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Abstract: The main purpose of this paper is to present a systematic review of MCDM
techniques and approaches in sustainable and renewable energy systems problems. This study
reviewed a total of 54 papers published from 2003-2015 in more than 20 high-ranking
journals, most related to sustainable and renewable energies, and which were extracted
from the Web of Science database. In the category of application areas, papers were
classified into two main groups: (1) sustainable energy and (2) renewable energy.
Furthermore, in the classification of techniques and approaches, the papers were
categorized into six groups: (1) AHP and F-AHP; (2) ANP and VIKOR; (3) TOPSIS and
F-TOPSIS; (4) PROMETHEE; (5) integrated methods and (6) other methods. In addition,
papers were reviewed based on the authors’ nationalities, the publication date, techniques
and approaches, the name of journal and studies criteria. The results of this study indicated
that, in 2015, scholars have published more papers than in other years. Furthermore,
AHP/fuzzy AHP and integrated methods were ranked as the first rank, with 14 papers.
Additionally, Journal of Renewable Energy is the first journal, with 16 publications, and
this was the most significant journal in this study. Findings of this review paper confirm
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that MCDM techniques can assist stakeholders and decision makers in unravelling some of
the uncertainties inherent in environmental decision making, and these techniques
demonstrate a growing interest of previous scholars to apply these techniques for solving
different stages of sustainable and renewable energy systems.

Keywords: decision making; environmental systems; MCDM; renewable energy;
sustainable energy

1. Introduction

Over the last quarter-century, the twin concepts of sustainability and renewable energy have
emerged as a defining imperative of humanity that is situated at the nexus of science [1,2],
technology [3,4], culture [5,6], economics [7,8], policy [9,10] and the environment [11,12]. These twin
concepts are both framed as a means to mitigate the negative impacts of natural resource depletion [13,14],
energy consumption [13—17], water consumption [18,19] and climate changing greenhouse gas (GHG)
emissions [20-22] associated anthropogenic activities. Due to the energy crisis, environmental,
economic, political, market and social issues, researchers have been attracted to develop sources of
sustainable and renewable energies to secure energy consumption, protect the environment, and to
promote regional development. The implementation of successful renewable energy that is sustainable in
time, especially at the community level, has been related to more open and participatory processes
where views, expectations and framings from different stakeholders become integrated. In the issues of
sustainability and renewable energy, various methodologies can be found throughout the literature. Some
of them are scenario planning, which seeks to address and put limits on uncertainty, improving the
response capacity to multiple features [23]. Kowalski, et al. [24], using a combination of scenario
planning and Multi Criteria Assessment (MCA) to reduce uncertainty in energy development, where a
diversity of stakeholders is included in the decision-making process, considering a broad spectrum of
social, economic, environmental and technical criteria.

On the other hand, strong emphasis is put on renewable energy as sustainable technologies,
focusing on the relation of renewable energy projects with the overall sustainability of a particular
community or system [25]. It is usually stated that renewable energy contributes to the sustainability of
specific territories by providing them with a wide variety of socioeconomic and environmental
benefits [26]. These assessments focus on specific components of sustainability (ecological, social and
economic) through the monitoring of indicators, with few cases giving attention to the dynamic
component of sustainability. Sustainability is a system issue, not a technology or organizational issue [27],
yet in renewable energy literature it is rarely addressed as such. Bringing insights from sustainability
science and socio-ecological systems theory, in analyzing the sustainability of an energy system,
strong emphasis is put on the importance of understanding the complexity of the system, adaptative
management and adaptative capacity in the successful adoption of renewable energy technologies [28].
Due to the complexity of sustainability and the need to provide a path towards the achievement of a
sustainable future, decisions have to be taken, and this must happen in a structured, transparent and
reliable way and multiple criteria decision making (MCDM) can contribute to such an objective. The
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energy issues applying decision making (DM) methods include energy planning and selection [29],
energy resource allocation [30,31], energy exploitation [32], energy policy [33], management of
building energy [34] and transportation of energy systems [35,36]. The reviewed literatures covered
are both theoretical/conceptual and empirical. This review article aims at providing an overview of a
number of major MCDM approaches and techniques proposed over the years and presenting examples
of the ways various approaches and techniques have been used for sustainable and renewable energy
issues. The examples were selected in a way to give an extensive overview of all approaches and
techniques applied to environmental sustainable and renewable energy issues during recent years. This
paper also evaluates the most important advantages of various approaches and techniques, and the
difficulties that they may face. Finally, this study argues that MCDM is practical for solving problems
in sustainable and renewable energy issues with multiple resources; although some previous studies
reviewed the role of MCDM methods such as multiple criteria decision making analysis (MCDA) in
sustainable energy [37] and sustainable energy planning [38], this type of problem has been
insufficiently examined in MCDM review studies.

2. Literature Review
Role of Decision Making Techniques and Approaches in Sustainable and Renewable Energy

The availability of renewable energy sources is growing rapidly in many developed and developing
countries [39—41]. Growth in two common renewable energy sources—wind and solar photovoltaics
(PV) [42-44] has been significant in recent years. Moreover, these high growth rates are expected to
continue for renewable technologies for several years to come, if one believes the flurry of optimistic
estimates by industry groups and energy analysts. The basic premise of all renewable energy
development policies is that they create demand for climate-friendly technologies that otherwise would
not exist at all or not at desired levels under current market conditions [45]. An integrated renewable
energy system includes renewable energy generation [46-50], energy storage [51-56] and certain
transmission components [57-59]. A renewable energy system could have a life-cycle efficiency of
less than 100% and still be superior to a fossil based system in terms of energy resources sustainability.
The use of modern renewable energy technologies, including wind turbines [60—62], solar panels [42,63],
biomass pellets [64,65], small hydro [66—68] and others are increasing rapidly. Renewable energy
might solve some of the existing problems. The research and development of a renewable energy plan
is imperative to fuel the transportation fleets of the future and to promote the new energy economy. As
the number of new renewable energy policies at the state level has increased, so have policy analyses
and evaluations focusing on individual programs [69—72]. Previous research on alternative and
renewable energy is commonly based on cross-country data, employs panel econometric models with
fixed or dynamic effects (e.g., [73,74]) and predominantly examines the drivers of renewable energy
where it is used as a dependent variable (e.g., [75]).

