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ABSTRACT:

Energy sources are divided into renewable and non-renewable sources. It can be seen that non-renewable energy resources are not
adequately meeting the increased demands of worldwide technological developments, increasing population, and global
consumption. Therefore, the demand for renewable resources is increasing day by day. When it comes to the use of non-renewable
carbon-based fossil fuels, one of the first areas that come to mind is undoubtedly the Automotive sector. Today, it is realized that one
of the main reasons for the lack of electric motor cars compared to petroleum fuelled cars, is the scarcity of electric vehicle charging
stations and the difficulty of their accessibility. In this study; an analysis of solar-powered electric charging stations site selection was
carried out for electric vehicles. The Ankara-Istanbul highway, which has a high traffic density, was chosen as the sample route for
the study. Within the scope of the study, the areas where stations can be installed on the highway were carried out using the Multi-
Criteria Decision Making Method with the help of Geographic Information System. Solar radiation, slope, aspect, land use/land
cover, traffic volume and proximity to the road, criteria of the route, and site selection analysis were determined as input data. The
maps of the determined criteria were arranged according to the study area and prepared for analysis. The criteria maps obtained were
reclassified according to the above-mentioned criteria and scoring system. After the reclassification process, the weighting of each
criteria which affect the analysis was determined by the researched literature and an overlapping process was carried out. According
to the results map produced as a result of the overlay analysis, the appropriate area has been determined for the electric charging
stations working with solar energy. On the defined route within the scope of the study, a proposal has been made for a total of 13
stations, 8 in Ankara, 3 in Bolu, 1 in Kocaeli, and 1 in Istanbul. This study, it is aimed to encourage automobile users to make greater
use of electric motor vehicles, which would be a more environmentally friendly and sustainable choice, and ultimately more
economical.

(Saglam et al., 2021). In this context, the importance of
increasing the number of electric vehicle charging stations has
been determined to contribute to the development of the electric

1. INTRODUCTION

Today, in parallel with population growth, technological

development, and the diversification of our needs, the energy
demand is increasing daily. Due to the negative effects of non-
renewable energy sources, the demand for renewable energy
consumption is increasing in almost every field of human
activity. (Canka Kilig, 2015).

When it comes to the use of non-renewable energy, one of the
common areas of use is undoubtedly the transportation sector.
Looking at the European Commission data, it is seen that most
of the environmental and economic energy needs in the
transportation sector are currently based on oil. The electric
vehicle industry is now regarded as the best alternative to
reduce the dependency on oil in the transportation sector and to
develop a more environmentally friendly policy (European
Commission, 2019).

Founded in 2018, Turkey's Automobile Enterprise Group
Industry and Trade Inc. predict that the development in the
electric vehicle market will accelerate with the national
development movement initiated in the electric vehicle market

vehicle industry in our country and to become a pioneer in its
expansion (Turkish National Committee, 2017).

Hydraulic, wind, geothermal, biomass, and solar sources can
also be used to produce renewable electricity (Ministry of
Environment and Urbanization, 2018). When renewable
resources for electricity generation are compared, the solar
potential of Turkey is high due to its geographical location
(Y1lmaz, 2012). Therefore, it is reasonable to predict that, the
electric energy required for electric vehicle charging stations, in
areas with high solar energy potential on highways and
provincial roads used in our country, can be produced from the
sun.

Undoubtedly, the most important parameter for the installation
of solar charging stations in suitable places on the determined
routes is the solar energy potential of the region. However,
taking into account the environmental, socio-economic, and
terrain conditions of the stations to be established will enable
the selection of the most suitable places to be made. In this
context, it is seen that choosing a suitable location for solar
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electric charging stations is a spatial problem that requires the
consideration of multiple criteria. The Multi-Criteria Decision
Making (MCDM) process is a decision-making approach that
allows choosing the most suitable area among the alternative
areas by considering multiple criteria (Sanchez-Lozano et al.,
2016). Since location analysis is a spatial problem,
Geographical Information Systems (GIS), which allows the
analysis of spatial data, is a technology that can be used
effectively in MCDM analysis (Deniz and Topuz 2018).

