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Abstract: The global increase in renewable energy initiatives has been followed by the need to
include the social impact of any project as a core element. Significant challenges for renewable
energy development include uncertainty in assessing social impacts at local scales, participation and
social acceptance. Multi-criteria decision analysis (MCDA) approaches have been widely used in
energy planning to address these challenges. This article reviews how social criteria and participation
mechanisms have been incorporated into decision-making processes for renewable energy projects.
A total of 184 articles were analyzed. A total of 490 indicators that estimated social impacts were
identified and organized into nine criteria: employment, social acceptance, social development, health
impact, governance, visual impact, knowledge and awareness, cultural value and social justice. Most
research included analytical hierarchy process methodologies, and the articles were geographically
concentrated in Asia and Europe. Most articles included a participative component (92.3%), and the
majority of them were based on expert consultation (75.4%). Of the articles that exclusively considered
experts, almost 40% did not provide any description of the expert elicitation process. Results revealed
advances in the use of MCDA but highlighted important challenges—related to improving expert
consultation methodologies and broadening the participation of stakeholders—when developing
renewable energy initiatives and policies.

Keywords: wind energy; solar energy; bioenergies; marine energy; experts; stakeholders; social
acceptability; participation

1. Introduction

The constant increase in average global temperature in recent decades is an unequiv-
ocal signal of the impact of greenhouse gases [1]. Aiming to keep the increase in the
average global temperature below 2 ◦C, the international community has adopted the Paris
Agreement, establishing mandatory targets for signatory countries [2,3]. To achieve the
goals set by the agreement, a global energy transition toward efficient renewable energies
and low-carbon energy services is required [2]. This is in line with the 2030 Sustainable
Development Goals of the United Nations, which seek to “increase substantially the share
of renewable energy in the global energy mix by 2030” (goal seven). Historically, energy
transitions have been related to social transformations, e.g., industrialization, urbanization
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and the emergence of a consumer society [4]. Accordingly, the international community
faces substantial knowledge and action gaps which go beyond technological and economic
barriers. Closing these gaps will depend on structural social patterns of energy production
and utilization, including mechanisms for citizen participation and social acceptability [3].
Unfortunately, in renewable energy development, social dimensions have not received the
attention they deserve [5], despite their importance in determining public engagement and
local community acceptability [6].

The substantial increase in renewable energies at a global scale calls for the systematic
incorporation of social impact as a core aspect considered during the development of
any energy project [7,8]. However, measuring social attributes is a difficult task [9,10].
Social impacts are not objectively negative or positive; rather, they depend on subjective
perceptions and the scale of analysis [11,12]. In pursuit of an operational consensus, the
International Committee on Guidelines and Principles for Social Impact Assessment (ICGP)
defined social impacts as “the consequences to human populations of any public or private
actions that alter the ways in which people live, work, play, relate to one another, organize
to meet their needs and generally cope as members of society” [13].

Uncertainty regarding social impacts at local scales and the consequent social accep-
tance are significant barriers for renewable energy projects [14,15]. Exploring the feasibility
of energy policies requires in-depth knowledge of social expectations for participation in
new energy models, characterized by low-carbon sources and more sustainable individual
practices [3,4,16]. In renewable energy, social acceptability is associated not only with
the perception of direct benefit, but also with the values involved in the decision and the
potential consequences for the environment [17,18]. The participation of key actors is a
critical step in the definition, estimation and prioritization of social impacts and their man-
agement [5,8]. Here, participation is understood as a mechanism through which interested
citizens are active actors in one or more stages of the decision-making process [19].

The development of energy projects requires methodological approaches to incorpo-
rate social, environmental and economic criteria into decision-making models, including
stakeholder participation [11,20,21]. Cost–benefit analyses and life cycle cost analyses are
some of the most common methods used to support decision-making processes in the en-
ergy sector [22,23]. Although these are valid and widely used techniques, their capacity to
capture complex social impacts and express them in monetary terms is not straightforward—
and can often be unclear [11,24]. Multi-criteria decision analysis (MCDA) is a family of
decision-making protocols that evaluate and prioritize multi-objective problems [25,26].
MCDA approaches have been widely used in sustainable energy planning and decision-
making [27], presenting advantages over traditional cost–benefit analyses [6,27–29]. MCDA
methods can incorporate quantitative and qualitative data in decision models, assessing
impacts when monetary analyses are inappropriate [11,30,31]. Furthermore, participatory
MCDA approaches provide a systematic and structured process to incorporate stakeholder
participation in the decision cycle [5,32]. As a consequence, MCDA can clarify subjective
value judgments—facilitating social learning, consensus and acceptability issues among
stakeholders [33–35].

