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Abstract: Shifting from a fossil-fueled to an eco-friendly vehicle fleet in cities could pave the way
towards a more sustainable future. Electric Vehicles (EVs) should thus be prioritized, so that they
could replace conventional vehicles gradually. In this context, an EV-accommodating infrastructure,
which ensures the functionality of the entire system, is essential. This study aims to develop a
methodological framework to identify suitable locations for the deployment of EV charging points
in urban environments. To meet this objective, we acquired a mixed method approach including
a systematic literature review, 12 semistructured stakeholder interviews which were thematically
analyzed, and an Analytical Hierarchy Process (AHP). The outcome is a spatial model function,
which consists of parameters and weights for estimating the suitability of each urban road link that
will allow the establishment of EV charging points. Results show that the key location selection
factors are: transport hubs, marked or controlled parking spaces, and points of interest. The less
significant factor is public services. Therefore, there is a preference, in stakeholder level, for transport
features over the land use ones (69% over 31%). Although this research is conducted in Greece, we
intend to suggest methods and generate valuable findings that may be valid and generalizable for a
more global context.

Keywords: electric vehicles; electric chargers; spatial analysis; analytical hierarchy process; participa-
tive methods; qualitative research

1. Introduction

Cities are on the verge of a historic transformation [1] that will be founded on smart
interventions [2] underpinned by resilience and sustainability goals [3]. The transport
sector plays an important role, particularly related to the environment, as it is responsible
for almost one-quarter of energy-related emissions [4]. Conventional transport systems
dominated by private cars (which are typically vehicles with internal combustion engines)
have generated severe environmental consequences such as scarcity of oil [5], deterioration
of air quality, and greenhouse gas (GHG) emissions [6,7]. Furthermore, fossil fuel usage,
namely, diesel and petrol/gasoline, not only lead to environmental problems, but also
affect public health significantly [8,9].

Therefore, the adoption of strategies and policies that might strengthen cities’ effi-
ciency and sustainability is necessary. Due to the technological advance, new ways and
opportunities emerge [10]. Now, a shift from the conventional to a more environmentally
friendly vehicle fleet in urban environments could be an adequate driver for a more viable
future [11]. Clean energy and decarbonization should be fundamental pillars in this direc-
tion, and key to this shift is electric mobility [12], and specifically the adoption of electric
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vehicles (EVs) [13]. Although EVs origin from the past [6] they are now becoming the next
automotive technology to be widely diffused in society [14]. EVs that are defined as any
passenger vehicle that uses energy drawn from the electric grid and stores it on board for
propulsion [15–18] comprise a major way to reduce fossil fuel consumption and to decrease
air pollutants and GHGs. The electrification of cars is a measure reducing significantly
the adverse environmental impacts of transport [19] and improving its performance [20]
as electric propulsion is energy efficient, and does not cause local emissions and reduces
noise [21].

Studies adopting a life cycle approach [22] determined emissions’ reduction from
replacing fossil fuel powered vehicles by EVs. This is especially prominent in several
European countries [23,24]. In this direction, Hawkins et al. [17] illustrated that EVs can
offer a 10% to 24% potential decline in global warming impact compared to conventional
vehicles. In 2017, the share of EVs existing in the car market reached 1.8%, depicting a
compelling increase when compared to its counterpart in 2010 [25]. Tellingly, according to
Cooper and Schefter [26] this upturn is expected to continue, thus exceeding the 20% of the
total market share, by the year 2030.

However, the adoption of EVs on a large scale is expected to give rise to both challenges
and opportunities from technical and economic perspectives [27]; future research should be
conducted to capture the readiness-to-adapt levels accurately [28]. The most critical barriers
are economic restrictions and cost concerns [29], building infrastructure for charging,
improving the electricity distribution grid, practicability issues, as well as legal and privacy
issues regarding coordinated “smart” charging systems [30]. Among these, the timing and
pattern of EVs seem to play a pivotal role [31].

According to many related studies [32–40], the lack of charging infrastructure or their
slower roll-out hinders the expansion and diffusion of EVs in the car market considerably.
Especially in this period in which transition to electric mobility is accelerating, Electric
Vehicle Charging Stations (EVCSs) could be regarded as a necessity [41]. Electromobility is
a particularly complex eco-system, but supporting a robust EV-charging infrastructure that
prioritizes these vehicles (and the use of renewable energy sources) is a fundamental step
towards the right direction [42].

Consumer surveys from across different global markets show that the lack of (ade-
quate) refueling infrastructure will be a crucial restraint for the adoption of EVs [43,44].
Indeed, a study conducted in Japan found that owners of EVs would not have bought one if
there was not an adequate level of public station availability [45]. The absence of an efficient
EV charging network results in the range anxiety effect [46]. Range anxiety refers to the
concerns and fears of the drivers while driving the vehicle [47]. Alternatively, Eberle and
von Helmolt [48] define range anxiety as the fear of insufficient range to reach destinations.
Therefore, providing the EV users with easy and convenient charging services would be
beneficial towards this scope [49–53]. Tellingly, modest public charging opportunities seem
to be preferred over the development of longer-range vehicle capabilities [19,54]. To date,
many public charging stations have been deployed worldwide and the number increases
gradually [49]. Usually, these stations are level 2 (power rates range above 3.7 kW up to
22 kW) or level 3 (above 22 kW) [55].

Charging stations are equally important to vehicles and clean energy provision, as they
ensure the functionality of the entire system. That is why a robust method for allocating
these charging stations in the urban environment is critical for EV-related growth. Therefore,
the main objective of this study is to develop a methodological framework consisting of
participative methods to define suitable locations for the establishment of EVCSs in cities.
The method should consider spatial data provided by Geographic Information Systems
(GIS) that have already been developed in many cities. Therefore, in this study, we attempt
to introduce a new evaluation index that defines the suitability of each road link to locate
an EVCS. The new index is estimated through a range of spatial criteria. Thus, this paper
ultimately aims to identify these criteria by taking into account different perspectives and
views that exist among experts and policy-makers (the two critical stakeholder groups),
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and to create a spatial model function that evaluates the road link suitability based on
their informed opinions. Although this research is conducted in Greece the proposed
methodological framework could, to some degree, produce valuable findings that are valid
in a more generalizable global context.

To meet the previously mentioned objectives, a methodological approach that com-
bines Qualitative Research (QR) and Analytical Hierarchy Process (AHP) is followed. More
specifically, by reviewing the literature, we search for spatial criteria that have been utilized
in different cities of the world. Afterwards, semistructured interviews with policy-makers,
planners, and market experts from Greece are conducted in order to determine a set of crite-
ria that are also applicable in Greek cities. To detect the magnitude of criteria, an evaluation
form of pairwise comparisons is distributed to experts. Through this participatory planning
process, the experts define a spatial model function, which consists of certain criteria and
weights that estimates the suitability of each road link for the establishment of an EV
charging point. This combinatorial methodological process differentiates our paper from
other similar studies that address the location of EVCSs solely as a mathematical problem.
On the contrary, we envisage this process as an issue with multidimensional dynamics
that cannot rely only on point-related solutions. Furthermore, this research is distinctly
different from others using GIS tools and analysis, as it incorporates qualitative research
and participatory methods that provide an extra layer of depth to the findings that reflects
real world insights of applied nature by key stakeholders deciding for or planning these
interventions. For these reasons therefore, our study adds value and enriches the literature.

The remainder of the paper is structured as follows. In Section 2, the relevant literature
is reviewed, followed by analytical presentation of the research methodology in Section 3.
The results are presented in Section 4, and finally the discussion and conclusions are
presented in Section 5.

2. Literature Review

The academic debate on EVCS deployment issues is attracting more and more atten-
tion on a worldwide level [56]. During the last decade, EVCS planning problems have
been adequately examined and are still catching the interest of both practitioners and
researchers [57,58]. A review by Pagany et al. [59] indicates that the number of articles in
2016 had increased by more than 150% compared to 2010. These studies adopt various
techniques and methods for locating the stations, thus composing a multispectral body of
literature. Despite their differences, all the EVCS locating approaches have in common that
they propose a system of EV charging networks after taking into consideration technical
and geographic resources, aiming to facilitate EV users with the lowest energy consumption
possible [60].

Most of the studies have incorporated optimal roll-out strategies through taking into
account demand and supply data [61]. For example, Oda et al. [62] adopted a mixed
method that incorporated queuing theory and cost–benefit analysis for both mitigating the
congestion related to quick charging stations and examining the need for installation of new.
Another study carried out by Pagani et al. [41] used an agent-based simulation framework
along with a georeferenced model of the built infrastructure, aiming to identify the charging
behavior of individual EV users as well as the deployment of the EVCSs. When it comes to
the supply side allocation, though, many scholars have followed optimization methods,
such as integer programming [53,63], genetic algorithms [64], particle swarm optimization,
etc. [34] to determine the positions of the EVCSs.

