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	is paper puts forward a proposal for a multicriteria decision model for prioritizing technologies that are critical for power
generation in the energy sector. It deals with the context of imprecise information regarding importance of criteria; then an
integration of surrogate weights with the PROMETHEE method is undertaken in order to approach this context. In this type
of strategic decision problem, how to deal with imprecise information is always a challenge.	e use of surrogate weights presents a
signi
cant contribution and it can facilitate the assignment of weights in a decision ranking problem, which requires the decision-
maker (DM) to order the criteria by their importance for the decision problem. 	us for this situation of assessing the readiness
of technology for generating energy where the DM is able and feels comfortable to order all criteria by their relative importance,
the proposed approach of surrogate weights in the PROMETHEE II method, the PROMETHEE-ROC model, is shown to be an
adequate approach.

1. Introduction

In order to analyze the strategic problem regarding the eval-
uation of technologies for the Brazilian energy matrix, this
study presents a model for prioritizing the critical technolo-
gies of the energy sector, in order to support the decision
makers in choosing the technology to be implemented in
the sector with greater e�ciency. Nevertheless, it should
be observed that investments in this area are huge and an
appropriate multicriteria model is necessary in order to
ensure adequate e�ciency in decision-making on which
technology should be encouraged.

For this kind of strategic problem, some objectives should
be established in order to analyze such alternatives, and some
parameters, such as the relative importance among them,
should be de
ned. In this case, a multicriteria analysis can
be useful to compare the alternatives among technologies
regarding di�erent criteria, which are important enough
to disallow any kind of compensation. In this perspective,

this kind of decision problem has a noncompensatory ration-
ality. However, for noncompensatory rationality the decision-
maker should be capable of giving weights for criteria that
represent their relative importance, and this task can be very
hard.

	erefore, there are some cases in which the DM is nei-
ther able to provide such information nor feels comfortable
about doing so but they may be able to rank the criteria
by their importance. Having obtained such a ranking from
the DM, the use of surrogate weights can be considered.
	erefore, it is proposed that surrogate weights could be used
with the PROMETHEE method. No studies were found in
the literature studies regarding the surrogate weights with
PROMETHEE methods. As to imprecise information, this
was considered in PROMETHEE VI [1] by taking into con-
sideration a range of weights from the DM.

Manymulticriteriamethods applications in di�erent con-
texts were found in the literature [2–10]. Behzadian et al. [2]
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analyzed 217 contributions regarding PROMETHEE meth-
ods. 	ese included their use in project portfolios [3, 4],
maintenance [5], and water management [6–9]. But an inte-
gration of ROC (rank order centroid) weights, one of the
approaches for surrogate weights, with PROMETHEE meth-
ods was not found in the literature.

	erefore, the aim of this study is to propose a model
for technology readiness assessment for generating energy
using a PROMETHEEmethod with surrogate weights. A real
applicationwas conducted regarding this strategic problem in
order to support the decision made and to have an appropri-
ate assessment onwhich technology should be recommended
for implementation.

	e paper is structured as follows: Section 2 presents a
literature review regarding studies developed for technol-
ogy readiness assessment for generating energy; Section 3
presents PROMETHEE-ROC model proposed, followed by
a description of its application in Section 4; Section 5 makes
some concluding remarks.

2. Readiness Assessment for
Generating Energy

According to Veraszto et al. [11], technology can be under-
stood as the reasoning of know-how and is designed based
on new demands and social requirements, thereby changing a
whole set of morals and values and ends up being aggregating
to the culture.

Having identi
ed a speci
c area of interest, some tech-
nologiesmay be selected as priority or critical for an organiza-
tion or a country. Critical technology or technology readiness
can be understood as technology, the domain of which will
generate economic development and will no longer need to
be supplied from outside the country [12]. For this reason,
critical technology is a top priority in planning within an
organization or a country.