In recent years, due to increasing energy demand, the use of renewable energy technologies has
grown dramatically, therefore some of the previous studies have investigated the role of these
technologies in different perspectives of energy issues with various techniques of MCDM. For
example: Luthra, et al [76] identified the barriers for adoption of renewable and sustainable
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technologies in India by using the analytic hierarchy process (AHP) technique; Streimikiene, et al. [77],
ranked and selected some sustainable electricity production technologies by integration of Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) and MOORA plus Full
Multiplicative form (MULTIMOORA) techniques; van de Kaa, et al. [78] used the fuzzy MCDM
method, fuzzy AHP, for choosing the photovoltaic technologies; Shen, et al. [79], with concerns of
policy and technology, evaluated renewable energy resources exploiting by application of fuzzy AHP;
Zhao and Guo [80] applied superiority linguistic ratings, fuzzy grey relation analysis and the entropy
weighting method for assessment of the external benefits of renewable energy power in China; Zhao
and Guo [81] also integrated fuzzy entropy and TOPSIS for choosing a thermal power equipment
supplier; Stein [82] proposed a novel approach for ranking of several renewable and
non-renewable technologies related to electricity production; Doukas, et al. [83] presented flexible and
direct MCDM methods though linguistic variables for ranking of sustainable technological energy;
Balezentiene, et al. [84] used fuzzy MULTIMOORA for ranking of sustainable energy crops;
Oberschmidt, et al. [85] elaborated the Preference Ranking Organisation Method for Enrichment
Evaluations (PROMETHEE) technique for evaluation of performance in energy supply technologies
and applied the AHP technique for electricity generation based on some renewable energy alternatives
such as solar photovoltaic, wind energy, biomass and solar thermal in Pakistan; Zangeneh, et al. [86]
proposed a model for evaluation and ranking of distributed technologies in Iran; Ren, et al. [87]
employed fuzzy MCDM (FMCDM) for assessment and ranking sustainability of biomass-based
hydrogen technologies; and Troldborg, et al. [88] proposed a multi criteria analysis for evaluation and
ranking of renewable energy technologies in Scotland.

In addition, due to diversification opportunities, biomass production has the potential to enhance the
feasibility of agricultural business [84]. For example, in the Czech Republic, Havlickova and Suchy [89]
made an analysis on the future prospects of energy crop propagation. Using data envelopment analysis,
Patkov and Effenberger [90] investigated the efficiency of biogas plants, nevertheless problems
regarding energy planning are very complex with multiple criteria and multiple decision makers (DMs).
As a result, these problems are suited to the application of MCDM. The MCDM approaches and
techniques are often applied to assess and compare the sustainability of different renewable energy
technologies or energy plans with the aim to provide decision support for choosing the most
sustainable and suitable options either for a given location or more generically. MCDM is attractive
given the multi-dimensional and complex nature of sustainability assessments, which typically involve
a range of conflicting criteria featuring different forms of data and information. However, the input
information on which the MCDM is based is often associated with uncertainties. When evaluating the
sustainability of different renewable energy generation technologies, there is a range of important
indicators and criteria that need to be considered [91]. It has been widely applied for assessing and
comparing the sustainability of different renewable energy technologies, plans and policies [37], both in
specific areas or regions (e.g., [92-95]), and for more generic assessments (e.g., [77,96]).

Although there have been many empirical studies of the application of MCDM in environmental
decision making, studies on how uncertainty analysis in MCDM can deal with potential uncertainties
at each stage of this decision-making procedure are rare. Due to the complexity of environmental
systems and the need to provide a path towards the achievement of a future, decisions have to be taken,
and this must happen in a structured, transparent and reliable way; MCDM can contribute to such an
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objective. MCDM consists of a group of approaches, which allow explicit accounting of multiple
criteria in order to support individuals or groups to rank, select and/or compare different alternatives [97].
A general grouping of MCDM approaches has been proposed by [98], who distinguish three
underlying theories: (i) utility function; (ii) outranking relation and (iii) sets of decision rules. The
utility-based theory includes methods synthesizing the information according to a unique parameter;
this theory was introduced in the 1970s by [99]. The outranking relation theory involves methods based
on comparisons between pairs of options to verify whether “alternative a is at least as good as
alternative b” [100]. The decision rule theory originates from the artificial intelligence domain, and it
permits deriving a preference model through the use of classification or comparison of decision
examples [101]. MCDM has been used extensively to evaluate environmental systems problems, and a
good overview can be found in [102].

Typical environmental assessment methods such as environmental impact assessment [103], social
impact assessment [104], risk assessment [105] and life-cycle assessment [106] are generally carried
out for one client or one interested party to assist decision-making for sustainable or greener practices.
For example, in community development, sustainable planning promotes the integration of programs,
which requires the commitment of a number of stakeholders in different disciplines [107].

Over the years, numerous MCDM and FMCDM techniques and approaches have been proposed in
the literature, which differ in terms of the type of questions asked, the theoretical background and the
type of obtained results. A number of methods have been designed for a particular problem, hence they
are inapplicable to other problems. Recently, a number of MCDM and FMCDM techniques and
approaches have been introduced to choose the best compromise options. The MCDM and FMCDM
techniques and approaches have been developed not only by the motivation received from various real-life
problems that require the consideration of multiple criteria, but also by the desire of practitioners to
enhance decision-making techniques through recent developments occurring in computer technology,
scientific computing and mathematical optimization [108]. All methods are mainly aimed at making
the decision-making process better informed and more formalized. The MCDM approach falls into two
categories [109]: classical MCDM and fuzzy FMCDM [110,111].

MCDM problems each have a different nature; thus, a variety of techniques have been proposed
as solutions. First, complete aggregation methods were proposed, for example: Simple Additive Weighting
(SAW) and two stages in weighting [112]; Multi-attribute utility analysis (MAUA) [113]; Weighted
Aggregated Sum Product Assessment (WASPAS) [114]; TOPSIS [115]; ViseKriterijuska Optimizacija
I Komoromisno Resenje (VIKOR) [116]; multi-criteria Complex Proportional Assessment method
(COPRAS) [117]; Multi-Objective Optimization by Ratio analysis (MOORA) [118]; COPRAS Grey
(COPRAS-G), fuzzy additive ratio assessment method (ARAS-F), Grey Additive Ratio Assessment
(ARAS-G) and MULTIMOORA [119-121]; KEmeny Median Indicator Ranks Accordance
(KEMIRA) [122]; Step-wise Weight Assessment Ratio Analysis (SWARA) [123] and additive ratio
assessment method (ARAS) [124,125]. As examples of partial aggregation methods, PROMETHEE [126],
ELimination and Choice Expressing REality (ELECTRE) [127] and Novel Approach to Imprecise
Assessment and Decision Environments (NAIADE) [128] can be listed, which involve the pair-wise
comparisons of alternatives. In addition, Analytic Network Process (ANP) and AHP are relied on as
pair-wise comparisons [129-132].
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FMCDM can be categorized as a fuzzy multi-objective decision-making (FMODM) and fuzzy
multi-attribute decision-making (FMADM) approach [109]. Liou and Tzeng [133], addressed the
development of MADM from 1738-2012. They put MADM into three classes: evaluating or choosing
models (e.g., decision-making trial and evaluation laboratory (DEMATEL), fuzzy DEMATEL,
Interpretive Structural Modelling (ISM), fuzzy ISM, fuzzy cognitive map (FCM), linear structure
equation models (LISEM, or called “SEM”), formal concept analysis and input-output analysis);
weighting models (ANP/fuzzy ANP, AHP/fuzzy AHP, entropy measure, neural network weighting and
dynamic weighting) and normalizing models (additive types: TOPSIS, SAW, VIKOR, ELECTRE,
PROMETHEE and grey relation and non-additive types: fuzzy integral neural network plus fuzzy).
In another classification related to MCDM tools and approaches, Turskis and Zavadskas [134] and
Mardani, et al. [135] grouped MCDM and FMCDM tools in a different way—in two of these studies,
MCDM was divided into three types: information of actors, including no information (dominance,
Maxmin and Minmax classes); information about criteria (standard level (conjunctive and
Disjunctive), ordinal (lexicographic, elimination by aspects and permutation), cardinal (liner
assignment, SAW, TOPSIS, ELECTRE, PROMETHEE, VIKOR, COPRAS, ARAS and MOORA) and
marginal rate of substitution (hierarchical trade-offs)); and information of alternative (pairwise
preference (The linear programming technique for multidimensional analysis of preference (LINMAP)
and SAW) and order of pairwise proximity (multidimensional scaling)).

