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ABSTRACT

In contemporary times, regulations have been established to govern access and integration of electric vehicles, which hold immense potential in
mitigating the adverse impacts of transportation arising from escalating mobility demands and rapid urbanization. Nevertheless, their implementation
poses intricate challenges due to the multifaceted nature of sustainability and other complexities, as they are considered a prospective solution
to address the pressing issue of climate change and achieve holistic sustainability. Moreover, this study elucidates the methodological approach
employed for selecting a comprehensive set of criteria to be considered in energy planning initiatives involving the incorporation of electric vehicles,
encompassing both renewable and conventional energy sources. The selection process was informed through a thorough review of existing literature
and the insightful input from experts, utilizing the Likert scale and arithmetic mean as reference benchmarks. The outcomes of this research have
yielded the identification of 27 sub-criteria, categorized into five distinct groups: technical, economic, social, environmental, and risk-related factors,
thereby enabling a comprehensive evaluation of energy planning projects associated with the adoption of electric vehicles. The findings derived
from employing the hierarchical analytical process with fuzzy logic FAHP highlight the considerable potential of most criteria and sub-criteria in
devising effective measures. Notably, criteria related to policy-governance and environmental aspects emerged as the most influential, according to
the collective expertise of the consulted group. This study significantly contributes to enhancing sustainable mobility and advancing progress towards
attaining sustainable development goals. By delineating pertinent criteria and sub-criteria for the planning process, this research augments the literature
dedicated to supporting informed decision-making in sustainable transportation, particularly through the potential application of a Multi-Criteria
Decision Analysis (MCDA) method.

Keywords: MCDA, Car Dependency, Energy Planning, Rural Electrification, Energy Projects, Renewable Sources of Energy, Energy Policies
JEL Classifications: C44, C45, C46, C65

1. INTRODUCTION

It is not a secret that the urban population is presenting an upward
trend day by day, each time it is the people who decide to make
their lives and build their homes in urban areas, however, the
rulers of these cities are making great efforts to accommodate
this growing population, in such a way that they can have a good
quality of life (Danese et al., 2022). Due to this situation and the

trend as such, it has given rise to a new concept called sustainable
development, however, this new concept requires the conscious
and efficient use of each of the resources, thus managing to
satisfy the needs of today without endangering those of the future
generation (Borowskal | Stefanska et al., 2021).

There is no doubt that the application of this concept of sustainable
development to urban transport and mobility necessarily requires
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less consumption and dependence on automobiles (Bakker et al.,
2019) and mobility in general driven by fossil fuels, in addition,
said dependence on fossil fuels has been a source of negative
controversies (Kowalska-Pyzalska, 2022), among which air
pollution, noise, congestion, accidents, degradation stand out the
most. Soil and greenhouse gas emissions (Ewert et al., 2020).

The high dependence even on fuels as a source for mobility
increases and significantly impacts what is known as the risk of
climate change, climate change is a threat, an existential reality for
humans, flora and fauna alike (Kovacic¢ et al., 2022). In response
to this problem, concerted efforts have been made by different
governments to mitigate these impacts at different geographical
levels. These agreements and political commitments, in the long
run, seek to comply with the objectives and goals defined for
sustainable urban mobility (Wulf et al., 2023). One of these goals
and commitments proposed as a common factor by the different
governments is to greatly mitigate the use of private vehicles and
stimulate more public transport and that this is not from a non-
renewable source (Stark et al, 2018).

Most of the so-called first world countries have taken measures
aimed at stimulating behavior change by mitigating dependence
on private travel by car, for example, offering continuous
improvement in the service and quality of public transport, so
that their inhabitants have no excuses for not using it, in addition
to providing active mobility facilities and introducing shared
mobility. However, the consequences of these measures are often
limited compared to measures that directly regulate vehicular
access in urban areas. Although these measures differ in design
and regulatory approach, commonly referred to as Urban Vehicle
Access Regulations (UVARs) (Lin et al., 2017), these measures
combine pricing, spatial interventions, and other restrictive
schemes to limit vehicle access based on vehicle emissions, size,
weight, type, and time of day characteristics (Nikitas et al., 2021).

Sustainable transport is defined as an option that facilitates
access to goods (Wulf et al., 2023), resources and services while
minimizing the need to travel in order to effectively and holistically
address economic, environmental, and social requirements, among
other impact criteria (Wulf et al., 2023). Most of the research
related to sustainable transport has focused on the study of some
particular criteria such as: economy, environment and social, other
studies tend only to carry out research on sustainable transport in
relation to environmental or economic criteria (Ramsebner et al.,
2023). However, given this trend, in recent years more studies
have emerged that add more evaluation criteria, these criteria vary
according to the perspective of the authors or the scope of the study.

Example of this new research, (Diahovchenko et al., 2022) added a
scientific and technological dimension to reflect its strong force in
the growth of transport. (Kubik, 2022) emphasized the importance
of an institutional dimension, postulating that it complements
and allows interoperability between the three classical criteria.
Some other criteria found in the literature include energy (Danese
et al., 2022), operational with fiscal and governance dimensions
(Kazemzadeh et al., 2023) and accessibility (Kubik, 2022).
Regardless of these differences in the criteria implemented in the

research, all studies point to sustainable transport planning, as
they satisfy the conditions for a practical sustainability framework
(Turon, 2022b).

Since the criteria level is the basic decision unit of decision-making,
it is essential to identify and select appropriate evaluation criteria
to guide the process of planning and implementing measures for
transport sustainability. Previous studies, including (Della Mura
et al., 2022), have presented various sustainability assessment
criteria and indicators within the transport sector, mainly for impact
assessment and alternative assessment of projects. However, the
uniqueness of UVAR measure planning with its various limitations
such as equity concerns, social acceptability and effectiveness
(Macioszek et al., 2023) makes it essential to identify suitable
criteria for its evaluation.

The objective of this investigation is to achieve the identification
of criteria to determine the viability of the acceptance and
implementation of measures that contribute to sustainable
transport. This research carried out a very practical methodology
which allowed the validation of different objectives and
recommended preconditions for urban transport professionals and
planners with the criteria identified in the existing literature for the
evaluation of transport sustainability. These sub-criteria were then
classified into 5 sustainability criteria: economic, environmental,
social, political -governance and mobility-technical. These criteria
can be interpreted as follows:

1.1. Economic Criterion

The long-term economic growth of an urban area, including
its residents and businesses, must be supported by urban
transportation (Sousa and Costa, 2022). This criterion contains
sub-criteria that indicate the cost-effectiveness factors of the use
of UVAR maps and the potential costs incurred by users and
companies in the study area.

1.2. Environmental Criteria

Transport must protect urban ecosystems and natural resources
to ensure health and well-being now and in the future. The
measurement includes criteria to assess the role of UVAR in the
environmental impact of traffic activities (Turon et al., 2022).

1.3. Social Criteria

Urban transport must contribute to social efficiency and improve
the quality of life. The parameter defines the criteria to assess the
potential impacts and vulnerability of society and the population
related to the implementation of UVAR (Li and Liu, 2022).

1.4. Technical-mobility Criteria

This aspect includes all the criteria to ensure the effective operation
of UVAR without negatively affecting urban mobility and other
aspects of sustainability (Fabri et al., 2022). Therefore, assess
the situation with additional means of transportation and other
institutional requirements.

1.5. Political and Governance Criterion
This criterion seeks to define the policies associated with
sustainable transport and the use of renewable energy sources,

International Journal of Energy Economics and Policy | Vol 14 « Issue 1 * 2024




Rocha, et al.: Enhancing Sustainable Mobility: Multi-Criteria Analysis for Electric Vehicle Integration and Policy Implementation

defines the guidelines and commitments acquired and executed
by the government in power (Mangipinto et al., 2022).