For instance, Huang et al [57] proposed two optimization models for two different
charging modes (fast and slow charging) that aim to minimize the total cost while satisfying
certain coverage goals. Specifically, the objective of their research was to maximize the
captured traffic flow with a given number of charging stations. Sadeghi-Barzani et al. [65]
demonstrated a genetic algorithm technique (GA), which found a layout that minimized
the total cost of deploying charging stations. Another study by Wang et al. [66] examined
the siting and sizing problem of fast charging stations in a highway network, considering
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budget constraints and service capacities. Arkin et al. [67] deal with a facility location
problem through the use of graph theory, specifically “t-spanning routes”. The rationale of
their research lies on allocating an adequate number of charging stations along the users’
trips. Bouguerra and Layeb [7] employed five Integer Linear Programs based on weighted
set covering models, resulting in optimal infrastructure schemes that could be adopted by
stakeholders and policy-makers. In line with that, Zhang et al. [68] formulated a classic set
covering problem for investigating and optimizing the utilization of EV charging stations.
Maximal covering model was also used in a study conducted by Frade et al. [69], aiming
to define both the number and the capacity of the new stations. Furthermore, combi-
natorial methods emerged for achieving better efficiency; Awasthi et al. [70] integrated
two popular bionic optimization algorithms. Specifically, a particle swarm optimization
(PSO) algorithm was used to re-optimize the suboptimal solution set obtained by the GA.
Bian et al. [71] proposed a Mixed Integer Linear Programming (MILP) model based on
Geographic Information System (GIS) to establish the ideal location of charging stations in
urban environments.

However, the issue of EV charging stations deployment is also a spatial problem,
influenced by various conflicting criteria [35]. Therefore, in contrast to the large number
of studies that apply mathematical programming and optimizations, there are few works
in the context of location analysis that rely on multicriteria analysis and GIS-based meth-
ods [38]. Among these, some papers develop a framework for assessing entire areas instead
of individual points, thus formulating spatial models [34].

Csiszár et al. [36] used weighted multicriteria methods to evaluate areas and allocate
charging stations within an area applying a hexagon-based approach and using a greedy al-
gorithm. In the same direction, Namdeo et al. [43] developed a methodological framework
for multidimensional spatial analysis that combines socioeconomic traits and trip charac-
teristics for prioritizing the demand-based public charging stations. Heyman et al. [72] in-
troduces diffusion theory along with GIS analysis tools in order to analyze spatio-temporal
clustering of EV charging demand. Through this method, this work develops a framework
capable of forecasting spatial patterns of EVCSs in real world conditions. Another interest-
ing research by Victor-Gallardo et al. [55] employed a method that considers supplying
charging stations in metropolitan areas and providing their availability in routes connecting
distant places, while ensuring the technical feasibility of these locations. Costa et al. [32]
proposed the mapping of well-suited sites for EVCSs by using GIS analysis in combina-
tion with knowledge from a survey conducted with local EV experts. Zhang et al. [34]
formulated a spatial methodology that takes into account a variety of positive and nega-
tive factors related to walkability in order to determine optimal position of the charges.
Erbas et al. [35] formulated a comprehensive method to determine the potential sites of
EVCSs. More specifically, they used a GIS-based MCDMA approach including Fuzzy
AHP and TOPSIS method to produce their results. Another relevant study carried out
by Huang et al. [49] proposed a novel GIS-assisted optimal design method for renewable
powered EV charging stations in high-density cities. In the same page, Efthymioy et al [73]
performed a spatial exploration using also a multicriteria analysis technique, and therefore
produced a coherent map addressed to stakeholders. Finally, different Multiple-criteria
Decision Analysis (MCDA) methods are combined to evaluate EVCS site selection by
Wu et al. [74] and Zhao and Li [50].

There are some noticeable approaches that pay considerable attention to participatory
methods as well, thus enhancing the engagement of stakeholders and public bodies [75].
Besides, stakeholder analysis techniques offer the opportunity to better understand the
decision making process in certain contexts [76]. For instance, Kougias et al. [42] and also
Wolbertus [77] used Q-methodology to recognize different perspectives on the future of
establishing EV charging infrastructure. In the same context, Costa et al. [78] employed
a Multi-Criteria Decision-Making (MCDM), the Weighted Linear Combination (WLC)
method, and the Analytical Hierarchy Process (AHP) technique based on the inputs from a
group of electric mobility experts, combined with a GIS modeling tool. Last, Costa et al. [79]
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also incorporated MCDA method coupled with GIS to detect the opinion of stakeholders
coupled with a spatial resolution.

After examining the rich literature related to EV charging stations deployment address-
ing various and even divergent methods, we proceed to a much more specific process. We
now choose several scientific articles that were discussed in the previous paragraphs, pub-
lished in peer-reviewed journals, which are the most related to our research question. More
specifically, we identified 22 criteria, encountered in seven papers dating back from 2012
that adopt multicriteria or participatory approaches. Tellingly, this task can be regarded as a
preliminary identification of the proper criteria for EVCSs’ location suitability, contributing
greatly to the entire research methodology. Table 1 summarizes the main points of these
papers: authors, date, criteria, and frequency of one criterion appearing to each of the
papers chosen. As it can be observed, the criteria presented belong to seven (7) major
categories: Land uses, Sociodemographics, Transport Infrastructure, Mobility, Parking,
Energy, and Environment. This variance of categories ensures a holistic view on the issue,
thus developing a comprehensive basemap for our research methodology. It is prominent
that the main interest of the academic research focuses on sociodemographic characteris-
tics meaning age, income, and population density, on points of interest that attract trips,
on road network elements like road width and on energy networks existing in each city.
Therefore, the location suitability of EV charging stations is not solely affected by spatial
coverage, but it also depends significantly on multitude and even contradicting features.
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Table 1. Spatial criteria utilized by previous studies.

Criteria Category Namdeo
et al. [43]

Costa
et al. [79]

Heyman
et al. [72]

Erbas
et al. [35]

Zhang
et al. [34]

Pagani
et al. [41]

Efthymiou
et al. [73] Total

gender sociodemographics 1 0 0 0 0 0 0 1
age group sociodemographics 1 1 1 0 0 1 0 4

education level sociodemographics 0 0 1 0 0 0 0 1
income sociodemographics 1 1 0 0 1 0 1 4

number of vehicles per
household sociodemographics 0 0 1 0 0 0 0 1

population density sociodemographics 0 1 0 1 0 0 1 3
number of households sociodemographics 0 0 1 0 0 0 0 1
number of workplaces sociodemographics 0 1 1 0 1 0 0 3

green spaces land uses 0 0 0 0 1 0 0 3
points of interest land uses 0 1 0 0 1 1 1 4

gas stations land uses 0 0 0 1 1 0 0 2
road network transport infrastructure 0 1 0 1 1 0 0 3

public transport stops transport infrastructure 0 1 0 0 1 0 0 2
walking distance mobility 0 0 0 0 0 1 0 1

trip origins/destinations mobility 1 0 0 0 1 0 0 2
parking facilities parking 0 0 0 0 1 0 1 2
parking property parking 0 0 1 0 0 0 0 1
energy network energy 0 0 1 0 0 1 1 3

slope environment 0 1 0 1 1 0 0 3
proximity to protected areas environment 0 1 0 1 0 0 0 2
proximity to water resources environment 0 1 0 1 1 0 0 3

landslide risk environment 0 1 0 1 0 0 0 2
earthquake risk environment 0 0 0 1 0 0 0 1
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3. Research Methodology

The methodological framework consists of two main pillars. The first one includes
the Qualitative Research (QR), carried out via in-depth semi structured interviews with
stakeholders, aiming at identifying the criteria of EVCSs location suitability; these have
been also identified by the literature review. The second pillar concerns the development
of a spatial model function indicating location suitability through utilizing the Analytical
Hierarchy Process (AHP).

3.1. Definition of Link Suitability Index

To evaluate the suitability of each link to establish an EVCs, a suitability index is at
first developed. It uses a scale from 0 to 10 in order to identify links with optimal suitability
(i.e., 9, 10) and links that are marginally suitable (i.e., 3, 5) or non-suitable (i.e., 0, 1, 2).
In essence, the research methodology is not designed to define a very specific set of optimal
locations of EVCSs in a city. It is rather an assessment methodology that provides to policy
makers an index corresponding to each road link (i.e., the location suitability index). In this
planning process, policy-makers will be capable of making the final decisions; they can use
the results of this spatial analysis in order to make the most effective decisions.

The selected scale is presented in Table 2. The location suitability index is predefined
as an ordinal variable with 11 levels that are classified in five different groups. The median
level equals to 5; links with higher or equal suitability to median level are deemed appro-
priate to establish an EV charging station. At the same time, links with lower index than 3
should be considered as non-selectable by the policy-makers.

Table 2. Location suitability index, scale 0 to 10.

Description Score

Non-suitable link [0, 3)
Marginally suitable link [3, 5)

Suitable link [5, 7)
Highly suitable link [7, 9)

Optimal suitable link [9, 10]

3.2. Selection of Parameters Using Qualitative Methods

The literature review provided an overview regarding the criteria used by previous
studies to specify the optimal locations of EVCSs. Some of the identified criteria may not
be applicable in Greek cities; mainly due to data availability. In addition, the mobility
culture and the urban characteristics differ among countries and cities of the world [80].
Therefore, in order to select the final set of parameters, semistructured interviews with
stakeholders from Greece were conducted. The prior knowledge regarding the potential
criteria was utilized to formulate six subjects for further discussion during the interviews,
namely, sociodemographic characteristics, urban characteristics and land uses, transport
infrastructure, parking facilities, and energy and environmental characteristics. In these
fields, the interviewees had to search for potential spatial criteria.

