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Abstract. Decision makers are increasingly involved in complex real decisions that
require multiple viewpoints. A specific case of this fact is the evaluation of sustain-
able policies related to environment and energy sectors. In this evaluation process,
multiple experts are involved to assess a set of scenarios, according to multiple cri-
teria that might have different nature. These evaluation processes aim to achieve an
overall value for each scenario to obtain a ranking among them with the goal of
identifying the best one. In this evaluation process a key issue is the treatment of
experts’ assessments for each criterion. Due to the uncertainty and vagueness in the
judgments of the experts and the nature of the criteria, these assessments can be ex-
pressed in different information formats, generating an heterogeneous framework.
There are diverse approaches to deal with this type of framework, the use of one
approach or another could be crucial in the evaluation process, according to the ne-
cessities and requirements of the evaluation models regarding the expected results.
In this contribution, we propose an evaluation model applied to energy policy se-
lection based on the decision analysis which may use different approaches to deal
with heterogeneous information. We present a comparative study of the proposed
model using two different approaches to deal with heterogeneous information. Fi-
nally, we show the strengths and weaknesses of the evaluation model depending on
the approach used to manage heterogeneous information
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1 Introduction

Energy consumption in general is increasing in our world because of the devel-
opment of all countries. This fact implies energy resources are decreasing, re-
sulting in a problem in the long-term energy scenario. In addition, extraction of
energy resources generates other health and safety problems for the people and the
environment.

It is thus common that international and national institutions in different areas
such as economy, society and environment are quite concerned about this problem.
Due to the fact, the development of sustainable energy policies has been a subject
of wide-ranging. However, the main problem is that usually different policies are
not compatible with current ones or unviable because of their costs. Hence, the
evaluation of different policies is reason for discussion and debate for many circles
(government, non-government and academic) [2], and is producing an increase in
the research on sustainable development and its evaluation.

Evaluation processes can be carried out by using different methods. The use
of decision approaches has been successfully applied to solve different evaluation
problems in the literature [3, 5, 16, 19, 20]. From a simple resolution decision
scheme (see Figure 1), the squared steps carry out an analysis process that allows
to make decisions consistently, i.e., it helps to cope with difficult decisions. Such
steps are called decision analysis and they are an appropriate approach for evalua-
tion processes because it helps to analyze the alternatives, criteria, indicators of the
items under study that is the objective of an evaluation process.

The evaluation of energy policies requires a study from multiple viewpoints. So,
the scenarios are evaluated by multiple experts with different background, according
to a set of criteria that may have different nature, either quantitative or qualitative.
Moreover, judgments provided by experts can be vague or uncertain. Therefore, the
experts can provide their assessments in different information formats, generating
in the evaluation process a heterogeneous framework.

In the literature, we can find different approaches to treat with heterogeneous
information [10, 15], each one with its own characteristics. The use of one approach
or another is crucial in the evaluation process because it fixes the treatment of the
information, the computation of experts’ assessments and the output format of the
overall values of the scenarios.

In this contribution, we propose an evaluation model for energy policies in long
term scenarios based on decision analysis [4] defined in a heterogeneous frame-
work where the experts’ assessments can be expressed by numerical, interval-valued
and linguistic terms. In order to manage such framework, we present a comparative
study of the proposed evaluation model using two different approaches to deal with
heterogeneous information. First, we use the approach presented in [10] that unifies
the heterogeneous information in a linguistic domain. Second, we use the approach
presented in [15] that keeps the format of information, computing the closeness to
the Ideal Solution (IS) and the distance to the Negative Ideal Solution (NIS). Finally,
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we analyze the ranking obtained with both approaches and show the goodness and
weaknesses of the evaluation model of energy policies, using both approaches.

To do so, this contribution is structured as follows: Section 2 outlines a scheme
of decision analysis and reviews some concepts related to deal with heterogeneous
information. Section 3 presents a heterogeneous evaluation model for sustainable
energy policies. Section 4 shows a case study of the proposed model in Long-Term
Scenarios using two approaches to deal with heterogeneous information. Finally,
Section 5 points out concluding remarks.