Though a wide variety of multi-criteria methodologies exist, all share major stages
in their theoretical formulation [26] (Figure 1). This process is not unidirectional, and
in practical applications, researchers may consider one or more of the following steps:
(1) Formulation of a decision problem: in this stage, the range of values that comprise the
decision-making problem are explored. (2) Establishment of objectives and indicators: in
this stage, values are converted into objectives and indicators, allowing operationaliza-
tion of the decision-making problem [36]. (3) Development of alternatives: in this stage,
strategies for the achievement of objectives are explored and defined [37]. (4) Calculation
of weights: a major step in multi-criteria analysis is the establishment of the relative impor-
tance of objectives. The relative importance is generally represented as weight factors [26].
(5) Estimation of the consequences: this stage establishes the potential impact of alternatives
on the objectives, utilizing quantitative models or qualitative evaluations, generally based
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on experts [30]. The most commonly used MCDA methods are multi-attribute value theory
(MAVT), analytical hierarchy process (AHP), outranking and goal programming [26].
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MAVT, as well as its variant multi-attribute utility theory (MAUT), assigns a nu-
merical value to each alternative under evaluation [34]. As a result, MAVT constructs a
preference order of the alternatives based on the decision maker’s value judgment [26].
A central component in MAVT is the construction of partial value functions, which are
subsequently aggregated, generally in the form of an additive value function [38]. AHP has
many connections with the MAVT approach, and it is also based on an additive preference
function [26]. However, unlike MAVT, AHP uses pairwise comparisons in evaluating
alternatives with respect to a set of criteria, based on converting verbal statements into
preference scores (e.g., how important objective x is with respect to objective y) [39]. The
analytic network process (ANP) is a variant of AHP that allows greater sophistication in
the interdependence of criteria, offering a solution to complex multi-criteria problems [40].
AHP and MAVT are widely used methods, in part because of the transparency and sim-
plicity of their aggregation methods. However, the same simplicity may generate doubt
regarding their validity [41]. AHP and MAVT construct preference orders among the
alternatives that require a set of axioms, which are not applied in a literal and rigid form
in practice [26]. Outranking methods do not consider the aggregation of value functions.
Instead, outranking approaches use pairwise comparisons of alternatives, focusing on
protocols that faithfully capture how decision makers think [42]. Therefore, the result is not
a performance score for each alternative, but rather an outranking relationship between
a set of alternatives [43]. Although the mechanisms for establishing preferences between
alternatives are intuitive, the algorithms for integrating various inputs into the decision-
making model are complicated to understand in a participative process [26]. ELECTRE
and PROMETHEE are the most common variants in outranking [26]. Goal programming
provides mechanisms to solve complex multi-criteria quantitative problems. This category
includes different optimization approaches, and the achievement of satisfactory levels
for each criterion, which are generally defined in terms of maximizing and minimizing
aspiration goals [26].

Despite the potential and growing international interest in MCDA to inform renewable
energy projects and policy [27], no review has yet clarified the scope, possible challenges
and research gaps for MCDA to effectively embrace social dimensions and participation
in the decision-making cycle. Accordingly, a systematic review is important to identify
the following aspects: (1) the types of decision reported in MCDA applications; (2) the
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variety of social criteria considered by authors, and the methods to estimate their impacts
and relevance; (3) the level of stakeholder participation, and the role of experts in the
decision-making; and (4) the type of indicators used to evaluate the social acceptability
of renewable energy projects. In this article, we undertook a comprehensive approach
to analyze how social criteria and participative mechanisms have been incorporated into
decision-making processes for renewable energy development. We analyze to what extent
the literature reports the use of social criteria and mechanisms for public participation in
the decision-making process.