The objective of FMADM is finite and implicit, whereas the objective of the FMODM approach is
infinite and explicit. In FMADM, the decision maker’s objectives are unified under the decision-makers’
utility which is a super function, which is dependent upon the selection criteria. In FMODM,
objectives of the decision-makers, e.g., optimal resource utilization and quality, improvement remain
explicit and are assigned with fuzzy weights that reflect their relative significance. The most important
benefit of FMCDM models is their capability of considering many selection criteria. Bellman and
Zadeh [136] and Zimmermann [137] applied fuzzy sets to the MCDM field. According to Yager [138],
the fuzzy set of a decision is the intersection of the whole fuzzy goals. Kickert [139], prepared a
summary of applications of the fuzzy set theory to MADM problems.

MCDM methods cover a wide range of quite distinct approaches. MCDM methods can be broadly
classified into two categories: discrete MCDM or discrete MADM and continuous MODM methods [140].
Recently, hundreds of publications have been published to provide information about MCDM methods
and their development and application in different fields. This article provides an overview of the
publications, which provides an overview of MCDM methods. The research is based on the Web of
Science database, which is a part of Thomson Reuters Web of Knowledge. The 1970s was an
important decade for many seminal works. Foundations of modern MCDM were developed in the
1950s and 1960s. Development of MCDM researches accelerated during the 80s and early 90s, and
seems to have continued its exponential growth [141]. The book by K&ksalan, Wallenius and Zionts [141]
provided a brief history of the development of MCDM methods. It briefly describes the development
of the area from ancient to modern times. Keeney, et al. [142] formulated the basics of decision with
multiple objectives. Hwang, ef al. [143] provided the review on development of MODM methods and
applications in a relatively short period of time. Later, Tzeng and Huang [144] reviewed the MADM
methods (SAW, TOPSIS, ELECTRE and LINMAP).
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3. Research Methodology

This paper reviews the literature in order to identify the studies that have been published in popular
journals that provided the most important information to practitioners and researchers who investigate
issues related to sustainable and renewable energy systems and MCDM and FMCDM techniques and
approaches. To this end, an extensive search was carried out to find MCDM and FMCDM in titles,
abstracts, keywords and research methodologies of the papers. This paper attempts to document the
exponentially growing interest in the MCDM and FMCDM techniques and approaches and provide a
contemporary and up-to-date review of the literature regarding sustainable and renewable energy
systems, MCDM applications and methodologies. According to a classification scheme, a reference
repository, including a total of 54 published papers in more than 30 journals since 2003, has been
established. The papers are classified in terms of the application areas, publication year, the journal’s
name and MCDM techniques and approaches and research criteria. The present paper has three
contributions: the development of a classification scheme with a focus on practical considerations;
structurally reviewing the literature to guide the research on sustainable and renewable energy systems,
MCDM applications and methodologies; and the identification of issues to be studied in the future.
Additionally, new perspective is taken into consideration to review the articles, namely, categorization
of the articles into two different areas including sustainable and renewable energy systems.

In particular, we targeted Web of Science, which includes the most important journals in two
different areas: sustainable and renewable energy systems. Items such as doctoral dissertations,
master’s theses, textbooks, papers and unpublished papers were ignored in this review. For this review,
the primary data were collected from 54 cited articles related to sustainable and renewable energy
systems since 2003. In the process of choosing the 54 scholarly journal papers, we used most
international journals specifically related to sustainable and renewable energy and MCDM issues.
Some of the journals cited in this review were, Renewable Energy, Energy Policy, Applied Energy,
Energy Conversion and Management, Energy journal, Journal of Environmental Management,
Renewable and Sustainable Energy Reviews, Solar Energy, European Journal of Operational
Research, Applied Soft Computing, Expert Systems with Applications, Journal of Cleaner Production,
Energy and Buildings, etc. The majority of papers on sustainable and renewable energy systems, MCDM
applications and methodologies were published after 2003; as a result, we attempted to review
application of these techniques in recent years; therefore, this year was chosen as the starting date for
this study. It is noticeable that since the online database access point is limited, some papers could not
be downloaded; for that reason, they were overlooked in this survey. After reviewing each paper, the
paper was summarized and highlighted. An article is taken into consideration in this review if it
discusses thoroughly the application and development of MCDM for solving problems in sustainability
and renewable energy systems issues.
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MCDM is the most well-known branch of decision making. In the decision-making approach, the
selection is made from among the decision alternatives that are described by their attributes. Over time,
a large number of MCDM techniques and approaches have been proposed, which are different in their
theoretical background, the type of questions asked and the type of obtained results. For a given
problem, a number of methods have been particularly proposed, which cannot be applied to other
problems. Several keywords and criteria should be taken into account for the selection of the MCDM
techniques and approaches. In this review paper, for identifying and finding the scholarly papers
related to sustainable and renewable energy systems issues, for MCDM techniques and approaches in
Web of Science database, we searched the keywords such as: sustainable energy, wind and solar
energies, PV energy, renewable energies, MCA, MCDA, MCDM, decision making, AHP, COPRAS,
TOPSIS, VIKOR, ELECTRE, MULTIMOORA, DEMATEL, SWARA, ANP, MOORA,
PROMETHEE, WASPAS, SAW, ARAS, Entropy and hybrid MCDM, in addition, in terms of fuzzy
MCDM methods.

In the past several years, application of the MCDM technique in energy topics, renewable and
sustainable energies increased dramatically. The historical growth rate of MCDM techniques in
renewable energy and sustainable energy has been available for many years. This review paper
represents the growth dynamics of the papers included in Thomson Reuters Web of Science database
under the keywords MCDM and energy (Figure 1), MCDM and renewable energy (Figure 2), MCDM
and sustainable energy (Figure 3) in recent years.

Figure 1 shows important evidence based on the frequency of the growth dynamics of the papers
included in Thomson Reuters Web of Science database under the keywords of MCDM and energy
from 2003-2015. The results indicate that from 2003-2015 information about the use of MCDM
techniques in energy areas has grown. According to the findings from this figure, the use of these
techniques and approaches in 2003 were found in two papers, and this number increased to six papers
in 2004; the number of publications increased to 17 and 26 papers in 2012 and 2013, respectively.
Accordingly, it can be pointed out that researchers in different fields and categories of energy use
MCDM techniques nowadays in their research, and it can be predicted that in coming years, these
numbers will increase. Results of publication years are shown in Figure 1.