In this study, a suitable site selection analysis was made for the

charging stations required by electric vehicles using solar
energy on the Ankara-Istanbul route. Station location
suggestions were made for the places where solar charging
stations can be installed in those areas identified as a result of
the process. Site selection analysis was carried out in ArcGIS
software, a GIS software.

The main purpose of the study is to select suitable locations for
solar energy-based electric charging stations for electric
vehicles, which is one of the most reliable sustainable energy
sources. In this way, it is aimed to contribute to the creation of a
more environmentally friendly and sustainable world by
encouraging the use of electric vehicles using renewable energy.
The study aims to identify the ideal locations for the
installations that can address the problem of vehicle charging
stations and accordingly contribute to the increase in the
number of electric vehicle users. The lack of charging stations is
one of the reasons why drivers currently do not choose electric
vehicles and prefer to continue with internal combustion
vehicles.

Today, the use of motorized vehicles is increasing day by day
and the vast majority of vehicles in operation use fossil fuels.
Similarly, the majority of electric energy generation in the
world uses fossil fuels. This situation causes environmental
pollution to the greatest extent, and therefore a sustainable
environment needs to reduce the use of fossil fuels in electricity
generation to meet the energy needs of environmentally-friendly
electric  vehicles, by creating an infrastructure of
environmentally-friendly electric charging stations. To this end,
choosing suitable locations for solar-powered electric charging
stations in the study is important in terms of increasing
availability and access to solar-generated energy to contribute to
a cleaner environment.

There are suitable site selection studies for electric vehicle
charging stations in the literature (Chen, 2017; Kaya, 2020). In
addition, there are solar field site selection studies for solar
power generation (Yalgin, 2020; Gergek, 2018; Ayday, 2016).
When the electric vehicle charging station location selection,
which is the common point of these two issues, is examined, it
is seen that there has not been a location selection study for
charging station installations based on renewable energy. In this
context, the analysis of electric charging stations operating with
solar energy is the first in the field of site selection analysis.

2. STUDY AREA

An important factor when determining the application area, and
considering the intercity travel of drivers, was the necessity of

recharging the electric vehicle ranges over long distances, and
determining the requisite installation of the charging stations on
the highway route gained importance. For this reason, the
Ankara-Istanbul highway, which connects Ankara and Istanbul
(Goniil et al., 2021), the two cities with the highest electric
vehicle usage rates in Turkey, was chosen as the selected route
to determine the electric charging station location requirements.
As a study area, the Ankara-Istanbul highway is 443 kilometers
in total. From Ankara to Istanbul, respectively; Bolu, Diizce,
Sakarya, Kocaeli are the cities within the route (Figure 1.).

When the renewable energy potentials and the practicality of
use are compared within the determined route, it is seen that the
power to be obtained by using solar energy will give more
adequate results (URL1). Therefore, solar energy was chosen as
the primary renewable energy source for the study.
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Figure 1. Study area

3. METHODOLOGY

The workflow implemented within the scope of the study is
given in Figure 2. Within the scope of the study, first of all, the
criteria to be used in the site selection analysis were determined.
After the criterion determination process, the criteria maps were
prepared according to the study area and made ready for
analysis. The criteria maps obtained were reclassified according
to a determined scoring system. As a result of the classification
process, the weights of each criterion that will affect the
analysis were determined by literature research, and the
overlapping process was carried out. At the last stage of the
study, station locations where electric charging stations can be
established were determined according to the resulting map
produced as a result of the overlap analysis.

3.1 Criteria Affecting Study Site Selection

To determine the solar-powered electric vehicle charging station
installation areas on the Ankara-Istanbul Highway route,
assistance was obtained from postgraduate theses, periodicals,
corporate reports or publications in the literature, and online
publications. (Lindoerg, 2021; Bayram, 2021; ibrahim, 2020;
Soydan, 2020) ; Gergek, 2018; Uyan, 2013). As a result of the
examinations, three main headings were discussed in terms of
economic, environmental, and social aspects. Economically;
solar potential, slope, aspect and traffic volume, environmental
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aspects; land use/land cover (LU/LC), and the criterion of
proximity to the road in terms of social aspects were discussed.