To recruit the interviewees, our research team with the support of the Hellenic Ministry
of Environment and Energy (HMEE) sent an invitation to a selection of key representatives,
all of them with a thorough understanding of the transport infrastructure investment
agenda from municipalities and local authorities, ministries, public bodies, associations,
technical and working groups and independent experts related to urban planning, trans-
port, and energy sector. Around 45 research engagement invitations were sent to a list of
key stakeholders that were identified by us from the HMEE list of contacts. In total, 12 ex-
perts were interviewed. The main strategy for determining the final sample was to include
a diverse spectrum of views and insights so that our results will not be one-sided but capa-
ble of illustrating a variety of different stakeholder perspectives from different areas with
different priorities, values, and philosophies. From the public sector, four policy-makers



Sustainability 2021, 13, 2298 8 of 21

coming from the Ministry of Environment and Energy, the Ministry of Infrastructure and
Transport, the Metropolitan Region of Attica, and the Municipality of Trikala expressed
their views. The sample also included three market experts representing the associations
of taxi drivers, gas station and parking facilities owners. In addition, one transport planner
and three urban and regional planners with relevant experience on the topic were also
interviewed. A representative of people with disabilities living in Greek cities was also
included, as their possible concerns regarding the establishment of EVCSs on sidewalks
had to be voiced accurately. The average semistructured interview duration was about
65 min. Interviews took place between October and November 2020.

A methodical thematic analysis was used to contextualize the data in accordance with
some of the techniques and systematic analytic principles used in the authors’ previous
work [81–84]. The difference here was that the themes were already specified by the
literature review to an extent and we had to uncover their different dimensions and
expressions; thus, this was more of an analyst- or theory-driven thematic analysis and
not a primarily data-driven one when themes were devised more spontaneously. Our
analysis seeks to develop a fluid and recursive frame which is somewhat different from the
rigid and structured frame that the traditional codebook approach uses. When writing up,
our key aim was to provide “a concise, coherent, logical, non-repetitive, and interesting
account of the story the data tell” [85] and to demonstrate the importance of the themes
underpinning the choice of location for EVCSs by selecting the most characteristic, vivid
and convincing individual raw responses so that we reduce bias.

In the sociodemographic characteristics, most of the interviewees mentioned the
annual income of households as a potential parameter mainly due to the relatively high
purchase cost of EVs today. They were of the opinion that local authorities should provide
some incentives to citizens with lower incomes for buying an EV. The establishment of
an EVCS in the public space next to their residencies can be considered as one of those.
On the contrary, the creation of such facilities only in areas with high-income citizens
is surely not a political decision that ensures social equity. Experts noticed that people
with high income usually have a privately owned parking space in the ground level of
their apartment buildings. Through buying an EV charger (i.e., wallbox), they will be
able to charge their private vehicles at night hours. Due to the high population density
appearing in Greek cities, the value of an apartment with parking space is high enough
that middle-class citizens may not afford to purchase or rent. Therefore, they concluded
that a measure that supports social equity is the establishment of EVCSs at districts with
low share of households owning at least one private parking space.

Policy-maker A: “I do not think that it is allowed by the current Constitution to make
distinctions based on socio-economic criteria as we speak about a public infrastructure.
Surely in residential areas with high incomes the EVs will be more popular at least in the
beginning. Yet, it is not a politically correct decision to locate charging stations in these
areas only; we have to give some incentives to citizens with lower income.”

Regarding the urban characteristics, most of the interviewees agreed that EVCSs
should be established in locations with high concentration of workplaces. Such locations
are, for instance, next to public services, next to education buildings, and next to healthcare
centers or hospital. Large private companies were excluded from this category by most of
the respondents, as they usually have enough private parking space to create EV charging
points. Opposing views appeared regarding the significance of point of interest (POI), such
as public squares, shopping (open) malls, and cultural centers in location suitability. These
places usually exist in the city centers. Policy-makers mentioned that EV charging points
next to POI will contribute to the attraction of more green trips in the central zones of a city
and that is not a problem. On the contrary, planners believe that EVs may resolve problems
related to air quality and noise; yet the problem of space in dense city centers will still exist.
The views about land uses and EVCSs can be better illustrated in the following quotes:
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Market expert A: “It is important to find the endpoints of daily vehicle trips; there is
no reason to examine social groups. People from different income groups make daily trips
from home to work. Urban areas with high concentration of workplaces will attract EV
trips; therefore, it is a smart choice to add EV charging stations there.”

Policy-maker B: “The city centers are the places where we should give incentives
because we promised as mayors to provide public parking spaces for EVs at the points of
interest each city has. I would prefer high concentration of EV charging stations in the
city centers than in the residential districts outside of them. It is a policy to change the
ratio of electrical vehicles over conventional vehicles that circulate in a city and therefore
to reduce CO2 emissions and traffic noise.”

Planner A: “We have to consider the plans that have recently developed in some cities
regarding pedestrian areas around the points of interest. There are municipalities that
have decided to protect the city centers from traffic. Therefore, the accessibility of an EV to
a point of interest must be examined beforehand. I do not think that EV charging stations
are necessary in the centers of cities, which already have an efficient public transport
system or cycling infrastructure.”

All the interviewees argued that EVCSs should be established in trip attraction, and
not in trip production, locations. Transport hubs, such as railway or metro stations are the
perfect locations for the creation of such facilities according to them. In our interviewees’
minds, electromobility and multimodality can cooperate in creating a sustainable urban
transport system. Transport hubs can be considered as an intermediate stop of a multimodal
trip using sustainable transport modes. A planner has to study in detail the transport
system of each city in defining these intermediate stops of trips. Congestion at EVCSs
was not mentioned by the interviewees, as the penetration rate of EVs is very low at this
moment in Greece and electromobility infrastructure planning and design strategies are
still in their infancy stage. For now, and for the foreseeable future, our interviewees believe
that the charging demand will not exceed supply and that congestion is not a decisive
barrier. Last, those interviewees with a planning background suggested that some road
links must be excluded from the analysis. Specifically, an EVCS cannot be established in
the primary road network as there are no legal (on-street) parking spaces. Furthermore,
links with very small width, without parking spaces or within pedestrian areas are not
suitable at all.

Planner B: “The EV charging system of a city should encourage users to make mul-
timodal trips on a daily basis. Multimodality means that somebody can leave his/her
EV for charging and continue his/her trip with another electric transport mode, like an
electric bike or an electric bus. I consider multimodality as a planning philosophy.”

Streets with marked or controlled parking spaces should be preferred over streets with
on-street parking according to the interviewees. Nonetheless, there is a debate regarding
the necessity to create public parking facilities for EVs. A municipality can utilize a parking
facility that already exists for this purpose. However, the proximity of these facilities to
the previously mentioned land uses should be examined beforehand. Regarding electrical
energy network, few interviewees had the expertise to point out one significant criterion.
As a solution, most of them recommended a feasibility analysis after the definition of a list
of potential locations derived from other criteria.

Policy-maker C: “There are residential areas that suffer from the fact that parking
demand exceeds supply. By creating an EV charging space, you decrease the parking
supply for conventional vehicles. There will be conflicts. There are already many com-
plaints about the parking control systems established in some cities. Imagine now if you
insert EV chargers in the parking management strategies, the problem will be much more
complicated. I prefer EV charging points at already existing parking facilities.”

Planner C: “There are a few parking facilities with a limited number of parking spaces
in Greek cities. Let us be honest, I do not think that municipalities will be able to create
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enough public parking facilities to meet the demand of EVs in the future. It is a utopia. So,
I recommend turning the focus on urban streets, where vehicle parking is not prohibited
today. Already marked or controlled parking spaces are potential spots to locate an
EV charger.”

In the list of suitable locations for EVCSs, historical city centers, and areas around
archaeological sites cannot be included according to planners. Moreover, we should take
into account the flooding risk before concluding that a location is suitable for an EVCS.
Based on the findings of qualitative research, we finally develop a list of selected parameters
that are presented in Table 3. This list is combined with exclusion criteria that are given
in Table 4.

Table 3. List of selected criteria.

Criteria Category Units Scoring Method

Population density land uses proximity inh./he Min-Max
Normalization

Walking distance from the nearest public
administration building

land uses proximity;
public services meters Global Scale

Walking distance from the nearest hospital or
healthcare center

land uses proximity;
public services meters Global Scale

Walking distance from the nearest school
or university

land uses proximity;
public services meters Global Scale

Walking distance from the nearest recreation
and entertainment point of interest (i.e. public
space, shopping malls, cultural centers, etc.)

land uses proximity meters Global Scale

Walking distance from the nearest transport
hub/station (i.e., metro, railway stations,

airports, and ports)

transport system and
parking facilities meters Global Scale

Density of marked or controlled
parking spaces

transport system and
parking facilities space/100 m Global Scale

Share of households without privately
parking space

transport system and
parking facilities %

Global Scale
considering relevant
statistics existing in

each country

Table 4. List of exclusion criteria.

