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As the number of electric vehicles (EV) increases, technical concerns deal with additional load
introduced by charging of EVs connected to power distribution networks, are being discussed in
the literature. Smart mechanisms such as incentivizing charging of EV’s to periods at minimum
loading hours are being considered to mitigate additional loading effect of EVs on power grids.
In this study, such effects and smart solutions are investigated through quantitative analyses.
For this purpose, impact on EVs are simulated for a set of pilot distribution grids in Turkey.
First, reference network models of the pilot regions, which do not include any EV load, are
developed for the target year 2030. Then EV charging points in different technologies (slow and
fast charging) are added to reference network models under two main scenarios; home charging
support (HCS) and public charging support (PCS). Arrival times of EVs to the charging stations
and state-of-charge (SOC) of EVs at arrival time are modelled with a stochastic approach. The
effects of EVs on the pilot grids are quantified in terms of annual capacity factor (%),
overloading (%) of the branches (transformers and lines), and voltage drop (%) at the
substations.

Elektrikli Araclarin Dagitim Sebekelerine Etkilerinin Olasiliksal
Yontemlere Dayal Simiilasyonlar ile Analizi

Oz

Elektrikli Araglar
Dagitim Sebekesi
Stokastik Yaklagim
Sarj Istasyonlart

Elektrikli araglarin (EA) sayis1 arttik¢a, EA’larin sarj yiikiiniin gii¢ dagitim sebekelerine ilave
yiik getirecegi ve sorunlar yaganabilecegi giincel tartigilan bir konudur. EA’larin sarj maliyetini
sebekenin yiikiiniin diisiik oldugu saatlere kaydirmaya yonelik akilli mekanizmalar bir ¢dziim
olarak degerlendirilmektedir. Bu calismada, EA’larin sebekeye entegrasyonu sonrasi bu tiir
ihtiyaclar ve ¢oziimler analiz edilmistir. Bu amagla, 2030 yilinda Tiirkiye’de sayilari énemli
Olgiide artmasi beklenen EA’larin sebekeye etkilerine yonelik olarak, pilot bir dagitim
sebekesinde, senaryo bazli simiilasyonlar gerceklestirilmistir. EA’larin pilot dagitim sebekesi
iizerindeki etkilerini degerlendirmek i¢in, ilk 6nce hedef yil olan 2030 i¢in bir referans sebeke
modeli (EA sarj yiikii olmayan) gelistirilmistir. Daha sonra, farkli teknolojilerdeki (yavas ve
hizli sarj) EA sarj noktalari, yogunlukla evlerde sarj ve yogunlukla igyerlerinde ve kamusal
alanlarda sarj senaryolar1 igin ayri ayri olmak iizere, bu referans sebeke modeline ilave
edilmistir. Rastgele degiskenler olan EA’larin sarj istasyonlarma variy zamani ve varis
zamaninda sarj durumu (SOC) stokastik yaklasimlar ile modellenmistir. EA’larin sebekeye
entegrasyonunun etkileri, ekipmanlarin (transformatér ve hatlar) yillik doluluk orani (%), asirt
yiiklenme (%) ve asir1 gerilim diistimii (%) agilarindan incelenmistir.

1. INTRODUCTION

Increasing energy demand and environmental effects have made it mandatory to use alternative energy
sources in electricity generation and to prefer high energy efficient electrical devices in consumption. One
of the most important sources of environmental problems is the use of fossil fuel vehicles, especially in
the transportation sector, increasing greenhouse gases and noise pollution. Therefore, there is a tendency
in the transport sector to switch to electric vehicles (EV) instead of vehicles using fossil fuels. These
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vehicles are basically divided into three in technological point of view; 1) Fully electric vehicles (FEV);
2) Hybrid vehicles (where HV, fossil fuel and electrical energy are used together and cannot be charged
externally); and 3) Plug-in hybrid vehicles (PIHV, internal and external rechargeable hybrid vehicles).

The widespread use of both PIHV’s and FEV’s will contribute to the elimination of environmental
impacts such as reducing greenhouse gas and noise pollution, as well as reducing dependence on fossil
fuels. In addition, in the near future, the use of powerful batteries of new generation electric vehicles as a
short-term power source for the grid is also considered as an expected practice [1-2]. On the other hand,
since EV’s will bring additional load to the grid during charging, factors such as the adequacy of the
generation resources in the grid, especially the capacity of the electricity distribution grids and power
quality should be taken into consideration in parallel with the increase in the number of EV’s [3-4].