2. Materials and Methods

We performed a systematic search of peer-reviewed articles in the Web of Science
(ISI) database (SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH,
ESCI, CCR-EXPANDED) from 01/01/1989 to 31/12/2019, restricting the search to English
articles, and excluding book chapters and proceedings papers. We selected the following
terms as keywords: renewable energ*, bioenerg*, geothermal, photovoltaic, solar energ*,
wind energ*, wave energ*, marine energ*. Each term was combined (AND) with the
following keywords: multi-criteri*, multiple criteri*, outranking, analytic hierarchy process,
structured decision-making, MCDA, MAVT, MAUT, ELECTRE, AHP, analytic network
process, PROMETHEE. Results were combined (OR) to avoid duplication of articles. These
queries resulted in 853 articles, which were screened by the following criteria: (1) The article
reports a decision-making problem related to the following renewable energies: wind,
solar, geothermal, bioenergy or marine. (2) The article reports an unequivocal application
of MCDA to support the decision-making process. (3) The article includes social criteria in
the decision-making process. We identified a subset of 184 articles that meet these criteria
(see Supplementary Materials).

We reviewed each of the 184 articles, classifying them into the following categories:
(1) year of publication; (2) source of energy; (3) MCDA method (AHP, ANP, MAVT, out-
ranking, ELECTRE, PROMETHEE, goal programming); (4) region/country; (5) decision
objective; (6) social criteria; (7) participation process; (8) level of decision (local, regional,
national, international); (9) reason for engagement (expert elicitation, stakeholder partici-
pation); (10) method of engagement (questionnaire, interviews, workshops); and (11) stage
of participation in the decision cycle (establishing objectives, identifying alternatives,
estimating consequences, weighting objectives).

We also examined the indicators used in the articles to estimate social acceptability. In
MCDA, social indicators are a mechanism for estimating fundamental values represented
in objectives [44]. We classified indicators in the following categories: (1) comparative
indicators, which use descriptions to compare the relative importance of objectives; (2) nat-
ural indicators, which directly measure the objective in question [36]; (3) proxy indicators,
which indirectly estimate the objective under consideration [36]; and (4) constructed in-
dicators, which use ordinal scales to describe degrees of consequences, linking narrative
descriptions to an impact [30]. In constructed indicators, the risk of ambiguity of the
estimation increases, due to possible different interpretations of the meaning of each level
in the ordinal scale [45]. Therefore, it is highly recommended to clearly define each level of
the ordinal scale [11].

In the identification of social criteria, we did not include articles that only report
distance to the facility or type of land use for a geographic information systems (GIS)
analysis. We also excluded economic criteria (e.g., electricity demand, economic growth)
and indicators that only refer to facilities operation, such as existing logistics, maintaining
a leading position as an energy supplier, maintenance convenience and storage load
bearing capacity.

3. Results

The number of publications that consider social impact in MCDA for renewable energy
decisions has increased markedly in the last decade, with 93% of all papers published
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since 2010. In particular, a significant increase was observed in bioenergy, solar and
wind energies. Geothermal and marine energies have a lower incidence in the literature
(Figure 2).
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Figure 2. Year of publication for reviewed articles (n = 184).

Table 1 presents a description of the 184 articles included in this review, categorized by
continent and MCDA method. The articles consider several sources of renewable energies
and technologies. However, wind, solar and bioenergies represented 80.6% of the studies.
Pairwise comparison was the most used MCDA approach (61.1%), particularly AHP, which
allows direct comparison of qualitative criteria based on expert or stakeholder judgments.
Outranking, compensatory and fuzzy environment were also commonly applied. Studies
were concentrated in Asia and Europe (79.9% altogether), and we found that developing
countries lead in the inclusion of social impacts in decision-making for renewable energies,
such as Turkey (n = 18), Greece (n = 17), China (n = 14) and Iran (n = 13).

Table 1. Source of energy MCDA method and geography of reviewed articles (n = 184). Re-
gions/country with more than 5 articles are included.

Source of Energy % MCDA Method % Continent %

Wind 30.1 AHP 48.6 Europe 45.7
Solar 25.8 ANP 10.3 Asia 34.2

Bioenergy 24.7 PROMETHEE I, II 8.1 America 13.0
Geothermal 11.0 ELECTRE I, II, III 1.6 Africa 3.3

Marine 3.6 Outranking (others) 2.7 Oceania 2.2
Renewable energies 4.7 MAVT 11.9 Global 1.6

Goal Programming 16.8

3.1. Types of Decision Objectives

In relation to the decision objective, most of the articles seek to select the most appro-
priate energy alternative (n = 76) (Table 2). Energy alternatives were evaluated considering
outcomes such as sustainability, cost–benefit, efficiency of producing energy and com-
patibility with national polices, among other criteria (e.g., [46,47]). Selecting the most
appropriate location for energy plants was the second common decision objective (n = 40).
Selecting the most appropriate technology was also a relevant decision category (n = 30). In
this category, authors focused on technology transfer capacity, suitable micro-grid system
and assessment of energy flow, among others (e.g., [48]). MCDA approaches were also
commonly used to evaluate scenarios/alternatives for energy policy or project develop-
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ment (n = 23). Of the 184 articles reviewed, 57.5% consider decisions at a national level,
29.6% at regional/local level and 13.4% at international level.