Criteria Category

Road link with high flooding risk environment
Road link near an archaeological site or historical city centers environment

Road link in the primary road network according to OSM transport system and parking facilities
Road link within a car-free or pedestrian area transport system and parking facilities

Road link with very low width transport system and parking facilities
Road link without legal parking spaces transport system and parking facilities

3.3. Development of Scoring Rubrics

At this step, it was necessary to develop linear scales to transform the quantitative
data into scores ranging from 0 to 10. The description of scores has been given in Table 2;
therefore, the selected levels per criterion should correspond with the description of each
scoring level. Otherwise, the developed scale of location suitability index will have no
meaning. The scoring rubric per parameter is indicated in Table 5. A Global Scale is used in
6 out of 7 parameters. In population density, a min-max normalization is preferred. To do
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so, the population density of each city district is considered; the district with the maximum
density gets the highest score (i.e., 10/10). Therefore, this parameter tends to establish
EVCSs in areas, where a significant body of residents are concentrated.

Table 5. Scoring rubrics.

Score Population
Density Per Zone

Walking Distance from the
Nearest Point of Attraction

Share of Households
without Parking Space

Density of Marked or
Controlled Parking Spaces

0 min F(dwalk) < 45% 65% of households 0 spaces per 100 m
1 F(dwalk) > 45% 615% of households 62 spaces per 100 m
2 F(dwalk) > 50% 625% of households 64 spaces per 100 m
3 F(dwalk) > 55% 635% of households 66 spaces per 100 m
4 F(dwalk) > 60% 645% of households 68 spaces per 100 m
5 0.5 ∗ (min + max) F(dwalk) >65% 6 55% of households 610 spaces per 100 m
6 F(dwalk) > 70% 665% of households 612 spaces per 100 m
7 F(dwalk) > 75% 675% of households 614 spaces per 100 m
8 F(dwalk) > 80% 685% of households 616 spaces per 100 m
9 F(dwalk) > 85% 695% of households 618 spaces per 100 m

10 max F(dwalk) > 90% >95% of households >18 spaces per 100 m

Regarding the parameters that describe the proximity of a link to the selected land
use, the network distance is preferred over the Euclidean distance. The Euclidean distance
is always equal to or lower than the network distance; in cities with rugged terrain,
the difference between these two distances can be considerably high. To develop a linear
scale from 0 to 10, this methodological approach takes into account the willingness of people
to walk a distance in order to reach their destination from the EVCS. This probability can
be described adequately by the so-called distance decay effect. As previous studies have
pointed out [86,87], the distance decay effect follows an exponential function (a nonlinear
function), while the mean distance of walking trips is approximately between 400 and
700 m. A link gets the highest score, when the 90% of road users are willing to walk
the distance from the link centroid to the corresponding land use (i.e., transport hub,
public administration building, point of interest). Therefore, the distance decay function is
imported in the analysis in order to transform the probabilities into network distances.

In Greek municipalities, approximately 66% of households do not have a private
parking space near their residences. To create a linear scale, we firstly estimated these
percentages in all municipalities of Greece; afterwards, a histogram was plotted (see
Figure 1). The maximum share of households without private parking space is equal to
99%, while the minimum is equal to 18%. Yet, concerning the data, we identified areas in
some cities, in which approximately all the households had a parking space. Therefore,
a district gets the score 0, when the share of households without parking space is lower
than 5%. High suitability scores, i.e., 8, 9, and 10, are given in districts, where the residents
do not have the required space to create their own charging point.

The length of a parking space is approximately equal to 5.5 m. In an urban road with
on-street parking on both sides, the parking density cannot exceed 32 spaces per 100 m.
In the last calculation, we included a buffer zone of 5 m in intersections; vehicle parking
is prohibited in this buffer zone according to the existing traffic rules. Besides this is a
common practice in many countries. The minimum density is equal to 0 controlled or
marked positions per 100 m. The last case is quite common in Greek streets. Considering
the above, a linear scale is developed; it starts from 0 spaces per 100 m (score equals to 0)
and ends to more than 18 spaces per 100 m (score equals to 10).
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Figure 1. Histogram of share of households without privately owned parking space considering all
Greek municipalities.

In the exclusion criteria, a street is characterized as too narrow to locate an EVCS,
if its width is equal to 9.5 m in one-directional roads and 11.5 m in two-directional roads.
In the previous estimation, we take into account that the minimum width of a sidewalk
with street furniture is equal to 2.1 m, while the minimum width of a parking lane is
equal to 2.2 m according to the Greek guidelines. Last, the developed methodology does
not recommend specific Euclidean distances in the criteria related to flooding risk and
proximity to archaeological sites or historical city centers. The planner is responsible for
creating buffer zones around areas by examining the spatial characteristics each city has.

3.4. Analytical Hierarchy Process

In this study, AHP is utilized to estimate the magnitudes of the selected criteria.
AHP is a popular, readily understood, and easily implemented method [88] that was
first developed in the 70s by Tomas Saaty [89]. Since then, several modifications and
improvements of this method have been applied in a wide range of decision-making
processes, especially in cases of complex transport policy problems, see, e.g., in [90–92].

AHP attempts to organize tangible and intangible factors in a systematic way [93].
In this method, the various elements of a problem are represented in hierarchical form and
involves three fundamental steps: (a) decomposition, or the construction of the hierarchy;
(b) comparative judgments, or defining and executing data collection to obtain pairwise
comparative data on elements of the hierarchical structure; and (c) synthesis of priorities,
or construction of an overall priority rating [94,95]. Therefore, the relationships between
parameters and evaluation indexes can be examined using AHP, as it converts individual
preferences into ratio-scale weights [88,96]. The selected criteria can be both quantitative
and qualitative. Hence, AHP can provide a comprehensive view that can reduce potential
hindrances in the decision-making processes, e.g., the selection of the best locations in the
urban core to establish EV charging points.

Taking the first fundamental step of AHP, the selected criteria presented in Table 3
are organized in a hierarchical structure, which is presented in Figure 2. The developed
hierarchy consists of three levels in total. In the first level, the criteria are divided into two
main categories: urban planning and proximity to land uses and transport infrastructure
and parking facilities. This distinction is connected with the dilemma about whether
EVCS can be considered as part of the urban transport network or as a simple service
point connected with particular land uses. The second level contains the majority of the
selected criteria except one, i.e., the public services, that can be distinguished in three
main categories appearing in the third levely: administration, public health, and education.
Using this hierarchical structure, 10 pairwise comparisons are exported. More specifically,
the upper level contains one main comparison. In the second level, the experts will be
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asked to choose the best criterion six times, i.e., three pairwise comparisons per branch.
Last, the third level introduces three additional comparisons in the assessment process.

Figure 2. Hierarchical structure of selected criteria.

In each of the 10 pairwise comparisons, the experts must choose the best criterion
and to judge how much more important is the chosen criterion compared to the other one
in a judgment scale from 1: equal importance to 9: extreme importance. To develop the
assessment form, an open-source, web-based, online system called AHP-OS, developed
by Goepel [97], was utilized. Through introducing the developed hierarchy, it automati-
cally generates the resulting pairwise comparisons. Furthermore, it estimates the criteria
weights using the AHP eigenvector method and the consistency ratio for each respondent.
An answer is characterized as inconsistent when the consistency ratio exceeds 10% [97].
Yet, when the number of selected criteria is higher than 7, the existence of inconsistencies in
the responses of individuals is reasonable [95]. By default, AHP-OS asks the respondent to
reconsider his/her choices at the end of the assessment process in order to improve his/her
consistency ratio. This option was used in this study, while a threshold equal to 20% was
selected in order to decide whether the consistent of a response is acceptable or not. Last,
the online tool provides the option to use a variety of scale functions to describe the ratings
of individuals, i.e., linear scale, logarithmic scale, and inverse linear scale. In this study,
only the classic linear scale was applied to estimate the final weights.

4. Results

The 12 stakeholders who expressed their opinions in the interviews filled the as-
sessment form in the second stage of this data collection process. Each of them made
10 comparisons; thus, 120 comparisons were collected. Responses with consistency rate
higher than 20% were excluded from the analysis as inconsistent; there were three inconsis-
tent responses. Therefore, the final sample contained responses from nine stakeholders.
In the closing set of responses, the minimum consistency ratio is equal to 3.85%, while the
maximum ratio is 19.07%. Higher inconsistencies are observed in the third hierarchical
level in which respondents were asked to choose the most important type of public ser-
vice, i.e., public administration vs. hospital or healthcare center vs school or university.
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In this level, the group consensus is low, i.e., 42.6%, while in the second hierarchical levels,
the group consensus exceeds 65%. The lowest group consensus is observed in the first
level, i.e., 19.4%.

In Level 1, the factor of transport infrastructure and parking facility can be correctly
characterized as the dominant one with a weight equal to 0.6224. Regarding the land uses,
the proximity to POI seems to be the most important parameter with a percentage that is
equal to 56.10%. Only two respondents chose population density as the most important
parameter of the first branch. Considering the transport system, the experts decided that EV
charging stations should be located in road links with marked or controlled parking spaces
and in close distance to transport hubs. The weights of the aforementioned criteria are equal
to 0.4463 and 0.4149, respectively. Different views are observed in the third hierarchical
level; that is why all the selected parameters seem to be equally important. The parameter
related to the proximity to hospital or healthcare center is the most significant with a
proportion of 43.22%.