Various studies examining the effect of EV’s on the electricity grid are available in the literature. The
changes that occur in the grid equipment are examined as a result of integration of the EV load to the grid
with load flow analysis. As a result of the analyzes made in different scenarios, it has been observed that
the technical constraints are not exceeded in the equipment [5-6]. The effect of the EV load on the grid
losses has also been examined and it has been observed that the EV's have a negative effect on the grid
loss, especially in uncontrolled charging situations [7]. EV’s and charging stations contain power
electronic equipment. Therefore, EV’s and charging stations have an effect on the power quality on the
grid [8-10]. The effect of EV’s on the grid exists not only technically, but also socially, economically and
humanly [11-13].

There are several studies examining the effect of EV on Turkey's low voltage and medium voltage grid.
As a result of these studies, it has been determined that EV load will cause a small number of restriction
violations in grid equipment as a result of existing grid expansion and grid integration and the importance
of considering EV. The load during network planning in the coming years has been emphasized in terms
of network management. [14-15].

In this study, in projection year 2030, a significant amount of the electricity distribution grid in Turkey to
be integrated into the grid of the expected effects of EV were examined. For this purpose, the EV’s on a
distribution network with metropolitan characteristics determined as a plot; i) Electrical equipment
loading (such as line and transformer) and ii) and its effects in terms of voltage drop in the substations
have been investigated by computer simulations.

The most important contribution of this study to the literature is the use of probabilistic techniques while
determining the daily charge profile of EV’s and the performance of grid impact analysis in a real
electricity distribution grid using these daily charge profiles. In addition, smart charging methods for
minimizing the additional load of the EA's load to the network have been examined in two different main
scenarios: i) Scenario where home charging is more intense (home charging support); ii) Scenario with
more intense charging in public (public charging support).

Second part of the study is about the technology of EV, and the general information on Turkey's
electricity grid will be given in Chapter 3 as well. In Chapter 4, the previous studies about the effect of
EV’s on the grid, the analyzes and results made within the scope of this study are explained. Finally,
results obtained from the study is concluded in Chapter 5.

2. OVERVIEW OF ELECTRIC VEHICLES

The first emergence of electric vehicles in history dates back to the 19th century. In the 19th century, EV
was also manufactured and sold together with internal combustion engine vehicles. In the 20th century,
the faster development of internal combustion engine technology and the cheaper fossil fuels led to a
decrease about the concern to EV [16]. In the 2000s, due to the decreasing trend of fossil fuels and
increasing environmental pollution, environmentally friendly EV’s have come to the fore again. First,
hybrid electric vehicles started to be developed and produced [17]. With the development of battery
technology, full electric vehicles have become popular and prominent in the market with plug-in hybrid
electric vehicles.
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2.1. Electric Vehicle Technologies

Electric vehicles used today are defined in 3 main types: hybrid electric vehicles (HEV), plug-in hybrid
electric vehicles (PIEV) and full electric vehicles (FEV). The differences between the types are
determined by the characteristics of the motors that provide motion in general, the batteries and the
charging method. Engine structure and battery charging methods according to vehicle types are given in
Table 1, and the hardware structure of the vehicles is given in Figure 1.

Table 1. Types of Electric vehicles

EV Technology Battery Charging Method Motor Type

FEV External Electric
HEV Internal Electric + Internal combustion
PIEV Internal and External Electric + Internal combustion

HEV's are vehicles that are widely used commercially today. In these vehicles, fossil fuel and electrical
energy are used to obtain the desired power. While fossil fuel is used for internal combustion engine
supply, the electric motor in the system is powered by the battery in the vehicle. In these vehicles, when
both engines work as hybrid, the internal combustion engine is activated at high speeds and in situations
where high power is required, while the electric motor is active at the moment of take-off and at low
speeds. . Since the electric machine has the feature of working both as a generator and as a motor, it
provides braking on the one hand by gaining energy during braking, and on the other hand acts as a
generator to charge the battery. In this way, the batteries are charged during braking. In such vehicles, the
batteries cannot be charged externally. Although the electric motor increases the acceleration power of the
vehicle, it is activated when the vehicle is in stop-and-go, and provides up to 25% fuel savings [18].

PIEV and HEV’s are similar in structure. The difference of such vehicles from HEV's is that the battery
in the vehicle can be charged externally. The battery can be charged both with regenerative braking
technology while driving and from the electricity grid when the vehicle is parked. In terms of efficiency,
PIEV’s are more efficient than HEV’s because the limited use of the internal combustion engine and the
combined operation of the equipment increase efficiency [19].