On the other hand, this research seeks to contribute and simplify
decision-making processes, becoming a powerful tool for future
research where it is desired to find the best solution or option
against a group of alternatives regarding sustainable mobility,
especially the implementation of electric vehicles. Inherently in
this investigation, the following questions were addressed, which
said answers were used to capture the objectives addressed, the
concerns were:

What are the most appropriate criteria to assess the readiness or
feasibility of implementing electric vehicles in cities?

Which sustainability criteria and which ones are relevant to the
evaluation structure? What is the relative importance of the criteria
and/or sub-criteria that are identified?

Which sub-criterion has more or less absolute and relative
importance in each criterion?

These questions were answered through a statistical study
approach that involved experts in the field of transport and urban
planning to validate and consolidate the identified criteria for
sustainable sustainability planning, coming from the existing
literature. Finally, this research pays a double tribute to sustainable
transport planning by addressing the research questions outlined
above, firstly, it provides an evaluation framework to assess the
feasibility of different UVAR measures, allowing cities to identify
aspects where changes are required or to select an optimal measure
in this case for the implementation of electric vehicles. Second, it
presents equally important criteria and sub-criteria that are often
not taken into account in the planning of transport policy measures
(Christian Manuel Moreno Rocha et al., 2023).

2. MATERIALS AND METHODS

This section presents the fundamental concepts that guided this
study. The intent is not to cover all topics, but to provide essential
supporting information for understanding the research, context,
and results.

2.1. Proposed Procedure

Regarding the identification and choice of the best criteria and
sub-criteria, the first step consisted of a documentary analysis of
the situation and current scenarios of the content of electric cars in
Colombia and all the criteria that it manages to impact; with this,
in addition, the generation and conducive to the collection of data
and information relevant to the investigation with the intention of
achieving the established objectives (Ramsebner et al., 2021). For
this section, a qualitative research method was implemented to
identify a series of specific criteria and sub-criteria to evaluate the
viability of the measures for their implementation in cities and the
massive introduction of electric cars (Ogunkunbi and Meszaros,
2022). The criteria and subcriteria were obtained from the study
and analysis of a sustainable urban mobility planning framework
and from the consultation of different research databases associated

with this topic, keeping in mind that any measure taken on the issue
of the implementation of electric vehicles is a political instrument
that seeks to achieve strategies and vision to favor the mitigation
of the impact of climate change and mobility in the long term
(Kazemzadeh et al., 2023).

Another important step was to carry out the study of the current
situation of the European Commission for Urban Vehicle Access
Regulations, the objectives of the regime, in this commission
there is a set of criteria, these were compared with the criteria
and indicators of sustainable urban mobility already existing
in the literature, especially from the reviews carried out by
(Darshit, 2023). It was possible to review and analyze different
relevant criteria, in such a way that they are specific, measurable,
achievable, pertinent and with specific deadlines, in such a way
that they can be used in some future research for decision-making
by some metaheuristic method, which are generally adopted
in the planning phase of sustainable urban mobility planning
measures. For this particular investigation, forty-four items were
identified (Goel et al., 2023). Of great importance for the analysis
of feasibility and relevance, these were grouped into criteria using
the foundations of sustainability, that is, economic, environmental
and social, with a fourth and fifth criteria called technical and
political and governance.

Being consistent with an Inductive type methodology, the genesis
of this research is, starting from a general premise that electric
cars are, to draw conclusions from a particular case or problem
situation (Wang et al., 2022). Placing emphasis on theory,
explanation, theoretical models, abstraction together with data
collection, observation and experimentation. All data generated
and/or analyzed during this study is included in this published
article and its additional information file (Mouratidis, 2022).

Forty-four criteria/subcriteria were initially identified, criteria
systematically selected from the scientific literature, of relative
importance for the analysis of feasibility and relevance of the
measures. The criteria and dimensions identified are presented
in Table 1.

A questionnaire was prepared that was sent to 250 experts and
answered by 214 experts distributed among university professors,
businessmen and postgraduate students associated with the
research topic, in order to identify the criteria to be taken into
account in projects for the introduction of electric vehicles in the
national market, sustainable mobility and sustainable transport.
The questionnaire consisted of 46 questions and the following
categories were defined according to the Likert scale with a scale
from 1 to 5 as follows: (5) Totally agree, (4) Agree, (3) Neither
agree nor disagree, (2) Disagree and (1) Totally disagree. The Likert
scale allows establishing the level of agreement or disagreement
of an expert with respect to a statement. The questionnaire was
prepared using a Google form and was sent via email to each of
the experts previously consulted and approved to participate in
this research. For each criterion, the mean and standard deviation
were calculated from the responses of the experts in relation to
the criteria. Additionally, a scale was designed and 5 attributes
related to the level of significance were established, as can be
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Table 1: Proposal of criteria and subcriteria to be

evaluated

Technology maturity
initial investment
Armed conflict

equipment failure

Impact on the ecosystem
Energy efficiency

Energy for schools and health
centers

equipment obsolescence
Impact on the environment
unforeseen costs

technology access

natural phenomena

Energetic politics

Availability of spare parts and
maintenance

Easy access

Reliability

Operation and maintenance costs
Generation of local jobs

Gas emission

waste production

Physical infrastructure
Investment incentives
community acceptance
Useful life

Local resources (water and soil)
resource potential

cost of capital

operating cost

Impact on SMEs

Fossil fuel consumption
Atmospheric pollution
Emissions of greenhouse gases
Impact on biodiversity
congestion reduction

Security

Public transport quality
Institutional capacity

Robust cycling network
Implementation of mobility as
a service

Criteria

Economic

Environment

Social

Mobility and Technical
Politics and governance

(Gschwendtner et al., 2023)
(Turon, 2022a)

(Christian M.Moreno Rocha et al.,
2022)

(Moreno Rocha et al., 2022)
(Alemam and Al-Widyan, 2022)

(Zhu et al., 2022)

(Martinez-Ruiz et al., 2022)

(de Mendonga and Haddad, 2022)
(Maity et al., 2022)

(Zhang et al., 2022)

(Moreno Rocha et al., 2022)
(Ancaya-Martinez et al., 2022)

(Gielen et al., 2019)
(He et al., 2022)
(Diaz et al., 2022)
(Baloch et al., 2022)
(Thomasi et al., 2022)
(Yang et al., 2022)
(Wu et al., 2022)
(Raza et al., 2022)
(Hafsi et al., 2022)
(Pohl et al., 2022)
(Yamaka et al., 2022)
(Lennartz et al., 2022)
(Ahmed et al., 2022)
(Cervera et al., 2016)
(Sengiil et al., 2015)

(Sousa and Costa, 2022)
(Botero et al., 2021)
(Manuel et al., 2022)

(Fabri et al., 2022)

(Oner and Khalilpour, 2022)

(Borowska-Stefanska
etal., 2021)

(Yadegaridehkordi
and Nilashi, 2022)

(Rocha et al., 2022)
(Manuel et al., 2022)
(Hernéndez et al., 2021)
(Turon, 2022a)
(Sileryte et al., 2022)

seen in Table 2. The attributes indicate the relevance of including
or not including the criteria in the energy planning process. The
scale for the evaluation of each one of the criteria was elaborated
from equation (1):

R=(Ls—Li)/n (1)

The standard deviation, or typical deviation, is a measure that
provides information about the dispersion of the mean value of a
variable. The standard deviation is always greater than or equal
to zero (Wang et al., 2022).

