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1. INTRODUCTION 

The transport sector continues to be one of the activity sectors with the highest energy 
consumption. It is one of the main sources of greenhouse gases (GHG) and causes high levels of air 
and noise pollution. As a result, they can severely damage human health and the ecosystems 
involved, so we must take action to change the current state of our environment (Bączkiewicz and 
Kizielewicz, 2021).  

Freight volume has increased considerably since the 1990s, despite a relative decrease following 
the economic recession in 2008. This increase has been largely accommodated by road transport, 
which accounted for 49% of EU freight transported in 2013, and to a lesser extent, sea and rail 
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transport (Transports in Europe: key facts and trends, 2021). This growth means that road transport 
now accounts for almost three-quarters of the energy used in transport in the EU (Transports in 
Europe: key facts and trends, 2021). Road transport is the most used means of transport, either in 
the private or business context, and is essential to human activity as it is responsible for the mobility 
of people and goods (Transports in Europe: key facts and trends, 2021; Wolf et al. and 2019). 

In the 2000s, societal needs urged environmental awareness, and circular economy (CE) 
strategies, combining political leadership, technological innovation, and behavioural changes (Fux, 
2019). Efforts have been made to reduce emissions: shifts in vehicle motorization solutions (hybrid, 
electrical, and more recently hydrogen) in every transportation mode and the switch to more 
sustainable mobility modes.  EV's stage of development has led more people than ever before to 
adopt the technology as green and environmentally friendly - they do not emit harmful gases into 
the environment on the journey (Introduction to electric car, 2021). In addition to being less 
polluting, they are quieter, more economical in terms of consumption, and do not use fossil fuels 
(Advantages and disadvantages of the Electric Car, 2021).  

Considering the quantity, diversity, and complexity of existing EV models, selecting a personal 
EV which is more appropriate to one's needs and requirements, and pondering their advantages 
and drawbacks is far from simple. In many actual decision-making situations, several possible 
solutions may be considered, requiring decision-makers to consider different points of view 
(Moraes Vieira et al. and 2017). Multicriteria Decision Analysis (MCDA) method has proven effective 
in solving (Burak et al. and 2022). An MCDA can be defined as a set of techniques that are designed 
to search for several alternatives within multicriteria and conflicting objectives. The criteria must 
be consistent with the decision's proposed result and alternatives must have the same conception 
and definition to be ranked in a MCDA tool (Silva et al. and 2020). Over the years several MCDA 
methods have been proposed (Goodwin et Wright, 2004). Two of the most popular are the Analytic 
Hierarchy Process (AHP) (Saaty, 1990) and the Preference Ranking Organization MeTHod for 
Enrichment Evaluations (henceforth PROMETHEE) (Brans et Mareschal, 1994). 

AHP is a decision-making technique developed by Thomas L. Saaty in the 1970s. AHP breaks the 
objective goal into hierarchies and forms a pairwise comparison among the criteria which leads to 
the weighted calculation of each criterion (Goswami et al. and 2020). 

PROMETHEE was first proposed by Brans and Mareschal in 1984, as a method for ranking a 
finite set of alternatives. The PROMETHEE method involves concepts and parameters that have 
some physical or economical interpretation that is easy for most Decision Makers (DM) to 
understand. It is based on their “net flow”, which means the difference in how much an alternative 
a is better than the other one b, and how much an alternative b is better than one a (Silva et al, 
2020). 

The former pertains to the normative (or American) school of thought, which is represented by 
methods that perform preference aggregation through value functions (for instance, MAUT, MAVT, 
AHP, ANP, SMART). Despite the popularity of AHP and PROMETHEE, none of these methods is better 
than the other, with both having strengths and weaknesses (Oliveira et al. and 2018). 

This paper proposes the use of a hybrid approach that incorporates the AHP and the 
PROMETHEE to solve a complex multicriteria decision problem for the selection of a personal 
electric vehicle (EV). Due to the availability of software and the ease of understanding, such a 
comparison will be made using a hybrid Multicriteria Decision Aid (MCDA), “which combines the 
Analytic Hierarchy Process (AHP) and the PROMETHEE methods to establish a ranking based on 
performance in the selected criteria. The AHP method was used to define criteria and their 
respective weights during the problem structuring phase, and the PROMETHEE method was used 
to evaluate the alternatives—various EV models—and aggregate each criterion. 

The paper is organised as follows: this section introduces and frames the problem, presents the 
methods that can be used to achieve a methodology to support the decision-making process for 
selecting an EV, and describes how the remainder of the paper is organised. Section 2 introduces 
the main concepts of the MCDA briefly, outlines the typical steps involved in the deployment of 
MCDA processes, describes the AHP and PROMETHEE methods, and proposes a hybrid AHP-
PROMETHEE approach. Section 3 provides a detailed description of its application to EV selection 
decision-making using only publicly available data. Section 4 describes in detail how it was used in 
a case study with a decision-maker. Section 5 summarises the findings and makes some closing 
remarks. 

The transport sector continues to be one of the activity sectors with the highest energy 
consumption. It is one of the main sources of greenhouse gases (GHG) and causes high levels of air 
and noise pollution. As a result, they can severely damage human health and the ecosystems 
involved, so we must take action to change the current state of our environment (Bączkiewicz and 
Kizielewicz, 2021).  