~\
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Figure 1. Structure of electric vehicle types

There are no internal combustion engines in FEV’s, so the traction power of the vehicle is only provided
by electric motors. For this reason, only batteries are used instead of fossil fuel as an energy source. The
vehicle provides the power it needs from these batteries. The batteries should be charged at regular
intervals, depending on the type of the battery in the vehicle, the conditions of use and the range of the
vehicle. While the charging process of FEV can be carried out at charging stations placed in areas such as
homes, workplaces, shopping malls, charging stations for charging EV’s have also started to be
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developed. FEV’s are the type of electric vehicle with the lowest greenhouse gas emission compared to
electric vehicles with internal combustion engines. In addition, it can produce more torque at low speeds
than internal combustion engines since it only has a battery and an electric motor [8]. Today, FEV types
and numbers are increasing day by day in the automotive market. With the developing technology, mostly
advanced lithium ion batteries are used in vehicle batteries today.

2.2. Electric Vehicles Charging Stations

EV charging stations are structures that enable the charging of EV's that can be charged from external
sources. Charging stations take the power from the electricity distribution grid in order to charge the EV's.
EV's can receive electric current from charging stations in the form of alternating current (AC) or direct
current (DC), depending on their structure.

EV’s that receive electric current as AC have AC-DC rectifier within their body. The electric current
passes through the alternating current rectifier and turns into direct current and the battery is charged with
direct current. These charging stations are called AC level charging stations. AC level charging stations
come in 2 types, Level 1 (AC1) and Level 2 (AC2). The power of Level 1 charging stations is 2-3 kW,
while the power of Level 2 charging stations is 20-30 kW. DC charging stations contain AC-DC rectifiers
and charge the batteries by converting the alternating current received from the electricity grid into direct
current. These stations have a power of 40-100 kW. DC charging stations are used for fast charging and
can charge the battery in an average duration of 30 minutes. AC charging stations are generally used in
homes and businesses because they charge more slowly than DC charging stations. DC charging stations
are used in public places such as highways and shopping malls [20].

Since the number of EV’s charged from the electricity grid is low today, the effect of these loads on the
grid remains limited. However, considering the increase in the number of EV’s in the near future, the
effect of these loads on the grid should be taken into account. Grid structure and ports of EV are of great
importance, as well as the load profile they draw in the analysis of the impact of EV on the grid.

3. ELECTRIC NETWORKS AND NETWORK STRUCTURE IN TURKEY

Electricity network is a system that includes production and consumption points with transmission and
distribution systems. With this system, the electrical energy generated in generation plants is delivered to
consumers. In the first electricity networks, generation facilities were being built in locations close to the
consumption point. With the increasing use of electricity in the following time, the need to transmit
electrical energy to further distances than production points arise. In addition, as the amount of electrical
energy needed increased, the number of production facilities increased. With the increase in both
production and consumption facilities, distribution and transmission systems have also expanded [21].
Due to the increase in the number of equipment included in the electricity network day by day, the
network becomes more complex and its management is also difficult. For this reason, electricity networks
are divided into production, transmission and distribution sections.

The generation system is the system that transfers the electrical energy generated from renewable and
non-renewable energy sources to the transmission or distribution system in generation plants. The
transmission system provides the transmission of high voltage level electrical energy from production
facilities to consumption areas. The distribution network is the system that transmits the electrical energy
coming from the transmission level to the end user at medium and low voltage levels.

Electric transmission level in Turkey is structured in 380 kV and 154 kV voltage levels. In the medium
voltage level of the electricity distribution network in Turkey, 33 kV voltage are used mostly and 6.3 kV
and 15.8 kV voltages are used rarely. Energy distribution for low voltage level customers is carried out at
0.4 kV voltage level. Therefore, electrical energy at medium voltage level is reduced to low voltage level
by means of distribution transformers.

The main rule in distribution networks is that the end users are fed technically, economically and
ergonomically. For this reason, branched and ring network systems are used in the Turkey’s electricity
distribution network. Branched networks are networks where the supply is made from a single source and
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there is no alternative supply. Ring networks, on the other hand, are networks that have more than one
source and therefore have alternative feeds. In branched networks, the installation cost is less and fault
detection is easier than ring networks. However, ring networks are more advantageous than branched
networks in terms of reliability. In the distribution network of Turkey, the network that feeds the city
center and important port is operated as a ring network load. Networks that feed rural networks and points
with low load are generally operated as branched networks.