Fig. 1 Decision Analysis Scheme

2 Preliminaries

In this section, we outline the scheme of the decision analysis in which our eval-
uation model will be based and we briefly review the background to manage het-
erogeneous information that presents different concepts to understand the proposed
evaluation model.

2.1 Decision Analysis

Decision Analysis is a discipline, which belongs to Decision Theory, whose pur-
pose is to help decision makers to reach a consistent decision in a decision making
problem. The evaluation process can be modeled as a type of decision making prob-
lems, we model the evaluation process as a Multi-Attribute Group Decision Making
(MAGDM) problem where decision makers express their opinions about a set of
alternatives by means of an utility vector. A classical decision analysis scheme con-
sists of the following phases (see Figure 1 [4]):

• Identify decision, objectives and alternatives of the problem.
• Framework: It defines the structure of the problem, in our case modelled as a

MAGDM [9], and the expression domains in which the preferences can be as-
sessed, in our case as numerical, interval-valued and linguistic terms.

• Gathering information: Decision makers provide their information.
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• Rating alternatives: This phase obtains a collective value for each alternative.
• Choosing best alternatives: It selects the solution from the set of alternatives

(applying a choice degree [1, 18] to the collective values computed in the before
phase).

• Sensitive analysis: The solution obtained is analyzed in order to know if it is
good enough to make a decision, otherwise, go back initial phases to improve
the the quality of the results.

• Make a decision.

The application of the decision analysis to an evaluation process does not imply
all phases. The essential phases regarding an evaluation problem that will be used
in our proposal are those dashed in a rectangle of Figure 1.

2.2 Heterogeneous Information Background

In this section, we review some necessary concepts related to heterogeneous infor-
mation in order to understand our proposal.

2.2.1 Domains for Assessments

In evaluation processes, different criteria need to be evaluated, which can be of
both of a quantitative and qualitative nature. Moreover, the knowledge provided by
experts may be vague or uncertain. Many aspects of uncertainties clearly have a
non-probabilistic character since they are related to imprecision and vagueness of
meanings [17].

Quantitative aspects are assessed by means of numerical values [11]. However,
some quantitative criteria may be difficult to qualify using precise values because
they are vague. In this cases is suitable the use of interval values [12, 21]. Further-
more, there are criteria that involve subjectivity, vagueness and uncertainty that is
not probabilistic in nature, but rather imprecise or vague. In this type of criteria, the
fuzzy linguistic approach have been successfully applied [6, 22] by modeling them
with linguistic terms information.

Our proposal will be use the approach introduced in [10], where the fuzzy linguis-
tic approach provides the necessary tools for managing such a type of information.
Therefore, next section reviews its main concepts.

Fuzzy Linguistic Approach

Many aspects of different activities in the real world cannot be assessed in a quanti-
tative form, but rather in a qualitative one, i.e., with vague or imprecise knowledge.
In that case, a better approach may be to use linguistic assessments instead of numer-
ical values. The fuzzy linguistic approach represents qualitative aspects as linguistic
values by means of linguistic variables [23].

In this approach, it is necessary to choose the appropriate linguistic descriptors
for the term set and their semantics, there exist different possibilities (further de-
scription see [7]). One possibility of generating the linguistic term set consists of



A Heterogeneous Evaluation Model 213

directly supplying the term set by considering all terms distributed on a linguistic
term set on which a total order is defined [22]. For example, a seven-term set S,
could be:

s0 = None (N) s1 = Very Low (VL) s2 = Low (L) s3 = Medium (M)
s4 = High (H) s5 = Very High (V H) s6 = Per f ect (P)

Fig. 2 Linguistic Terms Set

Usually, in these cases, it is required that in the linguistic term set there exist:

1. A negation operator: Neg(si) = s j such that j = g− i (g + 1 is the cardinality).
2. An order: si ≤ s j ⇐⇒ i ≤ j. Therefore, there exists a min and a max operator.