Table 2: Scale proposal to implement

Totally agree 4.2<R<5.0 very high significance
OK 3.4<R<4.2 high significance
Neither agree nor disagree 2.6<R<3.4 moderate significance
In disagreement 1.8<R<2.6 little significance
strongly disagree 1<R<1.8 very little significance
N .
D lXi-x|
o="A 2
N 2)
N
> (rixy
oc=—"A 3
< G

The mean of a data set is determined by adding all the numbers in
the data set and dividing by the number of values in the set. The
median is the average value of a data set, ordered from smallest
to largest (Goel et al., 2023).

Xl+x2+x3+x4+...+xn

X = . )

2.1.1. Reliability

Reliability was determined using the Cronbach’s Alpha instrument,
which is one of the mathematical tools most widely used by
researchers to estimate the reliability of questionnaires, in cases
where a set of items are used that seek to measure the same attribute
or field of content, as is the case in the present investigation. It
stands out as the main advantage that only the application of a test
and its ease of computation are required.

Cronbach’s alpha is a coefficient used to understand the reliability
of a scale or test (Remme et al., 2022). A widely used resource
in psychometrics. Psychometrics is a discipline that measures
and quantifies human psychological variables using a variety of
techniques, methods, and theories.

K
c?Yi
a= K (Zi=1 )
K-1 o X
2.2. Implementation of Fuzzy Hierarchical Analyte
Process
The AHP is a decision-making method, proposed by Saaty in
1980, used to solve selection problems with multiple criteria. The
main characteristic of this method is that a hierarchical structure
is proposed, in which the problem to be solved is located at the
top and the solution alternatives are at the bottom (Moreno Rocha
etal., 2022). In the intermediate stages, the hierarchical criteria that
are the basis for decision-making are established. To implement
the AHP it is necessary to construct a set of pairwise comparison
matrices in which each element at a higher level is used to compare
the elements at the level immediately below.

)

These comparisons are made through preference relationships (for
the alternatives) and importance relationships (for the criteria),
which are evaluated through a numerical scale with integer
values between 1 and 9. The advantages of the AHP method can
be summarized as follows: It includes mathematical support It
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allows breaking down complex problems to analyze them by
parts using paired comparisons It allows the use of quantitative
and qualitative criteria It includes the participation of experts with
different interests to reach a consensus.

However, the method also has some disadvantages reported by the
researchers, among which the existence of a fixed measurement
scale stands out, which can affect the judgment given by the
respondent. In this context, the FAHP method arises, which is
a variant of the AHP originally proposed by Saaty. In the FAHP
method, the traditional numerical scale is replaced by a fuzzy
triangular scale, which improves imprecision in the judgments
made by experts in the decision-making process. With the
application of fuzzy logic, the imprecision and subjectivity of
human judgments is improved, since this technique can represent
imprecise data, for this investigation a total of 10 experts were
used, where they were consulted on the degree of importance of
each of the criteria and sub-criteria. With the FAHP, a range of
values is implemented that allows incorporating the uncertainty
of the decision maker, using fuzzy triangular numbers according
to the scale shown in Table 3 (Noorollahi et al., 2022).

The stages to implement the FAHP dog baby summarized ace
follows (Imamverdiev, 2022):

2.2.1. Fuzzy assembly operations

e The complementary set of a fuzzy set A is one whose
characteristic function is defined by (Diaz et al., 2022):

my = (x)=m4(x) (6)

e The union of two fuzzy sets A and B is a fuzzy set AU B in
U whose membership function is:

m g g(x) = mdx m,(x),mg(x) (7
e The intersection of two fuzzy sets TO and B is a fuzzy set A

°BinU
With characteristic function:

My 5 (x) =min m (x),mgz(x) (8)

The main operators that meet the conditions to be t-conorms are
the maximum operator and the algebraic sum

m gy p(x) =my(x)+mg(x)—m (x)mg(x) ©

and the main operators that meet the conditions to be t-standards
are the minimum operator and the algebraic product

mAmB(x) =my(x)mg(x) )

2.2.2. Fuzzy relationships

R (U’V) :((x,y),mR(x,y))|(x,y)OUxV (10)
assume
R (x,y) and S(x,y)

They are relations in the same product space Ux V' The intersection
or union between R and S, which are compositions between the
two relations, are defined as (Yang et al., 2022):

mRms(xay):mR(x’y)*mS(x) (l])

mpy 5 (%) = mp (x,y)* mg(x,y) (12)

IfR ° S, R and S belong to discrete universes of discourse. It is defined
as a fuzzy relation in U x W whose membership function is given by:

mpgos (%,2) = sup . [ug (x,3) * 1, (v, 2)] (13)

where the SUP operator is the maximum and the * operator can
be any T-norm. Depending on the t-norm chosen we can obtain
different compositions; The two most used compositions are max-
min composition and max-product composition:

e The max-min composition of the fuzzy relationships R (U,V)
and S (V,W), is a fuzzy relation R ° S in UxW defined by the
membership function

#R"S (x,z) :mdxygV min[:uR (x»y) *:us (ys Z)] (14)
where (x,z)f:UxW

e The max-product composition of the fuzzy relations R(U,V)
and S(V,W), is a fuzzy relation to R ° S
in UxW defined by characteristic function

fres (%,2) =madx, . [pg (6, 0) * s (7,2)] (16)
where (x, 2)8 UxW

2.2.3. Fuzzy implication

As we have already seen, in terms of fuzzy logic theory the
proposition “If u is A, then v is B” where u € you and v € V,
has an associated characteristic function that takes values in the
interval. Examples of possible associated characteristic functions,
extracted from applying the analogies between operators and the
aforementioned tautology, are:

my_p =(x,y) (Maity et al., 2022):
my_g(x,y)=1=p~p(x,y) =1-min[pu, (x),1-ug(»)] (17
my_, g (x,y) = max{l—u,(x), ug (y)] (18)

my_, g (X, ¥) =1=p,(x)(1 - pz(y)) (19)

In fuzzy logic the Modus Ponens extends to what is called
Generalized Modus Ponens and can be summarized as follows:
Premise 1: “uis A*”
Premise 2: “Ifuis ATHEN v is B”
Consequence: “v is B*”

Where the fuzzy set A* need not necessarily be the same as the
fuzzy set A of the rule antecedent and the fuzzy set B* need not
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necessarily be the same as the fuzzy set B that appears in the
consequent of the rule.

Thus, the generalized Modus Ponens is a diffuse composition in
which the first fuzzy relation is the fuzzy set A* and which can
be expressed:

He(¥) = SUp o g1 [, (X)* pip - 5(x,3) ] (20)

Taking into account that, in the applications of fuzzy logic to
engineering, the characteristic function of the implication is built
with the minimum and product operators, which in addition to
being the simplest preserve the cause-effect relationship, we will
have two options to choose from:

Has g (X y)=minlp,(x), ug ()] 1)
Has (6 Y)= 0 (X)-up (¥) (22)

2.2.4. Methods of syndication

e Maximum method: the output variable is chosen for which the
characteristic function of the fuzzy output set is maximum.
In general it is not an optimal method, since this maximum
value can be reached by several outputs.

e Centroid method: Uses the center of gravity of the output
characteristic function as the system output. Mathematically
(Kabir et al., 2022):

v =([yus ) ([yus 1t (23)

It is the most widely used method in applications from fuzzy logic
to engineering since a unique solution is obtained, although it is
sometimes difficult to calculate.

e  Height method: the center of gravity of the diffuse output set
Bm is calculated for each ruler and then the system output is
calculated as the weighted average:

3= ([Futtn, Go)etr) | (s, o)) 24)