Freight volume has increased considerably since the 1990s, despite a relative decrease following 
the economic recession in 2008. This increase has been largely accommodated by road transport, 
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which accounted for 49% of EU freight transported in 2013, and to a lesser extent, sea and rail 
transport (Transports in Europe: key facts and trends, 2021). This growth means that road transport 
now accounts for almost three-quarters of the energy used in transport in the EU (Transports in 
Europe: key facts and trends, 2021). Road transport is the most used means of transport, either in 
the private or business context, and is essential to human activity as it is responsible for the mobility 
of people and goods (Transports in Europe: key facts and trends, 2021; Wolf et al. and 2019). 

In the 2000s, societal needs urged environmental awareness, and circular economy (CE) 
strategies, combining political leadership, technological innovation, and behavioural changes (Fux, 
2019). Efforts have been made to reduce emissions: shifts in vehicle motorization solutions (hybrid, 
electrical, and more recently hydrogen) in every transportation mode and the switch to more 
sustainable mobility modes.  EV's stage of development has led more people than ever before to 
adopt the technology as green and environmentally friendly - they do not emit harmful gases into 
the environment on the journey (Introduction to electric car, 2021). In addition to being less 
polluting, they are quieter, more economical in terms of consumption, and do not use fossil fuels 
(Advantages and disadvantages of the Electric Car, 2021).  

Considering the quantity, diversity, and complexity of existing EV models, selecting a personal 
EV which is more appropriate to one's needs and requirements, and pondering their advantages 
and drawbacks is far from simple. In many actual decision-making situations, several possible 
solutions may be considered, requiring decision-makers to consider different points of view 
(Moraes Vieira et al. and 2017). Multicriteria Decision Analysis (MCDA) method has proven effective 
in solving (Burak et al. and 2022). An MCDA can be defined as a set of techniques that are designed 
to search for several alternatives within multicriteria and conflicting objectives. The criteria must 
be consistent with the decision's proposed result and alternatives must have the same conception 
and definition to be ranked in a MCDA tool (Silva et al. and 2020). Over the years several MCDA 
methods have been proposed (Goodwin et Wright, 2004). Two of the most popular are the Analytic 
Hierarchy Process (AHP) (Saaty, 1990) and the Preference Ranking Organization MeTHod for 
Enrichment Evaluations (henceforth PROMETHEE) (Brans et Mareschal, 1994). 

AHP is a decision-making technique developed by Thomas L. Saaty in the 1970s. AHP breaks the 
objective goal into hierarchies and forms a pairwise comparison among the criteria which leads to 
the weighted calculation of each criterion (Goswami et al. and 2020). 

PROMETHEE was first proposed by Brans and Mareschal in 1984, as a method for ranking a 
finite set of alternatives. The PROMETHEE method involves concepts and parameters that have 
some physical or economical interpretation that is easy for most Decision Makers (DM) to 
understand. It is based on their “net flow”, which means the difference in how much an alternative 
a is better than the other one b, and how much an alternative b is better than one a (Silva et al, 
2020). 

The former pertains to the normative (or American) school of thought, which is represented by 
methods that perform preference aggregation through value functions (for instance, MAUT, MAVT, 
AHP, ANP, SMART). Despite the popularity of AHP and PROMETHEE, none of these methods is better 
than the other, with both having strengths and weaknesses (Oliveira et al. and 2018). 

This paper proposes the use of a hybrid approach that incorporates the AHP and the 
PROMETHEE to solve a complex multicriteria decision problem for the selection of a personal 
electric vehicle (EV). Due to the availability of software and the ease of understanding, such a 
comparison will be made using a hybrid Multicriteria Decision Aid (MCDA), “which combines the 
Analytic Hierarchy Process (AHP) and the PROMETHEE methods to establish a ranking based on 
performance in the selected criteria. The AHP method was used to define criteria and their 
respective weights during the problem structuring phase, and the PROMETHEE method was used 
to evaluate the alternatives—various EV models—and aggregate each criterion. 

The paper is organised as follows: this section introduces and frames the problem, presents the 
methods that can be used to achieve a methodology to support the decision-making process for 
selecting an EV, and describes how the remainder of the paper is organised. Section 2 introduces 
the main concepts of the MCDA briefly, outlines the typical steps involved in the deployment of 
MCDA processes, describes the AHP and PROMETHEE methods, and proposes a hybrid AHP-
PROMETHEE approach. Section 3 provides a detailed description of its application to EV selection 
decision-making using only publicly available data. Section 4 describes in detail how it was used in 
a case study with a decision-maker. Section 5 summarises the findings and makes some closing 
remarks. 

2. METHODOLOGY 

According to Dodgson et al. (2009), “MCDA is an approach to assist the decision-making process 
at various levels, including the organization and synthesis of available information, to empower 
decision-makers with a holistic and structured view of the problem.  
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An MCDA aims to provide various options for a set of alternatives considering a coherent and 
consistent set of quantitative and qualitative criteria, sometimes with conflicting objectives, for a 
problem-solving approach, from the less preferred to the most preferred, being chosen according 
to the objective to be achieved (Brans et Mareschal, 1994)(de Almeida et al, 2021). According to Silva 
et al. (2018), different approaches and techniques of MCDM can be proposed depending on various 
schools of thought and/or demands of specific situations. 

