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ABSTRACT
Marine fuels and renewable energy sources are critical in lowering carbon emissions
and encouraging sustainable maritime practices. Their implementation promotes a
more environmentally friendly and cleaner future for marine transportation.
Effective decision-making is critical in the context of marine fuels and green energy
for attaining sustainable energy management and progressing towards a greener and
more ecologically friendly future. This research article emphasizes the importance of
thoroughly assessing various energy options and their potential impacts on the
atmosphere, economy, and society. It acknowledges the significance of incorporating
renewable energy bases, energy efficiency processes, and greenhouse gas emission
reductions into decision-making processes. This article presents optimal
decision-making methodologies to meet the complexity of decision-making in this
domain, which contains uncertainty and trade-offs. It investigates diverse
decision-making frameworks, approaches for uncertainty analysis, and techniques
for multi-objective optimization, stakeholder engagement strategies, and policy
development concerns in sustainable energy management. Case studies from the real
world are investigated to discover both effective and bad decision-making practices.
These evaluations produce valuable insights for policymakers, energy managers, as
well as stakeholders, allowing them to make successful decisions. We can expedite the
adoption of clean energy solutions, reduce dependency on fossil fuels, alleviate the
impacts of climate change as well as support the creation of a sustainable as well as
strong energy system for present and future generations by incorporating the
findings into decision-making processes.

Subjects Data Science, Databases, Emerging Technologies
Keywords Sustainable energy management, Marine fuels, Decision-making, Uncertainties,
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INTRODUCTION
Improving sustainable energy management in regard to the use of marine fuels and green
energy becomes ever more important as the world aims for a low-carbon, ecologically
friendly future. The maritime sector, being heavily reliant on on conventional fossil fuels,
plays a major role in generating greenhouse gas emissions and contributing to atmospheric
pollution. Recognising the critical need for minimising the adverse environmental effects
of maritime operations, an increasing emphasis is being placed on sustainable energy
management practises that encourage the use of cleaner and more environmentally
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friendly sources of energy. Because of their high carbon content and negative
environmental implications, marine fuels, which have traditionally been dominated by
heavy fuel oils and marine diesel oils, are being reviewed. As a result, the quest for
alternative fuels and motor systems that reduces greenhouse gas emissions while also
improving air quality has gained traction. Liquefied natural gas (LNG), bio-fuels,
hydrogen, energy cells as well as electric propulsion are being investigated as possible
alternatives for powering maritime vessels (Kesieme et al., 2019; Livaniou & Papadopoulos,
2022; Elgohary, Seddiek & Salem, 2015; Al-Enazi et al., 2021).

Optimising sustainable energy management in marine fuels and green energy
necessitates thorough decision-making procedures that take into account a wide range of
criteria. Environmental sustainability, economic viability, technological feasibility, and
societal acceptance are among these factors. These issues must be balanced in order for
energy management systems to be effective, efficient, and socially responsible.
Furthermore, the topic of sustainable energy management is fraught with difficulties and
uncertainties. Uncertainties are introduced into decision-making processes by
technological improvements, market dynamics, legislative changes, and diverse
stakeholder interests. Furthermore, decision-makers must balance competing goals, such
as reducing emissions while retaining cost-effectiveness and effectiveness in operation.
Marine Renewable Energies (MRE) development presents an appealing potential influence
to the intended renewable energy blend for countries having coastal and ocean area. MRE
can be defined as machineries that produce energy from the oceanic via wind, wave action,
tides, as well as temperature differences in seawater presented in Fig. 1 (Taormina, 2019).

Investigations have concentrated on establishing robust frameworks, analytical tools, as
well as methodologies to solve these problems and support optimal decision-making in
sustainable energy management. These techniques seek to give decision-makers with the
information and insights they need to evaluate various energy options, measure

Figure 1 Various types of Marine Renewable Energy (MRE) technologies.
Full-size DOI: 10.7717/peerj-cs.3625/fig-1
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uncertainties, weigh trade-offs, engage stakeholders, as well as design effective policies.
Significant advantages can be realised by improving sustainable energy management in
marine fuels and green energy. These benefits include the reduction of greenhouse gas
emissions and air pollutants, enhancement of energy efficiency, strengthening of energy
security as well as stimulation of sustainable economic development. Moreover, adopting
cleaner energy alternatives within the maritime sector can serve as a driving force for
broader sustainability initiatives, inspiring other industries to embrace environmentally
responsible energy practices (Rahman et al., 2017; Dincer, 2000).

Sustainable energy capacity management is critical for combating climate change,
guaranteeing energy security, and supporting socioeconomic growth. To achieve
sustainable energy management, decisions must be made that balance environmental
preservation, social well-being, and economic viability. However, decision-making in this
field is complicated because to the uncertainties caused by new technology, market
dynamics, governmental changes, and intrinsic trade-offs between competing objectives.
To improve sustainable energy management, it is critical to develop optimal
decision-making approaches that can address these uncertainties and trade-offs
(Lehtonen, 2004; Ansari, Pandey & Alenezi, 2022; Swart & Raes, 2015; Ansari et al., 2020;
Moallemi et al., 2022).

The purpose of this study article is to look into and offer optimal decision-making
methodologies for sustainable energy management in the context of marine fuels and
green energy. It investigates numerous aspects of decision-making, giving policymakers,
energy managers, and stakeholders engaged with the energy transition with useful insights
and practical recommendations. The study focuses on five main areas: decision-making
frameworks, uncertainty analysis, multi-objective optimisation, stakeholder interaction,
and policy considerations, all of which are important for establishing successful and
sustainable decision-making practises.

To begin, decision-making frameworks provide an organized way for evaluating various
options and making educated decisions. This study evaluates the strengths and limits of
existing frameworks in sustainable energy management, emphasising the necessity for
adaptive frameworks capable of absorbing uncertainties and embracing diverse objectives.
Then, due to growing technologies, market dynamics, and regulatory changes, there are
uncertainties in sustainable energy management. To assess and manage uncertainties,
uncertainty analysis methodologies such as probabilistic modelling, scenario analysis, and
sensitivity analysis are investigated. The study equips decision-makers with methods to
assess the risks and opportunities associated with various courses of action. Furthermore,
multi-objective optimisation approaches are required for dealing with trade-offs amongst
sustainability variables for instance environmental impact, economic feasibility as well as
social acceptance. Decision-makers can develop solutions that strike a balance between
competing aims by optimising numerous objectives at the same time. To ease the
identification of optimal solutions, the study investigates procedures such as multi-criteria
decision analysis (MCDA), Pareto-based approaches as well as evolutionary algorithms.

Furthermore, stakeholder engagement is critical in making sustainable energy decisions.
Involving a wide range of stakeholders promotes transparency, inclusivity, and legitimacy
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in decision-making processes (Ansari et al., 2021; Few, Brown & Tompkins, 2007;Mathur,
Price & Austin, 2008). This study looks into tactics for effective stakeholder involvement
and methods for incorporating stakeholder preferences and values into decision-making.
Ultimately, in sustainable energy management, policy considerations and governance
frameworks impact decision-making processes. The study examines the impact of policy
tools, rules, and governance frameworks on decision consequences. It assesses the
effectiveness of policy tools such as feed-in tariffs, carbon pricing mechanisms, and
standards for energy efficiency for encouraging sustainable energy management practises.

The study article includes real-world case studies which offer concrete insights into
decision-making issues and the consequences in sustainable energy management. The
analysis of successful and poor decision-making procedures in these case studies can
provide significant insights for future decision-making practises. This research article seeks
to enhance optimal decision-making approaches for sustainable energy management. The
study provides a basis for informed and effective decision-making processes by tackling
uncertainties and trade-offs using robust decision-making frameworks, uncertainty
analysis, multi-objective optimisation, stakeholder interaction, and policy considerations.
The findings have the potential to assist policymakers, energy managers, and stakeholders
in adopting sustainable energy management decisions that are aligned with environmental,
social, and economic objectives, thereby aiding the transition to a more resilient and
economically viable energy future.