Table 2. Total number of decisions reported in the reviewed articles (n = 184).

Decision n %

Selecting the most appropriate energy alternative 76 41.1
Selecting the most appropriate location for an energy plant 40 21.6
Selecting the most appropriate technology 30 16.2
Evaluating scenarios/alternatives for energy policy or project development 23 12.4
Evaluating sustainability/impacts of using renewable energies 7 3.8
Evaluating strengths, weaknesses, opportunities and threats for
energy development 5 2.7

Evaluating barriers for energy project development 3 2.2

3.2. Social Indicators

We identified 490 indicators that estimate social impacts, which were organized
into nine criteria (Table 3). The majority of the papers (59%) included one or two social
indicators in the MCDA process (mean = 2.6). Table 3 presents the social indicators grouped
according to the criteria. The indicators identified cover a wide range of topics, providing
a map to explore potential social consequences. The criteria employment (n = 97) and
social acceptance (n = 95) represented 39.2% of the indicators. Social development was
another important criterion considered in the MCDA process. Here, we included a variety
of indicators, such as local development (n = 21), energy access (n = 10) and quality of
life (n = 9), among others. Health impacts were also commonly considered in MCDA,
particularly noise (n = 22), safety and risk (n = 20) and pollution (n = 15). Indicators that
represent governance were also relevant, such as policy compatibility (n = 29), participation
(n = 9) and law and regulation (n = 9), among others.

Table 3. Number of social indicators evaluated in the 184 articles for each social criterion (n = 490). Some authors formulated
two or more social criteria in the same case study. Some articles estimated the same indicator more than once. Lists of
articles for each social criterion are included in Supplementary Materials (Table S1).

Criteria n Indicators n References in Supplementary Materials

Employment 97 Creation of new jobs 97

[3,5,6,10,11,13–16,17,19,21,22,24,26–29,33,34,35,
39–42,45,46,47,51,56–59,62,64,66–68,70,72,73,

76,79,80,81,84–88,91,93,95,96,100,101,103–106,
108,109,112,115,116,121,122,124,125,132,135,137,139,
142,143,146,147,150,159,160,163,166,168,169,170,171,

173,175–177,179,182–184]

Social
acceptance

95
Public acceptability 70

[1–3,6,11,13,14,20,22,26–28,33,35,38,45,48,51,53,
54,57,59,62,64,69,71,81,85,86,88,93,95,103–106,

116,117,120–122,124,125,127,129,130,132,134,135,
137,138,140,141,146,147,150,152,155,157,159,167,

170,172,174,176,180,182]
Political acceptability 17 [4,5,19,29,31,69,81,82,85,90,105,119,122,125,137,149,178]

Public resistance 8 [7,61,66,80,145]

Social devel-
opment 86

Local development 21 [9,15,29,30,39,48,50,87,112,121,123,127,137,146,150,155,159,174,184]
Social benefit 18 [6,25–27,28,35,37,56,69,72,77,86,107,111,127,158,170,180]
Energy access 10 [19,39,66,100,104,118,121,147,174]
Quality of life 9 [14,28,57,75,76,95,178,184]

Negative social impact 8 [28,32,49,60,65,164,183]
Local economic benefit 7 [36,47,54,87,109,142,143]

Number of people
benefited 6 [12,15,21,131,168,169]

Regional/national
development 5 [6,52,93,128,129]

Human rights 2 [72,76]
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Table 3. Cont.