According to Dodgson et al. (2009) and Srdjevic et al. (2012), “the MCDA model is not to assist 
the decision makers to find the "best" decision, but rather to help decision makers so that their 
decision-making fits their needs and is consistent with their preferences and overall understanding 
of the problem. Usually, this decision corresponds to the best solution under the constraints and 
not to an optimal solution. 

MCDA analysis is used to deal with the difficulties that decision-makers encounter when there 
is a large amount of information to deal with. The principle of this method is to break decision 
problems into smaller, understandable parts, analyse each part separately, and then integrate the 
parts in a logical way. MCDA provides support for identifying components of a decision-making 
problem, organizing the elements into hierarchical structures, understanding participants (Srdjevic 
et al. and 2012), “and assisting them with the methodology such as weighting the criteria (Weber 
and Borcherding, 1993). Usually, an MCDA methodology encompasses four major steps that can 
be broken down in more steps: 1) Structuring the decision-making problem; 2) preferences’ 
articulation and modelling; 3) Aggregation of evaluations of alternatives (preferences); 4) sensitivity 
and robustness analysis and recommendations (Bana e Costa and Vansnick, 1997)(Tenório et al, 
2020).  

         2.1 PROMETHEE Method 

The PROMETHEE method is based on the ordering of a finite set of actions, where each criterion 
is associated with a certain weight that is assigned according to its importance.  

The PROMETHEE method is a non-compensatory method to handle ranking problems and 
evaluate a set of alternatives under multicriteria, which are often conflicting. The model establishes 
a preference structure between the alternatives by considering a preference function, defined by 
the decision-maker, for each criterion to obtain a partial and complete ranking of the alternatives 
(Moreira et al, 2021). 

PROMETHEE's preference structure is based on pairwise comparisons, considering the 
deviation between two alternatives on a given criterion. Thus, the greater the deviation, the greater 
the preference. The preference translates into the ranking of a criterion in relation to another Thus, 
for each criterion the decision maker has a function in mind. (Moreira et al. and 2022). 

The preference functions differ from each other, depending on the criteria that are used. Brans 
et al. (2016) list these functions as: Usual criterion, U-shape criterion, V-shape criterion, Level 
criterion, V-shape with indifference criterion, Gaussian criterion functions. After describing the 
problem and determining the criteria, alternatives, and the weights, the PROMETHEE method can 
be applied step by step (Brans et al. and 2016), 

Although the PROMETHEE family is comprised of several methods, the main ones are: (i) 
PROMETHEE I partial ranking, (ii) PROMETHEE II complete ranking, and (iii) Geometrical Analysis for 
Interactive Aid (henceforth GAIA). PROMETHEE I partial ranking generates a ranking of alternatives. 
However, in some cases, the returned ranking might be incomplete (or partial) since it allows 
indifference and incomparability situations between alternatives. Conversely, PROMETHEE II relies 
directly on the net preference flow to rank the alternatives. Hence, it always provides a complete 
ranking of the alternatives, and thus all alternatives are comparable (Brans et al, 2016; Xu et al. 
2022). 

The GAIA plane is a geometrical representation of the alternatives’ relative positions in terms of 
their contributions to the various criteria. The GAIA directly results from applying the principal 
component analysis to the matrix of normed flows defined for alternative a and criterion j. To 
preserve the original multidimensional information as faithfully as possible, the n-dimensional 
criteria space is projected onto a two-dimensional space yielded by the two most representative 
principal components (linear combinations of the original criteria) The GAIA plane is unique in that 
it projects both the alternatives and the criteria in the same space. Furthermore, it allows the 
projection of the criteria weights vector using the so-called decision axis. The decision axis, in 
conjunction with the walking weights, can be used to perform a sensitivity analysis of the results 
according to the weight changes (Mareschal, 2013) (1 to 4). 
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2.2 AHP method 

The AHP is one of the most well-known MCDA methods for ranking the various alternatives for 
achieving a goal. It is based on the foundation of adding weights to the attributes. This ranking is 
achieved through a quantitative comparison quantitative comparison of pairs of alternatives 
(Loken, 2007). 

The AHP methodology can be explained in the following steps (Saaty, 1990): 
 1. The AHP’s first step is to divide the decision problem into a hierarchy of sub-problems, by 

organising the relevant factors of the problem into a hierarchic structure, from a global goal to 
criteria, sub-criteria and alternatives, in successive levels.  

2. The second step of the method entails the elicitation of pairwise comparison judgments from 
the decision-making body. 

3. The third step is to determine the consistency of pair wise comparison matrices. If the 
consistency ratio (CR) is equal or less than 0.1 value, the comparisons are consistent. 

4. In the final step, priorities of alternatives are found by combining the weights of criteria and 
the ratings of the alternatives. 

 
The weights of each criterion are derived by means of pair wise comparisons in AHP method. 

The fundamental comparison scale for AHP which is proposed by Saaty et. al (1990) is shown in 
table 1. 