For clarity and readability, the rest of this manuscript is structured into several key
segments. “Related Works” delivers an extensive review of prior literature, highlighting
existing knowledge and research progress related to sustainable energy management
within maritime systems. “Materials and Methods” outlines the adopted research design.
In this section, the assortment of evaluation criteria as well as the identification of decision
alternatives is described, followed by an explanation of how the Fuzzy Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) approach is applied to carry out the
prioritization process. “Results” offerings the consequences of the empirical analysis where
the six alternatives for sustainability-oriented energy management are assessed and
comparatively ranked. “Discussion” provides a comprehensive discussion of the findings,
offering interpretation of the results and reflecting on how they contribute to advancing
sustainable energy practices in marine applications. The final section, “Conclusions”,
closes the article by briefing the significant insights gained, explaining broader policy and
practical implications, and proposing directions for further scholarly work in sustainable
maritime energy management.

RELATED WORKS
This research article’s related work section thoroughly evaluates existing literature and
studies pertinent to optimal decision-making methodologies for sustainable energy
management. Its goal is to establish the present level of knowledge, identify research gaps,
and emphasise the contributions and limits of prior field investigations. By expanding on
previous work, this section establishes the backdrop for the proposed research and lays the
groundwork for additional investigation.
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Kurian (2017) emphasises the necessity of solid science in ensuring the water–energy–
food (WEF) Nexus’s efficient implementation. The article examines recent research on
governance factors, normative and institutional components of the nexus approach,
implementation, and tools to assist decision-makers in promoting sustainable
development. Namany, Al-Ansari & Govindan (2019) employed several advanced
analytical techniques including agent-based simulation, mathematical optimisation and
game-theoretic modelling to study how decisions evolve across the WEF nexus. Their use
of these computational models provides policy planners with strategic support, enabling
them to identify resource management options that achieve desired objectives while
simultaneously reducing ecological burdens.

Kanter et al. (2018) examine agricultural trade-off analysis in order to comprehend
interactions as well as complexities from field to farm and region to continent. The report
breaks down agricultural trade-off analysis into four parts and underlines the requirement
for transdisciplinary approaches to accomplish sustainable intensification in agriculture
and effectively implement the Sustainable Development Goals (SDGs). Liu et al. (2018)
suggest a systematic strategy for more completely implementing nexus concepts, taking
into account linkages across sectors, sizes, and regions. The article emphasises the
significance of connecting the nexus approach to the SDGs and incorporating ignored
drivers and areas to improve policy-making and governance for integrated SDG
implementation.

Adshead et al. (2019) create indicators and a systems model to evaluate
infrastructure-related targets for reaching the SDGs. The analysis highlights the ability of
cross-sectoral infrastructure investments and policies to fulfil several SDG targets and
emphasises the infrastructure system’s interdependence. Alghassab (2023) provides a fuzzy
TOPSIS-based framework for assessing and ranking sustainable energy transition
alternatives. The proposed framework was applied to a real-world scenario in the Kingdom
of Saudi Arabia, offering practitioners a robust decision-support mechanism that helps
them navigate the challenges and ambiguities associated with energy transition, while also
aligning decisions with broader sustainable development targets.

Bartke & Schwarze (2015) investigate sustainability concepts and methodologies for
land-use decisions including greenfield development vs brownfield regeneration. The study
compared stylized techniques with normative sustainability concepts and stakeholder
requirements, emphasising the importance of prioritising the user requirements of
decision-makers in sustainability assessment tools. Hocine et al. (2018) offer multi-
segment fuzzy goal programming (MS-FGP) as an efficient way for making decisions
under high uncertainty. The approach has been verified in the optimisation of the
renewable energy portfolio for power generation in Italy, demonstrating potential in
enabling sustainable renewable energy source portfolios under uncertain circumstances.

Hutton et al. (2018) examine the SDGs in coastal Bangladesh, looking for potential
trade-offs between poverty alleviation, economic growth, environmental integrity, and
fairness. To establish coherent and policy-relevant socio-ecological strategies, the study
emphasises the significance of integrated models and co-developed decision frameworks
including stakeholders. Govindan & Al-Ansari (2019) present a unique computational
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structure which integrates “algorithmic resilience thinking” in order to construct adaptive
and robust interconnected systems. In a Qatari case study, the framework was applied to
evaluate risks within the water–food nexus concerning outdoor agricultural activities,
demonstrating its effectiveness in detecting and mitigating emerging threats across
interconnected natural resource systems. Table 1 presents a comparative analysis of related
works, highlighting the methodologies, contributions, and limitations of each study. The
current research fills the identified gaps by applying the Fuzzy TOPSIS method to enhance
decision-making in sustainable energy management.

In final analysis, these associated researches provide useful insights into improving
sustainable energy management, overcoming uncertainties, and managing trade-offs in the
setting of the WEF Nexus and the SDGs. They emphasise the need of solid knowledge,
multidisciplinary strategies, and decision-making tools in reaching sustainable
development goals as well as applying sustainable energy management practises. In this
work the emphasis is placed on applying the Fuzzy TOPSIS technique to support
decision-making in sustainable energy management. Although various studies have
explored different decision models in this area, the application of Fuzzy TOPSIS
specifically for evaluating sustainable energy alternatives remains relatively underexplored.
By employing this method, the study aims to better address the inherent uncertainties,
conflicting objectives, and complex evaluation challenges involved in selecting suitable
sustainable energy strategies. This section presents a thorough examination of the existing
literature, identifying the gaps as well as opportunities where the Fuzzy TOPSIS technique
can help advance the area. Researchers hope that this study will help practitioners,
policymakers, and scholars better understand and apply the Fuzzy TOPSIS method in
policymaking for sustainable energy management.

MATERIALS AND METHODS
This section describes the systematic method for evaluating decision-making processes in
sustainable energy management for marine fuels and green energy. In the beginning a
process of identifying criteria and alternatives was done in order to build an extensive
collection of elements affecting decision-making. To accurately reflect the various facets of
sustainable energy management, criteria such as Effectiveness, Adaptability, Robustness,
Stakeholder Engagement, and Decision Quality were carefully specified. Furthermore, a
variety of alternatives have been discovered for presenting various approaches for
sustainable energy management, including Probabilistic Modeling (PM), Scenario
Analysis (SA), Pareto-based Approaches (PA), Multi-Criteria Decision Analysis (MCDA),
Evolutionary Algorithms (EAs), and Policy Instruments and Regulations (PIR). The
identified alternatives were then ranked and prioritised using the Fuzzy TOPSIS approach
according to their applicability and efficacy. To deal with uncertainties and ambiguity in
the decision-making process, which are frequent in actual circumstances, the Fuzzy
TOPSIS process integrates fuzzy logic (Tooranloo, Ayatollah & Iranpour, 2018; Alshahrani
et al., 2022; Nourani & Najafi, 2023; Alassery et al., 2022; Agrawal, Khan & Ansari, 2022;
Alharbi et al., 2022; Attaallah et al., 2023). In order to determine how close each alternative
is to the positive ideal solution, which represents the best efficiency, and the negative ideal
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Table 1 Comparative analysis of related works.

Study Focus Methodology Key findings/contributions Limitations

Kurian
(2017)

WEF Nexus
implementation and
governance factors

Literature review,
normative and
institutional analysis

Emphasizes the need for robust science and
governance tools for sustainable
development in the WEF Nexus.

Lacks specific decision-making
frameworks for practical application.

