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ABSTRACT

M. Sc. Thesis

INTEGRATION OF ELECTRIC VEHICLES INTO THE ELECTRICAL
GRIDS

Wesam Anis Mohamed ELMASUDI

Karabiik University
Institute of Graduate Programs

The Department of Electrical and Electronics Engineering

Thesis Advisor:
Assist. Prof. Dr. Hiiseyin ALTINKAYA
June 2021, 68 pages

The share of vehicles in carbon emissions around the world is very high. In order to
reduce pollution and global warming in the world, it is of great importance to increase
the share of renewable energy in meeting energy needs, and to increase the number of
electric vehicles in transportation. It is known that the number of electric vehicles will
increase dramatically in the next few decades. In this thesis, the effects of electric
vehicles on the electricity grid have been evaluated. This evaluation is based on the
parameters of the TOGG brand electrical vehicle for the distribution network of
Karabiik University Demir-Celik campus. Within the scope of this study, simulations
and analyzes were made using ETAP Electrical Power System Analysis software in
order to examine the effects of electric vehicle charging systems on the grid. According
to the scenarios designed for the years 2025, 2030 and 2040, how many and which
type of electric vehicle charging stations can be connected to the network within the
campus and how these charging stations will affect the network have been examined.



It has been predicted how much additional load the use of electric vehicles and the
increase in the university population will bring to the existing transformers and

whether additional investments will be needed in the following years.

Key Words : Electric vehicles, Distribution networks
Science Code : 90513, 90515



OZET

Yiiksek Lisans Tezi

ELEKTIKLI ARACLARIN ELEKTRIK SEBEKELERINE
ENTEGRASYONU

Wesam Anis Mohamed ELMASUDI

Karabiik Universitesi
Lisansiistii Egitim Enstitiisii

Elektrik-Elektronik Miihendisligi Anabilim Dah

Tez Danismanai:
Dr. Ogr. Uyesi Hiiseyin ALTINKAYA
Haziran 2021, 68 sayfa

Diinyada karbon emisyonunda araglarin pay1 ¢ok yiiksektir. Diinyamizda kirliligin ve
kiiresel 1sinmanin azaltilmas: ic¢in yenilenebilir enerjinin, enerji ihtiyacinin
karsilanmasindaki paymin artirilmasi gibi ulasimda elektrikli araclarin oraninin
artirilmas biiyiik 5Snem tasimaktadir. Oniimiizdeki birkac on yilda elektrikli araglarin
sayisinin onemli Olgiide artacagi bilinmektedir. Bu tezde elektrikli araglarin (EA)
elektrik sebekesi iizerine etkileri degerlendirilmistir. Bu degerlendirme Karabiik
Universitesi Demir-Celik kampiisii dagitim sebekesi icin TOGG marka elektrikli
aracin parametreleri baz alinarak yapilmistir. Calisma kapsaminda elektrikli arag sar;j
sistemlerinin sebekeye olan etkilerinin incelenebilmesi igin ETAP Electrical Power
System Analysis yazilimi kullanilarak simiilasyonlar ve analizler yapilmistir. 2025,
2030 ve 2040 yillart icin kurgulanan senaryolara gore kampiis igerisinde sebekeye kag
adet ve hangi tip elektrikli arag sarj istasyonu baglanabilecegi ve bu sarj istasyonlarinin

sebekeyi nasil etkileyecegi incelenmistir. {lerleyen yillarda elektrikli ara¢ kullaniminin

Vi



ve liniversite popiilasyonunun artmasinin mevcut tarafolara ne kadar ek yiik getirecegi

ve ilave yatirimlara gerek olup olmayacagi 6ngoriilmeye c¢alisiimistir.

Anahtar Kelimeler : Elektrikli araglar, Dagitim sebekeleri
Bilim Kodu : 90513, 90515
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CHAPTER 1

INTRODUCTION

With 23% share in carbon dioxide emissions in the world, transportation has taken the
second place [1]. Land vehicles constitute most of this 23%. In order to reduce
pollution, global warming, CO2 and greenhouse gas emissions in the world, increasing
the share of renewable energy in meeting energy needs, as well as increasing the share
of electric vehicles in transportation is of great importance. In Figure 1.1, the share of

sectors in CO2 emissions as of March 2021 has been given.

Other
Buildings 5%
10%

Transport
23%

Power gas
9%

Industry
23%
Power coal
28%

Figure 1.1. Global energy-related CO2 emissions by sector (Mar 2021) [1].

The use of renewable energy sources has clinched an important place in the energy policies
of countries. Electric vehicles have been seen as an alternative to fuel oil vehicles in the
automobile sector since the very first day. However, due to the difficulty in electrical
energy storage, electric vehicle technology has lagged behind fuel oil vehicle technology.
However, thanks to the developments in the field of batteries and power electronics,
electric vehicles have managed to become visible in the market for the last 5-10 years.

According to the IEA, with some record-breaking increment in the sales of electric
vehicles in 2020, above 10 million electric cars are being driven now on the roads



across the globe. In 2020, the share of electric vehicles in global market have risen by
over 4%, previously (in 2019) being at 2.5% level [2]. The IEA estimates that the
global number of vehicles could reach up-to 230 million by 2030 if governments take
steps in order to meet the global climate change challenges. According to the 2021
Global EV Outlook (Global EV Outlook 2021) report published by the International
Energy Agency (IEA), if current policies continue, the number of electric vehicles on
a global scale will increase from its current level of 11 million to 145 million in 2030.
By doing so, it will increase its market share to 7 percent. The report also stated that
If governments take steps to achieve global climate change targets, the number of
global electric vehicles is likely to rise to 230 million by 2030 [2]. In the evaluation of
the organization, it was stated that if the number of electric vehicles increased to 145
million units, there would be a decrease of 2 million barrels in daily oil

demand. Figure 1.2 shows the electric vehicle stock scenario for the years 2018-2030.

Figure 1.2. Electric vehicle stock scenario in the world, 2018-2030 [3].

According to a report, 154 out of every 1000 people in Turkey own vehicles. It is
calculated that by 2030, Turkey's population will exceed 90 million and that 300 out
of every 1000 people will own a vehicle. Currently, there are approximately 1800
electric vehicles, 45000 hybrid vehicles and more than 1000 charging stations in
Turkey. By 2030, it is predicted that the number of electric vehicles in the country will

reach 2.5 million and the number of charging stations will reach 1 million.



During this period, when Turkey's electricity demand is expected to grow by 5 percent,
it is estimated that the electricity distribution networks will have the capacity to handle
electric vehicles without any problems, provided that the foreseen investments are
made [4]. In Figure 1.3, the number of electric vehicles and their share in the stock are

estimated according to high and medium growth scenarios.

Elektrikli aracin
stoktaki pay (%)

Elektrikli aracin  Elektrikli
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Elektrikli
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Figure 1.3. Estimates of the total number of electric vehicles in Turkey in 2030.

Both hybrid-chargeable vehicles and electric motor vehicles store energy in their
batteries and move with the energy they get from batteries. Although the battery
systems on the vehicles may be of different types, systems designed using lithium ion
technology are generally used. Both hybrid-chargeable vehicles and electric-powered

vehicles must be able to provide the energy they need from a source.

There are different levels of charging systems for electric vehicles. The main
difference between the levels is the amount of power transfer because it causes
charging systems to be characterized as fast or slow. There are different vehicle
charging methods in addition to the vehicle being fed from the mains. Methods such
as wireless charging of vehicles, use of regenerative braking systems and battery
exchange stations can be given as examples. Charging the batteries of electric vehicles
from the grid (G2V), energizing the grid from electric vehicles (V2G), the use of
electric vehicles to correct the fluctuations and harmonics in the grid (V4G), charging
the electric vehicle batteries from homes (H2V), using electric vehicles as UPS against
mains interruption (V2H) and dynamic controlled charging (V1G) conditions appear

as usage purposes in studies on electric vehicles.



During the charging of electric vehicles, the energy transferred and the charging time
are of great importance. Although there are some main systems used for charging
electric vehicles around the world, some companies provide the advantage of faster
charging to their users with the charging systems they have specially developed for
their own brands. While various systems can be used in different vehicle models,
electric vehicle charging stations show differences even between continents and
countries. Vehicles must be produced and used within certain standards. The charging
equipment and charging stations used for charging the vehicles must be fed through
the electricity networks. Integration of electric vehicles and charging systems into the
grid is of great importance because electricity networks must meet the power demand
required for electric vehicle charging processes and should not affect the electricity
quality in the network. For this reason, it is necessary to update the 10-20-year plans
in the high voltage (HV), medium voltage and low voltage (LV) parts of the national
electricity grid according to this new condition and make additional investments if
necessary. It is expected that electric vehicle charging stations will provide the
harmonic levels determined by legal limits and will not have a negative impact on the

quality of the energy in the grid.