The semantics of the terms are given by fuzzy numbers defined in the [0,1] inter-
val, which are usually described by membership functions.

2-tuple Linguistic Representation Model

The 2-tuple fuzzy linguistic representation model represents the linguistic informa-
tion by means of a 2-tuple, (s,α), where s is a linguistic label and α is a numerical
value that represents the value of the symbolic translation.

Definition 1. [8] Let β be the result of an aggregation of the indices of a set of
labels assessed in a linguistic term set S, i.e., the result of a symbolic aggregation
operation. β ∈ [0,g], being g+1 the cardinality of S. Let i = round(β ) and α = β − i
be two values, such that, i ∈ [0,g] and α ∈ [−.5, .5) then α is called a Symbolic
Translation.

Based on the symbolic translation concept, a linguistic representation model which
represents the linguistic information by means of 2-tuples (si,α), si ∈ S and α ∈
[−.5, .5) was developed in [8]. This representation model has associated a compu-
tational model without loss of information that was presented in [8].

2.2.2 Approaches to Deal with Heterogeneous Information

In our proposal, we consider a heterogenous framework, in which the experts could
use different information formats (numerical, interval-valued and linguistic terms)
to provided their experts’ assessments. In the literature, we find two different ap-
proaches to manage this type of framework [10, 15] that we review here.
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Approach Based on Fusion of the Information

This approach was presented in [10] and is based on the unification of heteroge-
neous information into linguistic information in order to obtain linguistic results,
that facilitate their comprehension. This approach consists in the following steps
(graphically, Figure 3):

• Choosing a domain to unify the linguistic information. The heterogeneous in-
formation will be unified into a specific linguistic domain, called Basic Linguis-
tic Terms Set, ST , that is selected with the aim of keeping as much knowledge as
possible.

• Unification of the information into Fuzzy Sets into a term set (ST ). Each nu-
merical, interval-valued and linguistic value is transformed into a fuzzy set on
the ST , F(ST ), by using different transformation functions according to the in-
formation format (see [10]).

• Transformation of the information into Linguistic 2 tuples into a term set
(ST ). In order to simplify the computations and improve the understanding of the
results, the fuzzy sets in the ST are transform into linguistic 2-tuples in the ST .

• Aggregation Phase. The 2-tuple computational model is used to make the pro-
cesses of CW over the linguistic 2-tuples expressed in the term set ST .

Transformation of the information
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Fig. 3 Scheme of the approach based on Fusion of the Information

Approach Based on the Closeness to the IS and NIS.

Here, we review in short the approach presented in [15]. This approach keeps the
different formats of information in order to compute a index ranking. To do so, this
approach defines a model to compute the closeness to the Ideal Solution (IS) and
the distance to the Negative Ideal Solution (NIS), using different distances, based
on Minkowski [14], depending on the type of information. This approach defines a
model that involves the following steps (graphically, Figure 4):

• Computation and Normalization of the Ideal Solution (IS) and the Negative
Ideal Solution (NIS) for each decision maker. The computation of the IS, r+,
and NI, r− depends on the information format.
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• Determine the weight for each attribute according to the group opinion.
Here, the weights of the attributes for the group are determined.

• Calculate distances between alternatives and both the IS and the NIS for
each decision maker. The distances between each alternative and the IS are
compute using distances based on the Minkowsky distance according to the in-
formation format.

• Compute the relative closeness of the alternatives to the IS. The relative close-
ness degrees of each alternative with respect the IS for each decision maker is
calculated.

• Establish the importance of each decision maker. The importance of each
decision maker is establishes.