Namany,
Al-Ansari
&
Govindan
(2019)

Dynamic
decision-making
within the WEF
Nexus

Mathematical
optimization,
agent-based
modeling, game
theory

Provides strategic guides for policymakers
to manage resources and minimize
environmental impacts effectively.

Limited focus on specific
decision-making methodologies and
their practical implications.

Kanter
et al.
(2018)

Agricultural trade-offs
and sustainable
intensification

Trade-off analysis Highlights the need for transdisciplinary
approaches to achieve sustainable
agriculture and implement SDGs
effectively.

Focuses on agriculture; less emphasis on
energy management.

Liu et al.
(2018)

Implementing nexus
concepts and
integrating SDGs

Systematic strategy
analysis

Stresses the importance of connecting nexus
concepts with SDGs and incorporating
neglected drivers for better policy-making.

May not fully address the complexities of
sustainable energy management.

Adshead
et al.
(2019)

Infrastructure-related
targets for SDGs

Systems modeling and
indicator
development

Demonstrates how cross-sectoral
infrastructure investments can meet
multiple SDG targets, emphasizing
infrastructure interdependence.

Focuses on infrastructure rather than
energy management.

Alghassab
(2023)

Assessment and
ranking of
sustainable energy
transition
alternatives

Fuzzy TOPSIS-based
framework

Provides a framework for evaluating and
ranking energy transition options, applied
in Saudi Arabia.

Limited scope of application and
theoretical explanation in the context
of broader sustainable energy
management.

Bartke &
Schwarze
(2015)

Land-use decisions
and sustainability
concepts

Comparison of
normative
sustainability
concepts and
stakeholder
requirements

Highlights the importance of considering
user requirements in sustainability
assessment tools for land-use decisions.

Primarily focused on land-use rather
than energy management.

Hocine
et al.
(2018)

Multi-segment fuzzy
goal programming
for decision-making
under uncertainty

MS-FGP (Multi-
Segment Fuzzy Goal
Programming)

Proposes an efficient method for optimizing
renewable energy portfolios under high
uncertainty, tested in Italy.

Application limited to renewable energy
portfolios without broader context.

Hutton
et al.
(2018)

SDGs trade-offs in
coastal Bangladesh

Integrated models and
stakeholder decision
frameworks

Focuses on trade-offs between poverty
alleviation, economic growth, and
environmental integrity, emphasizing
integrated models.

Limited applicability to global energy
management issues.

Govindan
&
Al-Ansari
(2019)

Computational
framework for
algorithmic resilience
thinking

Algorithmic resilience
thinking framework

Introduces a framework for assessing risks
and enhancing resilience in integrated
natural resource systems, applied in Qatar.

Mainly focuses on water-food nexus, not
specifically on energy management.

Current
research
work

Fuzzy TOPSIS method
in sustainable energy
management
decision-making

Fuzzy TOPSIS-based
decision-making
approach

Addresses the complexities, uncertainties,
and trade-offs in sustainable energy
management by applying the Fuzzy
TOPSIS method, providing a robust tool
for evaluating and selecting sustainable
energy options

Limited prior application of Fuzzy
TOPSIS in this context, aiming to fill
this gap and enhance decision-making
in sustainable energy management.
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solution, which signifies the worst performance, throughout the specified criteria, the
method first determines how far away each alternative is from both. Fuzzy membership
functions, which take into account the imprecision of data and expert judgements, are used
to assess how close every substitute is to the positive ideal result as well as how far it is from
the negative ideal result. The Fuzzy TOPSIS method, which compares these distances to
produce a thorough ranking of possibilities, enables the researchers to determine the best
decision-making strategies for sustainable energy management in the maritime industry.
The usage of the Fuzzy TOPSIS practice in this study ensures a thorough and
well-informed examination of the alternatives, making it easier to choose sensible and
well-balanced solutions to advance a future for marine transport that is more
environmentally friendly and sustainable.

Identification of criteria
The research’s selection of criteria is essential since it offers a framework for evaluating
decision-making processes. The researchers can thoroughly assess the performance of the
alternatives by identifying pertinent criteria including Effectiveness, Adaptability,
Robustness, Stakeholder Engagement, and Decision Quality. In order to compare various
approaches to decision-making systematically and consistently, the defined criteria act as
objective benchmarks. It makes sure that all pertinent elements of sustainable energy
management are taken into account, allowing the researchers to provide informed advice
that is thorough. Additionally, the precise definition of the evaluation criteria aids in
coordinating the evaluation procedure with the particular aims and objectives of
sustainable energy management in the marine industry. It guarantees that the chosen
strategies support the overarching goal of lowering carbon emissions, advancing greener
energy options, and assisting a sustainable and reliable energy system.

(1) Effectiveness: Evaluate the degree to which the suggested decision-making processes
help to accomplishing long-term energy management objectives such as lowering
greenhouse gas emissions, expanding renewable energy integration, as well as
enhancing energy efficiency.

(2) Adaptability: Examine the decision-making frameworks’ capability to handle
uncertainty and adjust to shifting conditions, taking into account aspects such as
technological improvements, changing market dynamics, and regulatory shifts.

(3) Robustness: Evaluate the decision-making processes’ robustness in the appearance of
uncertainty as well as unforeseen circumstances, to guarantee the proposed solutions
can resist disruptions and give dependable results.

(4) Stakeholder engagement: Examine the inclusiveness and efficacy of decision-making
stakeholder engagement procedures, taking into account elements such as
representation, openness, responsibility, as well as the ability to accommodate various
viewpoints and interests.

(5) Decision quality: Considering factors such as precision, uniformity, fairness, as well as
the ability to manage different objectives and trade-offs when evaluating the quality of
judgements made using the presented methodologies.
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Identification of alternatives
The ability to thoroughly explore various approaches and solutions for sustainable energy
management makes the identification of alternatives of utmost relevance. The researchers
represent the whole range of accessible options and their possible implications by taking
into account a varied range of alternatives, such as Probabilistic Modeling, Scenario
Analysis, Pareto-based Approaches, Multi-Criteria Decision Analysis, Evolutionary
Algorithms, and Policy Instruments and Regulations. The researchers can identify the
most suitable and successful methods for tackling the difficulties and complexities of
sustainable energy management in the maritime industry through the examination of
alternatives. With the help of this procedure, decision-makers can be sure that their
choices are well-informed and that their strategies are most compatible with the specific
needs and goals of sustainable energy management, thereby promoting a greener and
increasingly environmentally conscious future for marine transportation.

(1) Probabilistic modeling: In this method, uncertainties in sustainable energy
management are quantified using probabilistic approaches such as Monte Carlo
simulation or Bayesian inference. It enables decision-makers to analyse the likelihood
of various outcomes and make educated decisions using probability distributions.

(2) Scenario analysis: Scenario analysis is creating and analysing a number of likely future
scenarios in order to capture a variety of prospective futures in sustainable energy
management. Decision-makers can assess the robustness of various tactics throughout
these circumstances, allowing them to find resilient and flexible solutions.

(3) Multi-Criteria Decision Analysis (MCDA): MCDA is a decision-making procedure
that evaluates different solutions statistically based on several criteria or objectives. It
entails developing decision criteria, giving weights to each criterion according to
stakeholder preferences, then comparing alternatives to such criteria to determine the
best answer.

(4) Pareto-based approaches: These strategies seek solutions that fall on the Pareto
frontier, which denotes the trade-off connection between several objectives.
Decision-makers can uncover compromise options that balance competing aims, such
as affordability and environmental impact, by optimising numerous objectives at the
same time.

(5) Evolutionary algorithms: To find the best possible solutions, evolutionary algorithms,
including genetic algorithms or particle swarm optimisation, replicate natural
evolution. These algorithms are capable of handling complex decision-making
situations with several variables and objectives, allowing decision-makers to investigate
an extensive variety of potential solutions and uncover high-quality possibilities.