Making Criteria Ready for
Analysis

Setting Criteria

v

Reclassification of Criteria
According to the Determined
Scoring System

Determination of Criterion
—>  Weights and Overlay Analysis

l

Identification of
Recommendation Stations

Figure 2. Applied methodology in the study

Solar radiation: The most important criterion for the suitability
analysis of the selected route within the study is the
determination of the solar energy potential. The area to be
selected for the station installation must have a high solar
radiation value. Installing a solar-based station in areas with low
solar radiation value is not a desirable situation considering
efficiency and cost. Solar radiation tools in ArcGIS, the GIS
software, were used to generate solar radiation belonging to the
study area.

Slope: The slope criterion is important in terms of the cost of
the station to be installed. Solar panels are usually installed in
areas with shallow slopes to reduce the cost of the study. The
slope of the land is a very important parameter for the
photovoltaic panels to be used in solar energy production to be
installed within the scope of the study.

Aspect: Turkey is geographically located in the northern
hemisphere. Therefore, the sun’s rays falling on our country
come from the south. To obtain high-efficiency energy in solar
panel installation, it is of great importance that the selected
areas are south-facing. For this reason, the aspect criterion has
an important place in the analysis process.

Traffic volume: The study route is the Ankara-Istanbul
Highway, one of the highways with the heaviest traffic volume
in Turkey. Since it is known that the number of electric vehicles
will be higher in direct proportion to the vehicle density, the
vehicle density has an important place for the location selection
in the charging station installation.

Land use/Land cover (LU/LC): One of the important criteria
that should be known for the study site selection is the
CORINE; (Coordination of Information on the Environment,
URLZ2). It will not be appropriate to establish the station on land
use areas such as forests and fertile agricultural Ilands.
Therefore, land use/land cover is also an important criterion in
site selection analyses.

Distance from highway: When vehicle fuel purchases are
considered, the proximity to the road criterion is one of the

more important criteria in station location selection, since it is
thought that the preference of the station to be selected on or
near the route will increase the preferability.

3.2 Criteria Rank

Each of the criteria used within the scope of the study are
mapped in a separate unit. For example, slope data is in percent,
aspect data is in angle, solar data is in kWatt. To perform an
overlay analysis with these data, each criterion must be
reclassified according to the common scoring system. The
criteria used within the scope of the study were reclassified by
scoring from 1 to 5 according to their suitability for the
installation of electric charging stations. 5 represents the highest
available area and 1 represents the lowest available area. Areas
with a score of 0 within the scope of the study represent areas
that are unsuitable for analysis of station installation.

3.3 Analysis and Determination of Stations

In multi-criteria decision-making processes, appropriate site
selection processes are carried out by considering multiple
criteria. Within the scope of this study, the weighted overlay
process was applied in the site selection process. The weighted
overlay process is a method that produces results in the same
value ranges as the scoring values, by overlaying according to
the effect ratios of the criteria in a common scoring system on
the overlay. The layer weights used in the study were obtained
as a result of literature reviews. While determining these
weights, articles in which solar farm location selection was
made with GIS were used (Tercan, 2021; Prieto-Amparan,
2021; Zambrano-Asanza, 2021; Ali et al., 2019).

While determining the proposed stations, it has been calculated
how many charging units will be in the station to be installed,
how many panels will be installed in the area, how much energy
these panels will produce, and how much area they will need.
According to the station area obtained as a result of the
calculation made, the suggested station locations were
determined on the result map.

4. RESULTS

Using six different criteria, a suitable site selection analysis was
carried out for suitable solar-powered charging stations that can
be built on the Ankara-Istanbul highway route. For the six
criteria determined in the study, firstly, the reclassification
process was carried out according to the determined point
values. The values assigned for the criteria used according to
this scoring system are shown in Table 1.