Technology readiness assessment (TRA) indicates the
strategic condition of technology and is established using
methods and processes that evaluate the technology itself and
by speci
c metrics that verify the status of its development,
that is, that measure the maturity of the technology assessed
[13].

According to Mankins [14], an e�ective TRA should
also incorporate some metrics that provide a consistent
assessment of the “degree of risk” when developing a new
technology.	emain aspects of an e�ective TRA include the
following.

(i) Performance Objectives. 	ey aim to clearly under-
stand the performance objectives of the new tech-
nologies and/or system capacity, including engineer-
ing aspects and operational performance measures.

(ii) Technology Readiness Level (TRL). 	is is a concept
that was introduced by the National Aeronautics and
Space Administration (NASA), in the mid-1970s to
enable thematurity of new technologies to be assessed
more e�ectively. 	e TRL is a metric that evaluates
thematurity level of a speci
c technology and consists
of a 9-level scale, TRL1 being at the lowest level of

maturity and TRL9 at the highest. In 1995, the TRL
scale was enhanced by introducing the 
rst detailed
de
nitions of each level, including examples. Since
then, TRLs have been adopted by the US Congress’
General Accountability O�ce (GAO) and the US
Department of Defense (DoD) [15], and they are
being considered for use in several other organiza-
tions.

(iii) Degree of Di
culty of Research and Development. It is
important during the formal TRA to develop a clear
understanding of the obstacles to be faced and the
uncertainty related to whether the new technologies
can be developed successfully.

Wei-Gang et al. [16] stated that the TRL scale is simple
and easy to operate and has been applied in many 
elds such
as aeronautics, astronautics, and energy resources. However,
this tool also contains some weaknesses, especially because it
depends on the qualitative assessment, which is subject to the
professional knowledge of experts, whose assessment is prone
to high subjectivity and low objectivity.

	erefore, some authors have conducted studies that
contribute to improving TRA in order to evaluate di�erent
critical technologies.

Following that perspective, some authors elaborate stud-
ies to contribute for improving the technology readiness
assessment in order to evaluate di�erent critical technologies.

Chen et al. [17] proposed amethod for quantitative analy-
sis of the TRA for weaponry in the development engineering
phase. 	ey based the TRA index on the objective and quan-
ti
able characteristics of the engineering key performance
parameters (KEPP) and calculated the performance risk of
the technology in the light of its degree of di�culty.

Wei-Gang et al. [16] proposed TRA based on a multilevel
reference condition (RC). 	e authors established the RC
scale, with 6 layers, by selecting the characteristic parameter
of the reference condition and, subsequently, conducted a
statistical analysis in accordance with the purpose of the
technology research and development related to its system-
atic historical experience. 	e RC is the condition in which
the technology is being experienced; it is just a research
hypothesis, if there are already laboratory tests or even if there
are already simulations in high 
delity environments.

Ho�mann et al. [18] proposed amethodology for decision
making under uncertainty, applied to the evaluation of chem-
ical process technology, focused on identifying potential
environmental problems as early as possible in the design
process in order to avoid changes late in the process. 	us,
the model proposed aims to select promising alternative
processes taking into account the uncertainties, based on the
Monte-Carlo simulation. 	e model is illustrated with a case
study on selecting a process for producing hydrocyanic acid
in which more than 400 variables of uncertainty are dealt
with.

Li and Zhu [19] presented a case study focusing on the
evaluation of object technology so�ware in a computer ser-
vice industry. 	e decision model was developed to give
advice on designs of object-oriented so�ware.	e assessment
uses a quantitative approach based on a model of mixed
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integer linear programming and a multiobjective model, in
order to reduce subjectivity and thus to lead a consistent
selection tool. 	e authors state that this approach increases
customer orientation as it allows users to specify their needs
and goals and provide a sensitivity analysis of the results.