The final set of weights can be determined by multiplying the weights of the higher
hierarchical parameters with the lower hierarchical parameters. The results of these
multiplications are presented analytically in Table 6.

Table 6. Final set of weights.

Criteria Spatial Parameters Weights

Population density dn 0.1168
Walking distance from the nearest public administration building adm 0.0145

Walking distance from the nearest hospital or healthcare center hlth 0.0207
Walking distance from the nearest school or university edu 0.0127

Walking distance from the nearest recreation and entertainment point of interest
(i.e., public space, shopping malls, cultural centers, etc.) poi 0.2107

Walking distance from the nearest transport hub/station (i.e., metro, railway
stations, airports, and ports) hub 0.2591

Density of marked or controlled parking spaces pk 0.2787
Share of households without privately parking space priv 0.0865

The location suitability index is estimated as a weighted arithmetic mean of all the
selected criteria. Using the developed scoring rubrics, the values of the spatial parameters
are converted into a scale starting from 0 and reaching 10. As it has been mentioned, this
scale describes the suitability of a link to locate an EVCSs. The spatial model function of
location suitability is given by the following formula:

location suitability = 0.1168 ∗ dn + 0.0145 ∗ adm + 0.0207 ∗ hlth+

+ 0.0127 ∗ edu + 0.2107 ∗ poi + 0.2591 ∗ hub + 0.2787 ∗ pk + 0.0865 ∗ priv
(1)

5. Discussion and Conclusions

Transport can be both the cause and resolution of societal inequalities [98]. Travel
demand measures on their own are not enough to guarantee the former so carrots should
be also intensively and systematically promoted and implemented in a people-centric,
yet sustainable and resource-effective, way [99]. As the diffusion of EVs is an important
aspect of government policy in generating a transition to a low-carbon mobility [100],
and the anticipated commercialization of the EV technology will necessitate changes
and investments in optimal charging infrastructure [101], providing a framework for
identifying optimal location-making for EVCSs is a critical issue for sustainable energy and
transport policy.

The purpose of the current research was to identify the main factors affecting the
suitability for establishing EV public charging points, and then formulate a compact
method for the deployment of these stations in the road network. The process of locating
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EVCSs is significant, as it influences the effectiveness and the functionality of the entire
electromobility eco-system. In this context, the suggested method can greatly contribute to
existing transport systems especially in countries with no prior EV public charging network
system such as Greece. It is a preliminary way to establish an EV culture, and pave the
way towards the future, where EVCSs would become mainstream, well spread, and fairly
distributed across a city. This research may also have the potential to assist, to some degree,
countries with similar socio-economic and transport readiness characteristics with Greece
that favor electromobility investments but are “starting from scratch”. Thus, the research
might have value beyond the Greek context.

Through a qualitative approach, combining interviews and AHP, this paper identifies
and systematizes the main criteria which determine the suitability of road network links.
Specifically, these criteria derived from a thorough literature review (mainly papers pub-
lished after 2010) and semistructured interviews thematically analyzed. These interviews
proved to be useful since they revealed a diverse spectrum of thoughts and dilemmas that
stakeholders shared. In general, we found evidence that the selected set of interviewees
have different perspectives on the issue. The inclusion of different perspectives was one of
the objectives of this study and helps us understand the diversity and variety of options,
choices, and visions between key stakeholders. Consequently, the group consensus is
not very high; considerable contradictions that do emerge in some specific issues. These
differences might reflect the historic and still ongoing controversy between land uses and
transport activities. To be more specific, policy-makers suggested that EVCSs should be
mainly deployed at POI, whereas planners argue that areas friendly to active mobility
such as pedestrianized streets, squares, etc., should be protected. Nonetheless, there is a
high level of agreement in the case of transport hubs (train, metro, airport, and ports) and
the conceptualization of EVs as a mode primarily supporting multimodal travel. Further-
more, some participants stated that constructing public parking stations is quite difficult in
Greece, therefore road segments have to be prioritized.

The above mix method process resulted in the recognition of two categories: (i) land
use proximity and (ii) transport system and parking facilities; eight criteria were also
identified. Beginning with the land uses category, the parameter of population density
which is found in many related studies [35,73,79] signifies the potential demand, thus
ensuring the utility of the EVCSs. Moving to the rest parameters, we may encounter
walking distance from the nearest public services, i.e., administration buildings, schools
and healthcare. This set of parameters illustrates the need of the charging points to
accommodate the employees and visitors of these places, integrating EVs even more into
daily life. In the same context, the next parameter includes the walking distance from the
nearest point of interest, i.e., public space, shopping malls, cultural centers, which is a
feature frequently encountered in the existing body of literature [59,73,79].

Focusing on the second category, the first parameter is the waking distance from the
nearest transfer hub/station which enhances the notion of multimodality in our proposed
method, and it is also found in other related studies [34,79]. Another feature taken into
consideration is the share of households with privately owned positions/reserved parking
seats, addressing social equity issues in the deployment of EVCSs [72]. Last, there is also a
noteworthy parameter, encountered in published scientific works [34,73] that calculates
the density of marked or controlled parking spaces. This parameter reflects the existing
regulations about parking policy and could be a key input for establishing EVCSs.

In the final formula, we excluded income from major factors as the proposed plan
should ensure equity to all users and not prioritize them according to their economic
position or status. This is a result coming out from the interviews, where many stakeholders
noticed that income might create inequalities and conflicts. Actually, this is a finding that
seems to be puzzling the existing body of literature, with some papers proposing it [43]
and others denying its integration [41,72]. Finally, it should be noted that the serious lack
of EVs in Greece is portrayed in the expressed views of stakeholders. EVs still pose an
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ambiguous entrant to Greece’s urban planning ethos where limitations and potential are
not yet fully discussed and thus recognized.

The second pillar of the research is the use of the AHP method, which gives weights
to the parameters based on the opinions of several experts. The controversy between land
use and transport is prominent in this step as well. This means that AHP tries to diverge
these two different approaches. According to this process, the most considerable factors
are (a) marked or controlled parking spaces, (b) transport hubs, and (c) points of interest.
On the contrary, those that are less significant are found to be the public services. Therefore,
there is a clear preference of transport features over the land use ones (62% over 38%). This
condition, which is discreetly shown in the final formula, is probably explained by the close
conceptual relevance of EVCSs with parking facilities and regulations, and transport hubs,
as electromobility is principally considered a transport characteristic. In the end, even
stakeholders with a background stemming from urban studies, preferred the transport
category over the land use one.

When looking into the outlined method, we shall mention that this multicriteria spatial
approach is in congruence with previous works such as Costa et al. [79], Erbas et al. [35], and
Efthymiou et al. [73]. The main focus is on the trip attraction (terminal points) rather than
on the trip production (starting points). This rationale was evident in the semistructured
interviews and agrees with the current literature [45]. Furthermore, we paid particular
attention to the already existing transport system and not in future infrastructure. Nonethe-
less, this constraint might be changed in future research attempts. Discussing utility, we
may argue that the method we formulated could be a useful tool for tackling range anxiety,
which is a crucial factor for adopting EVs. The method meets today’s needs where public
charging points are still few, both in public roads and in private residences. Last, a great
asset of the proposed method is that it can be easily applied, as all the steps are distinct
and sufficiently described.

Due to its nature, the current study implies considerable practical recommendations.
First and foremost, the suggested method could be utilized by policy-makers and stake-
holders, particularly as part of an integrated electric mobility strategy. Therefore, it could
function as a decision-making tool along with other incentives promoting EVs. For instance,
in Greece, 254 municipalities are funded by the Green Fund (a public law entity reporting
to the Ministry of Environment and Energy) to implement their Electric Vehicle Charging
Plans (EVCPs) and there is a prediction for at least one charging point per 1000 residents.

Focusing on limitations, we did not consider the deployment of EVCSs, as a network
problem. As a result, there is no coverage indicator set as a variable in the suggested
method. On the contrary, we scrutinized this deployment problem as a phenomenon with
broader dynamics in space, studying the area in a holistic view and not necessarily limited
in some candidate points. An odd, but at the same time, substantial characteristic of the
developed method is that it estimates link suitability, thus ensuring great flexibility and
giving the policy makers the potential for reaching the final decision not always in urgency.
Tellingly, this particular characteristic entails a spatial approach that is significantly different
from other similar studies using GIS tools that preceded our work.

Additionally, our analysis did not deal with congestion issues at EVCSs [62]. Definitely,
long queues at EVCSs will be an important transport problem, which may affect the
efficiency and the sustainable character of the urban transport system [102]. It is expected
to emerge as a potential problem in the long term when the penetration rate of EVs will
increase. Yet, this study focuses exclusively on the establishment of the first charging points
that will help with the increase of the number of EVs circulating in the city. For now, and
for the foreseeable future for the Greek context at least, EVCS traffic alleviation is not a
critical issue and not something that has been underlined by our interviewees. The plans
reported in this work should be updated in the future considering the new challenges that
may arise from the significantly increased use of EVs (i.e., feedback loops).