 
       Table 1 - Saaty’s numerical scale (Saaty, 1990) 

Importance Definition Explanation 

1 Equal importance 
The two elements are equally 
important 
 

3 Moderate importance 

One of the elements is moderately 
important compared to the other 
element 
 

5 Strong importance 
One of the elements is important 
compared to the other element 
 

7 Very strong importance 
One of the elements is very important 
compared to the other element 
 

9 Extreme importance 

One of the elements is extremely 
important compared with the other 
element 
 

2,4,6,8 Intermediate values scale  
Necessary when you want a level of 
commitment 

 

2.3 Hybrid Approach methodology  

In recent years, different authors have proposed MCDA hybrid approaches. Macharis et al. 
(2004) were the first to recommend the integration of some useful AHP features with PROMETHEE. 
Xu et al. (2019) also applied a hybrid AHP-PROMETHEE framework to evaluate competing 
alternative jet fuels.  Burak et al. (2022) applied HF-AHP-PROMETHEE II, so that “Hesitant Fuzzy 
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Analytic Hierarchy Process” (HF-AHP) is first implemented to determine the importance weights of 
criteria, and then “Hesitant Fuzzy Preference Ranking Organization Method for Enriching 
Evaluations II” (HF-PROMETHEE II) is used to assess and rank the irrigation method alternatives, as 
examples. The idea of combining methodologies to perform an MCDA analysis builds upon the 
realisation that no single MCDA method performs best in all types of decision problems and is 
impervious to weaknesses. Thus, the goal was to generate beneficial synergies by combining two 
powerful methods (AHP and PROMETHEE) into a single framework, bringing the best of both worlds 
together and ultimately improve the reliability of the decision-making process.  

According to Baynal et al. (2016), “the AHP method treats complex problems in a hierarchy, so 
that the problem can be clearly explained. The problem gets more complicated in the PROMETHEE 
method when the number of criteria exceeds seven. There is no tangible method for calculating 
weights in PROMETHEE. This process can be done analytically in AHP. Relative importance is best 
understood by pairwise comparisons. In the AHP method, there are many subsystems, causing 
much more data to be worked out. In the PROMETHEE method, solutions can be obtained with less 
data. 

Sang et al. (2022) use a fuzzy decision-making, DEMATEL, and PROMETHEE methods and 
prospect theory to evaluate electric buses charging stations sites. Deng et al. (2022) present a 
decision-making method for solving the ranking problem on incomplete multi-scale information 
systems based on the PROMETHEE method and establishing a bridge between both. The 
PROMETHEE method in conjunction with AHP was also used by Sari et al. (2020) in their comparison 
of methods for beekeeping suitability. 

Marinoni (2005) presents a combination between a sophisticated decision support 
methodology with powerful spatial analysis and visualisation capabilities that can be applied to 
evaluating decision alternatives that are made up of regular or irregular shaped zones of raster 
cells. He considers stochastic PROMETHEE, as well as deterministic approaches and gives general 
recommendations on the use of stochastic simulation methods using a framework for the 
approach’s application.  

The results of the PROMETHEE can be explained with high visuality. Therefore, the effect of each 
criterion on the result can be better understood. The GAIA technique also helps visualising the 
results. 

Taking the above points into consideration, both methods present better results when 
integrated (Oliveira et al. and 2018). According to Baynal et al. (2016) and Turcksin et al. (2011) the 
AHP-PROMETHEE approach has eight steps. 

The proposed AHP-PROMETHEE methodology is comprised of two broad stages, which are 
further broken down into detailed steps: (i) Decision problem modelling and elicitation of criteria 
weights, and (ii) PROMETHEE computations. The first stage encompasses four steps: identifying a 
portfolio of EV alternatives (Step 1), “selecting a coherent and consistent family of criteria to 
appraise each one of the identified alternatives (Step 2), “setting a hierarchical decision tree based 
on the information gathered in the previous steps (Step 3), “and determining the criteria weights 
using the AHP (Step 4). Determine the calculation table and preference functions for the 
PROMETHEE solution (Step 5). Determine a partial ranking with PROMETHEE I and a full ranking 
with PROMETHEE II (Step 6). Performing visual analysis of the results using the GAIA plane (Step 7), 
“and performing a sensitivity analysis with PROMETHEE (Step 8). 

Steps 5 to 7 are performed using a decision-making software: Visual PROMETHEE 

3. APPLICATION OF THE MULTICRITERIA ANALYSIS METHODOLOGY  

The proposed methodology is applied to the selection of a personal EV. The MCDA will be 
structured in three main stages: data collection to support the hybrid methodology, AHP method 
for steps 1 to 4 and PROMETHEE method for steps 5 to 8. 

3.1 Data collection 

First, the possible alternatives submitted for evaluation are identified. Based on research on 
electric vehicles, it has been concluded that electric vehicles with a range of at least 150 km, energy 
consumption not exceeding 250 Wh/km, and a price below 50,000 € are considered in this research 
since they seem reasonable values for a user who wants to exchange his combustion-powered 
vehicle for an EV. 

The next step includes the identification of the evaluation criteria. Several types of research 
were done on the various EV models, and the most important criteria in choosing an EV were 
defined as price, consumption per 100 km, range, comfort, brand, safety, and technology 
(Important Factors for Introducing Electrical Vehicles, 2015). 

To help the decision-maker determine the weight of each criterion, a questionnaire using 
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"google forms" was applied to find out the criterion of choice for purchasing an EV (figure 1). 
The questionnaire was sent via a social network to 27 people who intended to buy a car and 

was answered by 197 individuals, ages 18 and 73 years old. The method used a convenience 
sample: people who the authors knew intended to buy an EV were asked to share the link with 
other people that they knew were considering buying an EV (the snowball sampling method). The 
choice for this type of field research was due to the channels. According to Noy (2008), “the snowball 
sampling method makes use of the members of a population to obtain a sample of it. The method 
consists of an indication of one member of the population by another who is also part of the 
population to be included in the sample. The indication process follows until the desired sample is 
achieved.  