Demirkiran and Altunok [20] put forward a systematic
model to be used as a guide for systemplanners and architects
in a multicriteria selection technology process. 	e model
also proposes a method to de
ne the elements of a system
for critical technology.	e model consists of 5 steps, namely,
analyzing requirements; identifying alternatives; evaluating
alternatives; identifying critical technologies, and selecting
alternatives. 	e weights of the impact matrix of system
elements are calculated for each requirement by applying the
analytical hierarchy process (AHP).	e author illustrates the
model with an application in a case study on communication
systems with an unmanned aerial vehicle (UAV).

Goetghebeur et al. [21] developed a model to support
decisions on health technology assessment (HTA) so as to
evaluate 10 drugs from six therapeutic areas. 	e criteria
used were the impact in the context of intervention in the
disease, the results of intervention, the type of bene
ts, the
economic criteria, and the quality of the evidence obtained.
	e results from the model provide a means of capturing
the nonquanti
able considerations that may a�ect the overall
rating.

	okala and Duenas [22] conducted a study about
the possibility of applying multicriteria decision analysis
(MCDA) to health technology assessment. 	e authors con-
sidered that applying MCDA so as to analyze these technolo-
gies can supportDMs, taking into account that several criteria
explicitly become more structured and the decision more
transparent, thereby enabling alternatives to be evaluated by
criteria clearly.	e authors commented that several pharma-
ceutical manufacturers recommended the use of MCDA but
acknowledged that each method has its own characteristics
and more research is needed before implementing a method
for the process of health technology assessment.

In this perspective, this study aims to develop a multicri-
teria decisionmodel to evaluate critical technology for gener-
ating energy in order to take theDM’smultiple objectives into
account and thereby analyzing which technology for power
generation should be recommended. Figure 1 shows where
the multicriteria model is placed in the TRA for energy.

As can be seen in Figure 1, the TRA for energy consists of
two phases: diagnostic and implementation. In the diagnostic
phase, a search is made of new technologies that could be
developed. 	erea�er, the maturity level of that technology
is analyzed using TRL metrics. When a speci
c technology is
chosen then a new search on a subset of critical technologies
is conducted before 
nally beginning the implementation
phase. Bearing this in mind, the multicriteria decision model
can be applied in two di�erent phases, either when evaluating
new technologies in the diagnostic phase or in the prospec-
tion phase when evaluating the subset of critical technologies
that are chosen for implementation. Nevertheless, this study
focuses on the 
rst and more strategic part of the TRA
for generating energy in order to aid the evaluation of new
technologies.
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Figure 1: Flowchart of the TRA and position of the multicriteria
decision evaluation.

3. Multicriteria Decision Model for
TRA for Generating Energy

	e main bene
t o�ered by the multicriteria decision model
to evaluate critical technology for generating energy is that
of obtaining knowledge about the performance of critical
technologies in accordancewith criteria, which are de
ned by
DM and depend on the level of detail given in the assessment
process.

Multicriteria decision aid models are useful to represent
real-life problems as they demonstrate the interaction of
several contextual aspects. In addition, multicriteriamethods
propose a mathematical structure to help a DM to evaluate
the context, depending on the problematic.

	e PROMETHEE method (preference ranking organiza-
tion method for enrichment evaluation) [23] is an outranking
method based on two stages: building the outranking relation
and exploring this relation to support the decision process.

	e
rst stage includes enriching the preference structure,
in which the notion of a generalized criterion is introduced
with the aim of capturing the range of di�erences between
the evaluations of each criterion, that is, describes the
intensity of preference of alternative � on alternative �, for
a given criterion �, which is denoted by ��(�, �) and takes
values between 0 and 1. Each criterion is associated with a
generalized criterion, which can be type 1 (usual), type 2
(quasicriterion), type 3 (linear preference criterion), type 4
(criterion in level), type 5 (criterion of linear preference with
an indi�erence zone), or type 6 (Gaussian).