(6) Policy instruments and regulations: This option entails investigating the efficacy of
various policy tools and regulations, including feed-in tariffs, tax breaks, renewable
portfolio standards, as well as carbon pricing mechanisms, in impacting
decision-making procedures and encouraging sustainable energy management.
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Fuzzy TOPSIS based MCDM approach
The Fuzzy TOPSIS MCDM strategy is a sophisticated and versatile approach to dealing
with decision-making situations that include numerous criteria and uncertainties. Fuzzy
logic is used in this technique to deal with inexact and ambiguous evidence, which is
typical in real-world decision-making scenarios. The Fuzzy TOPSIS approach identifies
ideal and anti-ideal solutions across available alternatives according to their proximity to
positive and negative ideal solutions, accordingly. The Fuzzy TOPSIS technique gives a
comprehensive ranking of options by taking into account both the distance to the ideal
solution as well as the distance to the anti-ideal solution, enabling decision-makers to
choose the optimal choice that properly balances numerous criteria (Turk, 2022; Chatterjee
& Das, 2023; Saputro, Figueira & Almada-Lobo, 2022; Chaeron et al., 2023; Salehabadi &
Ruparathna, 2022; Yang et al., 2023; Khatri et al., 2023; Barahmand & Eikeland, 2022). The
capability to handle uncertainty and ambiguity in decision-making allows it to be
particularly ideal for complicated and ambiguous challenges where accurate facts may not
be accessible. Decision-makers may reach well-informed decisions by offering a clear and
systematic rating of alternatives. Furthermore, the strategy enables the insertion of
stakeholder preferences as well as the measurement of sensitivity to shifts in criteria
weights, resulting in a strong and adaptable tool for dealing with real-world
decision-making difficulties.

Fuzzy TOPSIS is especially appropriate for this study since it successfully tackles the
intricacies and ambiguities that are present in decisions pertaining to sustainable energy
management. Fuzzy TOPSIS uses fuzzy logic to address the ambiguity as well subjectivity
that are frequently present in real-world scenarios, in contrast with conventional MCDM
strategies like Analytical Hierarchy Process (AHP) or Simple Additive Weighting (SAW),
which might have difficulty with ambiguity as well as imprecise data. This enables a more
nuanced assessment of the options, where the criteria may represent the actual nature of
the context for making decisions by taking on a range of values instead of being rigidly
binary. While other MCDM techniques, such as ELECTRE or PROMETHEE, also provide
strong frameworks for decision-making, they might not be as adaptable as Fuzzy TOPSIS
in handling fuzzy criteria and preferences. Fuzzy TOPSIS offers a more accurate and
dependable tool for decision-making by enabling a thorough and realistic evaluation of
alternatives. This makes it the ideal option for handling the trade-offs along with
uncertainties related to sustainable energy management. The following Fig. 2 shows the
fuzzy TOPSIS based MCDM scheme utilized in this research work.

The implementation of the Fuzzy-TOPSIS approach in this exploration proved to be
useful in analysing and rating various decision-making approaches for sustainable energy
management in marine fuels and green energy. The problem’s multi-criteria structure,
combined with the domain’s inherent uncertainties, needs a comprehensive
decision-making framework. The Fuzzy TOPSIS technique successfully tackles
imprecision and uncertainty in the decision-making procedure by using fuzzy logic.
The approach discovers the most appropriate and successful decision-making procedures
based on their nearness to the positive ideal result as well as distance from the negative
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ideal result using systematic review. This enables the researchers to acquire valuable
knowledge into the strengths and shortcomings of each technique, facilitating the selection
of the best solutions for achieving long-term energy management objectives. The Fuzzy
TOPSIS-based MCDM technique improves the research’s reliability and rigour by
guaranteeing that the approaches adopted are well-balanced and competent of navigating
the complicated issues and uncertainties of sustainable energy management in the
maritime productiveness.

RESULTS
The findings of this research depend on comments and observations made by fifty-five
knowledgeable decision-makers who are specialists and researchers in the field of
sustainable energy management. Their invaluable input and knowledge serve as a solid
foundation for the conclusions and suggestions made in this study. It is possible to conduct
a thorough and in-depth examination of decision-making processes in the sustainable
energy management area thanks to the varied viewpoints and expertise of the contributing
decision makers, which enhance the validity as well as trustworthiness of the study’s
outcomes. By utilising the information of these 55 decision-makers, the research provides
insightful and practical information that may assist energy managers, guide stakeholders,
as well as inform the development of policies to encourage sustainable practises and
reducing environmental impacts in the marine fuels as well as green energy sectors. The
outcomes of this research work are discussed below.

Step 1: Create a decision matrix
The Fuzzy TOPSIS tactic is used in this research to rank six alternatives according to five

criteria. The following Table 2 provides an understandable description of the

Figure 2 Fuzzy TOPSIS based MCDM approach. Full-size DOI: 10.7717/peerj-cs.3625/fig-2
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decision-making procedure for sustainable energy management in the marine sector by
outlining the many types of criteria that were utilized in the evaluation and the appropriate
weights assigned to every criterion.

The Fuzzy scale employed in the model is displayed in the following Table 3.
Each alternative was assessed against the selected criteria, and the outcomes are

presented in the decision matrix. In situations where more than one expert was involved in
the assessment, the values shown in Table 4 reflect the average (mean) scores gathered
from all participating specialists.

Step 2: Development of the normalized decision matrix
After constructing the initial decision matrix, the next stage involves converting the

values into a normalized form. This step ensures that all criteria are positioned on a
comparable measure irrespective of their unique units or ranges. Using the identified
positive ideal solution (representing the most desirable performance) as well as the
negative ideal result (representing the least desirable performance), the normalization
process is carried out according to the standard mathematical expressions. These formulas
allow each alternative’s performance to be transformed proportionally, so that meaningful
comparisons can be made across all criteria.

~rij ¼ aij
c�j

;
bij
c�j

;
cij
c�j

 !
; c�j ¼ maxi cij; Positive ideal solution

~rij ¼
a�j
cij

;
a�j
bij

;
a�j
aij

� �
; a�j ¼ mini aij; Negative ideal solution:

The results of the normalization process, which convert all criterion values into a
comparable scale, are summarized in Table 5. This table provides the normalized decision
matrix, illustrating the relative performance of each alternative across all evaluation
criteria.

Table 2 Characteristics of criteria.

Name Type Weight

1 Effectiveness + (0.200, 0.200, 0.200)

2 Adaptability + (0.200, 0.200, 0.200)

3 Robustness + (0.200, 0.200, 0.200)

4 Stakeholder engagement + (0.200, 0.200, 0.200)

5 Decision quality + (0.200, 0.200, 0.200)

Table 3 Fuzzy scale.

Code Linguistic terms L M U

1 Very low 1 1 3

2 Low 1 3 5

3 Medium 3 5 7

4 High 5 7 9

5 Very high 7 9 9
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Step 3: Construction of the weighted normalized decision matrix
Once the normalization is completed, the next operation is to integrate the relative

prominence of every criterion. This is done by smearing the assigned weights to the
normalized fuzzy standards. In other words, each normalized value is multiplied by its
conforming criterion weight. This procedure produces the weighted normalized decision
matrix that reproduces not only the presentation of every alternative but also the priority
level of each evaluation criterion. The computation is performed using the mathematical
expression provided below.

~vij ¼ ~rij:~wij;

where ~wij represents weight of criterion cj.
The following Table 6 shows the weighted normalized decision matrix.