 

 
Figure 1 - Graph of questionnaire answers 

 
 

 
From figure 1, we can see that, according to the survey, the criteria price and range in Km 

(autonomy) are the two most important criteria in choosing an EV. Despite this, and because 
qualitative criteria are subjective and should be evaluated by the decision-maker through a test 
drive, and based on experts’ evaluations under the same conditions, they were replaced by only 
quantitative criteria to assess the available EV to a target value so that results could be presented. 
Thus, comfort, brand, safety, and technology criteria were replaced by load volume, battery 
capacity, power, and performance criteria. 

3.2 AHP Approach 

At the top of the hierarchical structure is the main goal, the selection of the best EV. At the 
second level of the structure are the seven most relevant criteria for the selection process, and 
finally, at the third level, are the various EV models. 

Once the hierarchies have been defined, a pairwise comparison of a total of seven criteria from 
the second level with respect to the first hierarchical level is required. The Saaty fundamental scale 
is used for this comparison. 

The goal of this phase is to determine the relative importance of each criterion in meeting the 
goal. Because there is only one element in the first hierarchical level, only one matrix is built to 
measure the degree of intensity by pairs using the seven criteria. 

The previous matrix is then normalised by equating all criteria to the same unit, dividing each 
value of the matrix by the total of the respective column. By calculating the average value, the 
weight assigned to each criterion is obtained, i.e. and the relative importance that each criterion 
has in selecting an EV. 

The criteria "Price" and "Autonomy" have the highest impact on the goal. This analysis concurs 
with the results of the questionnaire, and the matrices created previously (figure 2). 
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Figure 2 - Relative weight of each criterion 

 
 

Table 2 - Average Random Consistency (Saaty, 1990)  
         

Size of the matrix (n) 3 4 5  6  7 8 

 
Random Consistency (RI) 

 
0.58 

 
0.9 

 
1.12 

 
 

1.24 
 

 
1.32 

 
1.41 

 
A pairwise comparison matrix is of acceptable consistency if the corresponding Consistency 

Ratio (CR) does not exceed 0.10. The Consistency Ratio is computed as follows (5): 
 

𝐶𝐶𝐶𝐶 =
𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶

, 𝑤𝑤𝑤𝑤𝑤𝑤ℎ  𝐶𝐶𝐶𝐶 =
𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑛𝑛
𝑛𝑛 − 1

                                                               (5) 
 
 
where 𝜆𝜆𝑚𝑚𝑚𝑚𝑚𝑚 denotes the maximum eigenvalue of the pairwise comparison matrix, n represents 

the matrix size (in this case, the number of criteria) and the acronyms CR, CI and RI stand for 
Consistency Ratio, Consistency Index and Random Consistency Index, respectively. RI is obtained 
from a randomly generated pairwise comparison matrix of size n. 

Since CR = 0.078 < 0.10 was obtained, the criteria weights obtained can be used in the decision-
making process. 

3.3 PROMETHEE Approach 

The resulting data was then organized into an evaluation matrix, providing objective and 
quantitative information on each alternative’s performance, on each relevant criterion. 

Aside from the evaluation matrix, the PROMETHEE method requires additional information, 
namely the preference functions associated with each criterion and corresponding thresholds. 

This information was defined indirectly by the decision-makers, as it is based on their answers 
to a set of questions presented by the "Preference Function Assistant" of the Visual PROMETHEE. 

With the necessary information (the evaluation table and the preference functions), “the 
remaining steps are automatically completed by the Visual PROMETHEE software, with no human 
intervention required. After evaluating the alternatives, the outranking flows (𝜑𝜑+, 𝜑𝜑− and φ), 
“displayed in figures 3 and 4, are outputted. 

The analysis of both rankings for the selection of an EV indicates that, based on the criteria, Opel 
Corsa-e is the most preferred alternative. The model Dacia Spring-electric, Peugeot e-308, Seat mii 
electric and VW e-up they are not far from being best option. 
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Figure 3 - Introduction of alternative’ features in PROMETHEE 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 4 - Flow table 
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The decision problem is represented in the GAIA plane to better understand the results. In this 
case, alternatives are represented by squared points and criteria by vectors. Criteria expressing 
similar preferences point in the same direction whereas conflicting criteria point in opposite 
directions. The criterion vector’s length is an indicator of its discriminative power. Hence, longer 
vectors are associated with more effective criteria for differentiating alternatives. The GAIA plane 
also provides information regarding criteria weights through vector pi (also called the decision axis). 
Vector pi is depicted as a thick red line and can be interpreted as a weighted average of the criteria 
axes. It represents the direction of the compromise when considering the assigned criteria weights. 
Alternatives that are in the direction of the decision axis are the most promising ones since they 
score higher on the most important criteria. The quality level of the GAIA projection is given by the 
Delta parameter, which is 84.2% in the case presented. This value means that only 15.8% of the 
total information gets lost by the projection. Figure 5 displays the results of the GAIA analysis. 

 

 
Figure 5 - PROMETHEE GAIA 

 
 
Since some steps of the MCDA process can be permeated by subjectivity and uncertainty, it was 

considered relevant to validate the results by studying the impact of modifying the initially specified 
criteria weights on the PROMETHEE complete ranking. 