2.2.5. Analysis with fuzzy logic

If it is a set of objects and a set of objectives, according to
the extended analysis method of Chang (1996), the extended
analysis is developed for each of the values of the objects; in this
way they can be obtained for each objective X = {x,x,x,,x }
U= {u 1’”2’”3-’%} (Manuel et al., 2022). Therefore, extended
analysis values of m can be obtained with the following notation
(He et al., 2022):

M. Mm?

LML MD=12.3, . (25)

Where everything is triangular fuzzy numbers M (=123, ..m)

Key steps of the model proposed by Chang (1996) (Moreno Rocha
etal., 2022):

Step 1: The value of the object — th of the extended analysis is
defined as: i

-1
Si= 2 M ®[ZMZH Mg’f] (26)

To obtain, the operation of fuzzy addition of m values of the
extended analysis is performed for a particular matrix, such that:

R -
ZL My = (Z::llj z:’:l mjz:;l uj) Y

To get, perform the operation of blurred addition of values, so that:

-1
n m : 1 .
[ZMZFIM;} M, (j=123,..m) (29)

YD WL IO WD I &

Then the inverse vector of the equation is calculated, as follows:

noam o 1 1 1
. R Mjl':| = 5 5
|:Zz:1 2]21 &l Z:l:l”i Z;mi Z:l:lli (3D

Step 2: The degree of chances of it is defined
as: M, = (I,m,u)>M =l ,m,u,)

14 (MZ 2 Ml): supny[min(:uMl(x)nuMZ (y))] (32)

And it can be expressed equivalently as follows:
V(M2 M)=hgt(M,~\ My) =y (d)=f (d)

Forks m >m,

L
Forks f, 2 u, = 0, (33)
h—u,

(m, —Uy — (my —1)

Where d is the ordinate of the highest intersection point D
between and pu,,, To compare and the values of y are required
MMZ M] MZ

ViMy2M)V (M 2M,) (34)

Step 3: The degree of possibility that a diffuse convex number is
greater than k

Convex numbers are defined as:

VMz2M.,M,,..M)=V{(M=M,)
yM=My)y (M=M,)]
=minV(M 2M,),i=1,23, ...,k (35)
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So, assuming that:
d' (4;)minV (S; =2 Sy) (36)

k=123, .msk#iW'=(d" (4),d" (4), ..d' (4,))"

For. The weight of the vector is given by:

k=1,2,3, .mk=iW'= (d" (4).d" (4y), ..d" (4,))

A4,(i=123.n)
where are n elements 4, (i = 1,2,3.,n)

Step 4: The normalization of the vector presented as follows:

W=(d (4).d (4), ..d (4,)) (37)

Where W is not a fuzzy number but the set of weights for each
matrix.

For this case it should be borne in mind that W are now not fuzzy
numbers, but vectors with the final weights. Table 4 represents the
values used in the conversion of the linguistic syntax used by the
experts and their respective valuation into fuzzy triangular and
triangular numbers. Finally.

3. RESULTS

This section will show the results obtained in this investigation, it
shows the results obtained in a proposal for the implementation of a
model for the selection of a group of criteria and subcriteria, as well
as the implementation of a MCDM model for the hierarchization
of these.

3.1. Results of the Procedure in the Identification and
Selection of the Criteria and Subcriteria

Regarding the procedure for the identification and selection of
the most important criteria and sub-criteria when it comes to the
implementation of electric vehicles, the results showed that most of
the proposed criteria were significant for evaluating the feasibility
of policy measures regarding the implementation of electric
vehicles in the Colombian market and in accordance with the
international commitment to improve sustainable mobility and the
use of sustainable transport. While agreeing that all dimensions of
sustainability considered were relevant, the study provides criteria
to assess the feasibility of effective adoption of urban vehicle access
regulations based on expert opinion drawn from the fields of transport
and urban planning using a research approach and mathematical
tools. In general, the evaluation structure presented in this study has
the potential to be of immediate value and, therefore, a significant
contribution to the policy discussion related to everything related to
sustainable mobility and the use of sustainable transport, especially
with regard to the planning and implementation of measures for the
implementation of this type of electric mobility technology.

Table 2 shows the results obtained for the mean, standard deviation
and level of significance that was obtained for each one of the
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Table 3: AHP and FAHP scales (Bhattacharyya, 2012)

1 equally important (1,1,1) (1,1,1)

2 Intermediate 1 (1,2,3) (1/3,1/2,1)
3 Moderately more important 2,34 (1/4,1/3,1/2)
4 Intermediate 2 (3,4,5)  (1/5,1/4,1/3)
5 Strongly more important (4,5,6) (1/6,1/5,1/4)
6 Intermediate 3 (5,6,7) (1/7,1/6,1/5)
7 Look and strongly more important  (6,7,8)  (1/8,1/7,1/6)
8 Intermediate 4 (7,8,9)  (1/9,1/8,1/7)
9 absolutely more important (9,9,9)  (1/9,1/9,1/9)

Table 4: Results obtained for the subcriteria

Technology maturity 3.76 1.29 High
Initial investment 3.69 1.21 High
Armed conflict 2.63 1.17 Moderate
Impact on the ecosystem 3.80 0.96 High
Energy efficiency 391 0.92 High
Energy for schools and health 4.02 1.03 High
centers

Natural phenomena 345 1.03 High
Energetic politics 3.83 0.88 High
Auvailability of spare parts and 3.63 1.03 High
maintenance

Easy access 3.58 1.17 High
Reliability 3.90 0.94 High
Operation and maintenance costs ~ 3.75 0.92 High
Generation of local jobs 3.86 0.83 High
Physical infrastructure 3.65 1.21 High
Investment incentives 3.63 1.35 High
Community acceptance 3.57 1.16 High
Local resources (water and soil) 3.65 0.97 High
Resource potential 3.95 0.91 High
Cost of capital 3.66 0.95 High
Operating cost 3.70 0.91 High
Fossil fuel consumption 333 1.16 Moderate
Atmospheric pollution 3.35 1.20 Moderate
Emissions of greenhouse gases 3.29 1.08 Moderate
Impact on biodiversity 343 1.00 High
Public transport quality 3.59 0.90 High
Institutional capacity 3.79 0.91 High
Robust cycling network 3.54 0.95 High

subcriteria after each one of the results of the instrument applied
to the group of experts had been analyzed. It can be seen that the
highest average value was obtained for energy for schools and
health centers with an average of 4.02 and the lowest value was
for the armed conflict with an average of 2.63. In the same way,
it is observed that the standard deviation that the criteria present
with respect to the mean ranges between 1.03 and 1.17; which does
not reflect the high level of dispersion of the evaluation carried
out and issued by the experts.

After carrying out an analysis of each one of the results obtained,
and being consistent with what is embodied in the methodology,
we proceeded to establish and define 5 criteria for a better
understanding of this research, which are: mobility and technical,

ssue 1« 2024




Rocha, et al.: Enhancing Sustainable Mobility: Multi-Criteria Analysis for Electric Vehicle Integration and Policy Implementation

economic, social, environmental, political and governance. For
the mobility and technical criteria, the following sub-criteria were
grouped: quality of public transport (C1.1), robust cycling network
(C1.2), technology maturity (C1.3), energy efficiency (C1.4),
availability of spare parts and maintenance (C1.5), reliability
(C1.6) and physical infrastructure (C1.7). However, it is important
to understand that, in order to select the mobility and technical
subcriteria, an analysis was carried out in accordance with what
is presented in graph 1, where the subcriteria whose individual
mean exceeded the group mean were selected. In addition, the
selected subcriteria meet a High significance level. Therefore, 3
technical sub-criteria were selected: C1.3, C1.4 and C1.6. With
this analysis, the mobility and technical criteria were established,
with an average of 3.71, which is equivalent to a High level of
significance, see Figure 1.