Figure 2 presents important evidence based on the frequency of the growth dynamics of the papers
included in Thomson Reuters Web of Science database under the keywords of MCDM and renewable
energy from 2004-2015. The outcomes show that from 2004-2015 information about the use of
MCDM techniques in renewable energy areas has grown. According to the findings from this figure,
the use of these techniques in 2004 was found in two papers, and this number increased to 10 papers in
2013; the number of publications increased to four and 10 papers in 2012 and 2013, respectively.
Accordingly, it indicates that researchers in the field of renewable energy utilize MCDM techniques
nowadays in their research, and it can be predicted that in coming years these numbers will increase.
Results of publication years are shown in Figure 2.
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Figure 1. The growth dynamics of the papers included in Thomson Reuters Web of
Science Database under the keywords of MCDM and energy from 2003-2015.
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Science Database under the keywords MCDM and renewable energy from 2004—2015.
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Figure 3 presents important evidence based on the frequency of the growth dynamics of the papers
included in Thomson Reuters Web of Science database under the keywords MCDM and sustainable
energy from 2004-2015. The findings show that from 20042015 information about the employment
of MCDM techniques in sustainable energy areas increased. According to the results from this figure,
the use of these techniques in 2004 was found in two papers, and this number increased to six papers in
2010; the number of publications increased to nine papers in 2013. Accordingly, it can be shown that
scholars in the sustainable energy field utilize the MCDM techniques nowadays in their research, and
it can be predicted that in coming years these numbers will increase. Outcomes of growth dynamics of
the papers are shown in Figure 3.
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Figure 3. The growth dynamics of the papers included in Thomson Reuters Web of
Science Database under the keywords MCDM and sustainable energy from 2004—2015.

After the primary search and collection of these scholarly articles, the articles related to sustainable
and renewable energy fields were selected; therefore, in the following section, we have attempted to
classify scholarly papers related to these issues based on techniques and approaches. The summary of
analysis and procedure of study is shown in Figure 4.
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4. Finding
4.1. Classifications and Observations

This survey is based on a literature review and classification of international journal articles in
recent years. The majority of the journals are specialist journals in environmental systems, renewable
and sustainable energy. Research on MCDM continued and found many applications in different
fields. MCDM provides strong decision making in domains where selection of the best alternative is
highly complex. This paper reviews the main streams of considerations in multi criteria decision
making theory and practice in detail, and it is mainly aimed at identifying various applications and
approaches and suggesting approaches that can be most robustly and effectively used to identify the
best alternative in the renewable and sustainable energy systems. The MCDM method has been applied
in many domains to choose the best alternatives. Where many criteria have come into existence, the
best one can be obtained by analyzing the different scopes and weights of the criteria, and the selection
of the optimum ones using any multi criteria decision making techniques.

This survey investigates the developments of various methods of MCDM and its applications in
renewable and sustainable energy systems. In our daily life, many decisions are being made based on
various criteria; thus the decision can be made by assigning weights to different criteria, and all the
weights are obtained from expert groups. It is important to determine the structure of the problem and
explicitly evaluate multi criteria. For example, in building a nuclear power plant, certain decisions
have been taken based on different criteria. There are not only very complex issues involving multi
criteria, some criteria may have effect on some problems; however, to have an optimum solution, all
alternatives must have common criteria, and this clearly leads to more informed and better decisions.
The applications developed to solve multi choice problems and the selected MCDM methods provide
better performance in cases such as renewable and sustainable energy systems, safety assessment in
marine engineering, watershed location and urban distribution centers in public sectors.

4.2. Field of Category

Due to the wide range of applications of MCDM in the real world, there is a strong motivation to
categorize these applications across several areas and particular sub-areas such as renewable and
sustainable energy systems. The studies that have used MCDM and fuzzy MCDM are categorized into
six groups: AHP, VIKOR and ANP, TOPSIS and PROMETHEE, other methods and integrated
methods. To identify the differences and similarities, the 54 papers were categorized into two fields:
(1) renewable energy and (2) sustainable energy. In the case of the papers that could fall into more than
one category, based on the targeted audience defined by the paper’s objectives, the best possible choice
was selected. This ensured the absence of any duplication in the classification scheme. In the following
sections, the papers are briefly presented, and each topic is further summarized using tables
corresponding to their sub-areas. In each table, the papers are summarized and highlighted according
to their introductions, research criteria, research methods and the results of the study.
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4.3. Distribution Based on MCDM Techniques and Area of Application

Table 1 shows the frequency of MCDM and fuzzy MCDM techniques and approaches used in
two different topics, sustainable and renewable energy. Based on results presented in this table, a total
of 54 studies employed MCDM and fuzzy MCDM techniques and approaches. This table shows that
AHP and FAHP methods and their applications have been used more than other tools and approaches.
The second rank was integrated techniques and approaches. Other methods, VIKOR, ANP, TOPSIS
and F-TOPSIS hold third and fourth ranking with 25 papers (12.69%). The frequency of techniques
and approaches are presented in Table 1.

Table 1. Summary of applications of the DM techniques.

Frequency Based on Frequency Based on

DM Techniques ] Total
Sustainable Energy  Renewable Energy

AHP and FAHP 8 6 14
VIKOR and ANP 1 4 5
TOPSIS and F-TOPSIS 4 2 6
PROMETHEE 3 3 6
Other techniques 3 8 11
Integrated methods 8 4 12
Total 27 27 54

4.4. Distribution Based on AHP and FAHP

AHP is one of the most popular techniques in MCDM issues which scholars use for ranking,
selection and assessment of criteria. Results of Table 2 show that a total of 14 papers used AHP and
FAHP for evaluation of sustainable and renewable energy systems problems; based on these results,
five studies have applied both AHP and FAHP for evaluation of renewable energy systems; in
addition, eight papers have employed sustainable energy systems. According to findings from this
table, one paper was published in 2015; three papers have applied these techniques (s) in 2013, three
papers in 2012, one paper in 2011 and two papers in 2010. Results of other years and other information
about this category are provided in Table 2.