At the second stage there is the exploration of the
outranking relation with the aim of supporting the decision
process. 	e preference index is calculated [�(�, �)], which is
de
ned as Brans and Vincke [23] and expressed by the fol-
lowing equation, where �� > 0, � = 1, 2, . . . , �, representing
the weights, that is, relative importance of each criterion:

� (�, �) = �∑
�=1
�� (�, �) × �� ( �∑

�=1
�� = 1) . (1)
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Moreover, the out�ow (positive outranking �ow: �+) and
in�ow (negative outranking �ow: �−) should also be cal-
culated by the following equations, respectively:

�+ (�) = 1
 − 1 ∑�∈�� (�, �) , (2)

�− (�) = 1
 − 1 ∑�∈�� (�, �) . (3)

	e complete preorder of PROMETHEE II is de
ned as
[1].	enet �ow,�, represents the balance between strengthen
and weakness of the alternative and it is expressed by (4).	e
higher the net �ow is, the better the alternative is:

� (�) = �+ (�) − �− (�) . (4)

As can been seen, the PROMETHEE II [1] method is
based on an outranking relation approach to obtain the rank-
ing of alternatives using parameters such as weights from a
DM’s preferences to aggregate information and to indicate the
performance values of criteria. However, there are situations
in which theDM is not able to de
ne the values of the weights
of the criteria. 	is is an opportunity to apply methods that
facilitate analyzing imprecise information about criteria in a
decision model based on outranking methods [24–26].

Multicriteria decision problems demand an elicitation
process of numeric values which indicate the exact value
of the importance of the criteria considered in the process
of evaluating a decision. 	e PROMETHEE II method has
a noncompensatory rationality and the meaning of criteria
weights is related to the degree of their relative importance
[25]. Methods which adopt elicitation weights consider sim-
ple procedures so as to determine a precise numerical weight
that represents the information extracted from theDM’s pref-
erences. In addition, there are some advanced procedures,
such as trade-o� methods [27], SMARTS [28], SWING [29],
and SMARTER [30], which have o�en been applied in addi-
tive aggregation models based on multicriteria procedures.

	ese kinds of elicitation processes are structured so as
to maintain the coherence of the DM’s preferences when
there is accuracy about the values of the importance of
criteria. On the other hand, inmany situations, de
ning these
values is o�en complex and a problematic process due to
there being imprecise information in real-life multicriteria
decision making and the signi
cant di�culty of expressing a
detailed assessment of the weights. According to Wang et al.
[31], human judgment regarding preferences is di�cult to
estimate. From this perspective, there are some approaches
which consider imprecise information so as to maintain the
ratio weights for the decision problem.

One important category of numerical methods enables
the criteria to be ranked in accordance with the DM’s pref-
erences and to relate this ranking to the degree of importance
of each criterion in the problem context by converting
this ranking into numerical values. 	ese methods facilitate
the elicitation of weights from the DM and minimize the
e�ort that the DM needs to make to determine the ordinal
importance of the criteria for the decision problem. 	ese
methods are recognized as surrogate weights.

For many multicriteria procedures, several authors sug-
gest speci
c functions for determining criteria weights based
on the surrogate weights process, since the DM has deter-
mined the information about the order of importance of the
criteria [29, 32–36]. 	ere are di�erent methods for eliciting
weights.However, the conditions needed are given by ranking
the weights of the criteria (�1 > �2 > ⋅ ⋅ ⋅ �� ⋅ ⋅ ⋅ > ��−1 > ��),
where 
 is the number of criteria and � = 1, 2, 3, . . . , 
, which
in most of these methods considers the 
-dimension space
(��) given by

�� =
{{{{{{{
(�1, �2, . . . , ��) | �1 > �2 > ⋅ ⋅ ⋅ > ��;

�∑
�=1
�� = 1.

