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Abstract: In this study, the effects of electric vehicles, whose usage rate is increasing day by day
in the world, on the existing electricity grid have been studied. EV charging stations and similar
non-linear loads cause various harmful effects on power systems such as phase imbalances, the effect
of harmonic formation, energy quality, voltage, and current imbalance. The study focuses on the
harmonic effects of EV charging stations at the point where they are connected to the grid and at
lower voltage levels by using IEEE 6-, 14-bus, and 30-bus test power systems. In addition to the
existing loads in these grid systems, the effects on the grid as a result of drawing electrical energy
from the grid for charging electric vehicles are investigated. These effects have shown how these
charging stations on the grid have changed, considering the fact that the number of electric vehicles
and the number of charging stations increased over the years when a single electric vehicle provided
energy from the grid, and the grid was not renewed. The response of the network to the increase in
the load that will occur in addition to the current loads, its harmonic effects, and the effects of the
current grid on the increase in the electric vehicle growth rate over the years have been predicted and
examined by using artificial neural networks. Solution suggestions are presented for power networks
in similar situations.

Keywords: electric vehicles; EV charging station; IEEE power test system; artificial neural networks
(ANN); EV DC fast charger; effects of chargers; harmonics

1. Introduction

Electrical energy has become one of the basic needs of daily life. As a result of this
situation, studies on electric vehicles and the spread of these vehicles are inevitable. Looking
at the industry reports and the sales of electric vehicles in recent years, it is inevitable that
electric vehicles (EV) will become more widespread day by day. Due to the known problems
of fossil fuels, alternative fuels have also been sought in the automotive industry and
electric vehicles have gained great importance in recent years. It is predicted that electric
vehicles will eliminate the problems caused by fossil fuels in transportation. However,
major problems arise such as providing electrical energy to these vehicles, creating battery
charging points, and revising the grid and infrastructure systems [1]. With the increase in
the production and use of EVs, greenhouse gas emissions from the transportation sector will
also decrease [2]. According to the ACEA 2022 progress report, electric vehicle registration
in Europe increased from 168,901 in 2017 to 1,744,520 in 2021. In addition, EVs accounted
for 18% of newly registered vehicles in the European Union in 2021, which means that one
in five of every new vehicle sold is EV [3]. This is a clear indication of how quickly EVs are
becoming widespread and will be used in greater numbers in the near future. The rapid
increase in the use of EV shows that the need and number of charging stations will also
increase rapidly. As a result, the need for electrical energy will increase at the same rate.
With the increase in the number of charging stations, these charging stations will primarily
be fed from the existing electricity grid, and the infrastructure status of the regions will
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gain great importance. When the existing grids are used, the fixed loads currently fed from
the grid and the quality of the electrical energy required by these loads will be affected
by the addition of charging stations to the system. When looking at EV loads in more
detail, the energy demand from EVs depends on the number of EVs charged, charging time,
and battery initial charge capacities. Battery initial charge status and charging times vary
randomly according to the vehicle usage habits of the users. These situations, which are of
great importance for the future of technology and energy demand, have been examined
from different perspectives by many researchers. In [4], the electrical potential energy
demand of Plug-in Hybrid EVs and the prediction of CO2 emissions in the years 2020–2030
were studied. In [5], four sets of measurements were taken for an EV during charging, and
harmonic analyses were made. With the studies on harmonic effects creating a driving
force, a parallel power circuit was designed for an existing charger in [6], and thus a design
was made to keep the harmonic distortions within the standards. In addition, studies were
conducted on the effects of charging stations between low voltage (LV) and high voltage
(HV), and the effects of ultra-fast EV charging stations in a medium voltage (MV) electricity
network were analyzed [7]. Studies on different types of EV chargers were also conducted
and the effects of general-use chargers on the LV side were investigated [8,9]. In addition
to the formation of harmonics, the differences between the harmonics formed were also
investigated, and low-order harmonics were analyzed on the charging station models
created by considering the charging stations at different speeds in [10,11]. In a battery
profile modeling study [12], EV battery modeling, testing, and demand profile were studied.
With the increase of non-linear loads with EV chargers, harmonic distortion increases will
occur at the load inputs and energy connection points. The analysis of these increases will
be beneficial in many aspects, such as determining the k factor, which indicates that the
transformers specified in ANSI/IEEE C57.110 meet the non-linear loads without exceeding
the temperature limits; the calculation and extension of the conductor life; selection of
conductor cross-sections; selection of current and voltage transformers; and protection
settings. In this study, the effects of total harmonic distortion (THD), which is one of the
most important effects of charging stations on networks of different sizes with existing
loads, and their effects on electrical energy quality, are investigated. IEEE 6-bus, 14-bus,
and 30-bus power systems are modeled in Simulink. A 50 kW electric vehicle DC charger
modeled in the Simulink environment is connected to these systems, which also include
existing loads. In these network models, before the EV fast charger is connected, the current
and voltage signal in the bus and the current and voltage signals in the secondary of the
transformer, from which this charger is energized after the DC fast charger is connected, are
activated. The harmonic distortions of these signals were calculated using FFT (Fast Fourier
Transform) and the harmonic spectrum was extracted. In addition, growth rates of EVs to
date and predicted future growth rates are looked at. Considering that EV charging stations
will increase at the same rate, the rate of increase in charging stations and the current and
voltage harmonic distortions found in the simulation results are used as inputs, and future
total harmonic distortions are predicted by creating artificial neural networks. As a result
of this situation, the problems that will occur in the electricity network if infrastructure
works are not carried out on the network are shown and attention is drawn to the problems
that are valid in countries with similar network systems, and solutions are offered.