• Compute a ranking index based on the relative closeness of the alternative
for the group. The relative closeness degrees of alternatives with respect to the
IS for the group is computed in order to obtain a ranking of the alternatives.
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Fig. 4 Scheme of the approach based on the Closeness to the IS and NIS

3 An Energy Policy Evaluation Model in Heterogenous
Framework

Our aim is to propose an evaluation model for energy policies in long term scenarios
based on a decision analysis scheme, which may use different approaches to deal
with heterogeneous information.

Evaluation Framework Gathering Information
Rating Scenario

Experts Scenaros Criteria

Perfect 
0.5

[10,50]  

High 
0.3

[20,30]  

Approach based on Fusion of the Information

(Medium,0.3)

(High,-0.2)

(Low,0)

Approach based on the Closeness to the IS and NIS

0.87

0.92

0.69

Ranking Scenarios

2             1          3

Compute a collective evaluation

Fig. 5 Scheme of the Model
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The decision analysis scheme for the evaluation model consists of the following
phases (graphically, Figure 5) revised in Section 2.1:

• Evaluation Framework.
• Gathering Information.
• Rating Scenarios:

– Step 1: Compute a Collective Evaluation for Each Scenario.
– Step 2: Ranking Scenarios.

The following subsections present in detail phases of the above evaluation model.

3.1 Evaluation Framework

In this phase, the evaluation framework is defined to fix the problem structure.
Hence, the evaluation framework will be as follows:

• Let E = {e1, ...,eK} (K ≥ 2) be a set of experts.
• Let S = {S1,S2...,Sn} (n ≥ 2) be a set of identified scenarios for evaluation by E .
• Let C = {c1,c2...,cm} (m ≥ 2) be a set of criteria that characterizes each

scenario S j.

Due to the uncertainty and vagueness in the judgments of the experts and the nature
of the criteria, either quantitative or qualitative, we consider a heterogeneous infor-
mation framework. So, we assume that each expert can use different information
formats to assess each criterion.

3.2 Gathering Information

Once the framework has been defined to evaluate the different scenarios, the infor-
mation must be obtained from the experts. The experts will provide their preferences
by using utility vectors. Each expert, ek provides his/her preferences of the scenario
S j by means of a utility vector: Pk

j = {rk
1 j,r

k
2 j, ....,r

k
m j} where rk

i j is the preference
provided to the criterion ci of the scenario S j by the expert ek. The preferences of a
criterion, ci, are evaluated in an information format. So, the ri

jk could be assessed as:

• Numerical values N = {v |v ∈ [0,1]}.
• Interval-values I = {[d,e] | d,e ∈ [0,1] ∧ d ≤ e}.
• Linguistic values with different granularity S = {S = {s0,s1, . . . ,sh} | h = 2 ·n+

1∧n > 0 ∧n ∈ �.

Another aspect to consider is that the criteria may be of benefit or cost, therefore
preferences must be normalized according to the information format (see [15]).
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3.3 Rating Scenarios

The evaluation process aims to rank the scenarios. So, this phase of the evaluation
model computes a collective assessment for each scenario that will be used to obtain
a ranking. This step has the following stages:

3.3.1 Stage 1: Compute a Collective Evaluation for Each Scenario

This stage of the evaluation model computes an overage assessment for each sce-
nario that will be used to obtain a ranking. As already mentioned, our evaluation
process is defined in a heterogeneous framework, therefore, we need an approach to
deal with this type of framework. Choice of approach could be crucial in the eval-
uation model because it fixes the treatment of the information, the computation of
experts’ assessments and the output format of the overall values of the scenarios.

In our model, we have considered two different approaches to deal with heteroge-
nous information, reviewed in subsection 2.2.2. On the one hand, the approach pre-
sented in [10] is based on the unification of heterogeneous information into linguis-
tic information in order to obtain linguistic results. On the other hand, the approach
presented in [15] that keeps the different formats of information in order to compute
a index ranking. It is noteworthy that other approach that meets the needs and re-
quirements of the evaluation model, regarding the expected results, can be included
in the evaluation model.