Criteria n Indicators n References in Supplementary Materials

Health
impact 84

Noise impact 22 [15,18,25,40,52,54,56,58,64,66,86,87,
92,93,123,126,134,137,144,168,174,176]

Safety and risk 20 [24,28,39,41,69,74,78,103,118,137,140,141,156,164,166,168,173,177]
Health impact 19 [5,15,18,19,67,79,84,87,95,104,123,127,154,159,161,162,181,184]

Pollution 15 [8,58,59,64,74,87,93,95,135,137,156,177]
Mortalities 5 [66,91,114,161,162]

Odor 3 [87,112,168]

Governance 62

Policy compatibility 29 [5,6,14,16,19,26–29,34,38,51,54,58,75,81,
95,102,105,122,136,137,145,147,159,160]

Participation 9 [28,67,93,94,112,124,158]
Law and regulation 9 [2,44,120,137,147,159,165,166]

Collaboration 7 [28,54,72,120,145]
Conflicts 6 [87,98,99,125,161,162]

Transparency 2 [61,158]

Visual
impact 22

Aesthetic impact 19 [15,23,40,52,54,56,58,63,64,66,86,87,92,124,134,137,144,151,174]
Landscape value 3 [67,93,168]

Knowledge
and

awareness
20

Public awareness 9 [2,34,61,89,121,145,148,158,171]
Education increase 7 [12,28,45,100,113,120,121]

Corporate social
responsibility 4 [28,75,76,156]

Cultural
value

13
Cultural concerns 9 [28,43,44,107,110,127–129,133]

Archaeological impact 4 [55,83,97,153]

Social justice 11
Equality 9 [50,94,95,100,102,118,148]

Social justice 2 [93,113]

3.3. Stakeholder Participation in the MCDA Process

In the MCDA process, estimating social impacts can include stakeholder involvement,
but this is not compulsory. Of the articles reviewed, 9.7% did not report any stakeholder or
expert participation. In these cases, the authors directly selected, evaluated and weighted
the social indicators, using their own knowledge or secondary data. Of the 134 studies that
did include a mechanism for participation, 75.4% included experts in the MCDA process,
and 24.6% included stakeholders in one or more stages of the MCDA cycle. Experts mostly
focused on evaluating consequences, including social and cultural impacts, and estimating
weights for objectives. Of the articles that exclusively considered experts in the MCDA
process, 39.6% did not provide any description of the expert elicitation process (n = 40)
(Figure 3). Of the articles that did include stakeholders, 87.9% provided a methodological
description of the participative process (n = 29) (Figure 3). Articles that incorporated
experts and stakeholders generally used a mix of qualitative and quantitative tools, such
as surveys (48.6%), interviews (32.7%) and workshops (18.7%).

Stakeholder participation varied across the reviewed articles (Figure 4). Participation
was concentrated in estimating weights for objectives. Other stages have a relatively low
degree of stakeholder involvement. Identifying objectives and indicators was considered
in 40% of the articles that included stakeholder participation (n = 13). Selecting alternatives
(n = 8) and estimating consequences (n = 10) were less frequent.
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3.4. Social Acceptability Indicators

Social acceptability was one of the most frequent social indicators considered in the
articles (Table 3) (n = 82). Of the indicators that evaluated social acceptability, 82% focused
on public acceptability, and 18% on political or government support. Public acceptability
articles only included expert assessments. The remaining 18% that did consider stakehold-
ers included decision makers, ex-presidents, NGOs, potential investors, local communities,
environmental groups, producers and social actors (without describing what groups of
social actors). In 36% of cases, the authors did not include any description regarding the
construction of indicators or methodologies used, nor a definition of social acceptability.
Figure 5 presents the types of indicators used to evaluate social acceptability. The results
shows that 64% of the articles used comparative indicators, associated with pairwise meth-
ods. Of this group, 41% did not present a description of the variable used as a basis for
the comparison. Moreover, 25.2% of the articles used ordinal scales to evaluate the level of
social acceptability of each of the alternatives. Of these, 38% did not provide details regard-
ing the construction of the scale or the definition of the levels. Eleven articles established a
short linguistic variable for each level in the ordinal scale, generally descriptions such as
low, medium and high. Only four articles provided scales with detail descriptions for each
level [49–52].



Sustainability 2021, 13, 3515 9 of 13

Sustainability 2021, 13, x FOR PEER REVIEW 9 of 14 
 

scales to evaluate the level of social acceptability of each of the alternatives. Of these, 38% 
did not provide details regarding the construction of the scale or the definition of the 
levels. Eleven articles established a short linguistic variable for each level in the ordinal 
scale, generally descriptions such as low, medium and high. Only four articles provided 
scales with detail descriptions for each level [49–52]. 