In this thesis, it has been determined that how the electric vehicle charging stations to
be connected to the LV distribution network of Karabiik University Demir-Celik
campus will affect the network in different scenarios. A summary of the literature has
been given in Chapter 2. Chapter 3 provides basic information regarding the definition,
types, architectures, components, battery systems and charging stations of Electric
Vehicles (EVs). In Chapter 4, simulation and analysis of the effects of charging
stations on the electricity distribution network according to different scenarios were
conducted accordingly. Finally, conclusions and recommendations were given in
Chapter 5.



CHAPTER 2

LITERATURE REVIEW

In a case study performed by Lucian and Dorin, the effects of electric vehicles were
analyzed based on the power demand, voltage level and active power losses in terms
of different levels of penetration as well as the power demand scenarios. The study
was the compared with other researches which were performed for the analysis of
steady-state condition (without considering the curve of the load), EV models and
fewer scenarios. In all scenarios, the voltage level had decreased, however, between

the allowed limits [5].

Ali-Mohammad et. al. proposed a new state matrix method (S-matrix) for investigating
the operating modes of smart grid including the novel model by utilizing the graph
theory and segmentation concepts, thus, developing a completely new comprehensive
model taking into consideration all the uncertainties as well as integrating
methodologies used in separate elements. Their proposed method was applied to 33-
bus test system of IEEE [6].

The paper presented by M. Khalid et. al. in 2019 discussed the charging station
structures available at that time which were being used commonly and included
structures comprising back-to-back converters (ac/dc/dc), structures with common ac
link and multiple dc port and structures having no isolation transformer. In addition,
the afore-mentioned structures were sub-divided into inductive charging and

conductive charging structures, respectively [7].

In a comprehensive study of Sami et. al. in 2019, Smart Building (SB) interaction was
demonstrated using Power EVs (for load shifting of grid), peak trimming, energy
storage devices and energy usage reduction on annual basis. Quick charging and

discharging, Vehicle-to-Grid interfacing, reliability and battery backup were the main



points analyzed and discussed in their study. In addition, they presented G2V (Grid-
to-Vehicle) and V2G (Vehicle-to-Grid) simulation model in order to describe different
parameters that affect the grid network. Their case study determined several controller
parameters which affect G2V and V2G dynamics of the grid-support stability, grid
inter-connected system and its control [8].

Recently conducted studies have shown that electrical vehicle (EVs) being eco-
friendly and less emission vehicles have more advantages when compared with other
transportation types. The Vehicle-to-Grid (V2G) application is thought to be beneficial
both for the the EV owners and as well as for grid operator [9-12]. A comprehensive
evaluation and review of Vehicle-to-Grid system has been reported by M. Kumar et.
al., thus affirming all the advantages as well as the overheads of the mentioned system
in contrast to charging strategies (controlled and uncontrolled) and the charging
schedule of electrical vehicles [13].

A battery of vehicle may provide fast regulation through altering its charging rates and
discharging rates in the V2G mode. With frequency regulation, V2G system may also
provide active power or reactive power support [14]. It plays a more important role for
the micro-grid because the consumption and generation are comparatively more
volatile, and the unpredictability of distributed demand patterns and the power sources
in a micro-grid make it difficult to reach to the demand and supply balance [15]. In the
normal and abnormal conditions of operation concerning the power system, the min.
frequency restoring time and min. frequency regulation cost along with the battery

degradation cost ought to be considered in the system, respectively [16], [17].

In a study conducted by Zheng et al., the practical coordinate charging implementation
was promoted and some real-time coordinated problem related to large-scale EVs were
considered [18]. In their study, Liu et al., determined that charging the EVs on a larger
scale may cause significant impact on the power grid and this was considered to be a
promising way in order to decrease the impact by taking advantage of smart grid and
exploiting the local power generation [19]. The paper presented by Shokrzadeh et al.

demonstrates an algorithm used for utilities in order to specify the optimal scenario for



electric load control of electric vehicles and a dataset of real-world driving data was
used to emulate more realistic driving patterns to obtain the simulations [20].

The study performed by Park et al. determined the change of generation capacity and
also the change in power generation by using WASP model to obtain the precise results
of the analysis performed for finding the effects of effects in the management of EV.
WASP model was used to examine the power generation mix as well as the change in
installed capacity [21]. There are many studies that have been performed to elucidate
the demand response and smart charging effects and the impact of EVs on electricity
demand, and the studies conducted by Bahrami et al. [22], Gnann et al. [23], Garcia et
al. [24] and Muhammadi [25] have analyzed the effect of EVs on electricity profile
and have emphasized on smart charging as well as demand response importance. In a
study by Amini et al., the analysis of simultaneous allocation in the parking lots of
EVs and distributed renewable resources was performed in power distribution
networks [26]. In their study, Lopez et al. reviewed the management of demand-side
in some SG operations by considering the V2G and EV load shifting. The study mainly
focused on increases in peak load which were caused due to diffusion of EVs and this
was suggested to be decreased using V2G support and smart charging [27].

In a study Kim et al., in order to understand EV effects comprehensively using SGs in
power sector, it was essential to evaluate the supply specifics as well as the demand
sector (including peak load) [28]. Weis et al., in their study, reviewed the controlled
EV charging potential to mitigate the operational tasks as well as the costs of capacity
expansion in the electric power systems [29]. In their respective studies, Delgado et al.
[30], Sorrentino et al. [31], Choma et al. [32] and Croziera et al. [33] have assessed the
EVs’ potential impact carbon dioxide in accordance with the different generation
mixes. They afore-mentioned studies have helped the researchers understand the EVs’
impacts better on CO2 emissions and generation costs. However, they also had
limitations in their analyses of impacts at some installed capacity mix, and these

studies have not considered the change in the given capacity mix.

In a study by Shaukat et al., the TE sector was explored and the impact of this sector

on economy, eco-friendly system and reliability was investigated. The V2G



technology and the challenges related to its implementation were reviewed along with
different energy storage technologies being deployed in EVs [34]. In their study,
Rahbari et al. proposed a practical solution in order to deal with the challenges
regarding integration of renewable energy sources as well as electric vehicles into
electric power grid, in addition to considering energy usage inconsistency and
generation source intermittency using an adaptive intelligent controller [35].

Shaaban et al. has performed an optimal sizing as well as sitting of renewable energy
systems by identifying the optimal bus, which is a 33-bus grid, to install the renewable
distributed generation. It was carried out to maximize savings by allowing system
upgrade and by doing so the costs of energy losses were reduced [36]. In a study
performed by Feruzzi et al., a demand side management technique was examined and
sensitivity analysis was performed for a micro-grid, thus including a photovoltaic plant
[37]. Similarly, Vasirani et al. evaluated the agent-based approach in order to take
advantage of EVs being used as storage systems and increasing the profit as well as
reliability of wind energy [38]. In a study by Falvo et al., the EV integration into the
grid was proposed to require an appropriate control of charging and discharging
duration, thus considering the driving needs as well as simultaneous support for power
services [39]. In a study performed by Lopez et al., for load shifting purposes, an
optimization-based model was utilized in the smart grid environment and the study

was conducted on 27-bus distribution grid [40].

Graditi et al. have investigated the economic aspect of the battery energy storage
utilization systems to implement the load shifting at consumer side by applying
specific electricity tariffs and have stated that techno-economic analyses when
integrated with energy systems can be merited [41]. In a similar study by Rahimi-
Eichi, not only the battery management system’s pros and cons were evaluated but
also the opportunities, challenges and needs for integration of renewable energy, EVs
and smart grids by focusing on power lifetime, delivery, cost, SoC and reliability [42].
In a study, Silvestre et al. evaluated the load consumption profile and initial SoC of
EVs in order to minimize the energy costs and power losses using smart charging [43].
In another study, it was reported that the majority of PEVs can utilize the Li-ion

batteries due to the environmental advantages, longer life span, light weight and high



energy density [44]. In their study, Omar et al. showed that lithium-ion batteries’
energy efficiency can be more superior to other rechargeable batteries based on tests
including dynamic discharging performance [45]. Furthermore, they also showed that
lithium-ion batteries’ performance can be highly dependent on depth of discharge as

well as the temperature [46].

In a study conducted by Kim et al., it was reported that the investments and innovations
are growing at a rapid rate and EVs will be able to feed the energy back to the grid
using V2G technology and this will in turn lead to a completely new regulatory
discussion eventually [47]. Das et al. in their paper proposed a SCS-Algorithm (Smart
Charging Scheduling Algorithm) used for charging solution via coordinating multiple
PHEVs in that respective smart grid system. The utilities have recently become
anxious regarding voltage stresses, overloads in distribution systems and smart grid
performance degradations [48]. In their paper, Salehpur et al. proposed new
mechanism which was based on agreements between the smart micro-grid and owner
of electric vehicles and this mechanism was to provide energy of the system during
the operating day. Their model enabled plug-in electric vehicles that were parked in
the official parking which was to be integrated to smart micro-grid in order to earn
revenue [49].