This was performed by identifying stability intervals for criteria weights. The amplitude of these 
intervals also makes it easy to identify the criteria with the highest impact on the ranking, but in 
this case, since we have a lot of alternatives, the intervals of the weights will be very low. For 
example, if the weight of the criterion “Price” was changed to 70% instead of 38%, the model Dacia 
Spring Electric would be the most favoured electric vehicle since it is the model with the lowest 
price compared to the other models. 

4. CASE STUDY  

A case study was performed to address a decision-maker’s intention to buy a car in a higher EV 
segment, considering both quantitative criteria – price, autonomy, and consumption – and the 
qualitative criteria – comfort, brand, safety, and technology. 

4.1 Data collection 

It was necessary to access the various pages of the models for the collection of quantitative data 
during the data collection process. The Lexus UX 300e, Tesla Model 3 Standard Range, Volvo XC40 
recharge electric, and Jaguar i-pace all received a qualitative criteria score based on test driving. 

This article presents as a contribution a proposal of a hybrid multi-criterion model, where one 
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method is used to generate weights to the criteria (AHP), “the other to order the alternatives; as 
well as a set of criteria is proposed to assess this environmental socio-environmental problem. 

4.2 AHP 

The AHP method was used to define the decision process. The main objective, the selection of 
the best EV, is the top of the hierarchical structure. The second level comprises the seven criteria 
considered for the evaluation process, and the third level is comprised of the four possible EV 
alternatives (figure 6). 

 
 

 
 

Figure 6 - Hierarchical structure of the problem 
 
Next, the decision-maker evaluates the seven criteria and assigns the respective weights by 

applying the AHP method (Table 3). 
 

   Table 3 -  weights of criteria 
          

Criteria Price Consumption  Range Comfort Brand Safety Technology  

Weight (%) 
 
14.75 
 

 
16.39 

 
 11.48 16.39 13.11 

 
14.75 
 

13.11 

 

4.3 PROMETHEE 

The use of the Visual PROMETHEE software resulted in the interface below. Columns present 
the criteria and rows the available alternatives. A set of 7 criteria and 4 models is laid out in this 
way (figure 7). 
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Figure 7 - Introduction of case study features in PROMETHEE 
 
After evaluating the alternatives, the outranking flows (𝜑𝜑+, 𝜑𝜑− and φ), “displayed in figure 8, are 

outputted. 
The analysis of both rankings for the selection of the best EV indicates that Lexus UX 300e is the 

most preferred alternative ranking first on both the PROMETHEE I and the PROMETHEE II. 
 
 
 

 

 

 

 

Figure 8 - Flow table 

 

To better understand the results obtained, the decision problem is represented in the GAIA 
plane. In this study, the quality value is calculated as 92,1% which indicates that 7,9% of overall data 
is lost (figure 9). 
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Figure 9 - PROMETHEE-GAIA 

 
 
Sensitivity analysis was conducted using Walking Weight and the Visual Stability Intervals 

window for better visualization. 
For example, changes can be observed for the consumption criterion if its weight is changed to 

20.81%, with a swapping of positions between second and third. Figure 10 shows that by increasing 
the criterion to 40%, the Tesla model takes first place as the best model. 

Figure 10 - Visual Stability Intervals - Consumption 
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5. CONCLUSIONS 

This paper addresses a multicriteria methodology for selecting an EV, which is required to 
support decision-making regarding a choice made difficult by EV emerging technology and 
improvements, as well as the increase in EV charging spots, drivers' sustainability concerns, and 
trends. A hybrid AHP and PROMETHEE methods approach is proposed for this purpose, whereby 
the strengths of both methodologies are combined into a single tool. The application of such an 
integrated approach to the EV purchase decision problem is detailed in each of the steps of the 
AHP-PROMETHEE methodology. 

A survey was conducted to support the methodology and the family of relevant criteria.  
The hybrid approach used in this paper is based on the advantages of combining several distinct 

AHP features, namely in the structuring of the decision problem and the criteria’ weights 
determination phase, which is based on pairwise comparisons, with PROMETHEE for the 
computation phase. Since PROMETHEE does not provide any formal guidance for determining 
criteria weights, incorporating AHP weights increases the accuracy of the method. In turn, 
PROMETHEE enriches the AHP by associating a preference function with each criterion and 
providing a set of tools to thoroughly analyse the decision problem. 

The hybrid AHP-PROMETHEE method was used to conduct the first analysis, which was limited 
to the available quantitative data for the set of EV most commercialised in 2021. This was due to 
the fact that to be able to consider qualitative data, a test drive with the same conditions would be 
required. Based on that analysis, the Opel Corsa-e is the best alternative with the highest score. 
The models Dacia Spring-electric, Peugeot e-308, Seat mii electric and VW e-up close to the best 
options. 

A case study was done to support a decision-maker who wanted to buy an high-end EV.  After 
considering quantitative and qualitative criteria, it was determined that the Lexus UX 300e was the 
model which best met the decision-maker’s expectations.  

REFERENCES 

Bączkiewicz, A. and Kizielewicz, B. (2021), ““Towards Sustainable Energy Consumption Evaluation in 
Europe for Industrial Sector Based on MCDA Methods”, Procedia Computer Science, Vol. 192, 
pp. 1334-1346.  