2. IEEE 6-Bus, IEEE 14-Bus, and IEEE 30-Bus Power Test Systems Data and Simulink
Models

The IEEE 6-bus, 14-bus, and IEEE 30-bus power test system used in this study repre-
sents a part of the American Electrical Power System in December 1961. These test systems
were modeled using MATLAB Simulink (MatWorks Matrix Laboratory, Portola Valley,
U.S.) [13].

There are three generators and three load buses in the IEEE 6-bus power system.
The IEEE 14-bus test system has five generators and 11 fixed loads.
The IEEE 30-bus test system has six generators and twenty-one load buses.
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Three different test systems with 6 buses, 14 buses, and 30 buses were used in the
study. The reason for this is to be able to see the effect of charging stations in networks of
different sizes. Loads for 30-, 14-, and 6-bus systems are shown in Tables 1–3.

In the analysis of power systems, per-unit system values are used. This system is one
created by proportioning real physical quantities to some values based on the load values.
Thus, the values used in the analysis of power systems will be smaller and the analysis will
be easier. In order to find the actual values of the system, the base values must be known.
The actual values of the system can be found by using the base values. Base values can be
found in Table 4.

Table 1. IEEE 30-bus test system load values.

Bus Pload (p.u.) Qload (p.u.)

1 0 0
2 0.217 0.127
3 0.024 0.012
4 0.076 0.016
5 0.942 0.19
6 0 0
7 0.228 0.109
8 0.3 0.3
9 0 0
10 0.058 0.02
11 0 0
12 0.112 0.075
13 0 0
14 0.062 0.016
15 0.082 0.025
16 0.035 0.018
17 0.09 0.058
18 0.032 0.009
19 0.095 0.034
20 0.022 0.007
21 0.175 0.112
22 0 0
23 0.032 0.016
24 0.087 0.067
25 0 0
26 0.035 0.023
27 0 0
28 0 0
29 0.024 0.009
30 0.106 0.019
20 0.022 0.007
21 0.175 0.112
22 0 0
23 0.032 0.016
24 0.087 0.067
25 0 0
26 0.035 0.023
27 0 0
28 0 0
29 0.024 0.009
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Table 2. IEEE 14-bus test system load values.

Bus Pload (p.u.) Qload (p.u.)

1 0 0
2 0.217 0.217
3 0.942 0.191
4 0.478 −0.039
5 0.076 0.016
6 0.112 0.075
7 0 0
8 0 0
9 0.295 0.166
10 0.09 0.058
11 0.035 0.018
12 0.061 0.016
13 0.135 0.058
14 0.149 0.050

Table 3. IEEE 6-bus test system load values.

Bus Pload (p.u.) Qload (p.u.)

1 0 0
2 0 0
3 0 0
4 1 0.15
5 1 0.15
6 1 0.15

Table 4. Base values used in power systems.

Base Name Values

Sload 100 MVA
Vbase 230 kV
Zbase 529 Ω

3. Charging Stations Model

A vehicle charging station that will draw electrical energy from the power test systems
used in the study was modeled using MATLAB Simulink and shown in Figure 1.
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Figure 1. Electric vehicle DC charging station.

The modeled charging station is a 50 kW DC charging station. It is fed by the energy
input from the secondary output of the transformer connected to the AC mains. A three-
phase rectifier with pulse width modulation (PWM) control is used in the charging station
model. A buck circuit is used with this rectifier. The charging station output is connected
to a lithium-ion battery pack in the model. Thus, when the model is connected to the grid,
the moment of charging the electric vehicle from the grid is simulated. In the model, the
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state of charge, charging station output voltage and current values, and the current and
voltage values at the rectifier input are also monitored. When the state of charge of the
battery, which symbolizes the electric vehicle, is below 80%, the DC output of the charging
station is 125 A. This charging station will receive energy from IEEE 6-bus, 14-bus, and
30-bus power systems.

