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ABSTRACT

It is very evident that the number of electric vehicles worldwide will increase
and that the dominant mobility concept in the future will be at the center of
EVs. As a requirement of e-mobility, EVs should be rechargeable anywhere and
in any situation, and this will increase EV-based electrification. The effects of
EV charging stations on the grid are very important in the increasing electricity
demand level and the installation of EV charging stations on distribution trans-
formers (DTs) should be balanced and should not have negative effects on the
transformers. This thesis aims to determine the quantitative deployments of EV
charging stations to be installed on distribution transformers in an optimized and
safe manner. The data of 8361 distribution transformers in the Central Anatolian
Region were collected and analyzed. Data verification was completed with data
cleansing methods and an effective EV charging station installation modeling was
developed. Three different risk level modeling allows the installation of differ-
ent EV charging stations in the most optimized way by determining the current
state of the distribution transformer. The general situation of DTs in the region
was determined with the pilot region application. Basic data can be revealed by

modeling which region should be improved for the EV infrastructure to advance.
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OZETCE

Diinya genelinde elektrikli ara¢ sayisinin artacagi ve gelecekte baskin mobilite kon-
septinin EV’lerin merkezinde olacagi ¢ok aciktir. E-mobilitenin bir geregi olarak
EV’lerin her yerde ve her durumda garj edilebilir olmas1 EV tabanl elektrifikasy-
onu artiracaktir. Artan elektrik talep seviyesinde, EV garj istasyonlarinin sebeke
tizerindeki etkileri oldukg¢a onemlidir ve EV sarj istasyonlarmin dagitim trafo-
lar1 (DT’ler) tizerine kurulmasi dengeli olmali ve trafolara olumsuz etkileri ol-
mamalidir. Bu tez, dagitim trafolarina kurulacak EV garj istasyonlarinin nicel
acidan dagilimlarini optimize ve giivenli bir sekilde belirlemeyi amaglamaktadir.
Orta Anadolu Bolgesinde bulunan 8361 dagitim trafosunun verileri toplanmig ve
analiz edilmistir. Veri temizleme yontemleri ile veri dogrulamasi tamamlanmig ve
etkin bir EV garj istasyonu kurulum modellemesi gelistirilmistir. Ug farkl risk
seviyesi modellemesi ile, dagitim transformatorlerinin meveut durumunu belirley-
erek en optimize sekilde farkli EV garj istasyonlarinin kurulumuna imkan vermek-
tedir. Pilot bolge uygulamasi ile DT lerin bolgedeki genel durumu belirlenmigtir.
Elektrikli arag altyapisinin geligtirilmesi i¢in hangi bolgenin iyilestirilmesi gerektigi

modellenerek temel veriler ortaya cikarilabilir.
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CHAPTER I

INTRODUCTION

At the beginning of this thesis, it was thought that the motivation, which should
be seen as the source of the study, the situation of the problem, the scope, and

the contributions brought about by the subject should be mentioned.

1.1 Motivation and Problem Statement

It is very important today to contribute to the development of the developing
electric vehicle concept more efficiently and more successfully. The advancement of
EVs will bring benefits in many ways. As it is known, EVs are an environmentally
friendly vehicle type thanks to their zero-emission features. The increase in the
EV population in the world means removing the pollution caused by fossil fuel
vehicles and using vehicles that are more beneficial to nature. In this direction,
countries have turned their policies towards this and started to ban fossil fuel
vehicles in the future. In fact, some countries such as Norway already have a
very dense electric vehicle population and have started to provide electrification
in vehicles. At this point, it is certain that electrification will increase on a global
scale and that charging stations of EVs will begin to be more integrated into
electricity grids. With this foresight, the main motivation of this thesis study is
to ensure that the increasing number of electric vehicle charging stations can be
installed in the electricity grid and especially in distribution transformers (DT in
the most optimized and risk-free way.

