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Abstract: Electrification in the automotive market is at full speed globally which makes
the infrastructure and distribution planning of charging stations important in order to
accommodate this growing demand. This work aimed to systematically review the
literature on electric charging stations spatial distribution models for electrified
vehicles. Different periodicals were examined to determine the number of articles
published on this subject as well as to list where the main researches are being
performed in the world. As a result, the main variables, mathematical and
computational methods used for modelling the spatial distribution proposals are listed.
In conclusion, this systematic review can support the development of new electric
charging stations spatial distribution models for electrified vehicles as a summary on
the state of the art on this matter.

Keywords: Charging stations; Location; Distribution; Infrastructure; Electric vehicles.

MODELOS DE DISTRIBUICAO ESPACIAL DE ESTACOES DE
RECARGA ELNETRICA PARA VEICULOS ELETRIFICADOS: UMA
BREVE REVISAO

Resumo: A eletrificacdo no mercado automotivo esta a toda velocidade em todo o
mundo, o0 que torna importante o planejamento de infraestrutura e distribuicdo das
estacdes de recarga para acomodar essa demanda crescente. Este trabalho teve
como objetivo revisar sistematicamente a literatura sobre modelos de distribuicdo
espacial de estacfes de carregamento elétrico para veiculos eletrificados. Diferentes
periédicos foram examinados para determinar o nimero de artigos publicados sobre
0 assunto e para listar onde as principais pesquisas estdo sendo realizadas no mundo.
Como resultado, sédo listadas as principais variaveis, meétodos matematicos e
computacionais usados para modelar as propostas de distribuicdo espacial. Em
conclusao, esta reviséo sistemética pode apoiar o desenvolvimento de novos modelos
de distribuicdo espacial de estacdes de carregamento elétrico para veiculos
eletrificados como um resumo do estado da arte sobre esse assunto.

Palavras-chave: EstacOes de recarga; Localizacdo; Distribuicdo; Infraestrutura;
Veiculos elétricos.
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1. INTRODUCTION

The automotive market has been aggressively dealing with the migration from
fuel to electric consumption on its products for more than two decades now. Several
variables have contributed to this movement on the past few years; especially due to
environmental global goals, massive government support is one of the major
contribution variables. Electric vehicles (EV) annual sales increased from just 2 to over
753 thousand worldwide over the past ten years [1]. The projections for EV market
share vary among different studies; however, it is a consensus that it will increase on
high factors within the next years [1-4]. According to the forecasting model elaborated
by Kapustin and Dmitry (2020), by 2040 the number of electric vehicles will increase
by a factor of 60—70, compared to 2016 and reach from 12 to 28% of global fleet [1].
Lieven and Rietmann (2020) model is even more aggressive, indicating that by 2035,
the EV market share is expected to reach 42.5% worldwide [4].

The growing EV market is demanding new strategies for vehicle electric
recharging, not only in terms of charging technologies but also in terms of planning and
management of such high-volume market. To follow the current volume prospects, it
is mandatory to re-think the whole business model of vehicle fueling strategy used
across the globe. More intensely in the last decade, theoretical studies have been
conducted to develop models to optimize the placing strategy of charging stations to
better suit customers and stakeholders [5-32]. Academic articles have also been
conducted to develop strategies for creating intelligent charging grids, taking into
account different parameters like costs, minimization of distances, charging
technologies and intelligent V2G (vehicle-to-grid) and G2V (grid-to-vehicle) energy
management [6,33-35].

Development of electric charging stations spatial distribution models for
electrified vehicles is a key factor to the successful deployment of electric vehicles into
the market. There are several models available and both academy and industry have
been spending energy on the charging station location problem in the last decade.
Based on this context, this work aimed to perform a brief systematic literature review
on electric charging stations spatial distribution models for electrified vehicles to drive
new researchers on this topic and as a comprehensive data for beginners.

2. METHODOLOGY

Different scientific databases were explored to determine the number of articles
published on electric charging stations spatial distribution models for electrified
vehicles as well as to list where the main researches are being performed in the world.
With the results returned from the explorations, the main variables, mathematical and
computational methods used for modelling the spatial distribution proposals were
defined. The database selected for this exercise were Scielo (www.scielo.org),
Science Direct (www.sciencedirect.com), Scopus (www.scopus.com), CAPES
Periodicals (www.periodicos.capes.gov.br), SAE (www.sae.org/publications/technical-
papers) and Google Scholar (www.scholar.google.com). Figure 1 indicates the steps
and actions followed to proceed with the searches. After the completion of each step,
the main results were indicated through summary tables and graphs and the mains
outcomes are highlighted in comments.
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Figure 1: Methodology used on the search of articles on electric charging stations spatial
distribution models for electrified vehicles
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Source: elaborated by the article authors.

The brainstorming session to define the preliminary main keywords for the initial
exploration on electric charging stations spatial distribution models presented as result
the following list: EV charging, electric mobility, spatial distribution, location,
infrastructure, charging station deployment, charging demand, distribution, charging
station and electric vehicles. The list is intentionally simple and short so as not to
compromise and reduce the number of returned articles in the exploration performed
in the scientific periodicals. After a few try outs, it is noticed that a high quantity of
keywords in the searches significantly decreases the number of returned articles. At
this point, it was decided not to restrain the quantity of articles returned in the searches
and the list of preliminary keywords was kept short in order to acquire a higher
database of returned articles.