Step 4: Identification of the fuzzy positive and negative ideal solutions (FPIS, A�

FNIS;A�)
At this stage, the goal is to establish the benchmark values that represent the most

favorable and least favorable performance for each criterion. The fuzzy positive ideal
solution (FPIS, A�) corresponds to the optimal condition, while the fuzzy negative ideal
solution (FNIS, A−) denotes the poorest outcome. These reference points are
mathematically expressed as follows:

A� ¼ ~v�1;~v
�
2; . . . ;~v

�
n

� � ¼ max
j

vijji 2 B

� �
; min

j
vijji 2 C

� �� �

Table 4 Decision matrix.

Effectiveness Adaptability Robustness Stakeholder engagement Decision quality

PM (4.600, 6.600, 8.600) (2.400, 4.400, 6.200) (3.000, 5.000, 7.000) (3.600, 5.600, 7.400) (3.400, 5.400, 7.200)

SA (3.600, 5.600, 7.600) (1.800, 3.800, 5.800) (3.600, 5.600, 7.000) (2.800, 4.800, 6.200) (3.800, 5.800, 7.600)

MCDA (3.800, 5.800, 7.600) (4.800, 6.800, 8.200) (4.600, 6.600, 8.000) (4.800, 6.800, 8.200) (3.600, 5.600, 7.600)

PA (4.000, 6.000, 7.600) (3.600, 5.600, 7.000) (3.600, 5.600, 7.200) (2.600, 4.600, 6.600) (2.400, 4.400, 6.400)

EA (4.200, 6.200, 7.800) (4.200, 6.200, 7.600) (4.200, 6.200, 7.600) (4.000, 6.000, 7.400) (4.000, 6.000, 7.400)

PIR (2.400, 4.400, 6.400) (2.200, 4.200, 6.200) (2.000, 4.000, 6.000) (2.800, 4.600, 6.600) (2.800, 4.800, 6.800)

Table 5 A normalized decision matrix.

Effectiveness Adaptability Robustness Stakeholder engagement Decision quality

PM (0.535, 0.767, 1.000) (0.293, 0.537, 0.756) (0.375, 0.625, 0.875) (0.439, 0.683, 0.902) (0.447, 0.711, 0.947)

SA (0.419, 0.651, 0.884) (0.220, 0.463, 0.707) (0.450, 0.700, 0.875) (0.341, 0.585, 0.756) (0.500, 0.763, 1.000)

MCDA (0.442, 0.674, 0.884) (0.585, 0.829, 1.000) (0.575, 0.825, 1.000) (0.585, 0.829, 1.000) (0.474, 0.737, 1.000)

PA (0.465, 0.698, 0.884) (0.439, 0.683, 0.854) (0.450, 0.700, 0.900) (0.317, 0.561, 0.805) (0.316, 0.579, 0.842)

EA (0.488, 0.721, 0.907) (0.512, 0.756, 0.927) (0.525, 0.775, 0.950) (0.488, 0.732, 0.902) (0.526, 0.789, 0.974)

PIR (0.279, 0.512, 0.744) (0.268, 0.512, 0.756) (0.250, 0.500, 0.750) (0.341, 0.561, 0.805) (0.368, 0.632, 0.895)
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A� ¼ ~v�1 ;~v
�
2 ; . . . ;~v

�
n

� � ¼ min
j

vijji 2 B

� �
; max

j
vijji 2 C

� �� �
:

Here ~v�i denotes the maximum value of criterion i across all alternatives, while ~v�1
represents the minimum value of the same criterion. These values serve as the boundaries
for evaluating performance with B and C corresponding to the fuzzy positive and negative
ideal solutions, respectively. The computed FPIS and FNIS for all criteria are concise in
Table 7 below.

Step 5: Determining the separation measures from ideal solutions
At this step the analysis quantifies how far each alternative deviates from the fuzzy

positive ideal solution (A�) as well as how near it is to the fuzzy negative ideal solution
(A−), thereby capturing the relative positioning of every option between the best and worst
possible outcomes. These distances indicate how closely each option aligns with the best
possible scenario (A�) and how distant it is from the worst-case consequence (A−). Using
the defined distance formulas, the separation values are derived for each alternative, as
given below.

S�i ¼
Xn
j¼1

dð~vij;~v�j Þ i ¼ 1; 2; . . . ;m

S�i ¼
Xn
j¼1

dð~vij;~v�j Þ i ¼ 1; 2; . . . ;m:

The symbol d represents the measure of distance between two fuzzy numbers. For two
triangular fuzzy numbers expressed as (a1; b1; c1) and (a2; b2; c2) the distance between
them can be determined using the following mathematical expression:

Table 6 The weighted normalized decision matrix.

Effectiveness Adaptability Robustness Stakeholder engagement Decision quality

PM (0.107, 0.153, 0.200) (0.059, 0.107, 0.151) (0.075, 0.125, 0.175) (0.088, 0.137, 0.180) (0.089, 0.142, 0.189)

SA (0.084, 0.130, 0.177) (0.044, 0.093, 0.141) (0.090, 0.140, 0.175) (0.068, 0.117, 0.151) (0.100, 0.153, 0.200)

MCDA (0.088, 0.135, 0.177) (0.117, 0.166, 0.200) (0.115, 0.165, 0.200) (0.117, 0.166, 0.200) (0.095, 0.147, 0.200)

PA (0.093, 0.140, 0.177) (0.088, 0.137, 0.171) (0.090, 0.140, 0.180) (0.063, 0.112, 0.161) (0.063, 0.116, 0.168)

EA (0.098, 0.144, 0.181) (0.102, 0.151, 0.185) (0.105, 0.155, 0.190) (0.098, 0.146, 0.180) (0.105, 0.158, 0.195)

PIR (0.056, 0.102, 0.149) (0.054, 0.102, 0.151) (0.050, 0.100, 0.150) (0.068, 0.112, 0.161) (0.074, 0.126, 0.179)

Table 7 The positive and negative ideal solutions.

Positive ideal Negative ideal

Effectiveness (0.107, 0.153, 0.200) (0.056, 0.102, 0.149)

Adaptability (0.117, 0.166, 0.200) (0.044, 0.093, 0.141)

Robustness (0.115, 0.165, 0.200) (0.050, 0.100, 0.150)

Stakeholder engagement (0.117, 0.166, 0.200) (0.063, 0.112, 0.151)

Decision quality (0.105, 0.158, 0.200) (0.063, 0.116, 0.168)
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dv ~M1; ~M2
� 	 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
3

a1 � a2ð Þ2 þ b1 � b2ð Þ2 þ c1 � c2ð Þ2� �r
:

Remember that d ~vij;~v�j

 �

as well as d ~vij;~v�j

 �

are crisp figures.

Table 8 below presents the calculated distances of each alternative from both the FPIS
and FNIS.

Step 6: Compute the closeness coefficient and determine the final ranking
In the final stage, the closeness coefficient for each alternative is obtained. This value

expresses how near each alternative is to the ideal solution while bearing in mind both its
distance from the positive and negative ideal references. Once these coefficients are
calculated using the formula below, the alternatives can then be ranked accordingly where
a higher closeness coefficient indicates a more preferable option:

CCi ¼ S�i
Sþi þ S�i

:

The most suitable option is the one that has the smallest distance from the FPIS and the
largest distance from the FNIS. After computing these measures, the closeness coefficients
and the corresponding ranks for each alternative are presented in Table 9.

The following Fig. 3 below depicts the proximity coefficient of each possibility.
The ranked alternatives are determined according to their Fuzzy Relative Closeness

Coefficient (FRCC) values after applying the Fuzzy TOPSIS approach to the
decision-making problem in sustainable energy management. The FRCC measures how
close each alternative is to the ideal answer, taking into account both the positive and
negative features. After analysing the FRCC numbers in this study, it is discovered that
MCDA appears as the top-ranked alternative. MCDA provides a complete
decision-making framework that takes into account many criteria and stakeholder
preferences. It is an effective strategy in sustainable energy management because of its
capacity to include multiple perspectives and balance competing objectives. MCDA
enables informed choices as well as transparent and inclusive processes by methodically
analysing options against preset criteria and assigning weights to each criterion.