It is known that electric vehicle charging stations can come in a wide variety
of powers. However, in a situation where the EV population is increasing day
by day, the need for charging will increase the electricity demand of all users or
drivers. This increased demand will probably overlap most of the time and cause

a very serious demand explosion. At this point, it is extremely important that



the electrical network infrastructure and especially the distribution transformers
have sufficient capacity. If there is not enough capacity in DTs or if it cannot
compensate when it is exposed to sudden demand attacks even if there is enough
capacity, the transformers will overload. This will actually have a much bigger
impact in the next step, perhaps EV charging actions will not be completed for a
long time in the DT-connected region. This means that mobility is hit very seri-
ously. Of course, smart charging actions or applications will prevent such sudden
attacks or overlaps to a certain extent. Or maybe it will suggest not to charge
in that region due to limited capacity, or it will prevent direct charging service.
At the same time, although overlaps are prevented, the increase in the number
of vehicles will expand the system after a while, and even if smart applications
work in the most optimized way, they will be dragged into a blockage. All these
situations are likely to harm mobility, and if a global EV conversion is aimed, such
barriers should be removed, because users will not want to break the routine they
currently have for ICE vehicles, perhaps EV conversion will be interrupted when

faced with situations such as charging difficulties.

1.2 Scope of Thesis and Contributions

The main focus and scope of this thesis are to organize the installation of charging
stations for electric vehicles in the electric network with determined modeling and
to analyze the network data in this context. Within the framework of this scope,
the situation of distribution transformers in the Central Anatolian Region was
analyzed primarily. In order to make this analysis, certain methods have been
applied for the meaningful and correctness of the data together with the real data
collected. In addition, the future projection created according to the market data
of electric vehicles within the scope of the literature review is also included in the
scope of the thesis. Structural examination of EVs, analysis of important parts,
examination of standards related to EV charging, evaluation of their requirements,

and the situation on the basis of application has been studied. User behaviors and



routines have been tried to be determined along with the evaluations related to
the interaction of the EV networks of the electricity grid.

The modeling made together with these studies reveals the analysis of the
situations that may occur with the establishment of EV charging stations in the
electricity networks, especially in the distribution transformers, and will contribute
to the prevention of possible problems in the infrastructure with more optimized
installation scenarios. In addition to the numerical analysis of the DTs that are
suitable for the installations, it will also enable the installations that may pose
a problem to come to light. At the same time, the amount of installation of
EV charging stations, both at the basic level and in-depth, is optimized through
quantitative risk modeling, and the rated powers of distribution transformers are
prevented from exceeding. Another gain that can be achieved within the scope of
this study is the numerical data of the station installation with the test applications
made on the existing DTs with modeling. As an advanced study and in order to
achieve standardization, a policy was determined and a specific flow chart was

developed by creating an algorithm.



CHAPTER 11

LITERATURE REVIEW

In the thesis study, it was thought that starting from the historical development
of electric vehicles and related technologies, the current situation and then the
future projection should be looked at. This section contains details on the past,

present, and future of EVs.

2.1 Origin and Backround of EVs

As a part of the general developments in the automotive field that started in the
19th century, vehicles that use electrical energy in the motion system have also
emerged [1]. From this point of view, it can be said that electric vehicles, which are
becoming more widespread every day, have a history of more than 100 years. In
1832, the first-crude EV electric carriage with a non-rechargeable battery structure
was developed by Robert Anderson [2]. Developed by William Morrison in 1890, it
was the first successful electric vehicle. Although this vehicle has a range of 80 km,
it has a rechargeable battery structure [3]. In the automobile market dominated
by different technologies in the late 1800s and early 1900s, electric vehicles are
at a level that can compete with steam vehicles and gasoline vehicles, and it is
considered the peak period of EVs for that period. Considering the distribution
of vehicles in the United States in 1900, electric vehicles accounted for 38% of all
vehicles [4]. In 1908, with Ford’s mass production techniques and cost efficiency,
the rise of vehicles using internal combustion engines (ICE) began. The prices of
electric vehicles were twice as high as the Ford Model T in 1908 and 10 times in
1923. With the low price of petroleum products, the place of electric vehicles in the
market disappeared from 1914 until the 1970s [1]. EVs, which came to the agenda
again with the oil crisis in 1973, started to develop commercially again in the 90s