}}}}}}}
. (5)

	ere are many traditional studies in the literature com-
paring multicriteria weights and evaluating how to convert
rankings into numerical weights [26, 37, 38]. 	e most com-
mon proposals for such conversion are rank sum (RS), rank
reciprocal (RR) [32], and rank-order centroid (ROC) [33].
Nevertheless, when comparing the weights provided by RS,
RR, and ROC, it is possible to notice signi
cant di�erences.
On the other hand, there also measures as maximum entropy
ordered weighted averaging (MEOWA), reformulated by [39]
as minimal variability that it seems to perform similar with
ROC and outperforms the other surrogate weights. Besides,
there are also other studies using ROC,which is considered to
be the most promising, including cardinal preference in the
rank order for additive multicriteria models [40].

In that perspective, in this model ROC weight is applied,
since it presents many advantages and it is widely applied in
multicriteria models [33]. ROC is a direct weight elicitation
technique that consists of ordering the objectives or criteria
of the decision problem from the most important to the least
important and uses the formula described by the following
equation for assigning weights in the problem:

�� = 1

�∑
�=�

1� , � = 1, 2, . . . , 
. (6)

According to (6), 
 is the total number of objectives or
criteria, in a multicriteria decision problem, and �� is the
weight for the �th criteria in its position in the ranking.
ROC identi
es the extreme points in the weight space given
by (5) and determines the weights based on the centroid of
this space [26, 33]. 	e use of ROC is considered in several
contextual analyses due to its quality and simplicity in the
process of assigning weights. 	us, in multicriteria decision
problems this method is widely recommended for dealing
with imprecise information about the importance of criteria
[26, 33].

	us, the use of ROC presents a signi
cant contribution
and can facilitate assigning weights in a decision ranking
problem. 	e DM is required to order the criteria by their
importance for the decision problem. ROC weights have
an appealing theoretical rationale and appear to perform
better than other rank-based schemes in terms of making
an accurate choice. 	is consideration enables ROC to be
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Structuring objectives and criteria

Establishing the set of critical technologies

Establishing the ranking of the criteria and

computing the criteria weights

Evaluating critical technologies

First recommendation

Sensitivity analysis and correlation test

Final recommendation

Figure 2: Steps of the multicriteria decision model proposed.

considered as an approach that is compatible with the
conceptual structure of PROMETHEE methods.

	us for this situation of technology readiness assessment
for generating energy where the DM is able to order all
criteria by their relative importance and feels comfortable
about this, the proposed approach of surrogate weights in
PROMETHEE II method can be applied. We call this new
approach the PROMETHEE-ROC model. Its structure is
presented in Figure 2.

In the 
rst part of the multicriteria decision model, the
requirements of the problem context are recognized and
identi
ed.	us, this step of themodel is related to structuring
the problem. In this step, the DMmay establish the objectives
and criteria for the problem analyzed. 	e set of objectives
and criteria must be determined to represent all of the
requirements of the assessment process in a nonredundant
and concise way. In the second step, the DM should identify
the viable set of critical technologies needed to build the
evaluation matrix by considering the performance of each
critical technology for each criterion in the decision problem.
	is task is important and itmay require some of the previous
steps to be reviewed.

It is in the steps that follow that the main contribution
of the decision model is introduced, namely, the logical
structure of the PROMETHEE-ROC approach. 	is is able
to process and provide information about a ranking decision
process in this context. 	erefore, the focus is placed on the
context of generating energy as power and aims to extract
information from prioritizing critical technologies in TRA.

In order to provide a 
nal recommendation, which is
the last step of the model, it is necessary to conduct a

sensitive analysis.	is sensitive analysis is based on aMonte-
Carlo simulation and Kendall’s tau coe�cient to test the
correlations. Furthermore, it is worth it to emphasize that this
sensitive analysis canminimize the e�ects of one of the critics
to the ROCprocedure. It has o�en been argued [41] that ROC
procedure puts largerweights on those criteria rankedhighest
up in the rank order, being perceived to be too sharp or dis-
criminative. 	is concern is related to a particular situation,
in which this could not be close to the DM’s real preference,
although this does not o�en happen. In order to investigate
the impact of such a situation, the simulation process of sensi-
tive analysismay consider di�erent procedures for generation
of randomweights. In this case, a greater variation for the 
rst
ranked weights, with skewed distribution, may be applied, in
order to examine this particular situation.