CHAPTER 3

ELECTRIC VEHICLES

Electric vehicles can be described as vehicles with batteries on them which convert the
energy they store into kinetic energy through electric motors. An electric car is a car
that is driven using one or more electric motors which use the electricity stored in
batteries and other energy storage devices. Electric motors give instant torque,
providing powerful and balanced acceleration.

Electric drive motor of above-mentioned vehicles can also be called electric traction.
Therefore, such vehicles sometimes are called electric traction vehicles as well [50].
Generally, the electric cars have no exhaust fume emission. They have better driving
characteristics, better performance and do not generate noise when compared with
vehicles comprising an internal combustion engine with same power. Hence, their
advantages are countless. However, such vehicles are currently commonly used in
some public transportation such as trams, railways etc. as well as in personal and
autonomous transport systems (transporting smaller loads) due to limited control thus
resulting from the technical obstacles which are related to battery capacity problem
and electricity supply. Recently, a considerable work has been carried out on the
gradual introduction and development of electric passenger cars. Therefore, it is
considered that these vehicles will have a control over an extensive part of the
automotive market in the near future. Unconventional vehicles, for example, rail
floating vehicles which are powered by linear electric motors, will be considered only
in the initial stages of the application [51].

An electric vehicle has an electrical system which is a closed circuit consisting of either
a rechargeable battery or an independent power source. In case of a hybrid vehicle,
power source may be combined with some internal combustion engine converting

mechanical energy into electricity and accumulating them in the battery. Nowadays,
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we can supply electricity to cars using regenerative braking and the part of kinetic
energy to be lost as heat can be stored in another energy form [52].
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Figure 3.1. Bock diagram of EV [53].

In case of an electric vehicle powered with battery source with no internal combustion
engine the circuit thus operating is based on proper functioning of a rechargeable
battery. The system needs to be charged using a connection to electricity grid. The
rechargeable battery is charged by chargers that convert mains AC voltage into battery
DC voltage. Thus, this system may be charged using home connection for 6 to 8 hours
on average. The modern cars being used these days have 12V batteries. The battery
capacity can be measured in ampere hours. For instance, a 56ah battery can deliver or
2 amps for a duration of 28 hours or 1 amp current for 56 hours. When the battery
voltage drops, the current flowing is less, and eventually, the voltage and current
values are insufficient for the components to function properly. The rechargeable
battery is known to be the only energy source which supplies direct current to
amplifier, thus increasing the obtained voltage and current to a greater extent. Passing
through the amplifier, current converted into AC (alternative current) in the inverter is
fed to electric motors; the most essential components of any electric vehicle. The
electric motors carry out the task of conversion of electrical energy into mechanical
energy by using the electromagnetic induction principle, and the produced mechanical

energy is transmitted to rotating wheels via transmission. The other important part of
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the system is the controller which is responsible for carrying out the control of electric
motor. This can be rendered as a functional unit of the electric motor [52].

3.1. TYPE OF ELECTRIC VEHICLES (EVs)

3.1.1. Batery Electric Vehicles (BEVS)

The Battery Electric Vehicle (BEV) is also known as All-Electric Vehicle (AEV). It
runs entirely on electric drive train and a battery. BEVs are quite often called electric
vehicles. BEVs are run entirely using batteries which have a full-electric drive train
unlike PHEVs and HEVs. As a matter of fact, it is one of the pros of battery electric
vehicles that ought to be considered. In a battery electric vehicle, the number of
moving parts is very few hence it requires very little maintenance. As no tune-ups or
oil changes are required, the savings from not undergoing such maintenance
expenses can make a huge difference over the lifetime usage of the vehicle. The
battery electric vehicles solely rely on the amount of electricity stored in their
respective batteries. Therefore, such vehicles need to be recharged quickly as

compared to plug-in hybrid models.

Battery Electric Vehicles do not have any combustion engine and its electric motor is
supplied through a battery propelling the wheels. Furthermore, BEV’s battery is

charged via power grid by using plug-in electric cables [54].

The architectural structures of this type of electric vehicles are simple when compared
to other vehicle types. The most important parts of such cars are the batteries which
store the energy by converting AC or DC electrical energy into a load. Since there is
no energy production mechanism in these vehicles, the batteries are filled with external
load transfer. There are fast charging stations with different power transfer capacities
developed for charging vehicle batteries, and these vehicles have power inputs which

can be connected to the grid [55].
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For the electric motor to operate, the power is converted from DC to AC. There is an
accelerator pedal that sends the signal to the controller which in turn adjusts the speed
of the vehicle by altering the AC power’s frequency from inverter to motor. The
wheels are connected to the motor and are rotated by the center-of-gravity (COG)
phenomenon. When the brakes are applied and EV decelerates, the motor functions as
an alternator and power is produced, which is fed back to the battery.

3.1.2. Plug-in Hybrid Electric Vehicles (PHEVS)

Externally rechargeable hybrid electric vehicles have an engine that uses fossil fuels
and also an electric motor. The dynamic systems on these vehicles can be driven by
the power of the batteries of electric motors, and they can also use the energy produced
with the help of fossil fuels for movement. In this type of vehicles, the battery unit can
be charged externally. Charging can be carried out via grid systems with external

charging equipment or via electric vehicle charging stations.

When compared, the biggest difference between a plug-in hybrid electric vehicle and
a regular hybrid vehicle is that there are larger batteries in the plug-ins which can be
plugged-in in order to charge the batteries. They also have comparatively larger
electric motors, because more work has to be done by PHEVs. As plug-in electric cars
carry larger vehicle batteries, they are able to propel the car for particular period of

time without requiring the assistance of combustion engine [56].
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3.1.3. Hybrid Electric Vehicles (HEVs)

Hybrid electric vehicles are the combination of an electric propulsion system and a
conventional internal combustion engine. In this type, the internal combustion engine
performs most of the task, whereas the electric motor helps the engine and its main
purpose is to increment of fuel economy. Hybrids have no ability of plugging in and
recharging from the grid. Therefore, they use regenerative braking systems and
internal combustion engines to recharge their respective propulsion vehicle batteries.
Most of the hybrids cannot propel the car solely on battery power, and need a
combustion engine while they are moving. HEVs do not have external charging points,
hence, the small battery needs to be recharged with the help of gasoline engine during
breaking action [4,5].
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Figure 3.4. Architecture of HEV [56].
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3.2. ELECTRIC VEHICLE COMPONENTS

Basic elements in an electric vehicle are electric drive batteries, electric motor and
motor controller, while the other parts include: contactor, fuse, switch, analogue-to-

digital pedal signal converter, DC voltage converter, installed vehicle equipments
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which function at 12V voltage level (lights, wipers, turn signals, audible signal radio
etc.), some measuring instruments such as battery capacity indicator, power, speed,

voltage, current etc., and battery charger [57].

There are some other parts which are a must for electric vehicle. For instance, drive
voltage cables, cable lugs, 12 V auxiliary voltage cables, cable connections and 12 V
auxiliary voltage batteries. A battery can be rendered as a component which
determines the characteristics of an electric vehicle along with its price, availability
and its autonomy. Battery performance is determined by two factors which are as
follows: Power (acceleration) and Energy (distance traveled). An electrically powered
vehicle contains other parts which are: emergency stop switch, key switch, resistor for
inhibiting discharge of electric battery, inertial switch, heaters for interior heating of
vehicle, battery control system, control system, electric pump for power steering
system, vacuum pump (for braking system) and hydraulic pump if needed [57].

3.2.1. Electric Motor

Certainly, the greatest distinction among classic and electric vehicles is the motor.
Conventional vehicles use petroleum or diesel motors, whereas an electric vehicle uses
an electric engine. The main part of any electric vehicle is the electric motor which is
an electric machine that is responsible for the conversion of electrical energy into
mechanical energy utilizing the electromagnetic induction principle. Electric motors
have a lot easier concept in construction as compared to internal combustion engines.
Present day internal combustion engines comprise of around 1000 small parts, whereas
the electric motor generally comprises of three to five dynamic parts, which makes
them substantially more solid and sturdy. The motors have two windings (stator and
rotor), one of which is an excitation winding and the other is a working or armature
winding. There are also constructions where the excitation winding is replaced by
permanent magnets. Such engines require very little or virtually no maintenance
because they have no consumable parts. As a rule, the electric motor enables linear
and continuous acceleration of vehicles with significantly higher traction

characteristics compared to conventional vehicles. On the other hand, electric cars do
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not have gearboxes. The elimination of the gearbox significantly reduces the weight
of the car, which also leads to significantly lower fuel consumption and on the
mechanical side reduces the price of the vehicle on that side [58]. The motors consist
of two windings called rotor and stator. One is an excitation winding while the other
Is armature winding. There are addition constructions where permanent magnets are
used instead of excitation winding. Such motors require practically no maintenance
since they haven’t any consumable parts. Generally, the electric motor allows
continuous and linear speed increase in vehicles with comparatively higher traction
properties when compared to conventional vehicles. In addition, electric vehicles don't
have gearboxes and this essentially mitigates the weight of the vehicle, which in turn
prompts lower consumption of fuel and decreases the cost of the vehicle on the

mechanical side [59].