Furthermore, the applicability of the proposed method is greatly connected with
spatial data availability. More specifically, in agreement with a general trend both in scien-



Sustainability 2021, 13, 2298 17 of 21

tific and professional works, we tried to develop a method that utilizes open-source data,
in order to ensure an easy and seamless application. However, this was not fully possible,
thus leaving some parameters unclarified. To tackle this drawback, we suggest that new
scientific studies or projects incorporating this method should use their corresponding
data (e.g., statistical authorities). Another limitation is that the AHP process is difficult
for stakeholders to understand due to lack of familiarity. A minority of them had already
relevant experience. This undoubtedly had an impact on the results, but we managed
to limit the side effects, by declaring the main points of the process and assisting the
participants. Last, the current paper did not validate the proposed spatial model function,
and that is a task that could be accomplished in the near future. The value of a case study
would be extremely helpful towards the validation and improvement (if it is necessary)
of the suggested method. In addition, case studies will show how this method adjusts to
various countries where planning procedure is different.

It is reasonable that electromobility and EVCSs cannot be fully analyzed in a single
paper, and for that reason, further research is necessary. In this context, we propose
future research to examine the way our method will influence actual planning procedures.
Therefore, an ex-ante evaluation will reveal and ratify the utility of our method or expose
unpredicted shortcomings. Finally, we suggest future studies to utilize new methods,
preferably mixed-based, including spatial analysis and optimization techniques, aiming to
achieve better and more efficient results.

Author Contributions: Conceptualization, C.K. and E.B.; methodology, C.K., S.T., P.G.T., and A.N.;
investigation, C.K., S.T., and P.G.T.; data curation, C.K., S.T., and P.G.T.; writing—original draft
preparation, S.T.; writing—review and editing, A.N. and P.G.T.; visualization, P.G.T.; supervision,
E.B. and A.N. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors would like to thank the representatives of public organizations and
associations for their participation in the interviews that greatly assisted this research. It should be
noted that the conclusions of this research may not be in line with some of their views.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Asuah, A.; Zumelzu, A. Measuring Urban Diversities in Cities in Transformation: Case of Temuco, Chile. IOP Conf. Ser. Earth

Environ. Sci. 2020, 503, 012085. [CrossRef]
2. Yigitcanlar, T.; Cugurullo, F. The sustainability of artificial intelligence: an urbanistic viewpoint from the lens of smart and

sustainable cities. Sustainability 2020, 12, 8548. [CrossRef]
3. Jabareen, Y.R. Sustainable urban forms: Their typologies, models, and concepts. J. Plan. Educ. Res. 2006, 26, 38–52. [CrossRef]
4. International Energy Agency. Global EV Outlook 2016; OCED: Paris, France, 2016. [CrossRef]
5. Delucchi, M.; McCubbin, D. External Costs of Transport in the United States. In A Handbook of Transport Economics; Edward Elgar

Publishing: Cheltenham, UK, 2011.
6. Leurent, F.; Windisch, E. Triggering the development of electric mobility: A review of public policies. Eur. Transp. Res. Rev. 2011,

3, 221–235. [CrossRef]
7. Bouguerra, S.; Bhar Layeb, S. Determining optimal deployment of electric vehicles charging stations: Case of Tunis City, Tunisia.

Case Stud. Transp. Policy 2019, 7, 628–642. [CrossRef]
8. Woodcock, J.; Banister, D.; Edwards, P.; Prentice, A.M.; Roberts, I. Energy and transport. Lancet 2007, 370, 1078–1088. [CrossRef]
9. Bakogiannis, E.; Siti, M.; Tsigdinos, S.; Vassi, A.; Nikitas, A. Monitoring the first dockless bike sharing system in Greece:

Understanding user perceptions, usage patterns and adoption barriers. Res. Transp. Bus. Manag. 2019, 33, 100432. [CrossRef]
10. Dijk, M.; Orsato, R.J.; Kemp, R. The emergence of an electric mobility trajectory. Energy Policy 2013, 52, 135–145. [CrossRef]
11. Efthymiou, D.; Chrysostomou, K.; Morfoulaki, M.; Aifantopoulou, G. Electric vehicles charging infrastructure location: A genetic

algorithm approach. Eur. Transp. Res. Rev. 2017, 9. [CrossRef]
12. Usmani, O.; R’́osler, H. Deliverable 9.7 Policy Recommendations and Stakeholder Actions towards Effective Integration of EVs in the EU;

Technical Report; ECN: Petten, The Netherlands, 2015.

http://doi.org/10.1088/1755-1315/503/1/012085
http://dx.doi.org/10.3390/su12208548
http://dx.doi.org/10.1177/0739456X05285119
http://dx.doi.org/10.1787/9789264279469-en
http://dx.doi.org/10.1007/s12544-011-0064-3
http://dx.doi.org/10.1016/j.cstp.2019.06.003
http://dx.doi.org/10.1016/S0140-6736(07)61254-9
http://dx.doi.org/10.1016/j.rtbm.2020.100432
http://dx.doi.org/10.1016/j.enpol.2012.04.024
http://dx.doi.org/10.1007/s12544-017-0239-7


Sustainability 2021, 13, 2298 18 of 21

13. Morton, C.; Lovelace, R.; Anable, J. Exploring the effect of local transport policies on the adoption of low emission vehicles:
Evidence from the London Congestion Charge and Hybrid Electric Vehicles. Transp. Policy 2017, 60, 34–46. [CrossRef]

14. Zarazua de Rubens, G.; Noel, L.; Kester, J.; Sovacool, B.K. The market case for electric mobility: Investigating electric vehicle
business models for mass adoption. Energy 2020, 194, 116841. [CrossRef]

15. Seddig, K.; Jochem, P.; Fichtner, W. Two-stage stochastic optimization for cost-minimal charging of electric vehicles at public
charging stations with photovoltaics. Appl. Energy 2019, 242, 769–781. [CrossRef]

16. Greene, D.L.; Boudreaux, P.R.; Dean, D.J.; Fulkerson, W.; Gaddis, A.L.; Graham, R.L.; Graves, R.L.; Hopson, J.L.; Hughes, P.; Lapsa,
M.V.; et al. The importance of advancing technology to America’s energy goals. Energy Policy 2010, 38, 3886–3890. [CrossRef]

17. Hawkins, T.R.; Singh, B.; Majeau-Bettez, G.; Strømman, A.H. Comparative Environmental Life Cycle Assessment of Conventional
and Electric Vehicles. J. Ind. Ecol. 2013, 17, 53–64. [CrossRef]

18. Chen, C.F.; Zarazua de Rubens, G.; Noel, L.; Kester, J.; Sovacool, B.K. Assessing the socio-demographic, technical, economic and
behavioral factors of Nordic electric vehicle adoption and the influence of vehicle-to-grid preferences. Renew. Sustain. Energy Rev.
2020, 121, 109692. [CrossRef]

19. Tran, M.; Banister, D.; Bishop, J.D.; McCulloch, M.D. Simulating early adoption of alternative fuel vehicles for sustainability.
Technol. Forecast. Soc. Chang. 2013, 80, 865–875. [CrossRef]

20. Faria, M.V.; Baptista, P.C.; Farias, T.L. Electric vehicle parking in European and American context: Economic, energy and
environmental analysis. Transp. Res. Part A Policy Pract. 2014, 64, 110–121. [CrossRef]

21. Kougias, I.; Szabó, S.; Nikitas, A.; Theodossiou, N. Sustainable energy modelling of non-interconnected Mediterranean islands.
Renew. Energy 2019, 133, 930–940. [CrossRef]

22. Van Mierlo, J.; Lebeau, K.; Messagie, M.; Macharis, C. Electric Vehicles: Environmental friendly and affordable? Revue E
Tijdschrift–129ste Jaargang/129ème année–n 2013, 4, 6–10.

23. Skrucany, T.; Semanova, S.; Figlus, T.; Sarkan, B.; Gnap, J. Energy Intensity and Ghg Production of Chosen Propulsions Used in
Road Transport. Commun. Sci. Lett. Univ. Zilina 2017, 19, 3–9.

24. Canals Casals, L.; Martinez-Laserna, E.; Amante García, B.; Nieto, N. Sustainability analysis of the electric vehicle use in Europe
for CO2 emissions reduction. J. Clean. Prod. 2016, 127, 425–437. [CrossRef]

25. Tsakalidis, A.; Thiel, C. Electric Vehicles in Europe from 2010 to 2017: Is Full-Scale Commercialisation Beginning? Technical Report;
European Commission: Brussels, Belgium, 2018. [CrossRef]

26. Cooper, A.; Schefter, K. Electric Vehicle Sales Forecast and the Charging Infrastructure Required through 2030; Technical Repor; Edison
Electric Institute: Washington, DC, USA, 2018.