Economic, the same exercise was carried out as with the mobility
and technical criteria, the following sub-criteria were grouped:
Operation and maintenance costs (C2.1), resource potential (C2.2),
initial investment (C2.3), investment incentives (C2.4), capital
cost (C2.5) and operating cost (C2.6).

According to the information presented in graph 2, subcriteria
C2.1 and C2.2 were selected, which exceeded the group mean
and have a High level of significance. In this way, the economic
sub-criteria were defined with an average of 3.73 and a high level
of significance. For the social criteria, the following sub-criteria
were grouped: acceptance by the community (C3.1), generation of
local jobs (C3.2), energy for schools and health centers (C3.3) and
security (C3.4). Considering graph 3, subcriteria C3.2 and C3.3
were selected, which had a High level of significance and exceeded
the group mean. With this procedure, the social subcriteria were
defined with a mean of 3.77 and a High level of significance, see
Figures 2 and 3.

In the case of environmental criteria, these were grouped as
follows: impact on the ecosystem (C4.1), consumption of fossil
fuels (C4.2), air pollution (C4.3), greenhouse gas emissions
(C4.4), natural phenomena (C4.5) and local resources (water
and soil) (C4.6). From graph 4, subcriteria C4.1 and C4.6 were
selected, which exceed the group mean and also have High

Figure 1: Selection of mobility and technical subcriteria
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significance levels. For this research, it was important to note that
the environmental criteria had an average of 3.48 with a High level
of significance, this reflects the importance that the environmental
criteria has taken on compared to the other criteria when preparing
and planning a project or research proposal, see Figure 4.

Finally, the policy and governance criteria were grouped into the
following sub-criteria: institutional capacity (C5.1), armed conflict
(C5.2), energy policy (C5.3) and easy access (C5.4). According
to the results shown in graph 5, subcriteria C5.1, C5.3 and C5.4
were selected, which exceeded the group mean and have a high
level of significance. With this analysis, the risk criteria had a
moderate level of significance with a mean of 3.46, see Figure 5.

According to the analysis carried out from the results obtained with
the evaluation of the experts, Table 5 summarizes the sub-criteria
selected for energy planning projects at the time of the massive
introduction of electric vehicles in Colombia using renewable and
conventional energy sources. In total, 27 sub-criteria were selected,
which were ordered from highest to lowest according to the mean
they obtained within the category.

3.2. FAHP Results
After identifying the most outstanding sub-criteria for the massive
implementation of electric vehicles in a society, the Hierarchical

Figure 2: Selection of Economic Subcriteria
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Figure 3: Selection of Environmental Subcriteria
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Table 5: Selected subcriteria

1. Energy efficiency (3.91) 1. Resource Potential

1. Energy for schools and

1. Impact on the 1. Energy

(3.95) health centers (4.02) ecosystem (3.80) policy (3.83)
2. Reliability (3.90) 2. Operation and 2. Generation of local jobs 2. Local resources 2. Institutional
maintenance costs (3.75) (3.86) (water and soil) (3.65) capacity (3.79)
3. Technology maturity (3.76) 3. Operating cost (3.70) 3. Security (3.63) 3. Natural phenomena (3.45) 3. Armed
4. Physical infrastructure (3.65) 4. Initial investment (3.69) 4. Air pollution (3.35) conflict (3.63)
5. Availability of spare parts and 5. Capital cost (3.66) 4. Community Acceptance 5. Fossil fuel consumption 4. Easy
maintenance (3.63) (3.57) (3.33) access (3.58)
6. Quality of public transport 6. Investment incentives 6. Greenhouse gas emissions
(3.59) (3.63) (3.29)

7. Robust cycling network (3.54)

Figure 4: Selection of Social Subcriteria

Figure 6: Hierarchy of criteria according to FAHP
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Figure 5: Selection of Politics and Governance Subcriteria
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Analytical Process method with fuzzy logic was used, taking into
account the responses of the 10 experts consulted. The objective
was to weigh and rank each of the previously identified criteria
and sub-criteria.

Table 6 and Figure 6 present the results of the ranking and weighting
of the general criteria, especially highlighting the environmental
and policy and governance criteria due to their greater weighting.
This clearly reflects the concern of the expert group for the
environmental aspect and all the sub-criteria associated with it,
possibly with the purpose of meeting the sustainable development

B Environmental

® Economic

i Politics and governance
Mobility and technicians

W Social

goals. In addition, it is evident that government policies and actions
will be decisive for the success of the implementation of electric
vehicles in society. On the other hand, Figure 7 shows the results
of the hierarchization of the sub-criteria corresponding to the
mobility and technical criteria. In this case, the experts highlight
the maturity of the technology, the reliability and the availability
of spare parts and maintenance as the most important sub-criteria.
These results indicate that, when implementing electric vehicles, it
is essential to evaluate the degree of development reached by the
technology to be used, as well as its reliability both for users and
for society in general. Furthermore, the availability and quality
of spare parts and maintenance services play a crucial role in the
adoption process of these vehicles. The results obtained through
the Fuzzy Logic Hierarchical Analytical Process method provide
a valuable guide for decision-making in the implementation of
electric vehicles, highlighting the relevance of the environmental
aspect and the crucial role of government policies, as well as
the importance of technological maturity and the availability of
support services in the successful adoption of this technology.

Figures 8 and 9 show the results obtained for the weighting and
ranking of the economic and social sub-criteria respectively,
the results obtained in the ranking of the economic sub-criteria
may not be indifferent to those obtained in other investigations
regarding the implementation of an energy project, the sub-criteria
of operating costs and initial investment are the most important
according to the group of experts consulted, this shows that it does
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Table 6: Relative weights general criteria FAHP

environmental 15/7 2 21/5 1/3 1/3 1/3 1/3 28% Lambda 5.02
economic 1 1 11/6 1/5 1/5 1/5 1/5 twenty-one% IC 0.006
Politics and governance 6/7 1 11/9 1/6 1/6 1/6 1/6 34% CR 0.005
Mobility and technicians 172 3/5 23 1/9 1/9 1/9 1/9 eleven%
Social 8/9 1 11/5 1/6 1/5 1/5 1/5 6%
ADDITION 5 55/8 61/3 1 100.00%
INVERSE SUM 1/5 1/6 1/6
Figure 7: Classification of mobility and technical subcriteria Figure 9: Classification of social subcriteria
Energy efficiency Energy for schools and health centers
Reliability 22.12%
Mature of technology 25.58% Generation of local jobs 24.39%
Physical infrastructure
Safety
Spare parts and maintenance availability
Quality of public transport Community Acceptance
\
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Figure 8: Classification of economic subcriteria
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not matter whatever the project to be developed, from an economic
point of view the most important thing is the initial value of the
investment, the value of the cost in the operation of said project and
more, it is a new technology to be implemented, such as electric
vehicles. For the results found in the social subcriteria, it stands
out that the generation of work and safety are the most important
according to the experts consulted. For this particular criterion,
the percentage difference between the subcriteria was not so great,
showing that all of them must actually be taken into account when
implementing electric vehicles in society, it is not only enough
to generate work and how safe this technology is, but also, for
example, to guarantee that with this technology the efficient
energization of schools and health centers can be achieved. if
this occurs, it very surely brings the acceptance of a community.