After defining the preliminary list of keywords, basic searches were performed
to determine the keywords that have a higher appearance on the returned articles. The
searches were performed in the same databases mentioned previously. In order to
simplify the analysis on the publication titles, modelling methods and location
algorithms, only the articles published in the Science Direct platform were considered.
To also simplify the analysis on regions publishing articles on the charging station
problem, only the articles published in 2020 returned from the Science Direct platform
were considered. This database was the one that most returned results after Google
Scholar and it is a robust scientific directory, reason why it was the most considered to
these mentioned analyses.

3. RESULTS AND DISCUSSION

3.1 Number and Regions of Articles Published on the Last Decade

Figure 2 highlights the percentage of each keyword used in the returned articles
from the previously mentioned databases, following the methodology described before.
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To simplify the analyzes, only articles published in 2020 were considered. Using the 5
most used keywords identified in Figure 2, a new round of searches was performed
and the number of articles by year of publication returned in each platform is listed on
Figure 3.

Figure 2. Proportion of keywords used in the articles returned from the initial searches in the
explored periodicals: Scielo, Science Direct, Scopus, CAPES Periodicals, SAE and
Google Scholar (only articles published in 2020 were considered)
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Figure 3: Progression on the number of results returned by each searched database using
the selected keywords along the last decade
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Figure 3 clearly indicates that the charging station location problem has become
a research hotspot in the last decade. By 2010, approximately 100 articles were
published in the selected periodicals and, after 9 years, these numbers were up to
approximately 900 articles (excluding Google Scholar). Figure 3 also indicates that this
subject is still not saturated in the academy, presenting higher numbers of published
articles year after year. It is important to highlight that even in the SAE platform, which
is an automotive engineering focused periodical, this tendency is also noticed — one
more evidence that the researches are increasing and becoming more present based
on the last decade data.

As a result to the method described in the methodology session for the analysis
on regions publishing articles on the charging station problem, Europe (37%) and Asia
(35%) are the main regions where the electric charging stations spatial distribution
models for electrified vehicles articles are being published, followed by North America
(23%). South America (5%) is the region that least produces articles on this subject
and there were not found articles on other regions.

3.2 Publication Titles, Modelling Methods and Location Algorithms

Figure 4 indicates that “Renewable and Sustainable Energy Reviews” together
with “Applied Energy” were the main publication titles on the electric charging stations
spatial distribution models theme. “Energy Policy”, “Energy”’, “Transportation
Research: Transport and Environment” and “Journal of Cleaner Production” also seem
to have an important influence on the publications.

Figure 4. Main publication titles on location and distribution of charging stations
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The review presented by Zhang et al. (2019) is an useful source of information
on the state of the art for the charging station location problem. Point demand, traffic
demand (FLCM), mixed models (FRLM, FCLP) and multilevel and interdisciplinary
models (Game theory, Queuing theory, Delphi method, Grey hierarchical analysis -
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GAHP) are the main modeling methods; on the other hand, Traditional Algorithm
(Genetic Algorithm, Particle Swarm Optimization, Tabu Search, Simulated Annealing,
Alternate Location Allocation Algorithm), Improved Algorithm (Clustering, Fuzzy, Multi-
group hybrid genetic algorithm - MPHGA), Artificial Neural Network and Computational
Geometry are the main location algorithms [36]. A search was conducted with these
modeling methods and location algorithms used and, or mentioned in the articles
published in 2020 returned from the Science Direct platform (Figure 3).

Figure 5 shows the proportion of articles, published in 2020 released in Science
Direct, that used and, or mentioned the modeling methods listed above. Figure 6
actually shows the number of articles that used and, or mentioned the location
algorithms listed above. Traffic demand (Flow Capturing Location Model — FCLM) and
Clustering seem to be the most used modeling method and location algorithm,
respectively. Although this is a superficial analysis that requires a better deep dive on
the data, it is an indicative on the tools being used in the most recent articles published
on the charging stations location problem.

Figure 5: Modeling methods of charging station location — percentage proportion from
charging station articles published in 2020 in the Science Direct database platform.
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Figure 6: Location Algorithm — number of charging station articles published in 2020 in the
Science Direct database platform.
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3.3 Main Variables Considered on the Models

Considering the main variables for the charging station problem [1-36], a brief
search was conducted on which variables were used in the articles database from
Figure 3. Here, once again, the Science Direct platform was used due to its
convenience and ease of usage. Figure 7 summarizes the main variables used and,
or mentioned on that database.

Figure 7. Main variables considered in the development of electric charging stations spatial
distribution models for electrified vehicles.
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4. CONCLUSION

The location problem for electrified vehicles charging stations has become a
research hotspot in the last decade with innumerous articles, studies and methods
being explored and published with growing numbers throughout the past years. This
paper successfully enumerated the main modeling methods, location algorithms and
variables used for developing such location models, quantifying the proportion in which
these variables are used in the most recent published articles.

As per the results from the brief literature review explored on this paper, it is
possible to conclude that Traffic Demand (FLCM) is the main modeling method being
used together with clustering as the mechanism for location algorithms in the recent
published papers. Average users per day and traffic flow are the main variables
considered in such location models for electrified vehicles charging stations. It is also
possible to conclude that there is room for new developments and publications using
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big data and artificial neural networks since these are growing techniques and have
not been highlighted as the main models published in the last decade.

These findings are significant to drive new researchers on this topic and can be
used as comprehensive information for beginners on this area, giving directions on
main models, location algorithms and variables to be evaluated and considered for the
development or adjustment of new location models.
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