After MCDA, Evolutionary Algorithms (EAs) are ranked as the second best option. EAs
are well-suited to complicated decision-making problems involving various variables and
objectives. These algorithms use natural evolution-inspired concepts to examine a large

Table 8 Distance from positive and negative ideal solutions.

Distance from positive ideal Distance from negative ideal

PM 0.132 0.14

SA 0.17 0.103

MCDA 0.029 0.244

PA 0.159 0.117

EA 0.06 0.214

PIR 0.247 0.027
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range of possible approaches and select optimal ones. EAs can optimise objectives
including environmental effect, economic feasibility, and social acceptance in the setting of
sustainable energy management, allowing decision-makers to discover compromise
solutions that balance opposing aims.

The third-ranked option is Probabilistic Modelling, which provides a solid foundation
for dealing with uncertainty in sustainable energy management decisions.
Decision-makers may determine the likelihood of alternative events and make informed
choices according to probability distributions by quantifying uncertainty using
probabilistic approaches such as Monte Carlo simulation or Bayesian inference.
Considering uncertain conditions, probabilistic modelling is a powerful tool for risk
evaluation, scenario planning, and decision-making. Amongst the alternatives,
Pareto-based Approaches rank fourth. These techniques are concerned with
simultaneously optimising several objectives while taking into account the trade-offs
between various sustainability factors. Decision-makers can analyse and select options that
balance competing goals, such as cost-effectiveness and environmental impact, by locating
solutions on the Pareto frontier. Pareto-based approaches offer a systematic and thorough
methodology for addressing the trade-offs involved in decisions about sustainable energy
management.

Scenario Analysis places fifth among options, highlighting its significance in
decision-making procedures. Scenario Analysis improves decision-making transparency,
inclusivity, as well as legitimacy by considering the viewpoints, interests, and values of

Table 9 Closeness coefficient.

Ci Rank

PM 0.515 3

SA 0.377 5

MCDA 0.894 1

PA 0.424 4

EA 0.78 2

PIR 0.097 6

Figure 3 Closeness coefficient of each alternative. Full-size DOI: 10.7717/peerj-cs.3625/fig-3
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many stakeholders. Decision-makers can build a sense of ownership and enhance social
acceptance of sustainable energy management programmes by incorporating
communities, industry leaders, environmental organisations, and policymakers.

Ultimately, Policy Instruments and Regulations are the sixth option. Policy tools and
regulations, while not a decision-making strategy in and of themselves, play an important
role in shaping decision consequences in sustainable energy management. Policy
frameworks that are effective, such as feed-in tariffs, tax breaks, and energy efficiency
requirements, can incentivise sustainable practises and drive decision-making processes.
Decision-makers may establish a favourable atmosphere for sustainable energy
management practises by connecting policy instruments with objectives for sustainability.

The ranking alternatives based on the Fuzzy TOPSIS method offer a variety of viable
options to decision-makers in sustainable energy management. These alternatives, which
include MCDA, Evolutionary Algorithms, Probabilistic Modelling, Pareto-based
Approaches, Scenario Analysis, and Policy Instruments and Regulations, provide a variety
of tools and techniques for dealing with uncertainties, trade-offs, and stakeholder
concerns. Decision-makers can make educated choices and adopt appropriate
decision-making processes for sustainable energy management by assessing the strengths
and limits of each possibility.

DISCUSSION
This study’s discussion part provides an in-depth examination of the research findings as
well as the consequences for sustainable energy management in the marine industry. The
research article emphasises the need of good decision-making in order to attain a greener
and more environmentally friendly future. The study emphasises the importance of
integrating renewable energy sources, energy efficiency measures, as well as greenhouse gas
emission reductions into decision-making processes by examining various energy options
and their possible consequences on the environment, economy, and society. Furthermore,
the research highlights the complexities of decision-making in this sector, which includes
coping with uncertainty and trade-offs.

The research presents optimal decision-making approaches to meet the issues of
decision-making in sustainable energy management for marine fuels and green energy.
These methodologies include various decision-making frameworks, approaches to
uncertainty analysis, as well as multi-objective optimisation techniques. Furthermore, the
discussion portion digs into key stakeholder involvement tactics and policy development
challenges to ensure effective sustainable energy management. The study explores
real-world scenarios throughout the research to get insights into both productive and
ineffective decision-making practises. These assessments provide critical lessons and
learning opportunities for policymakers, energy managers, and stakeholders. These
stakeholders may make educated and successful decisions through integrating these
insights into their methods for making decisions, which can accelerate the implementation
of clean energy solutions, reduce reliance on fossil fuels, and minimise the negative effects
of climate change.
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The efficiency of recognised decision-making methodologies such as MCDA, EAs,
Probabilistic Modelling, Pareto-based methodologies, Scenario Analysis, as well as Policy
Instruments and Regulations must be reviewed rigorously. By evaluating case studies,
empirical proof, and comparative assessments, both academics and practitioners can assess
the real-world relevance and success of various approaches. This evaluation can give
information on their ability to tackle the complexities, unpredictability, and trade-offs
inherent in decisions about sustainable energy management. The flexibility and
adaptability of decision-making techniques in the face of changing technologies, market
conditions, as well as regulatory changes are critical considerations. Sustainable energy
management is a continuously developing sector, and decision-making frameworks must
be adaptable to new innovations and unexpected scenarios. Researchers should look for
ways to improve the adaptability and resilience of the suggested strategies by incorporating
techniques like dynamic modelling, scenario planning, as well as sensitivity analysis.

The effectiveness of policy tools and regulations for impacting decision-making
processes and encouraging sustainable energy management must be evaluated on a regular
basis. Future study should examine policy frameworks as well as governance structures in
order to identify best practises, gaps, and opportunities for development. Furthermore, the
research might examine the impact of various policy instruments on decision outcomes, as
well as their interconnections and potential policy synergies to improve sustainable energy
management. It is essential to investigate the possibility of integration and synergy between
the indicated decision-making techniques. Combining several methodologies, such as
MCDA with EAs, or Probabilistic Modelling with Scenario Analysis, may result in more
complete and rigorous decision-making frameworks. To maximise their efficacy in
sustainable energy management, researchers must investigate the advantages, obstacles,
and implementation tactics for combining these approaches. The findings can be expanded
to include decision-making procedures customised specifically for deep uncertainty in
sustainable energy management. Deep uncertainty occurs when the choice space,
prospective outcomes, as well as underlying system dynamics are highly unpredictable and
difficult to model. Investigating strategies such as robust decision-making, flexible
pathways, and decision-making with ambiguity may offer useful insights into dealing with
deep uncertainty in decisions about sustainable energy management.

Considering the complexity and multidimensionality of sustainable energy
management, increasing cross-disciplinary interaction is required. Future research should
foster collaboration among academics from many disciplines, such as engineering and
policy studies. This interaction has the potential to promote the development of
comprehensive decision-making frameworks that take into account technological,
socioeconomic, and environmental variables holistically. The results reported in this
research have important implications for developing a sustainable and resilient energy
system for current and future generations. The marine sector may play a critical role in
cutting carbon emissions and encouraging sustainable practises by incorporating
renewable energy sources, energy-saving measures, and smart decision-making processes.
As consequence, this study assists to the larger goal of promoting a more beneficial to the
environment and greener future for maritime transportation.
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CONCLUSIONS
The research article presented optimal decision-making methodologies for sustainable
energy management while accounting for uncertainty and trade-offs. Alternatives have
been identified and evaluated based on their applicability and efficacy using a variety of
ways. The results of this research provide policymakers, energy executives, and
stakeholders participating in sustainable energy management with useful insights, as well
as a variety of tools and techniques for navigating complexities and obstacles. By
combining these approaches, more informed and efficient decision-making processes can
be created, supporting the achievement of long-term energy management objectives.
However, it is critical to recognise the research’s limitations. In accordance with the
particular setting and extent of sustainable energy management, the recommended
decision-making processes may differ in their application and efficacy. Furthermore,
because it is based on subjective input and the precision of fuzzy linguistic variables and
membership functions, the Fuzzy TOPSIS technique has its own limits. Future research in
this field should address these limitations and look for ways to improve. Potential areas for
additional investigation include empirical validation, inclusion of technical improvements,
evaluation of long-term repercussions, integration of numerous sectors, and addressing
multiple stakeholder desires. We can increase sustainable energy management and
accelerate the transition to a greener, more sustainable future by strengthening
decision-making processes and solving these difficulties.