Table 2. Distributed papers based on AHP and FAHP.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
. Applied FAHP for . .
Heo, et al. Republic of Technological, market, economic, renewable
2010 FAHP assessment renewable ) )
[145] Korea environmental and policy. energy
energy factors.
Utilized AHP for Market, competitiveness, technical
Davoudpour, ) . ) renewable
2012 Iran AHP selection of renewable  factors, capability and environmental
et al. [146] energy

technology portfolio. factors with sub-criteria.
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Table 2. Cont.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Risk & feasibility, continuity and
predictability, reliability, duration of
prep & implement, local technic
knowhow, pollutant emission land
Assessed renewable ) .
Ertay, et al. requirements, need of waste disposal, = renewable
013 Turkey fuzzy AHP  energy development by o ) ]
[147] o compatibility with the national energy energy
utilized fuzzy AHP. . o .
policy objective, political acceptance,
social acceptance, labor impact,
implementation cost, availability of
funds and economic value.
Used AHP for selection
Karaca, et al. of energy and water Social, environmental and techno- sustainable
2015 Turkey AHP . L L
[148] sustainability economic criteria and sub-criteria. energy
infrastructure.
Energy price stability, security for
energy supply, low energy prices,
stability for energy generation, carbon
emissions reduction, SOx and NOx
o Employed FAHP for o . .
Shen, Lin, Li ) emissions reductions, environmental
. evaluation of o ) renewable
and Yuan 2010 Taiwan Fuzzy AHP sustainability, low land requirement,
renewable ) energy
[79] local economic development, local
energy sources. ) )
economic development, technical
maturity, potential for
commercialization, market size and
reasonableness for investment cost.
. Cost, time, extraction and fabrication
Applied AHP for . o
Pons and o of materials, transport, building and )
) sustainability ) sustainable
Aguado 2012 Spain AHP ) assembly, use and maintenance,
assessment 1n . . energy
[149] o demolition, adaptability to changes
schools building.
and users’ safety.
Employed fuzzy AHP ) o
) Technological criteria, energy and
Kahraman, for evaluation of ) o ) renewable
2009 Turkey fuzzy AHP environmental, criteria, social and
etal. [150] renewable energy o energy
. economic criteria.
alternatives.
Resource depletion, energy loss,
waste and waste management, climate
Employed AHP for change, environmental risk, embodied .
Reza, et al. L . sustainable
2011 Canada AHP sustainability energy, material cost, performance
[151] ) ) energy
assessment. cost, operation & maintenance cost,

social acceptance vulnerability of area

and building.
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Table 2. Cont.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Used AHP for Construction costs, efficiency,
Pons and de ) o ) )
) integrated emissions, resources consumption, sustainable
la Fuente 2013 Spain AHP o .
[152] sustainability negative effects on the producer energy
assessment. industry and effects to third party.
Applied AHP for Convenience of transportation, cost, )
Aras, et al. ) ) ) sustainable
2004 Turkey AHP location selection of security, topography and
[153] . . . . . . energy
wind observation station.  infrastructure with 12 sub-criteria.
Resource availability, financial
o Employed AHP for viability, social benefits, educational
Nigim, et al. ) ) o ] renewable
2004 Canada AHP ranking of renewable  potential, ecological impact, project
[154] o . L energy
energy sources. feasibility, technical feasibility and
economic benefits.
Wind availability, site advantage,
WEG functions, financial schemes,
) policy support, advanced
Lee, et al. ) Used AHP for wind ) ) ) renewable
2009 Taiwan, AHP ) technologies, wind turbine,
[155] farms selection. ) ) energy
connection, foundation, concept
conflict, technical risks and
uncertainty of land.
Wind power density, peak hours
) Used AHP-OWA ) )
Al-Yahyai, ) matching, wind occurrence, renewable
2012 Oman AHP-OWA for wind farm . .
etal [156] o ) turbulence intensity and energy
siting evaluation. )
wind occurrence.
Peak solar to electricity efficiency,
suitable operation range, maximum
Applied AHP for site gradient, technology maturity,
Peterseim, identify of the suitable  plant complexity, integration renewable
2013 Australia AHP o .
etal. [157] concentrated simplicity, land use, cleaning water energy

solar power. consumption, criteria groups
feasibility, risk reduction, impact
reduction and LCOE.

4.5. Distribution Based on VIKOR and ANP

The second group of MCDM techniques is VIKOR and ANP which were used for assessment of
sustainable and renewable energy systems problems. According to results of Table 3 we can show that,
in total, only five papers have used both ANP and VIKOR techniques. Findings of this table show that
two papers used the VIKOR technique and three papers applied the ANP method. Moreover, this table
shows four previous scholars used these techniques for evaluation of renewable energy systems
problems and one study was applied to evaluation of sustainable energy systems problems. Furthermore,
based on information in this table, two papers were published in 2014 and one paper in 2013, 2012 and
2011. Other information on this group is presented in Table 3.
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Table 3. Distributed papers based on VIKOR and ANP.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Power, investment ratio,
. Assessed renewable  implementation period,
San Cristobal . . . . renewable
2011 Romania VIKOR energy projects by  operating hours, useful life,
[158] ) ) energy
used VIKOR. operation and maintenance costs
and Tons of CO: avoided.
. . Assessed sustainable )
Vucijak, Bosnia and . o sustainabl
2013 . VIKOR hydropower by 23 environmental criteria
etal [159] Herzegovina . e energy
applied VIKOR.
Food demand, global effects,
local effects, policies &
strategies, social development,
Employed ANP for o oo
centralization/decentralization,
development of .
. conventional/renewable energy
Cannemi, renewable energy . . . renewable
2014 Italy ANP . integration, heating
et al. [160] based on selection . . . energy
. (cooling)/electricity integration,
of biomass ) o
industrial, infrastructure and
power plants. .
technological development,
financials, incomes, logistics
and O&M.
Used ANP for )
) BSC factors include; benefits,
Shiue and ) assessment of o ] renewable
) 2012 Taiwan ANP ) ) opportunities, costs, risks and
Lin [161] optimal recycling . energy
collection strategy.
strategy.
Kabak and Used ANP for Technology, economy,
) ) ) renewable
Dagdeviren 2014 Turkey ANP ranking of renewable  security and global effects and
. energy
[162] energy resources. human wellbeing.

4.6. Distribution Based on TOPSIS and F-TOPSIS

Results of Table 4 indicate that some of the previous scholars used TOPSIS and F-TOPSIS for
evaluation of their problems in fields of renewable and sustainable energy systems. According to this
table, six papers have applied both TOPSIS and F-TOPSIS. In addition, based on these findings, two
studies implemented TOPSIS and F-TOPSIS for assessment of renewable energy systems problems
and four studies utilized both TOPSIS and F-TOPSIS for solving problems in sustainable energy
systems. Moreover, based on of this table, we show that three papers used classical TOPSIS and three
papers applied fuzzy TOPSIS. Furthermore, the results of this table show one paper in 2015, one paper
in 2014, one paper in 2013 and one paper in 2011 used TOPSIS and F-TOPSIS. Other information
about this category is presented in Table 4.
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Table 4. Distributed papers based on TOPSIS.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
GHG emissions reduction, impact on
the natural environment, contribution
Doukas and Assessed renewable .
to employment, local and regional renewable
Psarras 2009 Greece TOPSIS energy development ) )
. economic development, investment energy
[163] by applied TOPSIS. o
cost and contribution to energy
sufficiency.
Investment costs, land use, operating
) and maintenance costs, levelized
Applied F-TOPSIS . ) .
) electricity cost, levelized electricity )
Cavallaro Fuzzy for evaluation of o sustainable
2010 Italy cost, thermal storage costs, electricity
[164] TOPSIS thermal-energy ) energy
production, state of knowledge of
storage. ) ) )
innovative technology, environmental
risk and safety and freezing point.
Employed
F-TOPSIS for LEC, unmet fraction, fuel, WRE, SPV )
Perera, ) Fuzzy ) . ) sustainable
2013 Sri Lanka assessment of panels, wind turbines, ICG capacity
et al. [165] TOPSIS ) energy
standalone hybrid  and battery banks.
energy systems.
Applied TOPSIS
Kucukvar, for ranking of cycle ~ Environmental and socio economic sustainable
2014 USA TOPSIS o o o
etal [166] sustainability criteria and sub-criteria. energy
performance.
) Artificial reefs, certification, CO2e
Applied TOPSIS o o
Lozano- ) ) emission, depth compatibility, )
) United for evaluation of ) ) . sustainable
Minguez, 2011 . TOPSIS ) maximum displacement, durability,
Kingdom oftshore wind ) ) energy
etal. [167] ) NPV, maximum von Mises stress and
turbine. o
water turbidity.
Technical (efficiency, installed
capacity, amount of ener roduced),
Used F-TOPSIS for P ty ) &P )
. economic (investment cost, operation
Sengiil, Fuzzy ranking of ) renewable
2015 Turkey and maintenance cost, payback
etal. [168] TOPSIS renewable energy energy