with the agreements to reduce CO2 emissions. Tesla Motors, which emerged as a



startup in 2006, launched the Tesla Roadster with a lithium-ion battery in 2008
[5]. In 2010, the first commercial plug-in hybrid vehicle, the GM Chevy Volt, was
launched with the all-electric Nissan LEAF. Along with these developments, there
have been developments in advanced technologies and infrastructures to be used
for electric vehicles. EV charging infrastructure advanced significantly from 2009
to 2014 [6]. By 2019, the price of Li-ion batteries used in vehicles has decreased to
185USD/kWh [7]. In general, laws banning the use of fossil fuels from 2015 will
mostly be implemented between 2025 and 2040, and the rise of EVs has accelerated
after 2015 [8]. 3 million EVs were produced worldwide in 2017 [9]. However, the
EV charging station infrastructure in 2019 reached 7.3 million [10]. By 2020, the
cumulative number of EVs worldwide has exceeded 10 million [11]. Figure 1 shows

a timeline of the evolution of EVs up to the present.
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2.2 W:idespread Use of EVs and Future Projection

Electric vehicles are not yet included as the mainstream transportation method in
the world. However, very important data are obtained that this will change in the
coming years [12]. Many examples such as the environmental effects, the policies
implemented by governments, and the February 2022 Russia-Ukraine War, which
has recently affected the organization of fossil fuels, will open the doors to a new
energy world and therefore a new mobility method [13].

Many reasons stood in the way of the expansion of the number of EV vehicles
around the world as a barrier in previous years. With the developing technologies
and new approaches, these obstacles are starting to disappear for electric vehicles
organizationally. Elimination of these factors will improve EV conversion much
more rapidly. First of all, if it is necessary to talk about a few main obstacles,
the first of these obstacles is range anxiety. Range anxiety is the product of the
perception that EVs are not suitable vehicles for long distances and the approach
towards not finding the charging stations that will be needed when traveling long
distances. At this point, the first thing to examine is how long the drivers usually
need to drive on a daily basis. According to the research, it has been seen that
a distance of 160 km per charge will generally meet the driving distance needed
by the drivers [14]. In Figure 2, the status of vehicles with different distance
values according to daily driving distance is given. It is seen that a 200km range
covers the daily driving distance of 96% of drivers [15]. It has been observed that
studies based on daily driving distance in different regions give similar results
[16]. The situation that can be considered as another pillar of the range problem
can be described as the state of battery technologies. The development of battery
technologies and the decrease in battery prices in recent years seem to have directly
affected the development of EVs and driver interest in terms of distance. The
negative view towards capacity loss in batteries is also seen as another problem,
but the actual figures will create a more optimistic atmosphere. According to the

information obtained in the ongoing studies, the losses in the battery capacity



are only 8% in the event that the vehicle reaches 150 thousand km [17]. With
the need for driving distance in the daily routine and the dynamically continuing

development, the problem of range anxiety begins to disappear.

Range of electric vehicles

Tesla Model 3 long range

429 km
Nissan Leaf e+ 8-year warranty in real-world
300 km conditions
VW e-Golf
) 200 km
Daily driving distance
20% in the U.S.
in Germany
10%
I I I 96% 98% 99%
0% i""“-----.—-—g‘s%-_ - - 98% 99%
10 km 100 km 200 km 300 km

Figure 2: Daily Travel Lengths and Ranges of EV Samples [15]

Another main concern for the proliferation of EVs is the availability of infras-
tructure and charging stations. Generally, private chargers are common in homes
that have their parking lot. Public chargers are more usable for drivers living
in common areas such as apartments. According to the research, accessibility to
stations is an important bottleneck for 62% of the participants [18]. However, re-
cently, we see that many service providers are rapidly developing their EV charger
infrastructure and increasing the number of stations. In addition, although the
number of stations is increasing, it is a fact that charging times are very important
for the fluidity of charging the vehicles. A situation where the charging time is at
acceptable levels is extremely important for users. It is clear that long charging
times are not a very good scenario for EV conversion. DC fast chargers are impor-
tant in this respect among chargers with a wide range of power levels. In Figure
3, it is seen how far different types of chargers fill the capacity corresponding to

a certain time [15]. Along with the ease of payment after the charge and making



sure that it is completed, the pricing of the charges will also be an important detail

for the drivers.