27. Ajanovic, A.; Haas, R. Dissemination of electric vehicles in urban areas: Major factors for success. Energy 2016, 115, 1451–1458.
[CrossRef]

28. Foley, B.; Degirmenci, K.; Yigitcanlar, T. Factors Affecting Electric Vehicle Uptake: Insights from a Descriptive Analysis in
Australia. Urban Sci. 2020, 4, 57. [CrossRef]

29. Van Vliet, O.; Brouwer, A.S.; Kuramochi, T.; Van Den Broek, M.; Faaij, A. Energy use, cost and CO2 emissions of electric cars. J.
Power Sources 2011, 196, 2298–2310. [CrossRef]

30. Biresselioglu, M.E.; Demirbag Kaplan, M.; Yilmaz, B.K. Electric mobility in Europe: A comprehensive review of motivators and
barriers in decision making processes. Transp. Res. Part A Policy Pract. 2018, 109, 1–13. [CrossRef]

31. Parks, K.; Denholm, P.; Markel, T. Costs and Emissions Associated with Plug-In Hybrid Electric Vehicle Charging in the Xcel Energy
Colorado Service Territory; Technical Report; National Renewable Energy Lab.: Golden, CO, USA, 2007. [CrossRef]

32. Costa, E.; Vanhaverbeke, L.; Coosemans, T.; Seixas, J.; Messagie, M.; Costa, G. Optimizing The Location Of Charging Infrastructure
For Future Expansion Of Electric Vehicle In Sao Paulo, Brazil. In Proceedings of the IEEE International Smart Cities Conference
(ISC2), Casablanca, Morocco, 14–17 October 2019; pp. 632–637. [CrossRef]

33. Costa, E.; Seixas, J.; Costa, G.; Turrentine, T. Interplay between ethanol and electric vehicles as low carbon mobility options for
passengers in the municipality of São Paulo. Int. J. Sustain. Transp. 2017, 11, 518–525. [CrossRef]

34. Zhang, Y.; Zhang, Q.; Farnoosh, A.; Chen, S.; Li, Y. GIS-Based Multi-Objective Particle Swarm Optimization of charging stations
for electric vehicles. Energy 2019, 169, 844–853. [CrossRef]

35. Erbaş, M.; Kabak, M.; Ózceylan, E.; Çetinkaya, C. Optimal siting of electric vehicle charging stations: A GIS-based fuzzy
Multi-Criteria Decision Analysis. Energy 2018, 163, 1017–1031. [CrossRef]

36. Csiszár, C.; Csonka, B.; F’́oldes, D.; Wirth, E.; Lovas, T. Urban public charging station locating method for electric vehicles based
on land use approach. J. Transp. Geogr. 2019, 74, 173–180. [CrossRef]

37. Coffman, M.; Bernstein, P.; Wee, S. Electric vehicles revisited: a review of factors that affect adoption. Transp. Rev. 2017, 37, 79–93.
[CrossRef]

38. Straka, M.; De Falco, P.; Ferruzzi, G.; Proto, D.; Van Der Poel, G.; Khormali, S.; Buzna, L. Predicting Popularity of Electric Vehicle
Charging Infrastructure in Urban Context. IEEE Access 2020, 8, 11315–11327. [CrossRef]

39. Wolbertus, R.; Kroesen, M.; van den Hoed, R.; Chorus, C.G. Policy effects on charging behaviour of electric vehicle owners and
on purchase intentions of prospective owners: Natural and stated choice experiments. Transp. Res. Part D Transp. Environ. 2018,
62, 283–297. [CrossRef]

40. Sierzchula, W.; Bakker, S.; Maat, K.; Van Wee, B. The influence of financial incentives and other socio-economic factors on electric
vehicle adoption. Energy Policy 2014, 68, 183–194. [CrossRef]

http://dx.doi.org/10.1016/j.tranpol.2017.08.007
http://dx.doi.org/10.1016/j.energy.2019.116841
http://dx.doi.org/10.1016/j.apenergy.2019.03.036
http://dx.doi.org/10.1016/j.enpol.2010.03.008
http://dx.doi.org/10.1111/j.1530-9290.2012.00532.x
http://dx.doi.org/10.1016/j.rser.2019.109692
http://dx.doi.org/10.1016/j.techfore.2012.09.009
http://dx.doi.org/10.1016/j.tra.2014.03.011
http://dx.doi.org/10.1016/j.renene.2018.10.090
http://dx.doi.org/10.1016/j.jclepro.2016.03.120
http://dx.doi.org/10.2760/8053
http://dx.doi.org/10.1016/j.energy.2016.05.040
http://dx.doi.org/10.3390/urbansci4040057
http://dx.doi.org/10.1016/j.jpowsour.2010.09.119
http://dx.doi.org/10.1016/j.tra.2018.01.017
http://dx.doi.org/10.2172/903293
http://dx.doi.org/10.1109/ISC246665.2019.9071676
http://dx.doi.org/10.1080/15568318.2016.1276651
http://dx.doi.org/10.1016/j.energy.2018.12.062
http://dx.doi.org/10.1016/j.energy.2018.08.140
http://dx.doi.org/10.1016/j.jtrangeo.2018.11.016
http://dx.doi.org/10.1080/01441647.2016.1217282
http://dx.doi.org/10.1109/ACCESS.2020.2965621
http://dx.doi.org/10.1016/j.trd.2018.03.012
http://dx.doi.org/10.1016/j.enpol.2014.01.043


Sustainability 2021, 13, 2298 19 of 21

41. Pagani, M.; Korosec, W.; Chokani, N.; Abhari, R.S. User behaviour and electric vehicle charging infrastructure: An agent-based
model assessment. Appl. Energy 2019, 254, 113680. [CrossRef]

42. Kougias, I.; Nikitas, A.; Thiel, C.; Szabó, S. Clean energy and transport pathways for islands: A stakeholder analysis using Q
method. Transp. Res. Part D Transp. Environ. 2020, 78, 102180. [CrossRef]

43. Namdeo, A.; Tiwary, A.; Dziurla, R. Spatial planning of public charging points using multi-dimensional analysis of early adopters
of electric vehicles for a city region. Technol. Forecast. Soc. Chang. 2014, 89, 188–200. [CrossRef]

44. Lieven, T. Policy measures to promote electric mobility—A global perspective. Transp. Res. Part A Policy Pract. 2015, 82, 78–93.
[CrossRef]

45. Lin, Z.; Greene, D.L. Promoting the market for plug-in hybrid and battery electric vehicles. Transp. Res. Rec. 2011, 2252, 49–56.
[CrossRef]

46. Thiel, C.; Alemanno, A.; Scarcella, G.; Zubareyeva, A.; Pasaoglu, G. Attitude of European car drivers towards electric vehicles: A
survey. Jt. Res. Cent. Rep. 2012. [CrossRef]

47. Faraj, M.; Basir, O. Range anxiety reduction in battery-powered vehicles. In Proceedings of the IEEE Transportation Electrification
Conference and Expo, Dearborn, MI, USA, 27–29 June 2016. [CrossRef]

48. Eberle, D.U.; von Helmolt, D.R. Sustainable transportation based on electric vehicle concepts: A brief overview. Energy Environ.
Sci. 2010, 3, 689–699. [CrossRef]

49. Huang, P.; Ma, Z.; Xiao, L.; Sun, Y. Geographic Information System-assisted optimal design of renewable powered electric vehicle
charging stations in high-density cities. Appl. Energy 2019, 255, 113855. [CrossRef]

50. Zhao, H.; Li, N. Optimal siting of charging stations for electric vehicles based on fuzzy Delphi and hybrid multi-criteria decision
making approaches from an extended sustainability perspective. Energies 2016, 9, 270. [CrossRef]

51. Guo, F.; Yang, J.; Lu, J. The battery charging station location problem: Impact of users’ range anxiety and distance convenience.
Transp. Res. Part Logist. Transp. Rev. 2018, 114, 1–18. [CrossRef]

52. Micari, S.; Polimeni, A.; Napoli, G.; Andaloro, L.; Antonucci, V. Electric vehicle charging infrastructure planning in a road
network. Renew. Sustain. Energy Rev. 2017, 80, 98–108. [CrossRef]

53. Chen, T.; Kockelman, K.; Khan, M. Locating electric vehicle charging stations. Transp. Res. Rec. 2013, 2385, 28–36. [CrossRef]
54. Egbue, O.; Long, S. Barriers to widespread adoption of electric vehicles: An analysis of consumer attitudes and perceptions.

Energy Policy 2012, 48, 717–729. [CrossRef]
55. Victor-Gallardo, L.; Angulo-Paniagua, J.; Bejarano-Viachica, R.; Fuentes-Soto, D.; Ruiz, L.; Martínez-Barboza, J.; Quirós-Tortós, J.