Nuclear Power Plant Fossil Fuel Power Plant Wind Power Plant

= T

Consumption Points [

Hydroelectric Power Plant

Solar Power Plant

Distributed Generation Plants

Figure 2. Example of bidirectional electric grid

Electric vehicle charging stations are connected to the distribution network from many different points,
and as the number of charging stations increases, the number of different points connected will also
increase. The electric vehicle load that can be integrated into the network can be estimated with the help
of probabilistic functions according to the characteristics of the vehicles and their usage conditions.
However, due to the ability of electric vehicles to use different charging stations, the point at which they
will be integrated into the grid shows flexibility. This increases the need to examine the impact of electric
vehicles, which can be manufacturers and consumers, on the Turkey electricity distribution network.

4. EFFECTS OF ELECTRIC VEHICLES ON DISTRIBUTION NETWORK

As part of this study, the technical impact of electric vehicles on the distribution network in 2030 was
examined in the region fed by Akkdprii substation in Ankara city center, Turkey. According to the
projection, it is expected that by 2030, the population of Turkey will be 93 million and the number of
personal vehicles will be 27.9 million [15]. Considering the policy of the government of the Republic of
Turkey, the domestic electric vehicle is expected to go on sale in 2023. Therefore, the increase in the rate
of electric vehicles in traffic will accelerate by 2023. Considering these developments, in this study, it has
been assumed that the ratio of electric vehicles in all vehicles in 2030 will be 30% in the medium growth
scenario and 65% in the high growth scenario.

The pilot region network model is modeled on DIgSILENT PowerFactory power system analysis
software. In the network model, the power profiles taken from the field are processed on the feeders. Peak
days were determined as a result of the analyzes made with the processed profiles and the analyzes were
carried out on the determined day. The analyzed area is fed from two different HV/MV power
transformers from the same transformer center. As of 2019, the number of MV/LV distribution
transformers available in the pilot area is 599, MV line length is 340 km, and the LV line length is 1405
km. From 2019 to 2030, it has been assumed that the annual load increase will be an average of 5% [22].
Necessary network investments were added to the network model to prevent technical constraints in the
network after load increase.
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Criteria considered for technical constraints are: i) overloading on network lines; ii) overvoltage drop at
the consumer points and iii) N-1 reliability criteria in the primary distribution network in the plot regions.
Parallel line and transformer investments are modeled on existing lines and transformers where these
criteria cannot be met. In 2030, it is predicted that there will be 665 MV/LV distribution transformers,
352 km MV line and 1464 km LV line with the method explained in the plot network.

Figure 3. Single line diagram of pilot region

In the study, the margin of the total number of electric vehicles expected to fall into the traffic of the pilot
region studied in Turkey calculated firstly. In this calculation, the following statistical data of the city of
Ankara and the plot region are used: i) The ratio of the gross domestic product of the city of Ankara; ii)
Growth coefficient; iii) Education level coefficient; iv) The pilot of a high-voltage transformer that feeds
the center of Turkey's total installed capacity to a total installed capacity of high-voltage transformer ratio
(1) [15]. With this approach, the total number of electric vehicles calculated for the pilot region in 2030,
the total number of EV charging stations and different charging technologies are given in Table 2.

EVpg = EVy % TMKpg * GDP, * DC, * EC, 1
EVpg: Pilot region number of electric vehicles
EV;. Total number of electric vehicles (2030)

TMKpp: Ratio of pilot regional substation installed capacity to total substation installed capacity in
Turkey (2030)

GDP,: Ratio of the gross domestic product of the city in which the pilot region is located to the total gross
domestic product of the country (2014) [23]

DCy: Development coefficient of the city where the pilot region is located [24]

EC,: Coefficient of education level of the city where the pilot region is located [25]
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Table 2. Pilot region EV number of charging stations and charging technologies

Charging Status Home Charging Support Public Charging Support

AC1 - Home 683 683
AC2 — Home 1595 1595
AC2 —Workplace 456 456
AC2 — Public place 410 820
DC3 - Public place 46 91
Total 3190 3645

4.1. Method

The flow chart of the method followed in the study is given in Figure 4. Analyzes were carried out with
DIgSILENT PowerFactory network analysis software. In this context, as can be seen in the flow chart,
firstly the network geographic information system (GIS) data of the plot region was transferred to the
network analysis software and the 2019 (current) reference network model was created. Then the 2019
annual loading profiles of the transformers in the plot region were escalated, and the 2030 load profiles
were obtained. For this purpose, an average annual demand increase of 5% is projected (excluding EV
charging load). While determining the additional network investments needed after this increase in
demand, the previous 5 and 10-year demand increase and network investment amounts and 2019
transformer occupancy rates (annual capacity factor) were taken as reference in the plot region. Thus,
excessive low or high grid investment modeling is prevented in the 2030 reference grid model without
EV charging load. Finally, the EV vehicle charge load was modeled on the 2030 reference grid model in
different scenarios and the effects of EV’s on the network were analyzed.