“Fastest premium (250-350 kW)
wlUitra rapid charger (100 kW)
wRapid charger (SOkW)

Coffee break
(15 minutes)

s Fast charger (22 kW)
sFast home charger (7.4 kW)

sSlow home charger (3.7 kW)

Lunch break
(1 hour)

Shopping
/Cinema
(2 hours)

Ovemight
(10 hours)

=]
wn
o

100 150 200 250 300
Range (km)

Figure 3: Capacity Filling States of Chargers in Certain Times [15]

The situation of electric vehicles in terms of pricing is also one of the most
important main issues. According to studies, the initial purchase price of EVs
stands out as a concern parameter for drivers with a rate of 60%. But it is obvious
that the point of view here must be relative. Both the price advantage of electricity
and charging prices over petroleum products and the general maintenance and
lifespan costs of EVs are important for the electrification of vehicles. Another
cost advantage is the advantages in taxation and similar practices applied/to be
applied by governments for EVs. In Table 1, the maintenance costs are compared
according to the powertrain [19].

Apart from these main topics, other factors also play an important role in the

spread of EVs. The fact that EVs are more efficient in terms of performance is one



Table 1: Maintenance Cost Comparisons of Vehicle Types [19]

Powertrain | LifetimeMaintenance | Lifetime
Type and Savings
RepairCost vs.ICE
ICE $9,200 $0
BEV $4,600 $4,600
PHEV $4,600 $4,600

of them [20]. EVs are more effective than ICE vehicles. Another point is socio-
technical problems. Along with the development of technologies, social, cultural,
and political changes and trends are also important in a new transformation, apart
from finding solutions to technical issues [21]. At this point, various encouraging
practices to be applied, social information about electric vehicles, and the correct
flow of information will be very effective. For example, looking at the last 16
years in Turkey, an average of 737 thousand vehicles are sold annually [22]. With
an appropriate approach, EVs being the dominant vehicle type in the mentioned
annual sales will accelerate the transformation.

Finally, as the most important transformation parameter and perhaps one
of the issues that will require extensive work, the distributions, loads, capacity
problems, infrastructure requirements, and investments on the grid will come with
EV-based electrification. EV transformation and expansion are progressing by
producing solutions with developing technologies and approaches for the other
main and side problems mentioned above. As the main subject of this thesis, it is
aimed to produce a solution to the EV stress on the grid and the installation that

the charging station adaptations will bring.
2.2.1 EV Market Dynamics

With the developing and transforming trend, the share of electric vehicles in the
market is increasing. One pillar of this is environmental factors and related poli-
cies, which are based on reducing the carbon emissions of EVs. Another pillar is

that EVs are more effective for energy efficiency and more affordable mobility. Due
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to these and similar reasons, it is predicted that EVs have reached an increased
volume in the market, especially in recent years, and that this will increase even
more in the future.

Considering the current and future projection data, important signs and de-
velopments stand out. First of all, when the economic data is examined, a very
important share of mobility passes to EVs with the growing market volume. Look-
ing at the current situation first, with approximately 6.8 million EVs sold in 2021,
the EV market volume in 2021 at the global and Asia-Pacific (APAC) level is ap-
proximately 230 billion USD. It is predicted that the value, which will reach 1,725
billion USD by 2030, will reach 72,798 billion dollars by 2050 [23]. These increases
are 750% (2021-2030) and 4220% (2030-2050) respectively. The compound annual
growth rate (CAGR) has been calculated to understand the growth rate. Figure 4
shows the economic value of the future EV market. CAGR is a composite rate in
which the initial and final value of the economic growth or investment account is

recalculated at the end of each period. CAGR values are calculated in Equation

1.
V ina 1/t
CAGR = Lm (1)
begin
Here, Viegin is the beginning value, Vg is the final value, and ¢ is time in
years.
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Figure 4: Economic Value of Future EV Market

When the general sales trends of electric vehicles are analyzed, it can be seen
how high the increases have reached. While 130 thousand vehicles were sold
worldwide in 2012, these 130 thousand EV sales can only be realized in a week.
The increase, especially in the last 3 years, is impressively high. EV sales of 2.2
million in 2019 reached 2.5% of all vehicle sales in the world, reaching 4.1% in
2020 with sales of 3 million. In the following 2021, electric vehicles, which had
a market share of 9% with sales of 6.7 million, tripled the number of sales in
2019 and reached more than double the market share of the previous one. It is
estimated that over 17 million electric vehicles are currently in use worldwide.