Corresponding to the Classification of Policies-Governance
and Environmental subcriteria, corresponding to
Figures 10 and 11 respectively, the results found are of great
interest, this is because it is the institutional capacity that is most

Figure 10: Classification of policies and governance subcriteria
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responsible when implementing electric vehicles, it is because
it is public policies, the guidelines presented by a government
in turn for a country, which will define the success or not in the
implementation of electric vehicle technology, it is that perhaps
a government can generate incentive s economic, tax, etc. in such
a way that it motivates the greater implementation of electric
vehicles and in such a way achieves the gradual replacement of
traditional vehicles operating by traditional sources. Regarding the
results of the environmental subcriteria, the importance that the
experts have given to the local resource stands out, because it is the
element from which the energy transformation would be obtained
to achieve energization and/or transformation in everything related
to the construction and implementation of electric vehicles, in
order to reduce the economic costs of this technology, if local
resources were not available, they would have to be transported
from another location, which would imply an increase in prices for
the end user, likewise the amount of air pollution that is generated
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Figure 11: Classification of environmental subcriteria
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is of great importance. Can generate throughout the process and/
or chain of construction and implementation of electric vehicles.

4. CONCLUSIONS

This document offers a complete vision of the development over
time in research and implementation regarding the introduction
of electric vehicles in order to improve or obtain sustainable
transport, through a scientometric study, which allows academics
to understand the current state and future development patterns
of research regarding this topic. As an indication for prospective
research, we can emphasize the need to understand the emergence
and regionalization of specific techniques and their variations,
broaden the research within the identified countries to gain a
deeper understanding of their scientific output on the subject under
investigation, apply thematic models to find latent themes in the
investigated database, and systematize method variants and their
interfaces with other research areas, such as machine learning.

On the other hand, as a result of this research, a significant spectrum
of very precise conclusions can be addressed, which contribute
significantly to the sustainable development objectives and
sustainable transport planning, the latter currently lacking clearly
defined criteria and sub-criteria that help investors and planners to
make a better decision, this due to the complexity within a large
number of criteria and/or sub-criteria that can be evaluated. As
a consequence of this problem, it is evident that urban transport
planners and other actors require and/or need decision-making
support tools to help the adoption and implementation phases
of strategies that efficiently and continuously help to solve the
problem related to sustainable transport and mobility. This
Research succeeded in providing criteria, as well as sub-criteria,
to assess the feasibility of effective adoption of urban vehicle
access regulations based on expert opinion drawn from the fields of
transportation and urban planning using a statistical methodology.

Another important result of this research is that the evaluation
structure presented has the potential to be implemented
immediately and, therefore, becomes a significant contribution
to the discussions and commitments acquired by the different
governments in national and international policies, especially
with regard to the planning and implementation of UVAR

measures. In addition, this tool is an adequate complement to the
set of tools that may already exist in the reassessment of some
policies or strategies that you define today in everything related
to the implementation of electric vehicles in the large cities of the
world, therefore, the evaluation structure will help these cities to
evaluate these recommended measures in alignment with their
sustainability objectives.

Regarding the response of the group of experts consulted, 5
criteria and 27 sub-criteria with high importance for the purpose
of the study were identified. However, criteria such as economic,
environmental and political and governance, resulted with an
important added value, this refers to the commitments made by
governments to meet the objectives of sustainable development.
On the other hand, sub-criteria such as Energy Efficiency, Resource
Potential, Energy for Schools and Health Centers, Ecosystem
Impact, and Energy Policy were considered only slightly important
and were left to the discretion of urban policy makers to include
or exclude in the decision-making process.

To conclude, although the proposed research structure can
satisfactorily evaluate the viability of different UVAR measures,
it is important to highlight some improvements for future research
as a continuation of this. In the first place, the results may
have a subjective value due to the predominance of academic
specialists and the non-specific scope of the precise area of study.
Future research may have a little more delimitation of the area
to be implemented, while ensuring a balanced representation of
stakeholders such as citizens and business operators. This will
allow differences in agreement on specific criteria and sub-criteria
to be fully investigated to determine if they are random or reflect
stakeholder group preferences, thereby mitigating that degree of
subjectivity. Secondly, the research implemented the consultation
of a group of experts and a statistical method for the criteria and
sub-criteria, however, the possibility that the participants rank their
concerns instead of the importance of the object is a demerit of
this approach. Furthermore, this approach implies that weights can
only be determined within a category, while global weights can
only be inferred. Thirdly, thanks to the implementation of FAHP,
the weighting and ranking of each of the criteria and sub-criteria
identified with the initial statistical methodology was achieved.

MCDA weighting approaches can be used, some metaheuristic
methods such as AHP or TOPSIS can be implemented, which can
produce hierarchical structures consistent with the sustainability
framework. All these proposed improvements and modifications
will be investigated and implemented in our future investigations
to provide decision makers and other interested parties with more
information on the evaluation of UVAR measures.

REFERENCES

Ahmed, M., Mavukkandy, M.O., Giwa, A., Elektorowicz, M., Katsou, E.,
Khelifi, O., Naddeo, V., Hasan, S.W. (2022), Recent developments
in hazardous pollutants removal from wastewater and water reuse
within a circular economy. Npj Clean Water, 5(1), 12.

Alemam, A., Al-Widyan, M.I. (2022), Technical, economic, and
environmental assessment of integrating solar thermal systems

International Journal of Energy Economics and Policy | Vol 14 « Issue 1 * 2024




Rocha, et al.: Enhancing Sustainable Mobility: Multi-Criteria Analysis for Electric Vehicle Integration and Policy Implementation

in existing district heating systems under Jordanian climatic
conditions. Journal of Sustainable Development of Energy, Water
and Environment Systems, 10(3), 0395.

Ancaya-Martinez, M.C.E., Ochoa Tataje, F.A., Florez-Ibarra, J.M., Arias
Velasquez, R.M. (2022), Generation of clean water in dry deserts
based on photo-voltaic solar plants. Ain Shams Engineering Journal,
13(6), 101801.

Bakker, S., Haq, G., Peet, K., Gota, S., Medimorec, N., Yiu, A.,
Jennings, G., Rogers, J. (2019), Low-carbon quick wins: Integrating
short-term sustainable transport options in climate policy in low-
income countries. Sustainability, 11(16), 4369.

Baloch, Z.A., Tan, Q., Kamran, H.W., Nawaz, M.A., Albashar, G.,
Hameed, J. (2022), A multi-perspective assessment approach
of renewable energy production: Policy perspective analysis.
Environment, Development and Sustainability, 24(2), 2164-2192.

Bhattacharyya, S. C. (2012). Review of alternative methodologies for
analysing off-grid electricity supply. Renewable and Sustainable
Energy Reviews, 16(1), 677-694.

BorowskallStefanska, M., Kowalski, M., Kurzyk, P., Mikusova, M.,
Wisniewski, S. (2021), Privileging electric vehicles as an element of
promoting sustainable urban mobility-effects on the local transport
system in a large metropolis in Poland. Energies, 14(13), 3838.

Botero, S., Atencio, F., Tafur, J., Hernandez, H. (2021), Vital process in
educational management: High quality tool towards environmental
sustainability. Revista de Ciencias Sociales, 27(2), 309-321.

Cervera, A., Urbina, D., de la Pefia, M. (2016), Retrozymes are a unique
family of non-autonomous retrotransposons with hammerhead
ribozymes that propagate in plants through circular RNAs. Genome
Biology, 17(1), 135.

Danese, A., Torsaeter, B.N., Sumper, A., Garau, M. (2022), Planning of
high-power charging stations for electric vehicles: A review. Applied
Sciences (Switzerland), 12(7), 3214.

Darshit, S. (2023). iScience 11 optimization of solar and battery-based
hybrid bioenergy and hydro energy-based dispatchable. iscience,
26(1), 105821.

De Mendonga, M.B., Haddad, A.N. (2022), Sustainability assessment
of a low-income building : A BIM-LCSA-FAHP-based analysis.
Buildings, 12, 1-19.

