2.3 Quality assurance
	2.4 Data analysis technique

	3. Results and discussion
	3.1 RQ1. MCDM methods
	3.2 RQ2. Publication year and study setting
	3.3 RQ3. Energy sectors
	3.4 RQ4. Site-selection criteria

	4. Conclusion
	Author’s declaration
	Publisher’s and Journal’s Note
	References