Another parameter shows that the sales of electric vehicles in the world are
generally concentrated in 3 main regions; China, the U.S., and Europe. In 2021,
EV sales in China tripled to reach 3.4 million, 2.3 million in Europe, and 700
thousand in the US. In the rest of the world, this number remained at 300,000.

Especially in Europe, there is an increase of over 60%. Another factor that may
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be critical for the transition from ICE vehicles to EVs is that EVs, which have a
21% share in vehicle sales in the last quarter of 2021 in Europe, outperform diesel
products. If we go through some more specific examples for EVs, which have a
17% share in Europe, more serious inferences can be made going forward. For
example, the market share is 72% in Norway, 45% in Sweden, and 30% in the
Netherlands [24]. Details of the region-specific growth of EVs over years can be

seen in Figure 5.
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Figure 5: Region-Specific Growth of EVs by Years [23]

Turkey can be mentioned as a country that has the potential to become another
actor in the field of electric vehicles. It has the motivation to take a leap forward
to take its place in the market. However, when we look at the general situation
for now, when we look at the other countries, Turkey’s acceleration in EV is low.
Nevertheless, following the general trend in 2021, electric vehicle sales increased
by 135% compared to the previous year with the sales of around 3000 vehicles
[25].

Of course, these increases had the potential to be even more and this needs to be
mentioned. Because when we look at the last 3 years, this great effect has actually
been negatively affected by the Covid-19 pandemic both directly and indirectly.
Apart from this, it is expected that the fast-growing EVs and their affiliated sectors

for the EV market will develop at the same rate. But often the natural limits and
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the acceleration potential of the sectors do not match one hundred percent. In
short, if we consider the situation that there are no limitations that directly affect
EV mass production, we could talk about a much more accelerated increase in
the last 3 years. The semiconductor or chip crisis, which has directly affected EV
mass production for the last two years, emerges as an example of this. The supply
chain shortage and the chip crisis, which have been experienced for the last two
years and still continue, have seriously affected EV mass production, as well as
other global sectors. Considering that 2.3 times more semiconductors are used in
EVs, which use the power electronics industry much more than ICE vehicles, it
is obvious that the EV sector was more affected by this crisis [26]. However, it is
clearly seen that the EV market continues to rise by facing these circumstances.
As a last, it is seen that the number of electric vehicles worldwide, which was
limited to thousands in the last decade, starting from 2010, is over 10 million
by 2020. In the future projection, it is predicted that in the period from 2020
to 2030, the number of EVs, which is around 10 million, will increase to 150
million in the case of current policies, and it will move to more than 220 million
in the scenario where sustainability policies continue to increase [12]. Details of

the future projection of electric vehicle units can be seen in Figure 6.

Stated Policies Scenario Sustainable Development Scenario
5 250 250
=
200 200
150 150

100 100

50 50

0 0
2020 2025 2030 2020 2025 2030

oPLDVs -BEV ®PLDVs-PHEY ©OLCVs-BEV ®=LCVs-PHEV ©OBuses-BEV mBuses-PHEV @Trucks-BEYV  mTrucks - PHEV

Figure 6: Policy Scenario Based Number of EV by Years [12]
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2.2.2 EV Based Electrification

The most basic definition of electrification is that any device, technology, or system
uses electricity as an energy source instead of other energy sources. Of course, the
sources that we will talk about as other energy sources are primarily fossil fuels.
From this point of view, another main definition of electrification is the use of
electrical energy instead of other fossil fuels in industry, daily uses (household),
and transportation as a more environmentally friendly and more efficient concept
in which carbon emissions are reduced. It is known that electrification is increasing
with the interest in cleaner energy with the transforming world trend. From this
point of view, it is predicted that the demand for electricity will be 30% by 2030
and 60% by 2050 [27]. In EU and in all sectors; It is expected that there will be
an increase of approximately 2700-3000TWh in 2030 and 3500-3800TWh in 2050
with the effect of electrification in industry, homes, and transportation.
Considering the benefits that the transformation of electrification will bring,
there may be deeper benefits apart from the clean energy perspective. These