Della Mura, M., Failla, S., Gori, N., Micucci, A., Paganelli, F. (2022),
E-scooter presence in Urban areas: Are consistent rules, paying
attention and smooth infrastructure enough for safety? Sustainability,
14(21), 14303.

Diahovchenko, 1., Petrichenko, L., Borzenkov, 1., Kolcun, M. (2022),
Application of photovoltaic panels in electric vehicles to enhance
the range. Heliyon, 8(12), e12425.

Diaz, H., Teixeira, A.P., Guedes Soares, C. (2022), Application of Monte
Carlo and Fuzzy Analytic Hierarchy Processes for ranking floating
wind farm locations. Ocean Engineering, 245, 110453.

Ewert, A., Brost, M., Eisenmann, C., Stieler, S. (2020), Small and
light electric vehicles: An analysis of feasible transport impacts
and opportunities for improved urban land use. Sustainability
(Switzerland), 12(19), 8098.

Fabri, G., Ometto, A., Villani, M., D’ovidio, G. (2022), A battery-free
sustainable powertrain solution for hydrogen fuel cell city transit bus
application. Sustainability (Switzerland), 14(9), 5401.

Gielen, D., Boshell, F., Saygin, D., Bazilian, M.D., Wagner, N.,
Gorini, R. (2019), The role of renewable energy in the global energy
transformation. Energy Strategy Reviews, 24, 38-50.

Goel, P., Kumar, A., Parayitam, S., Luthra, S. (2023), Understanding
transport users’ preferences for adopting electric vehicle based
mobility for sustainable city: A moderated moderated-mediation
model. Journal of Transport Geography, 106, 103520.

Gschwendtner, C., Knoeri, C., Stephan, A. (2023), The impact of plug-

in behavior on the spatial-temporal flexibility of electric vehicle
charging load. Sustainable Cities and Society, 88, 104263.

Hafsi, O., Abdelkhalek, O., Mekhilef, S., Soumeur, M.A., Hartani, M.A.,
Chakar, A. (2022), Integration of hydrogen technology and energy
management comparison for DC-Microgrid including renewable
energies and energy storage system. Sustainable Energy Technologies
and Assessments, 52(PB), 102121.

He, S., Lu, Y., Li, M. (2022), Probabilistic risk analysis for coal mine
gas overrun based on FAHP and BN: A case study. Environmental
Science and Pollution Research, 29, 28458-28468.

Hernandez, J.C.B., Moreno, C., Ospino-Castro, A., Robles-Algarin, C.A.,
Tobon-Perez, J. (2021), A hybrid energy solution for the sustainable
electricity supply of an irrigation system in a rural area of Zona
Bananera, Colombia. International Journal of Energy Economics
and Policy, 11(4), 521-528.

Imamverdiev, N.S. (2022), Optimal site selection for solar photovoltaic
power plants: A case study of the nakhchivan autonomous republic,
Azerbaijan. Geography and Natural Resources, 43(2), 189-199.

Kabir, G., Ahmed, S.K., Aalirezaei, A., Ng, K.T.W. (2022), Benchmarking
Canadian solid waste management system integrating fuzzy analytic
hierarchy process (FAHP) with efficacy methods. Environmental
Science and Pollution Research, 29, 51578-51588.

Kazemzadeh, K., Haghani, M., Sprei, F. (2023), Electric scooter safety: An
integrative review of evidence from transport and medical research
domains. Sustainable Cities and Society, 89, 104313.

Kovaci¢, M., Mutavdzija, M., Buntak, K. (2022), New paradigm of
sustainable urban mobility: Electric and autonomous vehicles-a
review and bibliometric analysis. Sustainability, 14(15), 9525.

Kowalska-Pyzalska, A. (2022), Perspectives of development of low
emission zones in Poland: A short review. Frontiers in Energy
Research, 10, 898391.

Kubik, A. (2022), Selection of an electric scooter for shared mobility
services using multicriteria decision support methods. Energies,
15(23), 8903.

Lennartz, J., Toxopeus, M.E., Van Der Meulen, J. (2022), Analysis of
environmental transitions for tool development. Procedia CIRP,
105, 799-804.

Li, Y., Liu, M. (2022), Path planning of electric VTOL UAV considering
minimum energy consumption in Urban Areas. Sustainability,
14(20), 13421.

Lin, X., Wells, P., Sovacool, B.K. (2017), Benign mobility? Electric
bicycles, sustainable transport consumption behaviour and socio-
technical transitions in Nanjing, China. Transportation Research
Part A: Policy and Practice, 103, 223-234.

Macioszek, E., Ciesla, M., Grana, A. (2023). Future development of
an energy-efficient electric scooter sharing system based on a
stakeholder analysis method. Energies, 16(1), 554.

Maity, B., Mallick, S.K., Das, P., Rudra, S. (2022), Comparative analysis
of groundwater potentiality zone using fuzzy AHP, frequency ratio
and Bayesian weights of evidence methods. Applied Water Science,
12(4), 63.

Mangipinto, A., Lombardi, F., Sanvito, F.D., Pavicevi¢, M., Quoilin, S.,
Colombo, E. (2022), Impact of mass-scale deployment of electric
vehicles and benefits of smart charging across all European countries.
Applied Energy, 312, 118676.

Manuel, C., Rocha, M., Domingue, E.D.F., Castillo, D.A.D., Vargas, L.,
Alfredo, A., Guzman, M. (2022), Evaluation of energy alternatives
through FAHP for the energization of colombian insular areas.
International Journal of Energy Economics and Policy, 12(4), 1-12.

Manuel, C., Rocha, M., Santiago, L., Daly, H.E., Holling, C.S.,
Odum, H.T., Manuel, J. (2022), Statistical analysis of research
in the study of the implementation of the circular economy in the
preservation of water resources. Global Sustainability Research,

International Journal of Energy Economics and Policy | Vol 14 « Issue 1 * 2024




Rocha, et al.: Enhancing Sustainable Mobility: Multi-Criteria Analysis for Electric Vehicle Integration and Policy Implementation

1(1), 32-40.

Manuel, C., Rocha, M., Santiago, L., Jotty, S. (2022), Design of strategies
for an efficient and applicative transition from the linear economy
to the circular economy, Colombia case. International Journal of
Global Energy Issues, 1, 1-11.

Martinez-Ruiz, Y., Manotas-Duque, D.F., Osorio-Gomez, J.C., Ramirez-
Malule, H. (2022), Evaluation of energy potential from coftee pulp
in a hydrothermal power market through system dynamics: The case
of Colombia. Sustainability, 14(10), 5884.

Moreno Rocha, C.M., Alvarez, J.R.N., Castillo, D.A.D., Domingue, E.D.F.,
Hernandez, J.C.B. (2022), Implementation of the hierarchical
analytical process in the selection of the best source of renewable
energy in the Colombian Caribbean Region. International Journal
of Energy Economics and Policy, 12(2), 111-119.

Moreno Rocha, C.M., Florian Domingue, E.D., Diaz Castillo, D.A.,
Vargas, K.L., Guzman, A.A.M. (2022), Evaluation of energy
alternatives through FAHP for the energization of Colombian insular
areas. International Journal of Energy Economics and Policy, 12(4),
87-98.

Moreno Rocha, C.M., Milanes, C.B., Arguello, W., Fontalvo, A.,
Alvarez, R.N. (2022), Challenges and perspectives of the use of
photovoltaic solar energy in Colombia. International Journal of
Electrical and Computer Engineering, 12(5), 4521-4528.