In the next section, this model is illustrated by means of
an application based on a real case in Brazil.

4. Applying the Model

	is section is based on a real case in which the model
proposed and described above was applied in order to assess
the readiness of technology for generating power energy
in Brazil. A preliminary analysis of this problem has been
reported as conference communication [42], which consisted
of a pilot application in order to integrate all the actors in the

process, with diverse criteria and numerical result for illustra-
tive purpose. Furthermore, in that experimental application a
whole sensitivity analysis with simulation was not included.

	e application follows the steps presented in the
Figure 2, for the multicriteria decision model while the deci-
sion support system developed for this case is also presented
to facilitate an analysis of understanding the problem.

4.1. Structuring Objectives and Criteria. To facilitate the
structuring of the objectives and criteria for the decision
problem, strategic options development analysis (SODA)
[43, 44] was used which led to six objectives and nineteen
criteria being identi
ed for the process of evaluating critical
technologies.	e set of the objectives and criteria is presented
in Table 1, which also shows their code, whether the interest
is in minimizing or maximizing the criterion and the unit or
measurement scale for each criterion.

	e units ormeasurement scales of the criteria are the ref-
erence parameters for the analyses of the critical technol-
ogies. Table 1 presents the impact scale (IS), time scale (TS),
and curtailment condition scale (CS).	e details about these
scales are shown in Table 2 (a, b, and c).

4.2. Establishing the Set of Critical Technologies. In the deci-
sion context, the selection process of the set of alternatives
led to fourteen critical technologies being identi
ed, which
are distributed in 
ve technological areas. 	e technological
area and subarea and the code of the critical technology are
shown in Table 3.
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Table 1: Objectives and criteria.

Objectives Criteria Code Min/Max Unit/scale

Obj1
environmental

Impact on soil fertility Fert Min IS

Impact on temperature Temp Min IS

Impact on sound Soun Min IS

Impact on water Air Min IS

Impact on air Wat Min IS

Obj2
social

Impact on generating local or national employment Emp Max IS

Impact on the local development Dev Max IS

Impact on the quality of employment QualEmp Max IS

Obj3
knowledge

Impact on the synergy between boundaries of knowledge Syn Max IS

Impact on national competence (know-how) Khow Max IS

Obj4
economic

Period of time of interesting the market PMar Max TS

Impact of current demand in the domestic market DDMar Max IS

Impact of current demand in the global market DGMar Max IS

Impact on the growing of the national market NaM Max IS

Impact on the growing of the global market GloM Max IS

Obj5
industrial

Impact on production capacity Cap Max IS

Impact of the availability of inputs Inp Max IS

Obj6
strategic

Condition for curtailing its development Curt Min CS

Impact on the energy matrix Mtx Max IS

Table 2: (a) Impact Scale (IS). (b) Time Scale (TS). (c) Curtailing
Condition Scale (CS).

(a)

Impact level
Value

Min Max

No impact 5 1

Very low impact 4 2

Moderate impact 3 3

High impact 2 4

Very high impact 1 5

(b)

Period of time Value

Short term (up to 5 years) 1

Medium term (up to 15 years) 2

Long term (up to 30 years) 3

(c)

Curtailing condition Value

	e energy technology is not an important part of the
development of another process

1

	e energy technology is an important part of the
development of another process

2

4.3. Establishing the Ranking of the Criteria and Computing
the Criteria Weights. One of the steps of the PROMETHEE-
ROC is to establish the ranking of the criteria and to compute
the criteria weights. 	is step is referenced by (6) such that
computing the criteria weights is done a�er describing each

criterion for the problem and is based on ROC weights [25,
33]. 	e decision model results in each criterion aggregating
information about its attributes so as to de
ne its in�uence on
the decision problem, including its position in the ranking
related to its degree of importance for the problem, while
taking into consideration the order to prioritize the criteria
taken from the DM’s preferences.

	e next step is to introduce the evaluating process that
will analyze the critical technologies as decision alternatives.
	is task leads to a consequence matrix being built, which
evaluates the alternatives by criterion, using the scale shown
in Table 2. 	e step of applying ROC weights and evaluating
the critical technologies by criterion is supported by a
decision support system and is illustrated in Figure 3.