benefits are;

e More reliable and affordable electricity supply with network structures that

can be more flexible to changes

Strong energy efficiency

Resource efficiency and sustainability

Positive environmental effects

Digitization and user-friendliness

At this point, perhaps the most important example to be mentioned as a hot
topic is electrification based on electric vehicles and the high demand for electricity.
With the rapid rise in sales of electric vehicles, developing battery technologies,

price optimizations, supportive policies, and of course, the increasing number of
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charging stations, EVs, and the electrification transformation in transportation
will reach its peak.According to the studies, it is predicted that the share of
transportation, namely EVs, in the total electricity demand will increase from
8% to 63% for the years 2030 and 2050, which are two important thresholds,
respectively. The main reason for this is the annual sales rates of the number of
electric vehicles that will naturally increase. Again, for the years 2030 and 2050,
EV sales are estimated to reach 165 million with 80% from 65 million with 63%
[28]. By 2050, when all road vehicles are electrified, there will be an increased
demand for extra electricity between 5000TWh and 8500TWh. This corresponds
to 25% of the worldwide electricity demand.

With the increase in electrification, resource problems may also arise. In addi-
tion, the increasing electricity demand should be taken into account. In a situation
where fossil fuels are no longer a resource, new resources need to be created. Re-
newable energy is an important alternative for this, which has already become
popular as well as being well established. For this, solar energy and wind en-
ergy have an important place. Nuclear energy is also an important alternative.
Although nuclear energy has different disadvantages if reliable nuclear energy is
a very large potential energy source. In addition, especially recently developed
nuclear technologies and advanced nuclear experiments are extremely promising.
In recent experiments at the Joint European Torus (JET), a fusion experiment
has been performed that can generate an energy of 59 megajoules [29]. With this
experiment, it may be possible to obtain clean nuclear energy in the future.

The spread of electric vehicles, that is, electrification in transportation, of
course, also increases the number of charging stations, which means extra loads
placed directly on the electricity grids. The number of charging stations worldwide
in 2019 is 7.3 million [10], increasing by 40% from the previous year. This shows
that both the load on the electrical network is increasing and even the need for

electrical energy is increasing.
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2.2.3 Effect on Electricty Grid and Distribution

The effects of the increase in the EV population in the world on the current
electricity system need to be analyzed from another perspective. It is not difficult
to predict that electricity demand will increase both on the user side and on
the industry side with the aim of less emissions globally. On top of that, if we
consider that EVs will host an even more effective change than recently, with the
change in transportation, the impact on the electricity grids will be more. The
important question here will be: Are the existing electricity grids adequate or do
they need to be renewed and developed? A direct answer to this may not be very
clear at first, but it is certain that electrical energy will need to be provided in
a much more optimized and intelligent system. It is possible to encounter many
different scenarios, for example, if all the vehicles are charged at the same time,
if the number of charges is excessive in an area with heavy traffic, or if there is a
balanced charging scenario. It may be useful to consider a few examples at this
point. For example, in the UK, when the grid capacity in the whole country is
taken into account, and when 7kW charging stations and all vehicles are charged at
the same time, the electrical power needed is 3 times more than the grid capacity.
When 50kW charging stations are used, the instantaneous power required is 21.5
times the capacity. There is a problem at this point. Of course, these values are
instantaneous power needs and it is also necessary to examine the consumptions
according to the time. At this point, the value required for annual charging of
the current number of EVs in the UK is 69.1TWh, and the total annual electrical
energy produced in the country is 323TWh [30]. From this point of view, it is seen
that the capacity is sufficient in total. At this stage, the following details stand
out as important questions. When to charge, how much to charge, and where to
charge? From this point of view, there is no total capacity in the electricity grid. In
regional electricity distribution, the capacity of each region is limited by the rated
powers of distribution transformers. In other words, the EV charge density and

the region to which this density depends should be analyzed specifically. Because
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overloads can also directly disable the system.