Reference

GIS Data | DIESILENT | f Network | i Network Network |
(2019) ‘ PowerFactory ‘ Model (2019) Model (2030) i Model (2030) E -------------- ,‘
7y 7y - { Equipment |
! | loadings |
R i Loadings
- - v Y Load :
Load Profiles H Pe"?and {1 Network !
2019 { Projection(5% | | i Flow
\ ( ) ‘ {_annual increase) } | Investment } Analysis
T Busbar
[, e P i Voltage Drop \
" Probabilit: It h] 1 i At M et
'FO .a | l Y ! Monte-Carlo | i Scenario Based !
Distribution ¥ . . f—————————»  EVCharge {——»
i Simulations | i Profiles 1

Figure 4. Flow chart of method

Monte-Carlo simulations were used to determine the daily charge profile of electric vehicles [26]. By
using the charging times of electric vehicles during the day and their arrival times at charging stations as
probabilistic inputs, a possible daily charge profile has been obtained. One million different charge
profiles were created by Monte Carlo simulations. Among these, five representative charge profile
probability distances have been determined using the scenario reduction approach [27]. One million
scenarios are clustered in 5 categories according to their probability values. Later, the most representative
electric vehicle charging model was selected in each category. Examples are given in Figure 5 for the
probabilistic distribution functions (PDF) of the charge based on AC2 and DC technology and the current
state of charge (SOC) modeling of the vehicles in the scenario where charging at home is intense. Charge
in public place is modeled as uniform to daytime hours, while charging profile at home is modeled as
evening and normal distribution.
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Figure 5. Possible daily EV load estimation method

Electric vehicle loads; connected to the LV networks of distribution transformers for home charging
stations, to gas station and shopping center transformers for public place charging stations. The total daily
profile projection of the total load, excluding the electric vehicle load for the peak day, in the plot region
is given in Figure 6.

Total Load (Without EV Load)

160
140
120
100
80
60
40
20

MW

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 6. Pilot region total load profile projection excluding EV payload (2030) (MW)

The investigation of the effect of electric vehicle load on the distribution network was carried out in 2
different scenarios. In the scenario where home charging is supported, it is assumed that electric vehicles
are mostly charged at homes. In the scenario where public charging is supported, it is assumed that
electric vehicles are mostly charged in public places. It is assumed that when charging is supported in
public areas, there will be more charging during the day, more fast charging points and regular charge
load distribution at workplaces. In case home charging is supported, it is assumed that there will be more
charging at night, more slow charging points and regular charge distribution at workplaces. Along with
these assumptions, the representative daily charge profiles of electric vehicles belonging to the scenarios
obtained from Monte Carlo simulations using the probability functions in Figure 5 are given in Figure 7.
In the simulations, it is assumed that all the electric vehicles given in Table 2 for the pilot area use
charging stations during the day.

Home Charging Support Public Charging Support
16 30
14 27
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12 5
10 18
8 215
= =

6 12
9
4 6
2 3

0 — . 0 — A —

1234567 8 91011121314151617 18192021222324 12345678 9101112131415161718192021222324

Hour Hour
e P blic Place Load Home Load = Public Place Load Home Load

Figure 7. Electric vehicle daily charging profiles for scenarios
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Figure 8 shows the ratio of electric vehicle load to other loads in the network. The electric vehicle load
rate during the day is 13% in the home charge support scenario and 26% in the public place charge
support scenario.

EV Load/Other Loads

30%
25%
20%

15%

10%
5%
0% '

1 2 3 4 5 6 7 8 9 10 11 12 13 4 15 16 17 18 19 20 21 22 23 24
= Home Charging Support Public Charging Support

Figure 8. Ratio of EV load to other loads on the network

Load flow analyzes were carried out separately with and without the electric vehicle load on the network.
As a result of the load flow analysis, the loading data of the line and transformer equipment and the
voltage levels in the substations were examined.

The minimum voltage data of the busbar equipment obtained as a result of the analysis is given in Figure
9, the maximum loading data of the line equipment is given in Figure 10, and the maximum loading data
of the transformer equipment is given in Figure 11.