So, in this phase of the evaluation model, we choose an approach for dealing with
heterogeneous information and carry out its phases in order to compute an overall
value for each scenario, u j that will be used to obtain the ranking.

3.3.2 Stage 2: Ranking Scenarios

The final step in the evaluation process is to establish a ranking among scenarios
with the purpose of identifying the best ones. The best scenario corresponds to the
maximum collective evaluation, max{u j,= 1,2, ...,n}.

4 A Comparative Study in Long-Term Scenarios

In this section, we present a comparative study of the evaluation model presented
previously in the problem of long-term scenarios, using the approaches revised in
the subsection 2.2.2 to deal with heterogenous information.

4.1 Evaluation Framework

In this case study, the evaluation framework is composed by: 10 experts E =
{e1,e2...,e10}, who evaluate 8 scenarios S = {S1,S2...,S8} =, where each scenario
are involved 44 criteria C = {c1,c2...,c44}. For further detail about scenarios and
criteria see [13].
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In this case, the information is defined in the interval [0,100] because each expert
gives two values to each criterion, worst and best values. In the interval, the value 0
represents the worst and the value 100 the best. Sometimes, experts could give the
same values for the best and worst value, being the preference defined into a single
numerical.

4.2 Gathering Information

In this phase, the information is gathered from the experts. Due to the great amount
of information that we manage in this case study: (8 scenarios, 10 experts and 44
criteria), we have omitted the information gathered.

4.3 Rating Scenario

According to the evaluation model proposed in Section 3, this phase consists in the
following stages:

4.3.1 Stage 1: Compute a Collective Evaluation for Each Scenario

The aim of this comparative study is analyze the results obtained by the approaches
revised in the subsection 2.2.2. To do so, we computes a collective assessment for
each scenario using both approaches.

It is noteworthy that in the approach based on fusion of the information the cho-
sen domain for unifying information is shown in Figure 2. Moreover, in the approach
based on the closeness to the IS and NIs, we use the Euclidean distance in order to
compute the relative closeness degrees of the scenarios. In Table 1, we show the
overall values for each scenario using both approaches.

Table 1 Comparative table of overall values using both approaches

Scenario Fusion of the Information Closeness to the IS and NIS
(S1) (Low,−.384) 0.117360
(S2) (Low,−.482) 0.000000
(S3) (Low,−.325) 0.153564
(S4) (Low,−.285) 0.249008
(S5) (Low,−.079) 0.567295
(S6) (Low,−.180) 0.410770
(S7) (Low, .179) 1.000000
(S8) (Low, .135) 0.954977



A Heterogeneous Evaluation Model 219

4.3.2 Stage 2: Ranking Scenarios

The ranking obtained in our comparative study using both approaches is the same, this
fact shows that our proposal is consistent. S7 � S8 � S5 � S6 � S4 � S3 � S1 � S2.

4.4 Analyzing Results

This analysis points out the strengths and weaknesses of the evaluation model to use
each approach, in order to choose the one more adequate in an evaluation process
of sustainable energy policies.

The main strength of the evaluation model with the approach based on the fusion
of the information is that results are verbalized, facilitating their comprehension.
There is a slight loss of information when experts’ assessments are unified in ST .
However, once the experts’ assessments are expressed in linguistic 2 tuples, the
computational processes are carried out in a precise way.

In the case of the evaluation model using the approach based on the closeness
to the IS and NIS, the main advantage is that the computations are without loss of
information. The main weakness is that results are not very suitable in those cases
in which the experts need more than ranking of scenarios in order to understand the
computational process and the result obtained.

5 Conclusions

In this contribution, we have proposed an evaluation model applied to the energy
policy selection based on the decision analysis that can manage different types of
information (numerical, interval-valued and linguistic). We have applied this model
to a case study for evaluating long-term sustainable energy scenarios, using two
different approaches to deal with heterogeneous information. We have analyzed the
strengths and weaknesses of the model, using both approaches, in order to choose
the most appropriate depending on the evaluation process.
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