Based on individual scenarios, a neighborhood environment, a city environ-
ment, and a country environment should be analyzed with the increasing number
of vehicles [31]. The place where a user with an EV will charge their vehicle is
also important, along with the equipment to be purchased for vehicle charging.
For example, considering that it is an apartment without a garage, if there is
no fixed charging station or a public charging station, it will be possible to ex-
tend the charging cable to the street. In addition, although there is a chance to
charge it from a socket in the house, it is an important limit whether the house
or apartment is ready for this type of additional electricity demand. Considering
that this is more than one, the result may be direr. In addition, electric vehicles
can generally be concentrated in one region. This may be in socio-economic or
socio-cultural regions that can receive EV under today’s conditions. For example,
EV populations may remain low in rural areas but are more concentrated in cities.
This situation also calls for location-based problems. In fact, the studies are cur-
rently progressing on smarter algorithms and more controlled systems, so that the
situation of charging each vehicle at the same time is eliminated. We can say that
AT systems have also been developed for this. However, infrastructure problems
can deepen the problem by resisting the optimizations made as to the number
of vehicles increases. Although the increase in high-speed chargers provides an
advantage in terms of time, it can also cause problems to the network in terms
of capacity. Because charging stations with a wide range of power will become
widespread and create a scenario according to the needs [32].

At this stage, it is necessary to talk about the problems that may occur by
considering the electrical network and its components. The electrical network
can be divided into three main parts. Electricity generation begins with the use of
fossil fuels, nuclear energy, renewable energy, and various similar resources and the
generation of electricity in generation plants. The electricity produced passes into

the transmission medium and is stepped up to high voltages to reduce transmission
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losses and transmitted by power transformers along the transmission lines. The
electricity from the transmission line is stepped-down to low voltage levels that can
be used by the end-user by distribution transformers (DT) and is also distributed
for use with DTs [33]. The source of EV charging stations, which is the end-
user level, is the DTs that provide the distribution of electricity. Distribution
transformers reduce the high voltage in transmission to the low voltage level that
can be used by the end-user and deliver the electricity to the user with the cables
in the distribution line. While the electricity is transferred to the end-user, it is
transmitted as a single-phase or three-phase. DT's are at a certain power level
and offer electrical energy to the users within the framework of this power level
capacity. The general structure of an electrical network and the problems that may
occur can be seen in Figure 7. With a possible capacity problem or imbalance in

the network, the following difficult power quality problems may occur [34]:

e Overvoltage and Undervoltage
e Voltage Swells / Voltage Surges
e Voltage Spikes & Transients

e Voltage Sags

e Short and Long Interruptions

o Flicker Effect

e Harmonic Distortion

e Low Power Factor
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It supports the optimization and reliability of the power system in the context
of digitization of distribution grids, increasing electrification of energy uses, and
penetration of renewable resources. The pace of decarbonization and electrifica-
tion of the energy system presents three dominant challenges for power grids and

systems:

e Managing volatility and uncertainty to ensure continuous stabilization of the

system.

e Balancing supply and demand in times of production shortage or surplus.

e Distribution rated powers meet demand.
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CHAPTER III

TECHNICAL PERSPECTIVE: EV, EVSE,
INFRASTRUCTURE

In this chapter, the working principle and important parts of EVs, how EV charg-
ing units charge vehicles, the details of EV charging infrastructure, and how charg-

ing stations are integrated into the grid are examined in detail.

3.1 FEV Structure

Electric vehicles are named based on the energy source of the motion system, that
is, the motors they use in their structures. Electric motors are used as the heart
of the motion system, but due to their structure, electric vehicles are described
as fully or partially electric. It can be mentioned that EVs, which can be of 4
main different types according to their structure, offer different options to users
[35]. The tools and working principles of these 4 different structures are as follows.

Details of the structures of the vehicle types can be seen in Figure 8.