Moreno Rocha, C.M., Ospino-Castro, A., Robles-Algarin, C., Costa, U.
De, Magdalena, U., Marta, S. (2022), Decision-making support
framework for electricity supply in non-interconnected rural areas
based on FAHP. International Journal of Energy Economics and
Policy, 12(5), 79-87.

Moreno Rocha, C.M., Perez, D.F., Retamoza, J.R., Ortega, J.S.,
Bohorquez, D.B., Catalan, L.T. (2022), Evaluation, hierarchy and
selection of the best source of energy by using AHP, as a proposed
solution to an energy and socio-economic problem, in the case of
Colombia’s Pacific Zone. International Journal of Energy Economics
and Policy, 12(5), 409-419.

Mouratidis, K. (2022), Bike-sharing, car-sharing, e-scooters, and
Uber: Who are the shared mobility users and where do they live?
Sustainable Cities and Society, 86, 104161.

Nikitas, A., Thomopoulos, N., Milakis, D. (2021), The environmental and
resource dimensions of automated transport: A nexus for enabling
vehicle automation to support sustainable urban mobility. Annual
Review of Environment and Resources, 46, 167-192.

Noorollahi, Y., Ghenaatpisheh Senani, A., Fadaei, A., Simaee, M.,
Moltames, R. (2022), A framework for GIS-based site selection and
technical potential evaluation of PV solar farm using Fuzzy-Boolean
logic and AHP multi-criteria decision-making approach. Renewable
Energy, 186, 89-104.

Ogunkunbi, G.A., Meszaros, F. (2022), Identifying criteria for effective
urban vehicle access regulations adoption. Environmental Sciences
Europe, 34(1), 103.

Oner, O., Khalilpour, K. (2022), Evaluation of green hydrogen carriers:
A multi-criteria decision analysis tool. Renewable and Sustainable
Energy Reviews, 168, 112764.

Pohl, C., Schmidt, B., Nunez Guitar, T., Klemm, S., Gusovius, H.J.,
Platzk, S., Kruggel-Emden, H., Klunker, A., Vdllmecke, C.,
Fleck, C., Meyer, V. (2022), Establishment of the basidiomycete
Fomes fomentarius for the production of composite materials. Fungal
Biology and Biotechnology, 9(1), 4.

Ramsebner, J., Haas, R., Auer, H., Ajanovic, A., Gawlik, W., Maier, C.,
Nemec-Begluk, S., Nacht, T., Puchegger, M. (2021), From single
to multi-energy and hybrid grids: Historic growth and future vision.
Renewable and Sustainable Energy Reviews, 151, 111520.

Ramsebner, J., Hiesl, A., Haas, R., Auer, H., Ajanovic, A., Mayrhofer, G.,
Reinhardt, A., Wimmer, A., Ferchhumer, E., Mitterndorfer, B.,

International Journal of Energy Economics and Policy | Vol 14 « Issue 1 * 2024

Miihlberger, M., Miihlberger-Habiger, K. (2023), Smart charging
infrastructure for battery electric vehicles in multi apartment
buildings. Smart Energy, 9, 100093.

Raza, M.A., Khatri, K.L., Ul Haque, M.I., Shahid, M., Rafique, K.,
Waseer, T.A. (2022), Holistic and scientific approach to the
development of sustainable energy policy framework for energy
security in Pakistan. Energy Reports, 8, 4282-4302.

Remme, D., Sareen, S., Haarstad, H. (2022), Who benefits from
sustainable mobility transitions? Social inclusion, populist resistance
and elite capture in Bergen, Norway. Journal of Transport Geography,
105, 103475.

Sengiil, U., Eren, M., Eslamian Shiraz, S., Gezder, V., Sengiil, A.B. (2015),
Fuzzy TOPSIS method for ranking renewable energy supply systems
in Turkey. Renewable Energy, 75, 617-625.

Sileryte, R., Sabbe, A., Bouzas, V., Meister, K., Wandl, A., van
Timmeren, A. (2022), European waste statistics data for a circular
economy monitor: Opportunities and limitations from the Amsterdam
metropolitan region. Journal of Cleaner Production, 358, 131767.

Sousa, C., Costa, E. (2022), Types of policies for the joint diffusion of
electric vehicles with renewable energies and their use worldwide.
Energies, 15(20), 7585.

Stark, J., Weil}, C., Trigui, R., Franke, T., Baumann, M., Jochem, P.,
Brethauer, L., Chlond, B., Giinther, M., Klementschitz, R., Link, C.,
Mallig, N. (2018), Electric vehicles with range extenders: Evaluating
the contribution to the sustainable development of metropolitan
regions. Journal of Urban Planning and Development, 144(1),
0000408.

Thomasi, V., Cezar, J., Siluk, M., Rigo, P.D., Rosa, C.B., Garcia, E.D.,
Cassel, R.A., Fernando, C. (2022), A model for measuring the
photovoltaic project performance in energy auctions. International
Journal of Energy Economics and Policy, 12(4), 501-511.

Turon, K. (2022a), Multi-criteria decision analysis during selection
of vehicles for car-sharing services--regular users’ expectations.
Energies, 15(19), 7277.

Turon, K. (2022b), The expectations towards cars to be used in car-sharing
services--the perspective of the current polish non-users. Energies,
15(23), 8849.

Turon, K., Kubik, A., Chen, F. (2022), What car for car-sharing?
Conventional, electric, hybrid or hydrogen fleet? Analysis of the vehicle
selection criteria for car-sharing systems. Energies, 15(12), 4344.

Wang, N., Pei, Y., Fu, H. (2022), Public acceptance of last-mile shuttle
bus services with automation and electrification in cold-climate
environments. Sustainability, 14(21), 14383.

Wang, Y., Liao, F., Lu, C. (2022), Integrated optimization of charger
deployment and fleet scheduling for battery electric buses. Transportation
Research Part D: Transport and Environment, 109, 103382.

Wu, D., Wang, D., Ramachandran, T., Holladay, J. (2022), A techno-economic
assessment framework for hydrogen energy storage toward multiple
energy delivery pathways and grid services. Energy, 249, 123638.

Waulf, C., Haase, M., Baumann, M., Zapp, P. (2023), Weighting factor
elicitation for sustainability assessment of energy technologies.
Sustainable Energy and Fuels, 7, 832-847.

Yadegaridehkordi, E., Nilashi, M. (2022), Moving towards green
university: A method of analysis based on multi-criteria decision-
making approach to assess sustainability indicators. International
Journal of Environmental Science and Technology, 19(9), 8207-8230.

Yamaka, W., Chimprang, N., Klinlumpu, C. (2022), The dynamic linkages
among environment, sustainable growth, and energy from waste in
the circular economy of EU countries. Energy Reports, 8, 192-198.

Yang, M., Ji, Z., Zhang, L., Zhang, A., Xia, Y. (2022), A hybrid
comprehensive performance evaluation approach of cutter holder
for tunnel boring machine. Advanced Engineering Informatics, 52,
10154e6.




Rocha, et al.: Enhancing Sustainable Mobility: Multi-Criteria Analysis for Electric Vehicle Integration and Policy Implementation

Zhang, J., Qu, Q., Chen, X.B. (2022), Assessing the sustainable safety Zhu, Y., Tan, J., Cao, Y., Liu, Y., Liu, Y., Zhang, Q., Liu, Q. (2022),

practices based on human behavior factors: an application to Chinese Application of fuzzy analytic hierarchy process in environmental
petrochemical industry. Environmental Science and Pollution economics education: Under the online and offline blended teaching
Research, 29, 44618-44637. mode. Sustainability, 14(4), 2414.

International Journal of Energy Economics and Policy | Vol 14 « Issue 1 * 2024