period), environmental (land use,
supply systems. o )
value of CO2 emission) and social

(job creation).

4.7. Distribution Based on PROMETHEE

The PROMETHEE technique is the third group which was used for this study. Based on results of
Table 5, we show that six previous studies utilized PROMETHEE. Findings of this table revealed
that three papers used PROMETHEE for assessment of renewable energy issues and three papers
implemented it for evaluation of sustainable energy systems. Moreover, this table shows the previous
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studies published: one paper in 2014, three papers in 2009 and one paper in both 2004 and 2003.

Other findings of this classification are provided in Table 5.

Table 5. Distributed papers based on PROMETHEE.

Technique and

Author Year Nationality Summary of Paper Criteria Area
Application
Assessed renewable Fuel saved, return on investment, no of
Haralambopoulos PROMETHEE renewable
2003 Greece energy projects by applied  jobs created, environmental index and
and Polatidis [169] 1I energy
PROMETHEE II. risk index.
Total power generation, technology
Assessed of energy maturity, reliability of supply, GHG
Troldborg, Heslop United renewable sustainability emissions impact on amenity, area sustainable
2014 PROMETHEE
and Hough [88] Kingdom technologies by used requirements, levelized energy, cost, energy
PROMETHEE. contribution to economy and social
acceptance.
Investment, operating and maintenance
Tsoutsos, Drandaki, PROMETHEE 1 Employed PROMETHEE  cost, conventional fuels savings,
Frantzeskaki, and Iand PROMETHEE II for ~ maturity of technology, safety of sustainable
2009 Greece
Tosifidis and Kiosses PROMETHEE assessment of sustainable  supply, emissions avoided and energy
[95] 1T energy planning contribution to local development and
welfare.
Used PROMETHEE for
selection of best
Fuel cost, vehicle cost, refueling station
Mohamadabadi, fuel-based vehicles renewable
2009 Canada PROMETHEE distance, GHG emission and number of
et al. [170] based on renewable and energy
customer options.
non-renewable
assessment.
Chulha, improved chulha, Kerosene
Pohekar and Used PROMETHEE for
stove, biogas stove, LPG stove, micro- renewable
Ramachandran 2004 India PROMETHEE assessment of cooking
wave oven, electric oven, solar box energy
[171] energy substitution.
cooker and PSC.
Investment cost, O&M cost, LEC,
Applied PROMETHEE
maturity of technology, environmental sustainable
Cavallaro [172] 2009 Italy PROMETHEE for evaluation of solar
impact, temperature and solar capacity energy

thermal technologies.

factor.

4.8. Distribution Based on Other Techniques

Results of Table 6 show, in total, 11 papers have implemented other MCDM techniques and

approaches. Findings of this table revealed that eight papers for solving problems in the field of

sustainable energy used these techniques. Some of the techniques in this group are multi criteria
analysis (MCA), MULTIMOORA, ELECTRE, COPRAS, etc. Moreover, this table shows five papers
published in 2015, two papers in 2014 and two papers in 2013. Results of other years are provided in

Table 6.
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Table 6. Distributed papers based on other techniques.
Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Employed .
) ) Power generated, investment cost,
) ) Multi-choice goal o ) )
Multi-choice ) emissions, jobs created, operation
) programming for ) ) renewable
Chang [173] 2015 Taiwan goal ) and maintenance costs, distance
) selection the best ) energy
programming . . between plants and social
location for facilities
acceptance
of renewable energy
Stakeholder inclusion in
decision-making, application of
) qualitative data, measures to deal
Applied MCA for ) . . )
. with uncertainty, inclusion of )
Buchholz, evaluation of o ) sustainable
2009 USA MCA ) criteria hierarchies, use of
etal [174] sustainable ) energy
. . thresholds, ease of computation,
bioenergy projects. ) .
dynamic reevaluation, transparency
and communication of decision
process and results.
Santoyo- Assessed of
Castelazo and sustainability in Costs. climate change and human sustainable
) 2014 UK MAVT o ) o
Azapagic energy systems by toxicity with sub-criteria energy
[175] used MAVT.
. . Soil carbon sequestration,
Balezentiene, Assessed sustainable .
o Fuzzy . photosynthesis type, water .
Streimikiene . ) energy by applied i ) sustainable
) 2013 Lithuania MULTIMOO adaptation, DM, t-ha™!, erosion
and Balezentis Fuzzy ) ) energy
RA control, input requirement and
[84] MULTIMOORA. )
energy yield, GJ-ha™..
Energy availability, efficiency of
energy generation, reliability,
Used MCA for capital investment, O&M cost, fuel
Mainali and assessment of energy  cost, GHG emission, land uses, sustainable
o 2015 Sweden MCA o )
Silveira [176] sustainability local employment generation, energy
technologies. compatibility of the technology to
do end uses and operational
&management capability required.
Used OWA for . )
o . Political/legal, financial,
Patlitzianas, evaluation of ) ) renewable
2007 Greece OWA social/cultural and technological
etal [177] renewable energy energy

producers.

with 24 sub-criteria.
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Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Applied OWA for
Aydin, et al. selection of Environmental, economic and renewable
2013 Germany OWA . o o
[178] GIS-based site for  criteria and sub-criteria. energy
renewable energy.
Implemented
. . FMCDM for .
Egilmez, et al. United ) o sustainable
2015 FMCDM benchmarking of 16 criteria
[179] States ) energy
environmental
sustainability.
Employed COPRAS  General economic, housing stock,
Nuuter, ef al. ) for evaluation of population and social condition, sustainable
2015 Estonia COPRAS o ) ) ) .
[180] sustainability of housing quality, housing affordability energy
housing market. and environmental quality.
Plot, zone and subplot, agrological
) capacity, slope, field orientation,
Applied ) .
plot area, distance to main roads,
Sanchez- ELECTRE-TRI for . . . .
) ELECTRE- ) distance to power lines, distance to  sustainable
Lozano, et al. 2014 Spain selection of ) .
TRI ) town or villages, distance to energy
[181] photovoltaic solar o )
) electricity transformer substations,
farms site. o
solar radiation and average
temperature.
Protected landscapes, archeological
) Weighted sites, historical sites, urban areas &
Latinopoulos ) Used WLC for N ) )
) linear . . traditional settlements, tourism sustainable
and Kechagia 2015 Greece o selection of wind o )
combination ) facilities, distance from roads, land energy
[182] farm site. o .
(WLC) use restrictions, wind speed,

proximity to airports and slope.