BEV PHEV HEV FCEV
Battery Electric Vehicle  Plug-in Hybrid Electric Vehicle Hybrid Electric Vehicle Fuel Cell Electric Vehicle

Figure 8: EV Structure Types [34]
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e Battery EV (BEV): BEVs can also be called ’all-electric vehicles’. All move-
ment and organization of the vehicle are done through batteries and an
electric driving system. No ICE element is used. Motors fed with electrical
energy held on rechargeable batteries provide movement. It does not use

fossil fuels.

e Hybrid EV (HEV): Hybrid electric vehicles use an electric motor together
with an ICE engine in their structure. Movement is provided by the com-
bination of both motors of the system. In addition, the battery used is not
externally rechargeable. The battery is charged by the generation of elec-
tricity provided by the ICE engine. Depending on the operating parameters
of the vehicle, the electric motor or ICE or the ICE and the electric motor

work together. It uses fossil fuels [36].

e Plug-in hybrid EV (PHEV): Unlike the hybrid vehicle, the batteries of
PHEVs can be charged externally. Apart from that, PHEVs have a larger
battery pack than HEVs. Two different operating modes can be mentioned;
all-electric mode and hybrid mode. In addition, the batteries in PHEVs can
be charged via ICE. Other than that, the working principle is the same as
HEVs. It uses fossil fuels.

e Fuel Cell EV (FCEV): In fuel cells, electricity is produced by using hydrogen
or different chemical materials as fuel and the battery on the vehicle is
charged. The working principle of the vehicle after this stage is the same as
BEVs. The electrical energy taken from the battery is used by the electric
motor. They are vehicles in the zero-emission concept and the fuel waste is

water vapor and hot air.

The vehicle types in the focus of this study are BEVs (all-electric vehicles),
and vehicles defined as EVs are BEVs unless specifically stated. It focuses on the
working principle and main components (powertrain, batteries, power electronics)

of BEVs and mainly examines the charging details of these vehicles.
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3.1.1 Working Principles

This section describes the general working principle of EVs. With the main parts,
the basic working principle of the vehicle has been examined from the charging
action to the moving action. EVs can be grouped under 3 main headings in their
own structure. These are high voltage circuit/system, low voltage circuit/system,
and multiple control area networks (CAN) networks. The high voltage system is
the system that is carried by high power cables and transfers the energy from the
main battery system to the motor. The low-voltage system, on the other hand,
includes peripherals with lower power levels and uses a lower cable network. Mul-
tiple CAN networks provide general or general communication between electronic
control units in the vehicle. Of course, there is a much more detailed working
order in the vehicle [37]. The general working principle of EVs is given below in

a certain flow with the relevant parts, and its details are shown in Figure 9.

e Electric Grid: Electric energy source of the EV charging station

e EV Charging Station: It is the equipment that transfers the electrical energy
taken from the mains to the vehicle in AC or DC form and mostly within

certain protocols and controls. Is.

e Charge Port: It is the place where the plug of the charging station is con-

nected to the EV.

e Onboard Charger: It feeds the batteries by converting the AC power from
the charging station to DC. If DC power is received from the station, the

battery bypasses the onboard charger and feeds the battery directly.
e Battery Pack: It is the main power source of the vehicle and feeds the system.

e DC to DC Converter: It feeds the necessary unit by bringing the DC signal
at the output of the battery pack, which may be required for the auxiliary

battery, accessories, and other peripherals, to the required level.
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DC to AC Inverter: Creates DC link for inverter and also it is the unit
that converts the DC signal from the battery pack output to the AC signal
necessary for driving the electric motor. In addition, during the regenerative
braking, it takes the DC signal from the rectifier and brings it to the battery

charge level.

AC to DC Rectifier: It is the unit that converts the signal generated by the
motor to DC together with the regenerative brake. It takes part in charging

the battery by creating input to the DC to DC converter.

Electric Motor: It is the main source of motion of the vehicle. When the
regenerative braking system is used, it works as a generator and charges the

battery pack.

Gear and Traction System: It is the mechanical movement system of the
vehicle. It activates the wheels with the movement it receives from the

motor.

Brake and Accelerator: These are the units used by the car driver and give
two inputs to the system. It provides acceleration and deceleration. Data

from these two units are transferred to the power electronics control unit.

Power Electronics Control Unit (PECU): It is the unit that provides control
of the inverter according to the data it receives from the brake and accelera-
tor, thus managing the acceleration and deceleration of the motor. This unit
also manages the DC to DC converter, managing the power acco