4. THD Calculation and Simulation Results

As a result of technological developments and the demands brought by them, the
need for energy is increasing day by day and new loads are added to the electrical power
systems. In this study, as described above, EV charging stations are focused on as new
loads. Since these loads consist of power electronic circuits, they are non-linear loads
and have great effects on energy quality in electrical power systems. Therefore, harmonic
effects are limited in international standards [14–16]. The limits in the relevant standard
are defined as the common connection point between the system operator and users. It is
based on the point closest to the user in the power system. For commercial users, which
are considered to be included in the system modeled in this study, the common connection
point is usually on the low voltage side of the service transformers. Non-linear loads such
as modeled EV charging stations will cause current harmonics in the power lines of the
system operator. This situation will be reflected to other users in subsystems and buses as
voltage harmonics [15]. In this study, harmonic distortions in current and voltage signals
on the low voltage side of the service transformer, the charging station rectifier input, and
the high voltage side of the transformer were investigated.

EV charging stations were connected to the modeled IEEE power test systems via a
transformer. When examining the system, some research focused on three hypotheses.

a) EV charging stations act on the grid as non-linear loads and have harmful effects on
the low voltage side of the transformer.

b) The current drawn while charging an electric vehicle creates a harmonic distortion
and the total harmonic distortion changes as a function of time in the charging station
cycle.

c) Finally, when more than one charging station is fed from a common port, the total
effects are greater than the effects of one charging station, and this will bring an upper
limit for the number of charging stations that can be connected to the common port
according to the relevant standards [15]. In addition, due to the increases over time,
the limits in the standards will be exceeded and will cause problems in the electrical
network.

In the IEEE 6-bus test system, first seen in Figure 2, a DC fast charger is connected to
the 6th bus through a transformer.

Energies 2023, 16, x FOR PEER REVIEW 5 of 15 
 

 

Figure 1. Electric vehicle DC charging station. 

The modeled charging station is a 50 kW DC charging station. It is fed by the energy 
input from the secondary output of the transformer connected to the AC mains. A three-
phase rectifier with pulse width modulation (PWM) control is used in the charging station 
model. A buck circuit is used with this rectifier. The charging station output is connected 
to a lithium-ion battery pack in the model. Thus, when the model is connected to the grid, 
the moment of charging the electric vehicle from the grid is simulated. In the model, the 
state of charge, charging station output voltage and current values, and the current and 
voltage values at the rectifier input are also monitored. When the state of charge of the 
battery, which symbolizes the electric vehicle, is below 80%, the DC output of the charging 
station is 125 A. This charging station will receive energy from IEEE 6-bus, 14-bus, and 
30-bus power systems. 

4. THD Calculation and Simulation Results 
As a result of technological developments and the demands brought by them, the 

need for energy is increasing day by day and new loads are added to the electrical power 
systems. In this study, as described above, EV charging stations are focused on as new 
loads. Since these loads consist of power electronic circuits, they are non-linear loads and 
have great effects on energy quality in electrical power systems. Therefore, harmonic ef-
fects are limited in international standards [14–16]. The limits in the relevant standard are 
defined as the common connection point between the system operator and users. It is 
based on the point closest to the user in the power system. For commercial users, which 
are considered to be included in the system modeled in this study, the common connec-
tion point is usually on the low voltage side of the service transformers. Non-linear loads 
such as modeled EV charging stations will cause current harmonics in the power lines of 
the system operator. This situation will be reflected to other users in subsystems and buses 
as voltage harmonics [15]. In this study, harmonic distortions in current and voltage sig-
nals on the low voltage side of the service transformer, the charging station rectifier input, 
and the high voltage side of the transformer were investigated. 

EV charging stations were connected to the modeled IEEE power test systems via a 
transformer. When examining the system, some research focused on three hypotheses. 

a) EV charging stations act on the grid as non-linear loads and have harmful 
effects on the low voltage side of the transformer. 

b) The current drawn while charging an electric vehicle creates a harmonic dis-
tortion and the total harmonic distortion changes as a function of time in the 
charging station cycle. 

c) Finally, when more than one charging station is fed from a common port, the 
total effects are greater than the effects of one charging station, and this will 
bring an upper limit for the number of charging stations that can be con-
nected to the common port according to the relevant standards [15]. In addi-
tion, due to the increases over time, the limits in the standards will be ex-
ceeded and will cause problems in the electrical network. 

In the IEEE 6-bus test system, first seen in Figure 2, a DC fast charger is connected to 
the 6th bus through a transformer. 