4.9. Distribution Based on Integrated Methods

The last group of our classification in Table 7 is those studies which used MCDM integrated

methods. In this group, 12 papers have used MCDM integrated methods: four papers assessed

problems in renewable energy systems and eight papers evaluated sustainable energy systems.
According to the findings of this group, some integrated methods are AHP mixed with PROMETHEE,
TOPSIS mixed with MULTIMOORA, AHP mixed with ROMETHEE II and SWARA mixed with
WASPAS, etc. In addition, this table shows four studies utilized these DM integrated methods in 2015,

three papers in 2014, two papers in 2013 and one paper in 2012, etc. Other information on this group is

represented in Table 7.
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Table 7. Distributed papers based on integrated methods.
Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Power, investment ratio,
implementation period,
) Employed . .
Yazdani- operating hours, useful life,
o COPRAS and COPRAS-AHP for ) ) renewable
Chamzini, et al. 2013 Iran ) operation and maintenance costs,
AHP selection renewable L energy
[183] and tons of emissions of CO2
energy .
avoided per
year.
Accident fatalities, energy use
per capita, supply efficiency of
) Evaluated renewable .
Kuleli Pak, TOPSIS and energy, import dependency, renewable
2015 Turkey energy development by ) )
etal [184] ANP climate change, water quality energy
used TOPSIS and ANP.
and soil area where acidification
exceeds critical load.
Streimikiene, L .
. Used TOPSIS and Economic dimension,
Balezentis, TOPSIS and ) ) ) ]
o ) ) MULTIMOORA for  environmental dimension and sustainable
Krisciukaitiené 2012 Lithuania MULTIMOO ) o . )
) sustainable energy social dimension with sub- energy
and Balezentis RA ) o
sources selection. criteria.
[77]
) Measures to deal with
Selected the suitable
Kurka and AHP, uncertainty, user friendliness and )
MCA method for o sustainable
Blackwood 2013 UK DELTAP and o flexibility, transparency and
sustainability o ) energy
[185] ROMETHEEI communication and multi-
energy systems. . .
stakeholder inclusion.
Suitability for inverter based
Integrated ANP and DG, non-detectable zone,
Datta, et al. 2014 Indi ANP and TOPSIS for selection  implementation cost, suitability sustainable
ndia
[186] TOPSIS of solar for multi-DG systems, operating energy
photovoltaic system. time, degrading power quality
and reliability.
Employed SWARA
Vafaeipour, 014 . SWARA and and WASPAS for Risk, social, environmental, and  sustainable
ran
etal [187] WASPAS selection of region for ~ economic with sub-criteria. energy
apply solar project.
Applied AHP and Technological maturity, resource
Ren and 2015 Hal AHP and TOPSIS for ranking of  reliability, social acceptability, sustainable
ta
Sovacool [188] Y TOPSIS low-carbon government support and energy
energy sources. energy security.
Applied AHP and
PROMETHEE for CO: emissions, running cost, )
AHP and ) ) sustainable
Ren, et al. [189] 2009 Japan assessment of system  primary energy consumption and
PROMETHEE energy

of sustainable

residential energy.

investment cost.
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Table 7. Cont.

Technique
Author Year Nationality and Summary of Paper Criteria Area
Application
Used ELECTRE 11,
. ELECTREII, ) ) ) .
Chung and Lee Republic of EVAMIX and Regime  Technical, environmental and sustainable
2009 EVAMIX and ) o o
[190] Korea ) for ranking of water economic with criteria. energy
Regime o
management criteria.
Applied VIKOR and  Technical criteria, economic
Kaya and o o
VIKOR and AHP for assessment criteria, environmental criteria renewable
Kahraman 2010 Turkey L
[191] AHP of renewable and social criteria with nine sub- energy
energy planning. criteria.
Safety and quality, economy and
Fuzzy . S .
Yeh and Huang Used for selection of  benefit, social impression, sustainable
2014 Taiwan DEMATEL ) ) )
[192] wind farm location. environment and ecology, energy
and ANP
regulation and policy.
Employed Complexity, maturity, amount of
Georgiou, et al. 2015 N PROMETHEE PROMETHEE and produced water, quality of renewable
reece
[193] and AHP AHP for energy supply  produced water and specific energy
configuration. energy consumption.

4.10. Distribution of Papers Based on Name of Journal

Table 8 provides the distribution based on the name of the journal which was used throughout the
paper. The papers related to the MCDM techniques, and sustainable and renewable energy are
distributed through 19 journals, which cover an extensive range of the “Web of Science” database.
From these 19 journals, the first rank was the journal Renewable Energy, with 16 papers. This result
indicates that this journal has the most significant role in MCDM issues and sustainable and renewable
energy fields. Journal of Renewable and Sustainable Energy Reviews and Journal of Energy Policy
had the second and third rank, with eight and five papers, respectively; in addition, Journal of Energy
and Applied Energy, with three papers, had fourth and fifth rank. The frequency of other published
journals is shown in Table 8.

4.11. Distribution of Papers Based on Publication Year

Figure 5 presents important evidence based on the frequency of distribution by the year of
publication. The results indicate that from 2003-2015 information about the use of MCDM techniques in
sustainable and renewable energy areas has grown. According to the findings from this section, the use
of these techniques and approaches in 2003 was found in only one paper, and this number increased to
three papers in 2004; the number of publications increased to 10 and nine papers in 2014 and 2015,
respectively. Accordingly, it can be indicated that researchers in different fields and categories of
sustainable and renewable energy use MCDM techniques nowadays in their research, and it can be
predicted that in coming years these numbers will increase. Results of publication years are shown in
Figure 5.
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Name of Journal Number Percentage (%)

Renewable Energy 16 29.63%
Renewable and Sustainable Energy Reviews 8 14.81%
Energy Conversion and Management 5 9.26%
Energy Policy 5 9.26%
Applied Energy 3 5.56%
Energy 3 5.56%
Construction and Building Materials 2 3.70%
Automation in Construction 1 1.85%
Building and Environment 1 1.85%
Cities 1 1.85%
Energy and Buildings 1 1.85%
Energy Sources, Part B 1 1.85%
International Journal of Computational Intelligence Systems 1 1.85%
Journal of Business Economics and Management 1 1.85%
Journal of Cleaner Production 1 1.85%
Journal of Environmental Management 1 1.85%
Solar Energy 1 1.85%
Technological and Economic Development of Economy 1 1.85%
Technological Forecasting and Social Change 1 1.85%
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Figure 5. Distribution papers based on year of publication.