For the context analyzed, the DM considered the usual
preference function for all criteria. 	is function indicates
that any di�erence between alternative performances repre-
sent a strict preference. 	us parameters of preference and
indi�erence are indicative of a null value in the concepts of
the PROMETHEE [23] method. 	e use of ROC weights
minimizes the e�ort that a DM needs to make in the process
for indicating the degree of importance of the criteria. Based
on the consequence matrix and the value of the criteria, it
is possible to evaluate the performance of the alternatives by
implementing a multicriteria method.

4.4. Evaluating the Critical Technologies. 	e critical tech-
nologies are evaluated based on PROMETHEE-ROC. 	e
mathematical structure of the multicriteria method o�ers
the 
rst recommendation extracted from the decision model
in which it considers outranking relation theory to obtain
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Table 3: Set of alternatives.

Technological area Technological subarea Critical technology Code

Chemical

Physicochemical Lithium-ion batteries BIL

Organic chemistry
Recycling Rec

Bioenergy Bio

Optics
Photoautomation Photosensors FotS

Photogeneration Photovoltaic panel FotG

Telecommunications

Control and automation Automation system Aut

Communication
Telecommunication systems using transmission power cables Com

Loading batteries by communication signals Batt

Mechanics

Wind Wind power Wind

Hydro
Hydro power Hydr

Small hydro power central unit SHC

Solar Solar energy Solar

Electric
Battery Advanced battery technologies Acum

System Equipment and arrangements EqAr

Figure 3: Establishing the consequence matrix and the weights of criteria.

the ranking of alternatives. From the 
rst recommendation,
the performance of the critical technologies can be evaluated
using a total �ow value obtained by instructions from the
multicriteria method implemented, and the 
nal result is
illustrated by graphic resources as illustrated in Figure 4.

	e tools of this system o�er spreadsheets and graphic
resources that export results for the decision process. In
accordance with the results, the critical technology which
must be prioritized in the 
rst instance is Aut, followed
by FotS and Wind. 	e last position is taken by BIL. 	e
reference of the name of the alternatives may be seen in
Table 3.	is result re�ects the analysis using ROC weights to
represent the importance of criteria in the decision problem.
For this perspective, the decision model provides a last step
implemented by an information system to obtain arguments
that will de
ne a 
nal recommendation for TRA.

4.5. Sensitivity Analysis and Final Recommendation. Finally,
a Monte-Carlo sensitivity analysis is implemented to verify
how sensitive the results are when weights change and/or
there is a change in the evaluation matrix. From this step,
other scenarios may be built to evaluate �exible results in
a range of percentage variation of the weights values and
evaluation matrix considering the probability distribution to
con
gure other thresholds for the parameters in the decision
problem and to analyze the possible changes in the results.

It is worth it to notice that themodel also incorporates dif-
ferent setting up of parameters variation for the sensitivity
analysis. 	e DM can choose to vary all criteria at the same
time or evaluate the results changing a single criterion per
turn. 	is happens at the same way when analyzing the
changes in the evaluationmatrix.	is generates an asymmet-
ric distribution and allows an important analysis by DM.
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Figure 4: Final ranking of the alternatives.

For the context analyzed, the DM preferred to simulate
one hundred thousand cases, considering a variation of
twenty percent in weight values. 	is variation assumed
triangular distribution so as to obtain new values for weight
values.