After the scoring stage of the criteria, the weights of each
criterion were determined in the production of the suitability
map, depending on the literature research. Among the criteria
used in this context, solar radiation is weighted as 30%, traffic
volume 20%, slope 15%, land use/land cover 15%, aspect 10%,
and proximity to the road 10%. Overlay analysis was performed
according to the determined weight values. The resulting map is
shown in Figure 3. While assigning the suitability values, the
results obtained from the map were defined as the most suitable
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areas between 4-5 rank, suitable areas between 3-4 rank, less
suitable areas between 2-3, and unsuitable areas between 0-2.
When Figure 3. is examined, it is seen that the most suitable
areas are gathered around the province of Ankara. The main
reason for this is that the highest weight value is given to solar
radiation in the overlay analysis and solar radiation is higher in
and around Ankara than in other provinces.

Land use/Land cover (CORINE 2018 Classes) Rank
2.3.1,2.4.3,3.3.1,3.3.2,3.3.3 5
3.2.1,3.2.3,3.24 4
1.4.1,2.1.1,2.1.2 3
1.1.2,1.2.1,2.4.2 2
1.1.1,1.2.2,1.4.2 1
1.2.3,1.2.4,1.3.1,1.3.2,1.3.3,2.2.3,3.1.1,3.1.2,3.1.3,4.1.1,5.1.1,5.3.2 a
Solar radiation (kwh/(m?) Rank Slope (%) Rank
1400< 5 <6 5
1400-1300 4 6-12 4
1300-1200 3 12-18 3
1200-1100 2 28-24 2
<1100 1 24-30 1
30< o
Distance from highway (m) Rank Aspect (direction) Rank
0-200 5 south 5
200 -400 4 southwest - hi 4
400 -600 3 east-west 3
600 -800 2 northwest-northeast 2
B0O -1000 1 north 1
Traffic volume (total vehicles/day) Rank
40000< 5
25000-40000 4
15000-25000 3
10000-15000 2
<10000 1

Table 1. Ankara-Istanbul Highway, layers included in weighted overlay
analysis in electric vehicle charging station location selection

When the result map obtained as a result of the weighted
overlay analysis is examined, the existence of suitable areas for
the installation of the electric charging station photovoltaic
panels on the selected route stands out. However, whether the
most suitable areas obtained are suitable for station installation
should be evaluated spatially. In this context, based on some
assumptions, the minimum area for a station to be established
has been calculated.

28 2 0 31 32 33 34 35
1

j\‘»&iflanbu\ _
e

Figure 3. As a result of the weighted overlay analysis, the suitability
map produced for the installation of a solar-powered electric charging
station on the Ankara-Istanbul highway

The average values suitable for the selected criteria were
accepted as follows;

« Energy production of the selected photovoltaic panel: 1 kw/h
e The approximate area of one panel is 1.9 m?
o Selected electric vehicle brand/model TOGG

e The engine power of the selected vehicle is 150 kW

o Socket type determined for the station DC 50 kW

¢ Average sunshine duration 6 hours

¢ Energy loss about 10%

e The number of charging units considered in a station is 10
e The working capacity of the station is 24 hours

According to the calculation made as a result of the stated
acceptances; one panel produces 2 190 kW of energy per year.
The daily energy amount needed by a station operating 24 hours
a day is 12 000 kW, and the annual energy amount is 4 380 000
kW. 2 000 panels are required for a station to operate with a
capacity for 24 hours. After the calculated number of panels, it
has been calculated that the required panel installation area
should be 0.4 hectares for a station to operate at full capacity for
24 hours.

Based on the suitability map produced as a result of the
calculations, the most suitable areas with 0.4 hectares were
determined. The determined station points are 13 station
locations that were proposed on the Ankara-Istanbul highway
route (Figure 4). When the determined electric charging station
locations are examined, a total of 13 stations have been
proposed, 8 in Ankara, 3 in Bolu, 1 in Kocaeli, and 1 in
Istanbul. Considering the above calculations, a total of 70
vehicles can be charged all day long from vehicles with a 150
KW engine from a station with 10 charging units.