There are different types of electric motors which have significant differences in their
principle of operation and construction. Depending on the source they use and the type

of current that flows, we may distinguish them as follows;

e AC motors,
e DC motors,

e Universal motors [60].

3.2.2. Controller

Considerably, among the most important parts of electric vehicle comes the controller
which controls the operational tasks of vehicle system and electric motor and converts
the direct current in the batteries into an alternating current through a software installed
on a device. The device and its software are mounted in the front, and are operated
through a touch screen. The device monitors the condition of the vehicle, coordinates
the required actions and responds promptly to changes seen in external driving
conditions by sending signals to power unit as well as other installed systems which

enable greater stability in driving and also safety for passengers.
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The controller uses a processor to control the events when the vehicle is in running
mode and the processor monitors accelerator pedal thus using the data to check and
control the motor current. Other processors, not included in the module, are used in
order to ensure that the appropriate torque is generated in the motor, and also for the
operation of some other components. For instance, when the specified processor
monitors the battery’s condition that whether or not it is full, the regenerative torque
is decreased accordingly, and when the sensor detects that the ideal temperature has

been exceeded by the processor, the motor current is also decreased [61].

3.2.3. Rechargeable Battery

Batteries, used for energy storage, are the main reason behind slow development of
electric vehicles. At the beginning, lead batteries were used in electric vehicles,
however due to relatively poor properties of such batteries, lithium batteries emerged
in the market. Actually, they are lithium-ion batteries with capacity depending on
autonomy of electric vehicle. Lithium-ion batteries are three times smaller and lighter

as compared to lead batteries with the same capacity [62].

Some types of such batteries may withstand fast charges and may be charged within
twenty minutes or so using a powerful charger. The battery life as well as the
characteristics of these batteries depend on the lithium technology type. For example,
LiFePO4 batteries may withstand nearly 3000 charging cycles, in accordance with the
warranty of manufacturers. Some battery types may even withstand ultra-fast charges
and may be charged within 15 to 30 minutes. Today, the capacity of batteries is nearly
sufficient to fulfil the average daily needs of personal vehicles. Considering lead
batteries, about 60 kg of batteries would be needed to store 1 kWh electricity. If an
approximation is to be made, it would take about 7 kg of batteries for almost 1
kilometer travelled, and for 100 kilometers it would take 700 kg of batteries, taking up
to 300 liters of space. The lead-acid batteries cannot withstand rapid charging i.e. less
than two hours. The battery life can be expressed in number of cycles (charging and
discharging). The lead batteries are intended to be used for the propulsion of electric

vehicles and generally last 500-1000 cycles or even five calendar years [63].
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The manufacturers all around the world are investing a lot for the ultimate purpose of
developing new technologies for electric batteries and have achieved an intensive
increase in battery capacity, leading to an increase in vehicle range. The electric
vehicles are expected to have autonomy of nearly 350 km on one-time battery charge.
The battery life is aimed to increase within 7 to 10 years depending on battery type
[64].

The battery needs to be replaced, thus resulting in more and more discarded batteries
in nature. Even though there are some laws to be abided by on battery disposal, the
ultimate solution is found by manufacturers. The solution is to offer customers the
renting option, which means that the recycling of the batteries is to be performed by
the manufacturer, not the customer. In the studies conducted so far, it has been shown
that the battery being used as an alternative to fuel does not cause problem for the

environment.

Today, there are some new techniques being implemented in order to make the
rechargeable batteries (150 to 175 Wh/Kkg), thus bringing a greater shift in the
development of batteries to be used for electric vehicles. However, battery
manufacturers are planning to produce batteries with higher capacities in the future
when compared to the same batteries today. Hence, from 2015 to 2020, the capacities
of batteries are expected to be increased from 175 to 240 Wh/kg. Considering the
lithium-based batteries, the battery manufacturers seem to have reached a
technological limit and it seems that they have no much room for developing them
further. However, a quantum leap can also be expected in the development process of
such vehicle batteries. The growing interest towards the development of electric
vehicle batteries have led the manufacturers to develop various techniques with even
greater safety, greater capacity, and to develop newer techniques and materials in order

to produce the most suitable rechargeable batteries for EVs [65].

3.2.4. Battery Charger

Battery chargers are one of the most important parts of EVs. They are used in the

conversion of AC voltage (Mains) to DC voltage (Battery). The EVs are connected to
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either home installation or some other source of electricity through these chargers and
the charging time totally depends on them. Weaker chargers may charge an electric
car in nearly 8-10 hours, whereas, stronger chargers can do it even faster and charge
the EV in approximately 20 minutes. Such chargers may be installed in the vehicle,

but not necessarily.

3.2.5. Inverter

Inverter systems on electric vehicles are interfaces that are responsible for driving
electric motors. They control the process of drawing the energy needed by the electric
motor from the battery and transferring it to the motor according to the driver's usage.
In addition, the process of returning the energy generated during the regenerative
braking of electric vehicles to the system is carried out via the inverter.

3.3. ELECTRIC VEHICLE CHARGING STATIONS

In this section, some definitions of the terminologies used for electrical charging

stations and information regarding the types of charging stations will be given [66].

e Charge Connector: It includes the apparatus such as cable, socket etc. which
are physically connected to the electric vehicle and provide electricity
transmission.

e Charging Supply Equipment (EVSE): It is considered as an independently
operated and managed part of the charger. Charging equipment energizes only
one electric vehicle at a time, and may consist of one or more than one charging
connectors of different types.

e Charging Unit (EV Charger): It is a physically indivisible infrastructure
element that provides electrical energy for charging electric vehicles. Charge
units may have one or more than one supply equipment.

e Charging Station: It is a system consisting of one or more charging units, which

can be managed remotely or locally.
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FigUre 3.5. Charging units and station"setup.

Charging Network: It is a complete infrastructure system managed by the
Charging Network Operator, established to charge electric vehicles at multiple
points.

Charging Network Operator (EMP/MSP — e-Mobility Service Provider)*: It is
the company that provides electric vehicle owners the access to the charging
network, and provides charging services and collects payments from vehicle
owners for charging operations.

Charging Station Operator (CPO/CSO - Charge Point (Station) Operator)*: It
is a company that operates charging stations on-site and provides access to
these charging stations to third parties. It receives the payments for the
charging transactions that occur at the stations from the Charging Network
Operators.

Service Point (Location): These are the points where charging services are
provided for electric vehicles with charging stations. A service point can have
more than one station. For example; Charging stations at different points in a
large parking lot.

Location Host: They are the legal person or entities who are either the owner
or the responsible person of the service point where the charging stations are
physically installed. The electrical infrastructure needs of the charging stations
are met through the electricity subscriptions of the Location Host.
Investor/Station Owner: The person or legal entity who invests on the charging
station.
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Roaming: This allows vehicle owners to use their charging network
memberships provided by one operator at the charging stations of different

operators.

Private Charging Station: These are the charging units which individuals use
to charge their own vehicles. Electricity transmission is carried out by
connecting to the person's own electricity subscription (meter). No payment is
taken from the user during the charging process. In terms of use, there is no
difference between this and any electrical device in the house.

Semi-Public Charging Station: In non-public areas (apartment/office building,
hotel car parks, etc.), it is the type of charging station open for the use of only
those with restricted access to the service point. They can be managed
centrally. Depending on the application area, the user can be charged during
the charging process or free charging can be performed.

Public Charging Station: It is a type of charging station open to third parties,
except the station owner, and is situated in public areas (shopping malls,
recreational facilities, open parking lots, etc.). It is managed through the
charging operator company's central system. Depending on the application
area, the user can be charged during the charging process or free charging can

be performed.

Dependent Charging Station: Service points are stations that are installed in an
area connected to another business/building and whose electrical infrastructure
needs are met by the building/business to which they are connected. They are
installed in shopping malls, apartments, offices, resting facilities etc. The
stations located in the open/closed car parks of the service points are connected
stations.