Strategic Location of EV Fast Charging Stations: The Real Case of Costa Rica. In Proceedings of the IEEE PES Conference on
Innovative Smart Grid Technologies, ISGT Latin America, Gramado, Brazil, 15–18 September 2019. [CrossRef]

56. Mashhoodi, B.; van Timmeren, A.; van der Blij, N. The two and half minute walk: Fast charging of electric vehicles and the
economic value of walkability. Environ. Plan. B Urban Anal. City Sci. 2019, 1–17. [CrossRef]

57. Huang, K.; Kanaroglou, P.; Zhang, X. The design of electric vehicle charging network. Transp. Res. Part D Transp. Environ. 2016,
49, 1–17. [CrossRef]

58. Harrison, G.; Thiel, C. An exploratory policy analysis of electric vehicle sales competition and sensitivity to infrastructure in
Europe. Technol. Forecast. Soc. Chang. 2017, 114, 165–178. [CrossRef]

59. Pagany, R.; Ramirez Camargo, L.; Dorner, W. A review of spatial localization methodologies for the electric vehicle charging
infrastructure. Int. J. Sustain. Transp. 2019, 13, 433–449. [CrossRef]

60. Yang, Y.; Yao, E.; Yang, Z.; Zhang, R. Modeling the charging and route choice behavior of BEV drivers. Transp. Res. Part Emerg.
Technol. 2016, 65, 190–204. [CrossRef]

61. Shahraki, N.; Cai, H.; Turkay, M.; Xu, M. Optimal locations of electric public charging stations using real world vehicle travel
patterns. Transp. Res. Part D Transp. Environ. 2015, 41, 165–176. [CrossRef]

62. Oda, T.; Aziz, M.; Mitani, T.; Watanabe, Y.; Kashiwagi, T. Mitigation of congestion related to quick charging of electric vehicles
based on waiting time and cost–benefit analyses: A japanese case study. Sustain. Cities Soc. 2018, 36, 99–106. [CrossRef]

63. You, P.S.; Hsieh, Y.C. A hybrid heuristic approach to the problem of the location of vehicle charging stations. Comput. Ind. Eng.
2014, 70, 195–204. [CrossRef]

64. Alegre, S.; Míguez, J.V.; Carpio, J. Modelling of electric and parallel-hybrid electric vehicle using Matlab/Simulink environment
and planning of charging stations through a geographic information system and genetic algorithms. Renew. Sustain. Energy Rev.
2017, 74, 1020–1027. [CrossRef]

65. Sadeghi-Barzani, P.; Rajabi-Ghahnavieh, A.; Kazemi-Karegar, H. Optimal fast charging station placing and sizing. Appl. Energy
2014, 125, 289–299. [CrossRef]

66. Wang, Y.; Shi, J.; Wang, R.; Liu, Z.; Wang, L. Siting and sizing of fast charging stations in highway network with budget constraint.
Appl. Energy 2018, 228, 1255–1271. [CrossRef]

67. Arkin, E.M.; Carmi, P.; Katz, M.J.; Mitchell, J.S.; Segal, M. Locating battery charging stations to facilitate almost shortest paths.
Discret. Appl. Math. 2019, 254, 10–16. [CrossRef]

68. Zhang, L.; Shaffer, B.; Brown, T.; Scott Samuelsen, G. The optimization of DC fast charging deployment in California. Appl.
Energy 2015, 157, 111–122. [CrossRef]

69. Frade, I.; Ribeiro, A.; Gonçalves, G.; Antunes, A. Optimal location of charging stations for electric vehicles in a neighborhood in
Lisbon, Portugal. Transp. Res. Rec. 2011, 2252, 91–98. [CrossRef]

http://dx.doi.org/10.1016/j.apenergy.2019.113680
http://dx.doi.org/10.1016/j.trd.2019.11.009
http://dx.doi.org/10.1016/j.techfore.2013.08.032
http://dx.doi.org/10.1016/j.tra.2015.09.008
http://dx.doi.org/10.3141/2252-07
http://dx.doi.org/10.2790/67556
http://dx.doi.org/10.1109/ITEC.2016.7520190
http://dx.doi.org/10.1039/c001674h
http://dx.doi.org/10.1016/j.apenergy.2019.113855
http://dx.doi.org/10.3390/en9040270
http://dx.doi.org/10.1016/j.tre.2018.03.014
http://dx.doi.org/10.1016/j.rser.2017.05.022
http://dx.doi.org/10.3141/2385-04
http://dx.doi.org/10.1016/j.enpol.2012.06.009
http://dx.doi.org/10.1109/ISGT-LA.2019.8895284
http://dx.doi.org/10.1177/2399808319885383
http://dx.doi.org/10.1016/j.trd.2016.08.028
http://dx.doi.org/10.1016/j.techfore.2016.08.007
http://dx.doi.org/10.1080/15568318.2018.1481243
http://dx.doi.org/10.1016/j.trc.2015.09.008
http://dx.doi.org/10.1016/j.trd.2015.09.011
http://dx.doi.org/10.1016/j.scs.2017.10.024
http://dx.doi.org/10.1016/j.cie.2014.02.001
http://dx.doi.org/10.1016/j.rser.2017.03.041
http://dx.doi.org/10.1016/j.apenergy.2014.03.077
http://dx.doi.org/10.1016/j.apenergy.2018.07.025
http://dx.doi.org/10.1016/j.dam.2018.07.019
http://dx.doi.org/10.1016/j.apenergy.2015.07.057
http://dx.doi.org/10.3141/2252-12


Sustainability 2021, 13, 2298 20 of 21

70. Awasthi, A.; Venkitusamy, K.; Padmanaban, S.; Selvamuthukumaran, R.; Blaabjerg, F.; Singh, A.K. Optimal planning of electric
vehicle charging station at the distribution system using hybrid optimization algorithm. Energy 2017, 133, 70–78. [CrossRef]

71. Bian, C.; Li, H.; Wallin, F.; Avelin, A.; Lin, L.; Yu, Z. Finding the optimal location for public charging stations—A GIS-based MILP
approach. Energy Procedia 2019, 158, 6582–6588. [CrossRef]

72. Heyman, F.; Pereira, C.; Miranda, V.; Soares, F.J. Spatial load forecasting of electric vehicle charging using GIS and diffusion
theory. In Proceedings of the IEEE PES Innovative Smart Grid Technologies Conference Europe, Torino, Italy, 26–29 September
2017; pp. 1–6. [CrossRef]

73. Efthymiou, D.; Antoniou, C.; Tyrinopoylos, Y.; Mitsakis, E. Spatial Exploration of Effective Electric Vehicle Infrastructure Location.
Procedia Soc. Behav. Sci. 2012, 48, 765–774. [CrossRef]

74. Wu, Y.; Yang, M.; Zhang, H.; Chen, K.; Wang, Y. Optimal site selection of electric vehicle charging stations based on a cloud model
and the PROMETHEE method. Energies 2016, 9, 157. [CrossRef]

75. Motoaki, Y. Location-allocation of electric vehicle fast chargers-research and practice. World Electr. Veh. J. 2019, 10, 10–16.
[CrossRef]

76. Brugha, R.; Varvasovszky, Z. Review article Stakeholder analysis : A review. Health Policy Plan. 2000, 15, 239–246. [CrossRef]
77. Wolbertus, R.; Jansen, S.; Kroesen, M. Stakeholders’ perspectives on future electric vehicle charging infrastructure developments.

Futures 2020, 123, 102610. [CrossRef]
78. Costa, E.; Paiva, A.; Seixas, J.; Costa, G.; Baptista, P.; Gallachóir, B. Spatial Planning of Electric Vehicle Infrastructure for Belo

Horizonte, Brazil. J. Adv. Transp. 2018, 2018, 8923245. [CrossRef]
79. Costa, E.; Paiva, A.; Seixas, J.; Baptista, P.; Costa, G.; O Gallachoir, B. Suitable locations for electric vehicles charging infrastructure

in Rio de Janeiro, Brazil. In Proceedings of the IEEE Vehicle Power and Propulsion Conference (VPPC), Belfort, France, 11–14
December 2017. [CrossRef]

80. Haustein, S.; Nielsen, T.A. European mobility cultures: A survey-based cluster analysis across 28 European countries. J. Transp.
Geogr. 2016, 54, 173–180. [CrossRef]

81. Alyavina, E.; Nikitas, A.; Tchouamou Njoya, E. Mobility as a service and sustainable travel behaviour: A thematic analysis study.
Transp. Res. Part Traffic Psychol. Behav. 2020, 73, 362–381. [CrossRef]

82. Nikitas, A.; Wang, J.Y.; Knamiller, C. Exploring parental perceptions about school travel and walking school buses: A thematic
analysis approach. Transp. Res. Part A Policy Pract. 2019, 124, 468–487. [CrossRef]

83. Liu, N.; Nikitas, A.; Parkinson, S. Exploring expert perceptions about the cyber security and privacy of Connected and
Autonomous Vehicles: A thematic analysis approach. Transp. Res. Part F Traffic Psychol. Behav. 2020, 75, 66–86. [CrossRef]

84. Nikitas, A.; Avineri, E.; Parkhurst, G. Understanding the public acceptability of road pricing and the roles of older age, social
norms, pro-social values and trust for urban policy-making: The case of Bristol. Cities 2018, 79, 78–91. [CrossRef]

85. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
86. Millward, H.; Spinney, J.; Scott, D. Active-transport walking behavior: Destinations, durations, distances. J. Transp. Geogr. 2013,

28, 101–110. [CrossRef]
87. Daniels, R.; Mulley, C. Explaining walking distance to public transport: The dominance of public transport supply. J. Transp.

Land Use 2013, 6, 5–20. [CrossRef]
88. Bakogiannis, E.; Vlastos, T.; Athanasopoulos, K.; Vassi, A.; Christodoulopoulou, G.; Karolemeas, C.; Tsigdinos, S.; Kyriakidis,

C.; Noutsou, M.S.; Siti, M.; et al. Exploring Motivators and Deterrents of Cycling Tourism Using Qualitative Social Research
Methods and Participative Analytical Hierarchy Process (AHP). Sustainability 2020, 12, 2418. [CrossRef]

89. Saaty, T.L. A scaling method for priorities in hierarchical structures. J. Math. Psychol. 1977, 15, 234–281. [CrossRef]
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