Bana e Costa, C. and Vansnick, J-C. (1997), “Applications of the MACBETH Approach in the 
Framework of an Additive Aggregation Model”, Journal of Multi-Criteria Decision Analysis, Vol.  
6, No. 2, pp. 107-114. 

Baynal, K. and Sarı, T.  Koçdağ, V. (2016), “A combined ahp-promethee approach for project selection 
and a case study in the Turkish textile industry”, European Journal of Business and Social 
Sciences, Vol. 5, No. 1, pp. 202 – 216.  

Brans, J.P. and De Smet, Y. (2016) , “PROMETHEE methods, International Series in Operations 
Research and Management Science”, Vol. 233, No. 1, pp.187–219. 

Brans, J.P. and Mareschal, B. (1994), “The promcalc and gaia decision support system for mcda”, 
Decision Support Systems, Vol. 12, No. 4-5, pp. 297–310. 

Burak, S. and Samanlioglu, F. and Ülker, D. (2022), “Evaluation of irrigation methods in Söke Plain 
with HF-AHP-PROMETHEE II hybrid MCDM method”, Agricultural Water Management, Vol. 271, 
pp. 107810. 

Almeida, I.D.P. et al. (2021), “Study of the Location of a Second Fleet for the Brazilian Navy: 
Structuring and Mathematical Modeling Using SAPEVO-M and VIKOR Methods”, In: Rossit, D.A. 
and Tohmé, F. and Mejía Delgadillo, G. (eds). Production Research. ICPR-Americas 2020. 
Communications in Computer and Information Science, vol. 1408. Springer, Cham. 
https://doi.org/10.1007/978-3-030-76310-7_9 

Deng, J. and Zhan, J. and Wu, W.-Z. (2022), “A ranking method with a preference relation based on 
the PROMETHEE method in incomplete multi-scale information systems,  Information Sciences, 
Vol. 608, pp. 1261–1282. 

Dodgson, J.S. and Spackman M. and Pearman, A. and Phillips, L.D. (2009), “Multi-criteria analysis: a 
manual”, vol. 11. 

Fux, H. (2019), “What is the ideal scenario for the circular economy to occur? A case study of the 
CircE project”, Brazilian Journal of Operations & Production Management, Vol. 16, No. 1, pp. 
157–165. https://doi.org/10.14488/BJOPM.2019.v16.n1.a15 

Goodwin, P. and Wright, G. (2004), “Decision Analysis for Management Judgment”, John Wiley and 

https://doi.org/10.14488/BJOPM.1415.2023
https://doi.org/10.1007/978-3-030-76310-7_9
https://doi.org/10.14488/BJOPM.2019.v16.n1.a15


Multicriteria methodology for selection of a personal electric vehicle 

 

Brazilian Journal of Operations & Production Management, Vol. 20, No. 2 e20231415|https://doi.org/10.14488/BJOPM.1415.2023  
 
 

15/16 

 

 

Sons, Chichester, 3rd edition.  
Goswami, S.S., Behera, D.K. and Mitra, D.S. (2020), “A Comprehensive Study of Weighted Product 

Model for Selecting the Best Product in Our Daily Life”, Brazilian Journal of Operations & 
Production Management, Vol. 17, No. 2, pp. 1–18.  

Løken, E. (2007), “Use of multicriteria decision analysis methods for energy planning problems”, 
Renewable and Sustainable Energy Reviews, Vol. 11, No. 7, pp. 1584– 1595. 

Noy, C. (2008), “Sampling knowledge: The hermeneutics of snowball sampling in qualitative 
research”, International Journal of Social Research Methodology, Vol. 11, No. 4, pp. 327–344.  

Macharis, C. and Springael, J. and Brucker, K.D. and Verbeke, A. (2004), “Promethee and ahp:The 
design of operational synergies in multicriteria analysis”, strengthening promethee with ideas 
of ahp. and European Journal of Operational Research, Vol. 153, No. 2, pp. 307–317. 

Mareschal, B. (2013) , “Visual PROMETHEE manual”, pp.1–192. 
Moolavallil, S.M. (2015), “Application of Geographic Information System to find suitable landfill sites 

for solid waste disposal for the city of Bangalore”, pp. 1–86. 
Moraes Vieira, J.A., and Simões Gomes, C.F. and Engel Braga, I. (2017), “Development of a scenario 

prospecting model with the use of multicriteria decision aiding: Importance of environmental 
variables”, Brazilian Journal of Operations & Production Management, Vol. 14, No. 2, pp. 210–
217.  

Moreira, M.Â.L., de Araújo Costa, I.P., and Pereira, M.T., dos Santos, M., Gomes, C.F.S. and Muradas, 
F.M. (2021), “PROMETHEE-SAPEVO-M1 a Hybrid Approach Based on Ordinal and Cardinal 
Inputs: Multi-Criteria Evaluation of Helicopters to Support Brazilian Navy Operations. 
Algorithms, 14, pp. 140.  

Moreira, M.A.L., Gomes, C.F.S., Santos, M., Silva Júnior, A.C. and Costa, I.P. (2022), “Sensitivity 
Analysis by the PROMETHEE-GAIA method: Algorithms evaluation for COVID-19 prediction“,  
Procedia Computer Science, Vol. 199, pp. 431-438.   

Oliveira, M., Fontes, D.B.M.M. and Pereira, T. (2018), “Evaluating vehicle painting plans in an 
automobile assembly plant using an integrated AHP-PROMETHEE approach”, International 
Transactions in Operational Research, Vol. 25, No. 4, pp. 1383–1406.  