4.12. Distribution of Papers Based on Nationality of Authors

Table 9 shows that authors from 21 nationalities and countries applied MCDM issues in the

sustainable and renewable energy areas. Most of the published papers were from Turkey (14.81%).

However, findings of this paper indicate that Greece, Taiwan and Taiwan have published papers regarding

sustainable and renewable energy areas by using MCDM techniques. Table 9 presents details regarding

the nationality of authors.
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Table 9. Distribution of papers based on the authors’ nationality.

Name of Country Number Percentage (%)
Turkey 8 14.81%
Greece 6 11.11%
Taiwan 5 9.26%

United Kingdom 4 7.41%
Italy 4 7.41%

USA 3 5.56%

Spain 3 5.56%

Iran 3 5.56%
Canada 3 5.56%
Republic of Korea 2 3.70%
Lithuania 2 3.70%
India 2 3.70%
Sweden 1 1.85%

Sri Lanka 1 1.85%
Romania 1 1.85%
Oman 1 1.85%
Japan 1 1.85%
Germany 1 1.85%
Estonia 1 1.85%
Bosnia and Herzegovina 1 1.85%
Australia 1 1.85%

5. Discussion

The decision-making process determining the best energy alternative is multidimensional made up
of a number of aspects at different levels, such as economic, technical, environmental, political and
social. From this perspective, an MCDM approach to decision making appears to be the most
appropriate tool to understand all the different perspectives involved, and to support those concerned
with the decision-making process by creating a set of relationships between the various alternatives.
Rational MCDM in energy system options, planning, management and economy is helpful to energy
systems development. The growing diversity of MCDM techniques has prompted a number of reviews
in recent years that have highlighted the strengths and weaknesses of these techniques in solving
energy decision-making problems. In the real word, the decision-making problems are very vague and
uncertain in a number of ways. Most criteria have interdependent and interactive features, so they
cannot be evaluated by conventional measures. It would be more suitable to apply MCDM and fuzzy
MCDM methods in energy systems problems to approximate the human subjective evaluation process.

Results obtained from this review show that MCDM approaches and techniques are appropriate for
energy systems. This study shows that a large number of MCDM approaches and techniques exist and
many of these methods are applicable to the solution of problems in the sustainable and renewable
energies systems fields. Each approach and technique may have some drawbacks and advantages, and
it cannot be claimed that a particular approach or technique is more suitable than the others.
Various DMs generally disagree about which approach and technique is most valid and suitable.
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The selection of an approach and technique is mostly dependent upon the preferences of MCDM and the
analyst. The methods must be taken into consideration in terms of validity, suitability and user-friendliness.
In addition, it should be realized that employing different approaches and techniques most probably
leads to different recommendations, and it is noteworthy that there may be errors in any approach or
technique. This paper provided several examples of the way various MCDM approaches and
techniques have been applied to the sustainable and renewable energies systems fields.

All the studies consider different aspects of the sustainable and renewable energies systems in
various sub-areas with high planning levels, such as a regional or even national level. The techniques and
approaches have been very widely used to take care of multiple, conflicting criteria to arrive at better
solutions. Increasing popularity and applicability of these techniques and approaches beyond 1990
indicates a paradigm shift in energy systems fields. The techniques and approaches are observed to be
most popular in the sustainable and renewable energies systems fields followed by two sub-areas,
including sustainable energy and renewable energies areas. This study confirms that MCDM
techniques can assist stakeholders and decision makers in unravelling some of the uncertainties
inherent in environmental decision making, uncertainties that are borne out of the complexities of
natural systems, a lack of sufficient data, a wide range of stakeholders and their associated objectives.
The sustainable and renewable energies decision making reviewed in this study demonstrates a
growing interest with previous scholars to apply these techniques for different stages of energy
decision processes. MCDM approaches and techniques have been broadly employed to address
multiple, conflicting criteria in a way to achieve better solutions. According to the findings of this
review paper, it can be observed that efficiency of energy, power, capital investment, risk, quality,
delivery, resources, flexibility, time, investment cost, CO2 emission, cultural, technology, climate
change and government support are the most common criteria in the environmental, institutional,
market, functional, political/legal, financial, technical, safety, ecological, social and economic attributes.

6. Concluding Remarks

This study was aimed to review papers that used the MCDM techniques in areas of sustainable and
renewable energies and were published from 2003—-2015 in popular international journals related to
energy fields accessible in Web of Science databases. Moreover, this study attempted to classify
papers into two main application areas: sustainable energy and renewable energy. In the field of
sustainable energy, results indicated that 27 papers have employed MCDM techniques. In addition,
in the field of renewable energy, findings indicated that 27 studies used MCDM techniques.
Other information about this classification is presented in Table 1.

In the distribution of journals, Journal of Renewable Energy was the first ranked journal among
19 journals, with 16 published papers related to the MCDM techniques in fields of sustainable energy
and renewable energy. In the nationality-based classification, it was shown that 21 nationalities and
countries applied MCDM techniques. Finally, Turkey was shown to have the highest contribution to
the publication of MCDM techniques, with eight papers.

The present paper has also some limitations and recommendations for future studies. First of all,
this study categorized papers into two application areas. It is recommended for future studies to review
papers in different sub-areas of these categories. The second limitation was that this study was mostly
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concentrated on English journals; that is, journals in other languages were not taken into consideration,
although, the authors believe that this study has provided a comprehensive review and included
the majority of high citation papers which have been published by journals on the sustainable energy
and renewable energy fields. According to the objective of this review paper, we searched the
keywords that directly related to renewable and sustainable energy, such as, sustainable energy, wind
and solar energies, PV energy, renewable energies and MCDM techniques, in addition, in terms of
fuzzy MCDM methods. This review paper attempted to select those papers which were more cited and
viewed by other scholars mentioned in two databases, including Web of Science. This present paper
focused more on 30 journals which most related to renewable and sustainable energy rather than all
energy journals. Some of the papers relating to renewable and sustainable energy were review-based;
therefore, we excluded these kinds of papers. The objective of this paper was to review papers related
to MCDM techniques and renewable and sustainable energy rather than other energies topics. Some
energy topics were published in doctoral dissertations, master’s theses, textbooks, papers and
unpublished papers, which were ignored in this review. This paper focused on the main academic
database, including Web of Science, and due to limitation of access point, some papers related to
renewable and sustainable energy were published in some other publications rather than Web of Science.

This review paper contributes to existing literature by demonstrating the possibility of combining
decision making with sustainable energy and renewable energy problems. In an age of increasing
globalization and increasing flows of information, decision makers and scientists are trying to
better understand how to construct decision making systems to address a range of multi-level
sustainable energy and renewable energy problems. Generally, MCDM methodologies have been used
successfully in various applications and industrial sectors with different subjects and terms, although
interdisciplinary and social decision problems should be further emphasized. Future study on the
MCDM anatomy can be further developed. This study is hoped to be employed by academics and
managers as a basis for further research, to help practitioners make more appropriate decisions using
MCDM techniques in fields of sustainable energy and renewable energy and guide scholars to enhance
these methodologies.
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