In addition, a correlation statistical test is carried out
to analyze the accuracy of the sensitivity analysis outcomes.
	is test considers a signi
cance level to accept or not to
accept the hypothesis that there is association between two
results in each case of the simulation process. 	e simulation
proposed by DM assumes a signi
cant level of 0.05% for
alpha considering Kendall’s tau coe�cient for testing the
correlation. 	e results reject the hypothesis that there is no
correlation among the results. In other words, the simulation
is considered coherent and consistent with a signi
cance level
of 0.05%. 	us, it is possible to show the outcomes of the
simulation.

	e information system allows visual analysis consider-
ing the results of the simulations. 	e results obtained from
the sensitivity analysis are computed based on the percentage
of change in relation to the original result veri
ed by Figure 4.
In other words, for each new result obtained from a number
of simulations, the new ranking of alternatives is veri
ed
and is compared with the original ranking. 	e changes are
computed and shown in a table and in graphic resources, as
in Figure 5.

Figure 5 shows the analysis related to 
rst position of the
original result, the alternative known as Aut. Considering the
scenario determined by the DM, it can be concluded that, in
99.993% of the cases simulated, the alternative Aut remained
in the 
rst position and, in the other 0.007%, this alternative
was shi�ed. 	e graphic resources assist the preview of the
possible changes. For example, Aut was allocated to second
position in accordance with the simulation proposed. 	e
position shi� of the alternatives can present a percentage

distribution over the rankings. 	is reading can be made for
all alternatives. Figure 6 illustrates the sensitivity analysis for
last position.

Similarly, for BIL in last position, in 2.742% of the cases
simulated this alternativewas shi�ed to twel�h and thirteenth
positions.	is sensitivity analysis enables details and possible
di�erences in total �ow of the method results to be seen and
helps to observe how the alternatives are sensitive to changes
in the weights of criteria. 	us, the DM may assess the
results and obtain the 
nal recommendation in accordance
with his or her preferences. 	e DM feels con
dent with the
presentation of the outcomes and uses the recommendations
for the decision process related to the problem.

5. Concluding Remarks

	is paper presented amulticriteria decisionmodel for prior-
itizing technology readiness for the energy sector. An integra-
tion of surrogate weights was made with the PROMETHEE
method and PROMETHEE-ROC was proposed which has
the advantage of requiring only ordinal information of the
criteria from the DM. 	us, by using surrogate weights, the
e�ort that the DM needs to make in giving the degree of the
importance of the criteria decreases.

In the literature the use of ROC has been found to be a
quite relevant issue to the additive model, which is a com-
pensatory approach, completely di�erent of PROMETHEE
method, for which no similar proposition has been done
before, unless in an initial conference communication. On
the other hand, a preliminary study [45] has shown that the
ROC procedure has the best performance for PROMETHEE
method, as it has been found for the additive model [33].

Surely, the use of surrogate weights for a noncompen-
satory approach is also relevant. 	e straightforward gener-
ation of weights, when using ROC, is quite relevant for real
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Figure 5: Sensitivity analysis for 
rst position.

Figure 6: Sensitivity analysis for last position.

world applications and it may contribute to increase the use
of this kind of method in a more direct way.

However, it should be clear that the ROC has been found
to be a good surrogate weights procedure when using gen-
erated random vectors, assuming that the modeling regard-
ing DM’s mind sets are then inherent in the generation of
the decision problem vectors by a random generator. 	at
is, there is a chance, although not signi
cantly high that the
DM’s preference might be diverse. On the other hand, this
proposed procedure is appropriate for situations, in which
the DM’s is not able to give any information about these
weights, as explained.

	e model was applied to a problem based on a real con-
text of evaluating the technologies that should be encouraged
for use in generating energy in Brazil. 14 critical technologies
were evaluated in such technological areas as chemicals,
optics, telecommunications, mechanics, and electric energy.
As a result, a strategic decision could be made in a more
structured way.

	is model could be applied in other problems, since the
DM has a noncompensatory rationality and could not give
complete information about the weights of criteria but is able
to give partial information about them. Future work is going
to be conducted in order to adapt this model for a group
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decision situation, which is one of themain challenges for this
kind of context analyzed.
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