Palczewski, K. and Salabun, W. (2019), “Influence of various normalization methods in PROMETHEE 
II: an empirical study on the seletion of airport locations”, Procedia Computer Science, 159, pp. 
2051-2060. 

Marinoni, O. (2005), “A stochastic spatial decision support system based on PROMETHEE”, 
International Journal of Geographical Information Science, Vol. 19, No. 1, pp. 51-68.  

Saaty, t. l. (1990), “How to make a decision: The analytic hierarchy process”, European Journal of 
Operational Research, Vol. 48, No. 1, pp. 9–26. 

Sang, X., Xianyu Yu, X., Ching-Ter Chang, C-T, and Xinwang Liu, X. (2022), “Electric bus charging 
station site selection based on the combined DEMATEL and PROMETHEE-PT framework”, 
Computers & Industrial Engineering, Vol. 168, 108116. 

Sari, F., Kandemir, I., Durmuş Ali Ceylan, D.L. and Gül, A. (2020), “Using AHP and PROMETHEE multi-
criteria decision making methods to define suitable apiary locations”, Journal of Apicultural 
Research, Vol. 59, No. 4, pp. 546-557. 

Silva, M.C., Gavião, L.O., Gomes, C.F.S. and Lima, G.B.A. (2020), “Global Innovation Indicators 
analysed by multicriteria decision”, Brazilian Journal of Operations & Production Management, 
Vol. 17, No. 4, pp. 1–17.  

Silva, M.C., Gomes, C.F.S. and Costa Junior, C.L. (2018), “A hybrid multicriteria methodology Topsis-
Macbeth-2n applied in the ordering of technology transfer offices”, Pesquisa Operacional, 38, 
pp. 413–439. 

Srdjevic, Z., Bajcetic, R. and Srdjevic, B. (2012), “Identifying the Criteria Set for Multicriteria Decision 
Making Based on SWOT/PESTLE Analysis: A Case Study of Reconstructing A Water Intake 
Structure”, Water Resources Management, Vol. 26, No. 12, pp. 3379–3393. 

Tenório, F.M., Santos, M., Gomes, C.F.S. and Araujo, J.d. (2020), “Navy Warship Selection and 
Multicriteria Analysis: The THOR Method Supporting Decision Making. In: Thomé, A.M.T. and 
Barbastefano, R.G. and Scavarda, L.F. and dos Reis, J.C.G. and Amorim, M.P.C. (eds) Industrial 
Engineering and Operations Management. IJCIEOM 2020. Springer Proceedings in Mathematics 
& Statistics, vol 337. Springer, Cham. https://doi.org/10.1007/978-3-030-56920-4_3 

Turcksin, L., Bernardini, A. and Macharis, C. (2011), “A combined AHP-PROMETHEE approach for 
selecting the most appropriate policy scenario to stimulate a clean vehicle fleet”, Procedia - 

https://doi.org/10.14488/BJOPM.1415.2023
https://www.sciencedirect.com/science/article/pii/S1877050922000527
https://www.sciencedirect.com/science/article/pii/S1877050922000527
https://doi.org/10.1007/978-3-030-56920-4_3


Multicriteria methodology for selection of a personal electric vehicle 

 

Brazilian Journal of Operations & Production Management, Vol. 20, No. 2 e20231415|https://doi.org/10.14488/BJOPM.1415.2023  
 
 

16/16 

 

 

Social and Behavioral Sciences, 20, pp. 954–965. 
Turcksin, L., Bernardini, A. and Macharis, C. (2011), “A combined AHP-PROMETHEE approach for 

selecting the most appropriate policy scenario to stimulate a clean vehicle fleet”, Procedia - 
Social and Behavioral Sciences, 20, pp. 954–965. 

Weber, M. and Borcherding, K. (1993), “Behavioral influences on weight judgments in multiattribute 
decision making”, European Journal of Operational Research, 67, pp. 1-12. 

Wolff, M., Abreu, C. and Caldas, M.A.F. (2019), “Evaluation of road transport: a literature review”, 
Brazilian Journal of Operations & Production Management, Vol. 16, No. 1, pp. 96–103. 
https://doi.org/10.14488/BJOPM.2019.v16.n1.a9 

Xu, B., Kolosz, B.W., Andresen, J.M., Ouenniche, J., Greening, P., Chang, T-S., Mercedes, M. and 
Maroto-Valer, M.M. (2019), “Performance Evaluation of Alternative Jet Fuels using a hybrid 
MCDA method”, Energy Procedia, 158, pp. 1110-1115. 

 

  
  Author contributions: All authors contributed equally to this paper. 
 

 

 

 

https://doi.org/10.14488/BJOPM.1415.2023
https://doi.org/10.14488/BJOPM.2019.v16.n1.a9

	1. INTRODUCTION
	2. METHODOLOGY
	2.1 PROMETHEE Method
	2.2 AHP method
	2.3 Hybrid Approach methodology

	3. APPLICATION OF THE MULTICRITERIA ANALYSIS METHODOLOGY
	3.1 Data collection
	3.2 AHP Approach
	3.3 PROMETHEE Approach

	4. CASE STUDY
	4.1 Data collection
	4.2 AHP
	4.3 PROMETHEE

	5. CONCLUSIONS
	REFERENCES