The inclusion of the electric vehicle load in the network from more than one point causes the effect of the
load increase to spread to much more equipment in the network. In this case, rather than a high effect at a
single point, a low effect occurs at many points. As seen in Figure 9, the minimum busbar voltage in the
network decreases at most 1% when electric vehicles are included, and this corresponds to the times when
the electric vehicle load ratio is the highest.

Min. Busbar Voltage (p.u.)

0.98
0.97 T
096 —/
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Figure 9. Minimum voltage for busbar equipment

If a load is connected to any point in the network, an increase occurs in the loading of all lines between
the load and the source. With the connection of electric vehicle loads at more than one point, an increase
occurs in the loading of many lines in the network. As can be seen in Figure 10, with the inclusion of the
electric vehicle load into the network, the maximum change in line loads was 7%. Since the line cross
section increases as the load point approaches the source, there has not been a high increase in the loading
of the primary and secondary lines in the network. It is seen that electric vehicle charging stations are
built close to the source of the distribution network to be an advantage for line loading and voltage drop.
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However, since the locations of home type charging stations are formed according to customer demands,
it is not expected that every charging station will be close to the source.

Max. Line Loadings (%)

110
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50\_\_/
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112233445566 7 7 8 89 9 101011111212 1313 1414151516 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23 24 24
= \Nithout EV Load With EV-Home Charging Support With EV-Public Charging Support

Figure 10. Maximum loading of line equipment

Home charging stations are modeled on the LV grid of distribution transformers. Because of this
situation, the effect of electrical vehicle loads on distribution transformers has been more than effects on
other equipment. As seen in Figure 11, the maximum change in transformer loads has been observed as
20%. This situation is 20% of the transformer capacity of the electric vehicle load fed from low-capacity
distribution transformers. The occupancy rate of distribution transformers is low in Turkey. The 20% load
increase increased the transformer loading up to 90% in some hours, but there was no overload.

o Max. Transformator Loadings (%)
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70 7
= [ — /—\\

50 =
40 _\X/

30
112233445566 7 7 8 8 9 91010111112 12 1313 14 14 1515 16 16 17 17 18 18 19 19 20 20 21 21 22 22 23 23 24 24
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Figure 11. Maximum loading of transformer equipment

In previous similar studies, it was emphasized that electric vehicles will have negative effects on the
distribution network because of their integration into the distribution network. It was emphasized that
electric vehicles should also be taken into consideration in grid planning in the long term to solve these
negative effects [14,28]. As another solution method, it has been suggested that electric vehicle charge-
discharge methods should be properly structured and managed reasonably [29-30]. Compared with the
similar results obtained in other studies, distribution transformers annual occupancy rate in Turkey
(capacity factor) due to the fact that it is relatively low, Turkey was found to have a significant free
capacity for EV charging load of the transformer in the mains. Therefore, it is not necessary to keep the
power levels foreseen in the network capacity increase investments at very high values, and it is foreseen
to increase the network capacity at lower powers.
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5. CONCLUSION

In this study, in 2030, a significant number to reach the expected load charge in electric vehicles in
Turkey, technical effects to a pilot metropolitan distribution network in Turkey was examined in two
different scenarios (high charging at home, and high charge in the public place). The daily charging
profiles of electric vehicles in both different scenarios were determined by probabilistic techniques. On
the peak demand day, the effects of the electric vehicle charging load on the busbar voltages in the
substations and loadings of line and transformer were observed with load flow analysis. As a result of the
analysis, it was observed that the additional effect of the electric vehicle load on busbar voltages and line
loads was at negligible levels. The most important reason for the electricity distribution network in
Turkey, distribution transformers annual capacity factor (occupancy rate) is quite low (according to the
difference between peak and minimum load of very high) and is to be filled with intelligent charging
method of free capacity (at home charge is usually low load the amount of simultaneous demand is at a
predictable level due to the fact that it occurs during night hours and the charging points are limited in the
public place.). As a result, between 2018 and 2030, electricity demand increases by an average of 5%
(excluding electric vehicles) annually, and if the grid investments required for this load increase are
realized in accordance with the demand increase, as in previous years, a negligible level of technical
problem is observed in the grid integration of electric vehicles. On the other hand, if the assumptions
considered in this study are realized differently, different results may occur. Therefore, the most critical
assumptions in this study are the annual demand increase, the network investments required for this
demand increase, and the occupancy rates of transformers to be followed by the distribution companies.
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