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a b s t r a c t

The climate change and the increasing complexity of the energy sector along with the prerequisite for
sustainability have broadened the energy policy shaping field by bringing out new challenges. Decision
support tools and methods, such as Multicriteria Decision Aid (MCDA), are necessary for energy policy,
in the pursuit of appropriate approaches necessary to support the restructuring of the energy sector, con-
cerning patterns of energy extraction, generation, transformation and use, from unsustainable to sustain-
able forms of development. Papers devoted to the investigation of MCDA models using linguistic
variables for energy policy support seem to be not available in the international literature. The scope
of this paper is to explore different linguistic representation and computational models in MCDA that
are or can be applied to energy policy support and to establish a clear linkage between them. This paper
argues that MCDA methodologies with direct computation on linguistic variables can support energy pol-
icy frameworks, bridging the gap between energy policy makers thinking, reasoning, representation and
computing. Finally, current trends, open questions and prospects in this topic are pointed out.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

In previous decades it was highlighted that ‘‘the energy policy is
not in the forefront’’ (Bloom, 1982) and the energy constitutes sec-
ondary priority of countries, which does not lead the economical
developments but is guided from them. In addition to this, govern-
ments must pose suitable environmental and economical policies
and the free market must impose the necessary energy changes.
The examination of the future role of energy policy should be based
on the comparison between the failure of policy and the choice of
‘‘do nothing policy’’, based on economic and other criteria (David
and Zhao, 1989). The energy policy constituted a field, which even
if it was supported by scientific practices, the related decisions
constituted for many years a kind of ‘‘black box’’ in all the process
of energy analysis. As it was reported ‘‘. . . what matters most is not
what the ministry writes in its decrees, but what the minister says
in his telephone calls’’ (Ammons and McGinnis, 1985).

Nowadays, the energy policy is at the heart of related discus-
sions among policy and decision makers and is considered to be
a matter of high priority, listed in the top of their agenda. This is
particularly true, taking also into consideration the growing global
energy demand, the corresponding security of supply issues and
the prevailing fuel price fluctuations.

Moreover, the climate change and the increasing complexity of
the energy sector along with the prerequisite for sustainability
have broadened the energy application field by bringing out new

challenges, with the emphasis laid on the integrated use of energy
resources, both from the supply and demand side. In addition to
the above, over the last decade the impact of ‘‘sustainability’’ on
the development of national and international policy has increased
(Cornelissen et al., 2001). Growing environmental concerns, the ef-
forts for the mitigation of climate change effect and limitations in
the exploitation of conventional energy resources have given new
impulse in alternative technologies, such as energy efficiency,
renewable energy (RE) and hydrogen. Such options will play a
greater role in the future energy mix in order to achieve low-car-
bon intensive energy systems.

The European Union (EU), aiming to be a frontrunner in the inter-
national efforts towards energy sustainability, has adopted an inte-
grated approach to combat climate change and increase the EU’s
energy security while strengthening its competitiveness and sus-
tainability (Commission of the European Communities, 2007). The
EU Heads of State and Government set a series of demanding cli-
mate and energy targets to be met by 2020, known as the ‘‘20–
20–20’’ targets, committing Europe to transforming itself into a
highly energy-efficient, low carbon and sustainable economy (Com-
mission of the European Communities, 2008). Energy planning pro-
cesses are being elaborated in this respect, so as to formulate action
plans to sufficiently meet the ambitious targets, resulting in possi-
ble developments of the energy sector and scenarios–roadmaps
on the expected impacts (Diakoulaki et al., 2005).

Researchers and practitioners have responded to abovemen-
tioned challenges with ever-increasing realistic problem formula-
tions, models and adequate methods to tackle the diversity of
operational and planning problems arising. Indeed, recent years
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have seen a growth in the development and applications of new
energy modelling methods, with the emphasis placed on the use
of modern Operational Research/Management Science (OR/MS)
techniques for assessing energy, environmental and sustainability
performance of energy projects at various levels. Analytical and
sophisticated energy models support the processes of energy plan-
ning and provide abundance of analytical data to decision makers
(Antunes and Gomes, 2009; Diakoulaki et al., 2005; Wang et al.,
2009b; White and Lee, 2009). This fact creates immediately the
question in what way these results can be used more effectively,
since analytic data and information do not constitute energy policy
(Doukas et al., 2008b). The modern energy policy provides the
objectives and the priorities in which energy planning should be
based on, as well as the basic parameters of analysis. Methodolog-
ical frameworks are necessary for modern energy policy support in
this respect, sufficiently incorporating the energy policy triangle of
objectives, constituting of the security of supply, the competitive-
ness of the energy sector and the environmental protection.

In addition to this, a series of uncertainties have to be included
in energy policy support frameworks, such as:

� Fossil fuel price uncertainty, environmental regulations uncer-
tainty, demand uncertainty, supply uncertainty, initial capital
cost and technological uncertainty, market structure uncer-
tainty (Venetsanos et al., 2002). For instance, the current crisis
in Europe and its impacts associated with unemployment,
decreasing of demand and industrial production reveal these
sources of uncertainty on energy modelling and policies associ-
ated with the economic situation.
� Energy sustainability uncertainty, since it is an inherently vague

and complex concept and its implications as a policy objective
are difficult to be defined or measured (Phillis and Andrianti-
atsaholiniaina, 2001).