ACKNOWLEDGEMENTS
The author would like to thank the Deanship of Scientific Research & Entrepreneurship at
Shaqra University for supporting this work. The support provided by the Deanship of
Scientific Research & Entrepreneurship at Shaqra University consisted of institutional and
academic assistance. This included facilitating access to institutional research resources,
providing technical guidance and supporting the overall research environment that
enabled the completion of this work.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Mohammed Alghassab conceived and designed the experiments, performed the
experiments, analyzed the data, performed the computation work, prepared figures and/
or tables, authored or reviewed drafts of the article, and approved the final draft.

Alghassab (2026), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.3625 19/22

http://dx.doi.org/10.7717/peerj-cs.3625
https://peerj.com/computer-science/


Data Availability
The following information was supplied regarding data availability:

The code and raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.3625#supplemental-information.

REFERENCES
Adshead D, Thacker S, Fuldauer LI, Hall JW. 2019. Delivering on the sustainable development

goals through long-term infrastructure planning. Global Environmental Change 59(64):101975
DOI 10.1016/j.gloenvcha.2019.101975.

Agrawal A, Khan RA, Ansari MTJ. 2022. Empowering Indian citizens through the secure e-
governance: the digital India initiative context. In: Proceedings of the Emerging Technologies in
Data Mining and Information Security (IEMIS 2022). Vol. 3. Singapore: Springer Nature
Singapore, 3–11.

Al-Enazi A, Okonkwo EC, Bicer Y, Al-Ansari T. 2021. A review of cleaner alternative fuels for
maritime transportation. Energy Reports 7(2):1962–1985 DOI 10.1016/j.egyr.2021.03.036.

Alassery F, Alzahrani A, Khan AI, Khan A, Nadeem M, Ansari MTJ. 2022. Quantitative
evaluation of mental-health in type-2 diabetes patients through computational model. Intelligent
Automation & Soft Computing 32(3):1701–1715 DOI 10.32604/iasc.2022.023314.

Alghassab M. 2023. A computational case study on sustainable energy transition in the Kingdom
of Saudi Arabia. Energies 16(13):5133 DOI 10.3390/en16135133.

Alharbi A, Ansari MTJ, Alosaimi W, Alyami H, Alshammari M, Agrawal A, Kumar R,
Pandey D, Khan RA. 2022. An empirical investigation to understand the issues of distributed
software testing amid COVID-19 pandemic. Processes 10(5):838 DOI 10.3390/pr10050838.

Alshahrani HM, Alotaibi SS, Ansari MTJ, Asiri MM, Agrawal A, Khan RA, Mohsen H,
Hilal AM. 2022. Analysis and ranking of IT risk factors using fuzzy TOPSIS-based approach.
Applied Sciences 12(12):5911 DOI 10.3390/app12125911.

Ansari MTJ, Al-Zahrani FA, Pandey D, Agrawal A. 2020. A fuzzy TOPSIS based analysis toward
selection of effective security requirements engineering approach for trustworthy healthcare
software development. BMC Medical Informatics and Decision Making 20(1):1–13
DOI 10.1186/s12911-020-01209-8.

Ansari MTJ, Baz A, Alhakami H, Alhakami W, Kumar R, Khan RA. 2021. P-STORE: extension
of STORE methodology to elicit privacy requirements. Arabian Journal for Science and
Engineering 46(9):8287–8310 DOI 10.1007/s13369-021-05476-z.

Ansari MTJ, Pandey D, Alenezi M. 2022. STORE: security threat oriented requirements
engineering methodology. Journal of King Saud University-Computer and Information Sciences
34(2):191–203 DOI 10.1016/j.jksuci.2018.12.005.

Attaallah A, al-Sulbi K, Alasiry A, Marzougui M, Ansar SA, Agrawal A, Ansari MTJ, Khan RA.
2023. Fuzzy-based unified decision-making technique to evaluate security risks: a healthcare
perspective. Mathematics 11(11):2554 DOI 10.3390/math11112554.

Barahmand Z, Eikeland MS. 2022. Assessing and prioritizing challenges facing bioenergy supply
chain in Norway: a Delphi-AHP method. International Journal of Energy Production and
Management 7(4):310–330 DOI 10.2495/eq-v7-n4-310-330.

Alghassab (2026), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.3625 20/22

http://dx.doi.org/10.7717/peerj-cs.3625#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.3625#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.3625#supplemental-information
http://dx.doi.org/10.1016/j.gloenvcha.2019.101975
http://dx.doi.org/10.1016/j.egyr.2021.03.036
http://dx.doi.org/10.32604/iasc.2022.023314
http://dx.doi.org/10.3390/en16135133
http://dx.doi.org/10.3390/pr10050838
http://dx.doi.org/10.3390/app12125911
http://dx.doi.org/10.1186/s12911-020-01209-8
http://dx.doi.org/10.1007/s13369-021-05476-z
http://dx.doi.org/10.1016/j.jksuci.2018.12.005
http://dx.doi.org/10.3390/math11112554
http://dx.doi.org/10.2495/eq-v7-n4-310-330
http://dx.doi.org/10.7717/peerj-cs.3625
https://peerj.com/computer-science/


Bartke S, Schwarze R. 2015. No perfect tools: trade-offs of sustainability principles and user
requirements in designing support tools for land-use decisions between greenfields and
brownfields. Journal of Environmental Management 153(2):11–24
DOI 10.1016/j.jenvman.2015.01.040.

Chaeron M, Putro GM, Soepardi A, Wibowo MC. 2023. Application of AHP and TOPSIS
method: a case study in the Indonesian leather industry. In: Proceedings of the International
Conference on Industrial Engineering and Operations ManagementMarch 7–9, 2023. Manila,
Philippines.

Chatterjee S, Das A. 2023. An ensemble algorithm using quantum evolutionary optimization of
weighted type-II fuzzy system and staged Pegasos quantum support vector classifier with
multi-criteria decision making system for diagnosis and grading of breast cancer. Soft
Computing 27(11):7147–7178 DOI 10.1007/s00500-023-07939-x.

Dincer I. 2000. Renewable energy and sustainable development: a crucial review. Renewable and
Sustainable Energy Reviews 4(2):157–175 DOI 10.1016/s1364-0321(99)00011-8.

Elgohary MM, Seddiek IS, Salem AM. 2015. Overview of alternative fuels with emphasis on the
potential of liquefied natural gas as future marine fuel. Proceedings of the Institution of
Mechanical Engineers, Part M: Journal of Engineering for the Maritime Environment
229(4):365–375 DOI 10.1177/1475090214522778.

Few R, Brown K, Tompkins EL. 2007. Public participation and climate change adaptation:
avoiding the illusion of inclusion. Climate Policy 7(1):46–59
DOI 10.1080/14693062.2007.9685637.