Independent Charging Station: These are the stations that are not installed in
an area connected to any other building. The electricity infrastructure is totally
independent. Such stations are opened only for the charging stations and are
operated by the charging station operator company. These stations are
independent stations installed in areas such as highways and street sidewalks

etc.
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Figure 3.6. Dependent and independent charging stations.

Batteries on electric vehicles need to be charged periodically, either with charging
equipment at homes or through charging stations [65]. Different classes and types of
charging units can be used for the charging of electric vehicles. Basically, the
differences between charging equipment are the supplied current values transferred to
the vehicle and the supplied voltage types used for charging (AC or DC supply sources
can be used). Electric vehicle charging is generally performed at three different current
and voltage levels. These charging levels are AC Level 1, AC level 2 and DC Level,
respectively. According to 2017 data obtained from the US Department of Energy,
80% of EV charging stations across the US are of the AC Level 2 type [67].

Electric vehicle charging stations are designed differently based on the countries in
which they are used. Electric vehicle charging stations, which are mainly grouped as
North America and Europe, are required to comply with different protocols. The North
American region or the regions using electric vehicles in North American standards
have to comply with SAE (Standard of Automotive Engineers), the standard suitable
for electric vehicles in this region. In European countries or countries where electric
vehicles are used in European standards, the standard that electric vehicle charging
stations must comply with is IEC (The International Electro-technical Commission)
[68].

While there are similarities in the standards accepted by different continents, regions

and countries, the standards of charging stations may also vary. Since this thesis is
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based on TOGG electric vehicles and their charging units, the values of the charging

units will be given accordingly.

3.3.1. AC Level 1 Charging Station

Type 1 charging equipment is known as stationless charging equipment, which is
usually supplied along with vehicles because these chargers have low power transfer

capacities, and are often known as slow chargers.

3.3.2. AC Level 2 Charging Station

Level 2 EV charging units are known as station type. They are charging equipment
with high power transfer capacities designed to meet the faster charging requirements
of vehicles.

3.3.3 DC Level 3 Charging Station

It is the most advanced charging method used in the charging of electric vehicles.
Level 3 charging equipment serves as a station. While vehicles that can be charged
with DC can benefit from these charging equipment, vehicles designed to be charged

with AC cannot be charged through these stations.

3.4. TOGG-GERSAN CHARGING STATIONS

While researches are being conducted on electric cars in many countries of the world,
a valuable step has been taken in this regard in Turkey as well and domestic cars have
been developed. The domestic electric vehicle in Turkey will be produced in 5
different models by Automobile Enterprise Group (TOGG) which is carrying out
extensive research work. The C-SUV will be presented first, then the C-Sedan model,
C-Hatchback, B-SUV and C-MPV models will be presented, respectively [69].
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According to the information obtained from TOGG, the vehicle, which has its own
unique lines, will fully meet the standards of EuroNCAP, one of the world's leading
automobile safety testing organizations. Authorities expect the domestic car to leave
EuroNCAP tests with 5 stars in 2022. Apart from that, some of the highlights of the

car are as follows:

The domestic car will be constantly connected to the internet.

o It will enable advanced autonomous driving.

o This will be able to charge up to 80% in less than 30 minutes.

o It will leave a clean world for future generations, thanks to its zero emission
property.

« It will appeal to the global market with its advanced technological features.

TOGG offers two different engine options. In the first option, there is an engine that
can produce 200 horsepower and the vehicle accelerates from 0 to 100 km/h in 7.6
seconds. In the second option, there are 2 engines and with the engine that can produce
400 horsepower, the vehicle accelerates from 0 to 100 km/h in 4.8 seconds. In short,
both models will be much faster than their fossil fuel counterparts currently on the road
in Turkey. The maximum speed that the domestic car can reach will be fixed at 180

km/h for safety reasons.

There are two different options in the battery of the TOGG car, as in the engine power.
In the first option, the vehicle will be able to travel 300 kilometers on a single charge.
In the second option, the range of the domestic car will be up to 500 kilometers. At the
same time, thanks to the regenerative braking technology in the vehicle, the battery
can be charged with energy recovery as the drivers apply the brakes. Less than 30
minutes will be enough for the battery of TOGG cars to reach 80% charge [69,70].

3.4.1. Normal type (Without Payment System) AC Charging Station

The normal type (without payment system) AC charging station has charging currents
ranging from single-phase (1P) 16A (3.7kW) to three-phase (3P) 63A (44kW) and can
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charge at varying times depending on the capacity of the vehicle. The station includes
standard features and protection functions that are compatible with all vehicles as basic
requirements. The station has 1 Mod-3 Type-2 charging socket in accordance with IEC
62196 standards. Optionally, up to 4 sockets can be placed to charge 4 vehicles at the

same time. Mod-1/2 CEE or “Schuko” sockets can also be used as sockets [71].

Figure 3.7. AC charging station [71].

3.4.2. Smart Type (with payment system) AC Charging Station

The smart type (with payment system) AC charging station has charging currents from
single-phase (1P) 16A (3.7kW) to three-phase (3P) 63A (44kW) and can charge in
times that vary according to the capacity of the vehicle. The station includes standard
features and protection functions compatible with all vehicles as basic requirements.
The station includes functions such as kWh energy meter, RFID card reader, 7" touch
screen, communication and internal software. The touch screen includes internal
software and visual animations that guide the user. The station has 1 Mod-3 Type-2
charging socket in accordance with IEC 62196 standards. Optionally, up to 4 sockets
can be placed to charge 4 vehicles at the same time. Mod-1/2 CEE or “Schuko” sockets

can also be used as sockets [71].

Figure 3.8. AC smart charging station [71].
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3.4.3. DC Type Charging Station

The DC (Fast) charging station has a charging power ranging from 15kW to 350kW
and more, and can charge at varying times depending on the capacity of the
vehicle. The station can have 1 Plug and Mod-3 and Type-2 charging socket in
CCS/Chademo standards. Optionally, it includes a plug/socket for simultaneous AC
or DC charging of the vehicle.

Figure 3.9. DC charging station [71].

The units are designed in IEC 61851 standards. IEC 62196-1, IEC 62196-2, IEC
61851-1: 2010, IEC 61851-21: 2002, IEC 61851-22: 2001 ISO 9001 - ISO 14001 -
OHSAS 18001 - AS9100 IEC / TS EN 61851 and CE standards are complied with.

The following table gives the technical specifications of the charging stations.

Table 3.1. The technical specifications of the charging stations [71].

GCS Teknik Ozellikleri  GSC Technical Properties

Akim Ratad Current 16/32/63A 16/32/63A

Gerilim Rated Voltage 220/380V 220/380V

Faz Phase 3 3

Frekans Fraquency 50Hz AC 50Hz AC

Sarj Modu Charging Mode Mod-1/2/%/4 Mode-1/2/3/4

Priz Tipi Socket Type Tip-1/2/Schuko/Combo Type-1/2/5chuko/Combo

IP Koruma IP Protaction IP54/55 IP54/55

Koruma Protection AginAkinvKisa Devre/Kagak Akim Over Current/Short Circuit/Earth Leakage
Ekran Screen TFT 7" Renkli Dokunmatik Ekran TFT 7" Colorful Touch Screen

Kart Okuyucu Card Reader RFID Kart Okuyucu RFID Card Reader

Haberlesme Communication Ethernet TCP/IP Etharnet TCR/IP

Standart Standard TSEN/IEC 62196 & 61851 & 60529 TSEN/IEC 62196 & 61851 & 60529

In the table below, the standard values (number of phases, current, power values) of

the charging stations are given.
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Table 3.2. The standart values of the charging stations.

Phase Current (A) Power (kW)
1 16 3.7

1 32 7.4

3 16 11

3 32 22

3 63 44

DC - 25-50
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CHAPTER 4

ELECTRIC NETWORK MODELING AND CASE STUDY

In this chapter, after analyzing the existing electricity grid for Karabiik University
Demir Celik (Central) campus, three different case studies were conducted for the
years 2025, 2030 and 2040 according to three different scenarios. The number of EVs
that can be found on campus in 2025, 2030 and 2040, and in accordance with this
number, the necessary number of EV charging station scenarios were studied and the

effects of charging stations on the grid were to be estimated.

Electric vehicle charging stations can be of different types according to the grid voltage
value, electricity frequencies, power transmission capacities, power transmission
duration, types of vehicles they charge and vehicle brands of the countries they are
used in. Even the same vehicle charging stations may vary according to the vehicle
standards being used in that particular country. However, most EVs and EV charging
stations show the same or similar properties in terms of electrical characteristics
(power, charging duration, etc.). In this study, TOGG brand EVs and GERSAN
charging stations were taken into consideration. ETAP Electrical Power System

Analysis Software was used for network modeling and simulations.