Indeed, assessing energy options, in the framework of designing
national/regional/international energy policies, is inevitably a very
complex process, taking into consideration the, usually, incomplete
and uncertain information as well as its qualitative, in many cases,
nature. Decision support tools are necessary in this new era, in the
pursuit of appropriate approaches necessary to restructuring en-
ergy sector from unsustainable to sustainable forms of develop-
ment. Multicriteria Decision Aid (MCDA) can provide the
flexibility and capacity to assess the examined alternatives’ impli-
cations to the economical, environmental and social framework.

Conventional energy technologies, although still dominant in
the energy system, were increasingly disputed on environmental
grounds. Cost, although still being the market’s driving force, was
no longer enough to reflect the society’s multiple, incommensurate
and often conflicting concerns. Conventional methods of microeco-
nomic analysis can lead to significant limitations, since one crite-
rion can be used (namely net economic benefits). Many of the
key attributes of alternative energy, which are not market-valued
and concern the social and environmental dimension of sustain-
able development, are often excluded from the analysis. In this re-
spect, MCDA models are needed to analyze all the multiple facets
of the examined options, with respect to a much wider range of
evaluation criteria under conditions of a higher uncertainty (see
Figueira et al. (2005) for a complete state of art survey on MCDA).
Classical decision theory provides probabilistic models to manage
uncertainty in decision problems. As previously noted, in real
energy policy decision situations, these uncertainties have a
non-probabilistic character since they are related to imprecision
and vagueness of meanings. In these cases, linguistic descriptors
are used by energy policy experts to assess examined energy
policy options. Zadeh (1975) introduced the concept of linguistic
variable as ‘‘a variable whose values are not numbers but words

or sentences in a natural or artificial language’’. A linguistic value
is less precise than a number but it is closer to human cognitive
processes used to solve successfully problems dealing with uncer-
tainty (Martínez et al., 2010).

Papers devoted to the investigation of MCDA models using lin-
guistic variables for energy policy support seem to be not available
in the international literature. Consequently, the aim of this paper
is to explore different linguistic representation and computational
models in MCDA that are or can be applied to energy policy
support and to establish a clear linkage between them. This paper
argues that MCDA methodologies with direct computation on
linguistic variables can support energy policy frameworks, bridg-
ing the gap between energy policy makers thinking, reasoning,
representation and computing. Finally, current trends, open
questions and prospects in this topic are pointed out.

The paper is structured along seven sections. Apart from the
introduction, a taxonomy of MCDA applications for energy policy
is presented, using ordinal scale and fuzzy numbers for modelling
linguistic variables, in Section 2, including the related ‘‘pros’’ and
‘‘cons’’ and outlining the need for direct and transparent frame-
works and methods, bridging the gap between energy policy
makers thinking, reasoning, representation and computing.
Linguistic variables representation and computational models for
energy policy are presented in Sections 3 and 4 correspondingly,
as well as energy policy applications of MCDA with direct compu-
tation on linguistic variables. An analysis of the modelling options
of linguistic variables in multicriteria energy policy support and
related discussion is presented in Section 5 and current research
trends and prospects are identified and categorized in Section 6.
The last Section 7 summarizes the main points drawn up from
the previous analysis.

2. A taxonomy of MCDA applications for energy policy: the need
for direct computation on linguistic variables

Most multicriteria methods try to model human thinking and
insert the results of this modelling into their procedures (cf. Figue-
ira et al., 2005). Indeed, the multicriteria methods can be an impor-
tant supportive tool in the policy making, providing the flexibility
and capacity to assess the technologies’ implications to the econ-
omy, the environment and the social framework (Salo et al.,
2003). The social and environmental dimensions of sustainability
are frequently the motivation for the use of MCDA models and
methods in energy policy and planning, taking into consideration
that many of the related key attributes of energy technologies
are not market-valued and are often excluded from other decision
support methods’ analysis (Van den Bergh et al., 2000).

In this respect, MCDA concepts and methodologies have been
widely used for the design of energy and environmental policies
(Greening and Bernow, 2004) as well as for sustainable energy
planning (Pohekar and Ramachandran, 2004). In the following sec-
tions, a taxonomy of related MCDA applications for energy policy
support is presented, with the emphasis laid on the modelling
options of the linguistic variables to be incorporated in the
methods, namely with ordinal scale and with fuzzy numbers. Such
taxonomy, linking MCDA methods and energy policy application
areas, using ordinal scale (Table 1) and using fuzzy numbers
(Table 2) for modelling linguistic variables, is not available in the
international literature.

A concise discussion of these modelling alternatives is also ana-
lyzed, including the related ‘‘pros’’ and ‘‘cons’’ and outlining the
need for direct and transparent frameworks and methods, bridging
the gap between energy policy makers thinking, reasoning, repre-
sentation and computing.
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