Govindan R, Al-Ansari T. 2019. Computational decision framework for enhancing resilience of
the energy, water and food nexus in risky environments. Renewable and Sustainable Energy
Reviews 112(4):653–668 DOI 10.1016/j.rser.2019.06.015.

Hocine A, Kouaissah N, Bettahar S, Benbouziane M. 2018. Optimizing renewable energy
portfolios under uncertainty: a multi-segment fuzzy goal programming approach. Renewable
energy 129(2):540–552 DOI 10.1016/j.renene.2018.06.013.

Hutton CW, Nicholls RJ, Lázár AN, Chapman A, Schaafsma M, Salehin M. 2018. Potential
trade-offs between the sustainable development goals in coastal Bangladesh. Sustainability
10(4):1108 DOI 10.3390/su10041108.

Kanter DR, Musumba M, Wood SLR, Palm C, Antle J, Balvanera P, Dale VH, Havlik P,
Kline KL, Scholes RJ, Thornton P, Tittonell P, Andelman S. 2018. Evaluating agricultural
trade-offs in the age of sustainable development. Agricultural Systems 163(3):73–88
DOI 10.1016/j.agsy.2016.09.010.

Kesieme U, Pazouki K, Murphy A, Chrysanthou A. 2019. Biofuel as an alternative shipping fuel:
technological, environmental and economic assessment. Sustainable Energy & Fuels
3(4):899–909 DOI 10.1039/c8se00466h.

Khatri S, Al-Sulbi K, Attaallah A, Ansari MTJ, Agrawal A, Kumar R. 2023. Enhancing
healthcare management during COVID-19: a patient-centric architectural framework enabled
by hyperledger fabric blockchain. Information 14(8):425 DOI 10.3390/info14080425.

Kurian M. 2017. The water-energy-food nexus: trade-offs, thresholds and transdisciplinary
approaches to sustainable development. Environmental Science & Policy 68(7):97–106
DOI 10.1016/j.envsci.2016.11.006.

Lehtonen M. 2004. The environmental-social interface of sustainable development: capabilities,
social capital. Institutions Ecological Economics 49(2):199–214
DOI 10.1016/j.ecolecon.2004.03.019.

Alghassab (2026), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.3625 21/22

http://dx.doi.org/10.1016/j.jenvman.2015.01.040
http://dx.doi.org/10.1007/s00500-023-07939-x
http://dx.doi.org/10.1016/s1364-0321(99)00011-8
http://dx.doi.org/10.1177/1475090214522778
http://dx.doi.org/10.1080/14693062.2007.9685637
http://dx.doi.org/10.1016/j.rser.2019.06.015
http://dx.doi.org/10.1016/j.renene.2018.06.013
http://dx.doi.org/10.3390/su10041108
http://dx.doi.org/10.1016/j.agsy.2016.09.010
http://dx.doi.org/10.1039/c8se00466h
http://dx.doi.org/10.3390/info14080425
http://dx.doi.org/10.1016/j.envsci.2016.11.006
http://dx.doi.org/10.1016/j.ecolecon.2004.03.019
http://dx.doi.org/10.7717/peerj-cs.3625
https://peerj.com/computer-science/


Liu J, Hull V, Godfray HCJ, Tilman D, Gleick P, Hoff H, Pahl-Wostl C, Xu Z, Chung MG,
Sun J, Li S. 2018. Nexus approaches to global sustainable development. Nature Sustainability
1(9):466–476 DOI 10.1038/s41893-018-0135-8.

Livaniou S, Papadopoulos GA. 2022. Liquefied Natural Gas (LNG) as a transitional choice
replacing marine conventional fuels (heavy fuel oil/marine diesel oil), towards the era of
decarbonisation. Sustainability 14(24):16364 DOI 10.3390/su142416364.

Mathur VN, Price AD, Austin S. 2008. Conceptualizing stakeholder engagement in the context of
sustainability and its assessment. Construction Management and Economics 26(6):601–609
DOI 10.1080/01446190802061233.

Moallemi EA, Hosseini SH, Eker S, Gao L, Bertone E, Szetey K, Bryan BA. 2022. Eight
Archetypes of Sustainable Development Goal (SDG) synergies and trade-offs. Earth’s Future
10(9):e2022EF002873 DOI 10.1029/2022ef002873.

Namany S, Al-Ansari T, Govindan R. 2019. Sustainable energy, water and food nexus systems: a
focused review of decision-making tools for efficient resource management and governance.
Journal of Cleaner Production 225(5):610–626 DOI 10.1016/j.jclepro.2019.03.304.

Nourani V, Najafi H. 2023. A Z-number based multi-attribute decision-making algorithm for
hydro-environmental system management. Neural Computing and Applications
35(9):6405–6421 DOI 10.1007/s00521-022-08025-3.

Rahman FA, Aziz MMA, Saidur R, Bakar WAWA, Hainin MR, Putrajaya R, Hassan NA. 2017.
Pollution to solution: capture and sequestration of carbon dioxide (CO2) and its utilization as a
renewable energy source for a sustainable future. Renewable and Sustainable Energy Reviews
71(2):112–126 DOI 10.1016/j.rser.2017.01.011.

Salehabadi ZM, Ruparathna R. 2022. User-centric sustainability assessment of single family
detached homes (SFDH): a BIM-based methodological framework. Journal of Building
Engineering 50(16):104139 DOI 10.1016/j.jobe.2022.104139.

Saputro TE, Figueira G, Almada-Lobo B. 2022. A comprehensive framework and literature
review of supplier selection under different purchasing strategies. Computers & Industrial
Engineering 167:108010 DOI 10.1016/j.cie.2022.108010.

Swart ROB, Raes F. 2015. Making integration of adaptation and mitigation work: mainstreaming
into sustainable development policies? In: Integrating Climate Change Actions into Local
Development. Routledge, 288–303 DOI 10.1080/14693062.2007.9685657.

Taormina B. 2019. Potential impacts of submarine power cables from marine renewable energy
projects on Benthic communities. Doctoral dissertation, Université de Bretagne occidentale-
Brest.

Tooranloo HS, Ayatollah AS, Iranpour A. 2018. A model for supplier evaluation and selection
based on integrated interval-valued intuitionistic fuzzy AHP-TOPSIS approach. International
Journal of Mathematics in Operational Research 13(3):401–417
DOI 10.1504/ijmor.2018.094854.

Turk S. 2022. Taguchi loss function in intuitionistic fuzzy sets along with personal perceptions for
the sustainable supplier selection problem. Sustainability 14(10):6178 DOI 10.3390/su14106178.

Yang J, Wan Q, Han J, Xing S. 2023. An evaluation model for automobile intelligent cockpit
comfort based on improved combination weighting-cloud model. PLOS ONE 18(3):e0282602
DOI 10.1371/journal.pone.0282602.

Alghassab (2026), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.3625 22/22

http://dx.doi.org/10.1038/s41893-018-0135-8
http://dx.doi.org/10.3390/su142416364
http://dx.doi.org/10.1080/01446190802061233
http://dx.doi.org/10.1029/2022ef002873
http://dx.doi.org/10.1016/j.jclepro.2019.03.304
http://dx.doi.org/10.1007/s00521-022-08025-3
http://dx.doi.org/10.1016/j.rser.2017.01.011
http://dx.doi.org/10.1016/j.jobe.2022.104139
http://dx.doi.org/10.1016/j.cie.2022.108010
http://dx.doi.org/10.1080/14693062.2007.9685657
http://dx.doi.org/10.1504/ijmor.2018.094854
http://dx.doi.org/10.3390/su14106178
http://dx.doi.org/10.1371/journal.pone.0282602
http://dx.doi.org/10.7717/peerj-cs.3625
https://peerj.com/computer-science/

	Sustainable maritime energy management: optimizing decision-making for marine fuels and renewable energy integration
	Introduction
	Related works
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink7
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