There are different companies that design and implement electric vehicle charging
systems in Turkey. In general, there is a classification according to the power of
electric vehicles. Examining the products of the brands in this respect, it is seen that
the energy power levels of the products are 3.7kW, 7.4kW, 11kW, 22kW and 44kW,
respectively. Within the scope of the thesis, 22 kW, 3-phase and Smart type charging

unit model of Gersan Company will be used as a model.
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4.1. MV ELECTRICITY NETWORK OF KARABUK UNIVERSITY DEMIR
CELIiK CAMPUS

There are a total of nine transformers in the electrical network of the Karabiik
University Demir Celik campus, seven of which are 1000 KVA and two are 800 KVA.
The primary windings (input) of all transformers are connected to the 34.5 kV MV city

network and the secondary windings (output) of the transformers are 0.4/0.231 kV.

The electricity distribution network of Karabiik University Demir Celik campus is fed
through the medium voltage network belonging to TEDAS (Tiirkiye Elektrik Dagitim
AS.-Turkish Electricity Distribution Corporation). After the medium voltage line
enters the university, it is transmitted to the medium voltage distribution lines through
the busbars in the medium voltage distribution building and is transferred to the low

voltage network in the university.

Table 4.1. Transformers, their power and the fields they feed.

Transformer | Power (kKVA) Feeding Zone
TR1-A 1000 Faculty of Technology, School of Foreign
languages
TR1-B 800 Rectorate, Faculty of Medicine
TR2 1000 B3 and B4 Buildings, Heat Center, Gym
TR3 1000 Mosque, Faculty of economics, Social Life
Center
TR4 1000 Faculty of Theology, Student affairs office
TR5 1000 Library, New Gym
TR6 800 Engineering faculty
TR7 1000 Stadium
TR8 1000 Research and development building

Solar energy systems have also been installed in some buildings on the campus. In
these buildings, loads are fed from the solar energy system during daylight hours, and
if the solar energy system is insufficient, the loads are fed by the grid. In Table 4.2, the

buildings where solar energy panels are installed and their power are given.
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Table 4.2. Locations of solar energy panels and their power.

Administrative Sciences

Location (Building) Power (kW)
Gym 50
Vocational School of Foreign Languages | 250

Faculty of Technology 300

Faculty of Theology 100

Faculty of Economics 300

3Qezkv @’E}EF KESHCE n}nﬁzw @f)ﬁj KESICI
¢

¢ D

H KD HHD

r 3

e a1 MR
630 A
630 A 630A
1okA 16 kA 16 kA
Q2 Q2
36 kV@'E KESICI 36 kV @'E KESICI
630 A B30 A

TOROIDAL TOROIDAL

405 CU 40x5 CU

W

36 KV 36KV

& ¢

TORQIDAL TOROIDAL

1HR HHQ)
a3 ,,“_FET- a3 4|_@1-

36 KV 36KV
16 kA 16 kA

Figure 4.1. TEDAS MV UNI-1 and UNI-2 feeders.

There are two separate MV lines, UNI-1 and UNI-2, feeding the Karabuk University.
The cable length between the TEDAS (Tirkiye Elektrik Dagitim AS.-Turkish
Electricity Distribution Corporation) feeder cell and the MV entrance cell of the
university is 438 m. For these two lines, XLPE cables with a cross section of
3x(1x95+16) mm? have been used. TEDAS output feeders feeding Karabiik University
are shown in Figure 4.1. University entrance MV cells (UNI-1 and UNI-2) are given

in Figure 4.2.
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Figure 4.2. University entrance UNI-1 and UNI-2 feeders

University entrance MV cells are in the transformer kiosk where TR1-A and TR1-B
transformers are located. Here, both TR1-A and TR1-B are fed and the output of MV
is fed to other transformers. There are two MV outputs in the TR1 transformer cubicle.
One of them goes to the transformer kiosk where TR2 is located and the other goes to
the transformer kiosk where TR8 is located. The MV feeder line to TR2 is 562m long
3x(1x95+16) mm? XLPE cable. The MV feeder line to TR8 is 1110m long
3x(1x95+16) mm2 XLPE cable. TR2 and TR8 MV cells are depicted in Figure 4.3 and

4.4.
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Figure 4.3. TR2 MV CB and Protection Cubicles
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Figure 4.4. TR8 MV CB and protection cubicles.

There are three cubicles in the TR2 kiosk: a circuit breaker cubicle coming from TR1,
a circuit breaker cubicle going to TR3, and a transformer protection cubicle feeding
TR2. The length of the line to TR3 is 250m 3x(1x95+16) mm? XLPE cable.

There are three cubicles in the TR8 kiosk: a circuit breaker cubicle coming from TR1,
a circuit breaker cubicle going to TR7 and a transformer protection cubicle feeding

TR8. The line to TR7 is 810m long 3x(1x95+16) mm? XLPE cable.
There are three cubicles in the TR3 kiosk: a circuit breaker cubicle coming from TR2,

a circuit breaker cubicle going to TR4 and a transformer protection cubicle feeding
TR3. The length of the line to TR4 is 277m 3x(1x95+16) mm2 XLPE cable.
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There are three cubicles in the TR7 kiosk, a circuit breaker cubicle coming from TRS,
a circuit breaker cubicle going to TR6 and a transformer protection cubicle feeding
TR7. The line to TR7 is 400m long 3x(1x95+16) mm2 XLPE cable.

There are three cubicles in the TR4 kiosk: a circuit breaker cubicle coming from TR3,
a circuit breaker cubicle going to TR5 and a transformer protection cubicle feeding
TRA4. The length of the line to TR5 is 325m 3x(1x95+16) mm2 XLPE cable.

There are three cubicles in the TR6 kiosk: a circuit breaker cubicle coming from TR7,
a circuit breaker cubicle going to TR5 and a transformer protection cubicle feeding
TR6. The line to TR5 is 260m long 3x(1x95+16) mm2 XLPE cable. Figures 4.7 and
4.8 show MV cell single-line diagrams of TR4 and TR6.

There are three cubicles in the TR5 kiosk, two circuit breaker cubicles coming from

TR4 and TR6, and a transformer protection cubicle feeding TR5. In Figure 4.5, single
line diagram of TR5 MV cell has been given.
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Figure 4.5. TR5 MV CB and Protection Cubicles
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4.2. LV ELECTRICITY NETWORK OF KARABUK UNIVERSITY DEMIR
CELIiK CAMPUS

Each transformer connected to the MV network has its own feeding areas (Refer to
Table 4.1) on the LV side as described in Chapter 4.1. The output of transformers is
0.4/0.231 kV. There are compensation panels for each transformer. As an example,

LV single line diagram of TR3 is given in Figure 4.6.

Figure 4.6. TR3 LV Single Line Diagram

In Demir Celik campus, the power drawn from the transformers can be monitored on
monthly and daily basis with the SCADA system. The analysis of the drawn power
graphs is important as to analyze how the charging stations to be connected to the
transformers will affect the loading rate of the transformers. There are six large
parking lots on the Demir Celik campus. The locations of the parking areas and the
transformers to which the charging stations will be connected are given in Table 4.3.
While choosing the transformers, the proximity (cable length) and the load rates of the

transformers ought to be taken into account.
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Table 4.3. Transformers to which parking areas and charging stations will be

connected.
Parking lots Transformer to be
connected to
Rectorate Building TR1-B
FEAS TR3
Student Affairs (Across the | TR3
Mosque)
Faculty of Theology TR4
Faculty of Engineering TR6
Stadium TR7

Since TR1-A, TR2, TR5 and TR8 charging stations cannot be connected, monthly and
daily graphs of these transformers cannot be given here.

Graphs selected as examples from the data of the first five months of 2021 will be

given separately for each region.

The Rectorate building and the Faculty of Medicine building are connected to TR1-B.

Power analysis graphs of these buildings are given in Figures 4.7-4.12.

Active Power(FKW) / Reactive Power (KWVA)

—— Active Power —— Inductive Power —— Capacitive Power

Figure 4.7. The power graph taken from the Rectorate building in January 2021.
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Figure 4.8. The power graph taken from the Rectorate building in May 2021.

80

60

40

Aktif Gilg == Endiiktif Giig

Figure 4.9. Power graph taken from Rectorate building in 12 February 2021.
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Figure 4.10. The power graph of the Faculty of Medicine building taken in March 2021.
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Figure 4.11. The power graph of the Faculty of Medicine building taken in April 2021.
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Figure 4.12. The power graph of the Faculty of Medicine building, taken in May 31, 2021.