 
Figure 5. Types of indicators used to evaluate social acceptability in the MCDA process. 

4. Discussion 
Academics and practitioners using MCDA have increasingly considered social 

criteria for evaluating renewable energy policies and projects. In a seminal study, Wang 
et al. highlighted the relevance of MCDA for sustainable energies [27]. In 2011, Ribeiro et 
al. identified 101 articles that integrated social criteria in energy planning [53]. In this 
study, we found more than 180 articles that focus particularly on renewable energy 
development. The social impacts associated with renewable energies vary according to 
countries, regions, geographical scales and stakeholders, with stable patterns of public 
acceptability, social consequences and institutional barriers being difficult to identify. 
These results are consistent with a variety of studies [4,54]. 

AHP was the MCDA methodology most frequently used to include social impacts of 
renewable energies, used in almost 50% of cases. This value exceeds 60% if ANP, an AHP 
variant, is included. AHP contains features that make it especially useful for participatory 
applications [26]. It is based on pairwise comparisons, which facilitated the participatory 
process in the case studies [39]. In addition, AHP uses an additive preference function, 
which is a simple algorithm understandable for decision makers. In the case studies, one 
of the difficulties in applying AHP to group decision-making is the need to review the 
consistency of the set of comparisons made by the participants, which presents 
methodological challenges to be addressed during the workshops [55]. Outranking 
methodologies represented 12.4% of the case studies, including PROMETHEE, ELECTRE 
and other variants. The relatively low incidence of outranking methodologies can be 
explained by the complexity of their algorithms to define outranking relationships in 
participatory processes [26]. Similar to outranking, MAVT methodologies were used in 
about 12% of the case studies. MAVT, like AHP, uses an additive preference function that 
facilitates participants’ interpretation of the results [30]. However, its relatively low 
utilization compared with AHP can be explained by the need to build value functions for 
each of the objectives under evaluation, which is a demanding exercise to perform in a 
participatory approach [26]. The different optimization approaches were grouped in the 
goal programming category, representing almost 17% of the case studies. In the review, 
these approaches were especially useful for incorporating multiple alternatives and social 

Figure 5. Types of indicators used to evaluate social acceptability in the MCDA process.

4. Discussion

Academics and practitioners using MCDA have increasingly considered social criteria
for evaluating renewable energy policies and projects. In a seminal study, Wang et al.
highlighted the relevance of MCDA for sustainable energies [27]. In 2011, Ribeiro et al.
identified 101 articles that integrated social criteria in energy planning [53]. In this study,
we found more than 180 articles that focus particularly on renewable energy development.
The social impacts associated with renewable energies vary according to countries, re-
gions, geographical scales and stakeholders, with stable patterns of public acceptability,
social consequences and institutional barriers being difficult to identify. These results are
consistent with a variety of studies [4,54].

AHP was the MCDA methodology most frequently used to include social impacts
of renewable energies, used in almost 50% of cases. This value exceeds 60% if ANP,
an AHP variant, is included. AHP contains features that make it especially useful for
participatory applications [26]. It is based on pairwise comparisons, which facilitated
the participatory process in the case studies [39]. In addition, AHP uses an additive
preference function, which is a simple algorithm understandable for decision makers.
In the case studies, one of the difficulties in applying AHP to group decision-making is
the need to review the consistency of the set of comparisons made by the participants,
which presents methodological challenges to be addressed during the workshops [55].
Outranking methodologies represented 12.4% of the case studies, including PROMETHEE,
ELECTRE and other variants. The relatively low incidence of outranking methodologies
can be explained by the complexity of their algorithms to define outranking relationships
in participatory processes [26]. Similar to outranking, MAVT methodologies were used
in about 12% of the case studies. MAVT, like AHP, uses an additive preference function
that facilitates participants’ interpretation of the results [30]. However, its relatively low
utilization compared with AHP can be explained by the need to build value functions for
each of the objectives under evaluation, which is a demanding exercise to perform in a
participatory approach [26]. The different optimization approaches were grouped in the
goal programming category, representing almost 17% of the case studies. In the review,
these approaches were especially useful for incorporating multiple alternatives and social
criteria, based mostly on proxy indicators [56]. This can lead to challenges in including
constructed indicators that are generally appropriate for measuring social impacts [11].