Suggested Station Installation Areas

Figure 4. Suggested station installation locations based on the selected
area map

5. DISCUSSION

In this study, a suitable solar-powered charging station location
analysis was carried out for electric vehicles for the Ankara-
Istanbul highway route. In the analysis process, solar radiation,
traffic volume, slope, aspect, proximity to the road, and land
use/land cover criteria were used. As a result of the analysis, a
suitability map was produced for the relevant route. Appropriate
station locations were suggested according to the station area
determined on the appropriate map produced. A total of thirteen
station locations were determined based on the minimum area
needs. . When the results obtained are examined, the results in
the regions of the route, especially in the borders of Ankara
province, are satisfactory.
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In the study, solar radiation data was produced with the Area
Solar Radiation tool of ArcGIS software over EU-DEM data
with a spatial resolution of 25 m. When the produced solar
radiation data is examined, it is seen that the amount of
radiation obtained has lower values when compared to the map
produced by the HELIOSAT model of the General Directorate
of Meteorology (URL3). When the studies in the literature are
examined, it is seen that the solar radiation produced by the
Area Solar Radiation tool produces lower values than the
current values (Kausika et al., 2021). To obtain more accurate
results from the produced solar radiation, this data should be
calibrated with terrestrial measurements. In this way, more
suitable places will be found in the provinces of Istanbul,
Sakarya, and Kocaeli, where the route passes. In the future, the
calibration of the produced solar radiation will be done and
analysis results will be updated.

Six criteria were used for site selection analysis within the scope
of the study. However, the number of these criteria can be
increased considering the needs. For example, electric vehicles
have a long charging time. Therefore, the fact that the stations
to be established are close to the interaction centers can be
added as a criterion to the study.

The calculations required to determine the minimum area of

suitable station locations in the study were made according to
DC 50 kW charging units, as they are used extensively in the
market. Using these units prolongs the charging time. Recently,
charging units capable of charging DC 180 kW per hour have
been introduced to the market. Preferring these units at the
stations to be installed will reduce the charging time of a vehicle
with 150 KW engine power to 56 minutes. In this case, 250
vehicles can be charged per day at a station with ten units.
However, in this case, the electricity need of the station will
increase and the station installation area will increase to
approximately 0.4 hectares. In future studies, site selection will
be made according to solar radiation calibration and appropriate
site determination will be made according to DC 180 kW units.

It is estimated that there will be an increase in the production of
more efficient and less expensive photovoltaic energy panels
with the developing technology in the future. In this way, the
amount of energy production in the area to be selected will also
increase, and charging stations can be established in smaller
areas. In addition, the changes in the engine power and range
capacities of electric vehicles are also expected to increase, and
as a result of the calculations made within the future new data,
will influence the station vehicle capacity or the amount of
energy that a station needs to produce.

6. CONCLUSION

With the increase in the number of electric vehicles, the need
for electric charging stations is increasing day by day. For a
sustainable world, it is extremely important to meet this need
from renewable energy sources such as solar energy. In this
study, a suitable site selection analysis was carried out for
electric charging stations operating with solar energy. In the
analysis process, 13 suitable station locations were determined
for the Ankara-IStanbul highway by using GIS and MCDM. It

has been seen that the evaluation of many criteria in the
analyzes made with MCDM supported GIS provides great
convenience in choosing the appropriate location. Future study
to improve the analysis are listed below.

« The study is very open to development and criteria change. In
future studies, more detailed criteria will be selected and the
results will be updated.

« Solar energy has been chosen as a renewable energy source
within the scope of this study, but depending on the route to be
determined, different renewable energy sources can be used for
this study.

» The current study area has been determined as the Ankara-
Istanbul highway. The proposed study is applicable by
integrating it into other provincial roads with high solar energy
potential.

 To use the designated charging station areas more efficiently
and comprehensively, they can be transformed into areas where
the driver and their families can perform social activities, and
quality time can be spent during charging.
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