Since it takes up too much space, the graphs of all months and days are not included
here. When the values of the five-month graphs of the Rectorate building and the
Faculty of Medicine, which are connected to TR1-B, are examined, it is observed that

the total instantaneous or daily maximum (peak) power is 150-200 KVA.
The monthly and daily power graphs of the FEAS (Faculty of Economics and

Administrative Sciences) and Social Life Center connected to TR3 are shown in
Figures 4.13-4.19.
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Figure 4.13. The power graph of the FEAS building taken in January 2021.
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Figure 4.14. The power graph of the FEAS building taken in April 2021
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Figure 4.15. The power graph of the FEAS building taken in June 12, 2021.
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Figure 4.16. The SES (solar energy) graph of FEAS building taken in June,12 2021.

There is a 300 KVA solar energy system (SES) in the FEAS building. Especially in
summer and during the daytime in sunny weather, SES alone meets all the needs of
the building. In cloudy weather and/or at night when the SES is insufficient, the

building is fed from the mains.
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Figure 4.17. Power graph of Social Life Center building taken in February 2021.
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Figure 4.18. The power graph of the Social Life Center building taken in may 2021.
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Figure 4.19. The power graph of the Social Life Center building taken in April 16, 2021.

When the monthly and daily power graphs of FEAS and Social Life Center connected
to TR3 are examined, it is observed that the total power drawn is 50-60 KVA on
average. The power drawn from the network (transformer) decreases considerably,
especially in summer and during the daylight hours, thanks to the 300 KVA SES
installed in FEAS.

The monthly and daily power graphs of the Faculty of Theology and Student Affairs
buildings connected to TR4 are given in Figures 4.24-4.29.
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Figure 4.20. The power graph of the Faculty of Theology building taken in January 2021.
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Figure 4.21. The power graph of the Faculty of Theology taken in May 2021.
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Figure 4.22. The power graph of the Faculty of Theology building taken in April 20, 2021.

There is a 100 KVA SES in the Faculty of Theology. Especially in summer and during

daylight hours, loads are fed from the solar energy system.
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Figure 4.23. Student Affairs building power graph taken in March 2021.
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Figure 4.24. Student Affairs building power graph taken in May 2021.
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Figure 4.25. The power graph of the Student Affairs building taken in January 30, 2021.

When the monthly and daily power graphs of the Faculty of Theology and Student
Affairs buildings connected to TR4 are examined, it is observed that the total power
drawn is 40-60 KVA on average. The power drawn from the mains (transformer)
decreases considerably, especially in summer and during the daylight hours, thanks to
the 100 KVVA SES installed at the Faculty of Theology.

The monthly and daily power graphs of the Faculty of Engineering building connected
to TR6 are given in Figures 4.26-4.28.
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Figure 4.26. The power graph of the Faculty of Engineering building taken in

January 2021.
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Figure 4.27. The power graph of the Faculty of Engineering building taken in May 2021.
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Figure 4.28. The power graph taken from the Faculty of Engineering in February 25, 2021.

When the monthly and daily power graphs of the Engineering Faculty building, which
is connected to TR6, are examined, it is seen that the total power drawn is 50-60 KVA

on average.

Since the main electrical panel feeding the stadium which is connected to TR7 has not
yet been included in the SCADA system, power graphics of TR7 could not be obtained.
However, it has been determined that a maximum of 15-20 KVVA power is drawn in
daily and instant measurements. In addition, there are 400 KVA lamps that are

activated rarely during night games.

When the graphs in Chapter 4.2 are examined, it is determined that the transformers
are loaded at around 5-10% max.

4.3. EV CHARGING STATION SCENARIOS

Karabiik University Demir Celik campus has 6 large parking lots. These areas are
located around the Rectorate building, in front of the FEAS building, around the
Student Affairs building, in front of the Faculty of Theology building, around the
Engineering Faculty and around the Stadium. The largest parking area is the parking
area around the Student Affairs building. By taking into account the proximity of the
car parks to the transformers (cable distance), the loading rates of the transformers and
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the size of the car parks (number of vehicles), it was estimated that from which
transformers the EV charging stations to be placed in the car parks could be fed, and
were given in Table 4.3. In this chapter, load analysis, network modeling and
simulations will be made according to the number of EVs that can be found in the
Demir Celik campus and the number of charging stations required for these vehicles

for the years 2025, 2030 and 2040.

4.3.1. 2025 Charging Station Scenario

An estimated number of personnel and vehicles for 2021, 2025, 2030 and 2040 across
Karabiik University have been given in Table 4.4. These figures are approximate
estimates obtained by discussions with the relevant units of the University. Figures
given are for the whole university. However, the majority of these figures (80%) are

expected to be seen in the Demir Celik campus.

Table 4.4. Estimation of the number of personnel and vehicles by years.

Year Number of Personnel | Number of Vehicles
2021 1900 1206
2025 2150 1370
2030 2450 1570
2040 3050 2100

The scenario predicted for 2025 will be created according to the figures given in Table
4.4, taking into account the 15% student vehicle and 5% guest vehicle share (80% of
the entire university + 15% + 5%). Accordingly, the figures given in Table 4.4 can be

used directly.
Assuming that 25% of the vehicles will be EVs for 2025, the number of charging
stations and the area where they will be placed have been studied according to 343 EV

vehicles.

Considering the size of the parking lots on the Demir Celik campus and the density of

personnel and/or vehicles in that area, 20% of the vehicles will be in the Rectorate
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parking lot, 10% in the FEAS parking lot, 30% in the Student Affairs parking lot, 10%
in the Faculty of Theology parking lot, 20% in the Faculty of Engineering parking lot
and 10% will be in the Stadium parking lot.

Table 4.5. Number of EVs in parking lots according to 2025 scenario.

Parking lots Number of EVs Transformer to be
connected to

Rectorate 68 TR1-B

FEAS 34 TR3

Student Affairs (Across | 103 TR3

the Mosque)

Faculty of Theology 34 TR4

Faculty of Engineering | 68 TR6

Stadium 34 TR7

According to the regulation, the number of sockets must be between 2% and 5% of the
parking lot vehicle capacity (number of vehicles). In our case, the upper limit of 5%
will be taken. Since there will be 2 sockets at 22 kW charging stations to be placed on
the campus, the number of charging stations is calculated by dividing the number of
vehicles by 40. Accordingly, the anticipated number of charging stations for parking

lots is given in Table 4.6.

Table 4.6. Number of EV Charging Stations in parking lots according to 2025 scenario.

Parking lots Number of EV Stations | Transformer to be
connected to

Rectorate 2 TR1-B

FEAS 1 TR3

Student Affairs (Across | 3 TR3

the Mosque)

Faculty of Theology 1 TR4

Faculty of Engineering | 2 TR6

Stadium 1 TR7
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According to this table, a load of 44 kW (5.5%) is added to TR1-B, 88 kW (8.8%) to
TR3, 22 KW (2.2%) to TR4, 44 kW to TR6 5.5%, and 22 kW (2.2%) load is added to

TR7. The values have been given in Table 4.7 as follows.

Table 4.7. The additional load of EV Charging Stations according to the 2025 scenario.

Parking lots EV load (kW) Transformer to be
connected to

Rectorate 44 TR1-B

FEAS 22 TR3

Student Affairs (Across | 66 TR3

the Mosque)

Faculty of Theology 22 TR4

Faculty of Engineering | 44 TR6

Stadium 22 TR7

Referring to the data in the graphs and tables given in Chapter 4.1, 4.2 and 4.3, the
additional load that the EV charging stations will bring to the transformers according
to the 2025 scenario is at a level that can be easily met by the transformers. Considering
the general increase in electrical loads until 2025, it is estimated that the transformers

will be loaded around 10-15% max.

In the scenarios, only light vehicles (not trucks, lorries, minibusses, etc.) have been
considered. By evaluating the estimates of EV numbers in the world and in Turkey
over the next 20 years and considering the EV usage trend of university staff, EV
numbers have been taken slightly higher than expected. The reason for this is to see

the loading condition of the transformers on a larger scale.

ETAP single line diagram of the MV network and single line diagram of 2025 scenario

are shown in Figures 4.29 and 4.30.
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Figure 4.29. ETAP single line diagram of the MV network.

50



0 MVAsc

LN PP

MV Bus A177 Lo
34.5 kv
+115 ¥135 ¥62 +a4 ¥54
153 3 330 330 524
I (N N . i
TR1-B
TR3 TR4 TRE TR7
800 kva 1000 k 1000 kvA 800 ¥
VA VR 1000 kva
L) 5T 7% 68%
TR1-B B * TR3 Bus o TR4 Bus %" TRE Bus 99 TR7 Bus 99.7%
- s
0.4 wv -4 kv T 57 ‘ 0.4 kv ToT 2 0.4 kv 0.4 1v
’ ¥43 336 30 ) 330 30 )
j0
Invl
Invz Load TR6 EVCS 6 Load TR7  EVCS 7
EVCS_TR1-B Load TRA 50 KA 44 kVA 40 Tva 22 kva
Load TR1 14 LA 50 Tva EVCS TR4
90 kVA Load_TR3 gycs TR3 22 kVA
60 kVA 88 kVA
DCBus_TR3 DCBus_TRA
PVA TR3 DVA_TR4

Figure 4.30. ETAP single line diagram of 2025 scenario.
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4.3.2. 2030 Charging Station Scenario

The number of charging stations and the areas where they will be placed have been
studied according to 785 EV vehicles assuming that 50% of the vehicles will be EVs
for 2030.