In the review, we identified over 450 indicators to measure the social impacts of
renewable energy projects. We found two important methodological gaps associated
with the use of social indicators. First, in more than 35% of cases, the authors did not
detail the protocol used to assess social acceptability, or the definitions used to make
comparisons between alternatives. Second, in cases where ordinal scales were used, most
papers did not define the scale levels accurately, as best practices recommend [11,36]. The
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proper construction of social indicators requires a systematic process. Rigorousness in the
construction of social indicators allows an increase in the validity of the results obtained in
a decision-making process [11,53,57]. This is a key methodological issue which needs to be
urgently addressed.

Our results highlight the key role that experts have played in MCDA processes. We
found that more than 75% of the cases that established a participation mechanism ex-
clusively considered experts in the decision-making process. In these cases, the experts
primarily estimated the consequences of the alternatives, and evaluated the relative impor-
tance of the objectives. While experts provided relevant information for decision-making,
our results show a gap in terms of effectively incorporating stakeholders into the decision-
making process. Additionally, in 40% of cases, the authors did not include any reference
to the protocols used for the expert estimates. This element constitutes a major gap in the
literature. Expert elicitation, if not based on proven protocols, can generate serious prob-
lems in the validity and robustness of results [9,58], which can then affect the legitimacy of
MCDA processes.

The use of experts within MCDA requires the use of specially designed methodological
guidelines. Comprehensive protocols have been proposed by authors to improve the
estimates made by experts [59,60]. Expert elicitation applications have increased their
relevancy in different fields of policy-making [61–63]. The protocols are particularly
concerned with minimizing the multiple biases in experts’ assessments. These biases
have been widely described in psychology, considering the recurrent errors produced
by overconfidence, generalization of results and the anchor effect, among many other
biases [64,65]. Protocols have focused on establishing iterative processes, combining group
discussion spaces, individual estimates and delimitation of the estimate ranges [60,66].
Recently, protocols have also been evaluated to aggregate the estimates of numerous
experts [67].

Some of the limitations of this study should be addressed in future reviews. First,
we focused on conventional renewable energies, such as solar, geothermal, bioenergy,
wind and marine energy. It is important in future studies to analyze the use of social
criteria and mechanisms for public participation in the development of other energy
sources, such as hydrogen, nuclear and other non-renewable sources [68,69]. Second, in
this review we circumscribed the analysis to the use of MCDA methodologies. However,
other decision-making methodologies, such as cost–benefit analysis, life cycle cost and
contingent valuation, include mechanisms to represent non-market value in monetary
terms and deserve an in-depth review of advances and gaps [22,23,70].

This review identified a critical gap in terms of the effective engagement of stake-
holders in MCDA methodologies. This creates a challenge for the application of MCDA
methods in the development of renewable energies, in particular because participatory
mechanisms contribute to building consensus among actors with diverse interests. De-
spite the greater social acceptance of green energy compared with energy from polluting
sources, renewable energy projects are not exempt from situations of social conflict [71,72].
Socio-environmental problems related to renewable energy development are becoming
more common [73,74]. Lack of participation and referencing could affect the legitimacy of
renewable energy decision-making processes, jeopardizing their successful implementa-
tion. Recent studies confirm the importance of communication and citizen participation in
addressing conflicts and protests due to power grid expansion [74,75]. Therefore, improv-
ing participatory processes in MCDA is key for the sustainable expansion of renewable
energies [76].

5. Conclusions

The results of this review reveal significant advances, challenges and gaps in terms
of the effective inclusion of social impacts and broader participation in renewable energy
development, providing critical insights for public policy in the energy sector. Articles
were concentrated in Asia and Europe, with a clear absence of articles in Latin America
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and Africa. In the future, it is expected that developing countries with high potential for
energy generation from renewable sources will face challenges in including mechanisms
for participation and evaluation of potential social impacts. Accordingly, there is a responsi-
bility for public policy to learn from the experiences presented in this review, strengthening
mechanisms for public participation, and improving methodologies that include experts as
valid sources of information on social impacts. The creation of regional learning platforms
where capacity building and experiences can be shared could provide an important way
to avoid undesirable outcomes of renewable energy transitions. As renewable energy
sources increase in the energy matrix of developing countries, attention must be placed on
enabling a participatory process and correctly assessing social impacts. To this end, MCDA
has potential, but must still advance toward embracing best practices that allow for the
inclusion of multiple stakeholders and their values in a structured and transparent manner.
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