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h i g h l i g h t s

" Decision making in the electricity generation sector comprises a complex process.
" Evaluation of technologies to support power generation is based on several criteria.
" Delphi method is used to determine importance of criteria based on experts’ opinion.
" A multi-criteria analysis is then developed to provide ranking of technologies.
" Developed methodology is then applied using as a case study the island of Crete.
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a b s t r a c t

Decision making process in selecting the most suitable technological solutions for electricity power gen-
eration in terms of strategic planning comprises a rather complex procedure with several contradicting
factors involved. In this context, development of an appropriate evaluation methodology that will provide
decision makers with a useful tool is the aim of the specific study. To achieve this, the Delphi method is
used in order to compare a number of alternative technologies with respect to several characteristics, e.g.
cost, environmental impacts, social impacts and technological status. According to this method, a prop-
erly formed questionnaire is sent to a number of experts, currently related to the power generation sec-
tor. After the evaluation of results, weight factors are determined, so that the different technologies can
be ranked according to both their scoring in each criterion category and their global scoring, indepen-
dently of categories, on the basis of a multi-criteria analysis. Emphasis is currently given on the electricity
generation sector of Greece, with application of the developed methodology carried out for Crete, i.e. the
biggest Greek island.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

National gross electricity consumption of Greece may be deter-
mined by a long-term annual increase rate in the order of 3.3%
since the early 90s (see also Fig. 1), although according to the latest
official data [1] a small decrease has been recently noted (2008–
2009), mainly owed to the impacts of economic recession. At the
same time, reliance of the Greek electricity generation sector
mainly on the local lignite deposits [2] as well as on imported fossil
fuels (i.e. oil and natural gas (NG)), implies electrical energy depen-
dence at the levels of 35–40% [3] along with considerable produc-
tion of greenhouse gas (GHG) emissions [4]. Electricity demand

throughout this long period of study has been satisfied mainly on
the basis of thermal power plants (Fig. 2), while contribution of
large hydropower units should also be taken into account [5] (serv-
ing however as peak power plants). In the meantime, contribution
of the rest of renewable energy sources (RESs) is relatively re-
stricted [6,7] (given that the RES potential of the entire Greek re-
gion is of medium–high quality), with the wind and PV power
shares only recently exceeding the capacity of 1.7 GW [8] and
1.0 GW respectively [7].

By acknowledging issues such as excess GHG emissions (consid-
ering Greece’s commitment to decrease the corresponding emis-
sions in 2020 by 4% in comparison to the 2005 levels [9]), high
levels of energy dependence (a long-term, primary energy depen-
dence of around 70% must be considered), gradual retirement of al-
ready existing power stations and finally urgency of meeting RES
targets adopted at the country level (e.g. 20% and 40% of RES con-
tribution to the national gross energy and electricity consumption
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respectively by 2020) [10], a strategic plan concerning operation of
new power stations needs to be configured.

At the same time, decision making concerning configuration of
the optimum electrical power mix at the national level is a compli-
cated process, depending on numerous and in most cases con-
tradicting factors. For example, persisting in the operation of new
thermal power plants using lignite may seem attractive for Greece
on the basis of exploiting indigenous energy resources, avoiding at
the same time costly energy imports. On the other hand, combus-
tion of lignite leads to higher CO2 emissions in comparison to other
fuels – on top of pollutants’ emission (e.g. NOx, SO3, TSP) – which
could alter the status quo [11] in the future and encourage the gov-
ernment to purchase emission allowances from other participants
in the EU emission trading scheme [12] instead of auctioning.
Similarly, investment in wind power may be effective up to a cer-
tain point [13,14], where large scale penetration starts jeopardiz-
ing demand satisfaction and thus requires additional backup
power or energy storage. Furthermore, investment in NG plants,
although ensuring less GHG emissions in comparison to e.g. lignite,
increases energy dependence on a price-volatile fuel [15].

Considering the above, strong contradictions arising become
apparent. For this reason, the use of a multi-criteria decision
tool, taking into consideration the consequences that implemen-
tation of each different technology may induce on many differ-
ent levels, is thought to be a useful tool that may enhance
strategic planning in the field of electricity generation as well
[16,17]. In this context, special emphasis is given in the current
study in order to determine criteria involved in such an evalua-
tion process and most importantly in assigning to each of them
an appropriate weight factor that will adequately reflect their
importance.

2. Proposed solution

Decision making problems are often related to optimization and
are therefore based on the maximization or minimization of an
objective function, i.e. the so called optimization criterion. During
this process, a set of constraints expressing the bounds of the prob-
lem variables and the relationships/laws governing the problem are
all considered. On the other hand, what should be underlined is that
in many cases, one single optimization criterion cannot express or
completely reflect the underlying objectives of a problem. For
example, in energy planning, the decision making problem of
selecting the optimum mix of energy supply sources cannot be
based on a financial objective alone, such as minimum costs or
maximum profits, since additional factors like environmental per-
formance of each technology and accruing energy dependence
levels also need to be taken into account. As already implied, one
efficient way to deal with such problems, determined by various –
possibly conflicting – objectives, is to define multiple alternative
decision criteria under the umbrella of a multi-criteria analysis.

More specifically, multi-criteria analysis is a term used to de-
scribe techniques that use more than one criterion to evaluate
and judge performance [18]. Multi-criteria decision support tech-
niques typically involve weighing of the criteria to reflect the rela-
tive importance attributed to each of them, with examples of such
techniques ranging from simplistic ‘‘rate and weight’’ to rigorous
multi-objective optimization. Overall, the scope of such analyses
is to assign each alternative solution with a rate against each of
the criteria (within a predetermined range of values), after assign-
ing a weight factor to each of the criteria, adding up to 100%. In fact,
it is these weight factors that configure the final output of such an
evaluation process and thus determination of the former requires
profound investigation on the basis of established methodologies.

In this context, after the selection of criteria to be involved in the
analysis, the Delphi method [19] can be used so as to estimate the
respective weight factors in a more objective way. Delphi comprises
a qualitative evaluating approach that is able to achieve a structured
anonymous interaction between carefully selected experts. More
precisely, what Delphi does is that it uses the opinion of experts
on the basis of collecting primary data through questionnaires that
are properly formed and managed through controlled feedback.
Acknowledging this, an effort is currently undertaken so as to adapt
the Delphi methodology in the problem of evaluating different tech-
nologies for the support of the electricity generation sector.

3. Developed evaluation methodology

Considering the above, development of a multi-criteria analysis
for the support of decision making concerning strategic planning
in the Greek electricity power sector is currently based on the fol-
lowing steps:

(1) Selection of evaluation criteria to be involved in the analysis.
(2) Estimation of weight factors showing the importance of each

criterion, as given by the experts (Delphi method).
(3) Determination of numerical values expressing the compliance

of each electricity generation technology to each criterion.
(4) Calculation of the overall score/rate for each technology.

Furthermore, a bundle of criteria currently selected (see also Ta-
ble 1) may be categorized in the following four thematic areas/cate-
gories, i.e.:

(1) Environmental impacts (air pollution, solid waste, etc.).
(2) Social impacts (potential health problems, employment rates,

etc.).

20-Year Time Evolution of Total Gross Electricity
Consumption in Greece (1990-2009) 
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Fig. 1. Time evolution of gross electricity consumption in Greece.

Time Evolution of Installed Power Capacity in Greece
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Fig. 2. Time evolution of electrical power capacity mix in Greece.
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