According to the explanations made in Chapter 4.3.1, the 2030 scenario EV number
has been given in Table 4.8 and the number of charging stations has been given in

Table 4.9.

Table 4.8. Number of EVs in parking lots according to 2030 scenario.

Parking lots Number of EVs Transformer to be
connected to

Rectorate 157 TR1-B

FEAS 79 TR3

Student Affairs (Across | 236 TR3

the Mosque)

Faculty of Theology 79 TR4

Faculty of Engineering | 157 TR6

Stadium 79 TRY7

Table 4.9. Number of EV Charging Stations in car parks according to 2030 scenario.

Parking lots Number of EV Stations | Transformer to be
connected to

Rectorate 4 TR1-B

FEAS 2 TR3

Student Affairs (Across | 6 TR3

the Mosque)

Faculty of Theology 2 TR4

Faculty of Engineering 4 TR6

Stadium 2 TR7
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According to this table, TR1-B is loaded with 88 kW (11%), TR3 with 176 kW
(17.6%), TR4 with 44 KW (4.4%), TR6 with 88 kW (11%) and TR7 is loaded with 44
KW (4.4%) load. The values have been given in Table 4.10 as follows.

Table 4.10. The additional load to be brought by EV Charging Stations according to

the 2030 scenario.

Parking lots EV load (kW) Transformer to be
connected to

Rectorate 88 TR1-B

FEAS 44 TR3

Student Affairs (Across | 132 TR3

the Mosque)

Faculty of Theology 44 TR4

Faculty of Engineering 88 TR6

Stadium 44 TR7

According to the data in the graphs and tables given in Chapters 4.1, 4.2 and 4.3, the

additional load that the EV charging stations will bring to the transformers according

to the 2030 scenario is at a level that can be easily met by the transformers. Considering

the general increase in electrical loads until 2030, it is estimated that the transformers

will be loaded around 15-25% max.

ETAP single line diagram of 2030 scenario is shown in Figure 4.31.
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Figure 4.31. ETAP single line diagram of 2030 scenario.
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4.3.3. 2040 Charging Station Scenario

Assuming that 100% of the vehicles will be EV for the year 2040, the number of

charging stations and the areas where they will be placed have been studied according

to 2100 EVs.

According to the explanations made in Chapter 4.3.1, the 2040 scenario EV number

has been given in Table 4.11 and the number of charging stations has been given in

Table 4.12.

Table 4.11. Number of EVs in parking lots according to 2040 scenario.

Parking lots Number of EVs Transformer to be
connected to

Rectorate 420 TR1-B

FEAS 210 TR3

Student Affairs (Across | 630 TR3

the Mosque)

Faculty of Theology 210 TR4

Faculty of Engineering 420 TR6

Stadium 210 TR7

Table 4.12. Number of EV charging stations in parking lots according to 2040 scenario.

Parking lots Number of EV Stations | Transformer to be
connected to

Rectorate 11 TR1-B

FEAS 6 TR3

Student Affairs (Across | 16 TR3

the Mosque)

Faculty of Theology 6 TR4

Faculty of Engineering 11 TR6

Stadium 6 TR7
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According to this table, 242 kW (30.25%) load is added to TR1-B, 484 kW (48.4%)
to TR3, 132 kW (13.2%) to TR4, 242 kW (30.25%) to TR6 and 132 kW (13.2%) load

is added to TR7. The values have been given in Table 4.13 as follows.

Table 4.13. The additional load of EV Charging Stations according to the 2040

scenario.
Parking lots EV load (kW) Transformer to be
connected to
Rectorate 242 TR1-B
FEAS 132 TR3
Student Affairs (Across | 352 TR3
the Mosque)
Faculty of Theology 132 TR4
Faculty of Engineering 242 TR6
Stadium 132 TR7

Referring to the data in the graphs and tables given in Chapter 4.1, 4.2 and 4.3, the
additional load that the EV charging stations will bring to the transformers according
to the 2040 scenario is at a level that can be met by the transformers. Considering the
general increase in electrical loads until 2040, it is estimated that the transformers will

be loaded around 70-75% max.

ETAP single line diagram of 2040 scenario has been shown in Figure 4.32.
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Figure 4.32. ETAP single line diagram of 2040 scenario.
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CHAPTER 5

CONCLUSION AND SUGGESTIONS

In this thesis, the effects of electric vehicles on the electricity grid have been evaluated.
This evaluation is based on the parameters of the TOGG brand electrical vehicle for
the distribution network of Karabiik University Demir Celik campus. Within the scope
of this study, simulations and analyzes were made using ETAP Electrical Power
System Analysis software in order to examine the effects of electric vehicle charging

systems on the distribution network.

An analysis of the medium voltage (MV) and low voltage (LV) electricity networks of
the Demir Celik campus was conducted. Then, three different scenarios were studied
for the years 2025, 2030 and 2040. The probable number of EVs and the number of
EV charging stations in the Demir Celik campus in 2025, 2030 and 2040 were
estimated and based on these numbers; the load rates of the transformers were
predicted.

According to the 2025 scenario, there will be 343 EVs and 10 EV charging stations.
Based on the scenario, a load of 44 kW (5.5%) will be added to TR1-B, 88 kW (8.8%)
to TR3, 22 kW (2.2%) to TR4, 44 kW to TR6 (5.5%) and 22 kW (2.2%) load will be
added to TRY.

In the 2030 scenario, there will be 785 EVs and 20 EV Charging Stations. Based on
the scenario, a load of 88 kW (11%) will be added to TR1-B, 176 kW (17.6%) to TR3,
44 KW (4.4%) to TR4, 88 kW (11%) to TR6 and 44 kW (4.4%) load will be added to
TR7.

In the 2040 scenario, there will be 2100 EVs and 56 EV Charging Stations. According
to it, 242 kW (30.25%) load will be added to TR1-B, 484 kW (48.4%) to TR3, 132
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KW (13.2%) to TR4, 242 KW (30.25%) to TR6 and 132 kW (13.2%) load will be added
to TRY.

It is possible that EV charging stations will adversely affect transformers in terms of
their loading rates in 2025 and 2030, considering the power of the transformers and
other electrical loads in respective years. It is expected that the transformers will be
loaded at a maximum of 10-15% in 2025, and a maximum of 15-25% in 2030. In 2040,

the transformers are estimated to be loaded at a maximum of 70-75%.

While selecting the transformers to which the charging stations will be connected, the
proximity to the parking areas as well as the loading conditions of the transformers
were taken into account. As mentioned before, the Student Affairs Parking Lot is the
biggest lot and is suitable to be connected to both TR3 and TR4. However, it was
preferred to be connected to TR3 because there is 300 KW SES (solar energy system)
in the region fed by TR3.

The possibilities of installation of new SES on the Demir Celik campus were not
evaluated in the scenarios. If new SES is installed, the load rates of the transformers

will further decrease.

One of the effects of EVs on the grid is harmonics. The tested vehicle harmonic data
in the investigated studies were used as data within the scope of the thesis, and it was
observed that the harmonic levels produced by the vehicles in general were within the
limits specified in the standards published by IEEE and IEC. In the simulations and
analyzes carried out in the studies, some vehicles were calculated to add harmonics to
the grid at 5%-12% THD values, which are considerably above the limits. Although it
has been observed in similar studies on different versions of vehicle charging stations
that they can be operated at 32A and 16A, vehicles can produce harmonic values that
exceed the limits. It has been stated that vehicles can be used without any harmonic
problems if appropriate equipment and charging type are used at the appropriate level
for the vehicle.
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In this study, only the distribution network of Karabiik University Demir Celik campus
was studied. There are studies and reports prepared throughout the city and the
country, albeit in a small number. According to these studies, Turkey seems to be ready
for a larger extent of EV charging station integration into the grid in the short and
medium term. However, there are also reports showing that new investments are
needed to increase the capacity and quality of the electricity grid in some cities and

regions.

Turkey’s local and national electric vehicle, TOGG EV will be a source of motivation
for private and public investments in the way of making new investments on such
grounds. Therefore, Turkey is not expected to face any serious problems in the

integration of EVs into electricity and distribution networks.

With the spread of EVs in the up-coming years, it will be possible to access more data,

to make more concrete analyzes and to evaluate the results.
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