 
Figure 2. A 6-bus system EV charging station connection.

Existing loads are also fed through the 6th bus, from which the EV fast charger receives
energy. The same work was applied to 14-bus and 30-bus systems. In these systems, EV
fast chargers are connected to bus 14 and bus 30. Connections are shown in Figures 3 and 4.



Energies 2023, 16, 1282 6 of 15

Energies 2023, 16, x FOR PEER REVIEW 6 of 15 
 

 

Figure 2. A 6-bus system EV charging station connection. 

Existing loads are also fed through the 6th bus, from which the EV fast charger re-
ceives energy. The same work was applied to 14-bus and 30-bus systems. In these systems, 
EV fast chargers are connected to bus 14 and bus 30. Connections are shown in Figure 3 
and Figure 4. 

 
Figure 3. A 14-bus system EV charging station connection. 

 
Figure 4. A 30-bus system EV charging station connection. 

When the model is run, the current signal at the A phase input in the primary of the 
transformer, the phase A current signal at the secondary output, the current signal at the 
A phase of the loads fed from the 6th bus, and the phase A current signals at the 6th bus 
input were examined. These signals are shown in Figure 5. 

 
Figure 5. The 6-bus system EV charging station current signals. 

The charging station receives AC energy from the rectifier input. In addition to the 
current signals in Figure 5, the current and voltage signals at the rectifier input are shown 
in Figure 6. Transformer primary and secondary A phases voltage signals are shown in 
Figure 7. 

Figure 3. A 14-bus system EV charging station connection.

Energies 2023, 16, x FOR PEER REVIEW 6 of 15 
 

 

Figure 2. A 6-bus system EV charging station connection. 

Existing loads are also fed through the 6th bus, from which the EV fast charger re-
ceives energy. The same work was applied to 14-bus and 30-bus systems. In these systems, 
EV fast chargers are connected to bus 14 and bus 30. Connections are shown in Figure 3 
and Figure 4. 

 
Figure 3. A 14-bus system EV charging station connection. 

 
Figure 4. A 30-bus system EV charging station connection. 

When the model is run, the current signal at the A phase input in the primary of the 
transformer, the phase A current signal at the secondary output, the current signal at the 
A phase of the loads fed from the 6th bus, and the phase A current signals at the 6th bus 
input were examined. These signals are shown in Figure 5. 

 
Figure 5. The 6-bus system EV charging station current signals. 

The charging station receives AC energy from the rectifier input. In addition to the 
current signals in Figure 5, the current and voltage signals at the rectifier input are shown 
in Figure 6. Transformer primary and secondary A phases voltage signals are shown in 
Figure 7. 
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When the model is run, the current signal at the A phase input in the primary of the
transformer, the phase A current signal at the secondary output, the current signal at the
A phase of the loads fed from the 6th bus, and the phase A current signals at the 6th bus
input were examined. These signals are shown in Figure 5.
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The charging station receives AC energy from the rectifier input. In addition to the
current signals in Figure 5, the current and voltage signals at the rectifier input are shown
in Figure 6. Transformer primary and secondary A phases voltage signals are shown in
Figure 7.
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As can be seen in Figures 5–7, a distortion occurs in the current delivery signals in
a power system where the EV fast charger is used in addition to the existing loads. It
is necessary to calculate the level of deterioration for the collected data. For this, total
harmonic distortions in current and voltage signals will be calculated. In these calculations,
the total harmonic distortion for the voltage can be calculated as follows:

THDU =

√√√√(∑H
h=2 U2

h
U1

)
, (1)

The total harmonic distortion for the collected current data is calculated as follows:

THDI =

√√√√(∑H
h=2 I2

h
I1

)
, (2)

In Equations (1) and (2) above, h is the harmonic order number, I1, U1, are the current
and voltage RMS (root mean square) values at the fundamental frequency (50 Hz), Ih, Uh
are the root mean square mean (RMS) values of voltage, and current is h-th harmonic.

THD values were calculated for the current voltage signals in Figures 5–7 and the
results are shown in Figures 8–11.
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As can be seen, when an EV fast charger was connected as a non-linear load, a high
current harmonic distortion occurred at the common connection point. This situation also
caused a voltage harmonic distortion on the primary side of the transformer from the
points it was in. These data were obtained by connecting an EV fast charger to six buses.
Afterwards, three charging stations were connected to the same energy-receiving point and
the data were taken again and THD was calculated using FFT. Calculated THDs are shown
in Figures 12–15.
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As can be seen from the results, when the EV fast charger in the non-linear load class
is connected to the common energy intake point in addition to the existing loads, the THD
values increase as the number increases. The same procedures were performed in the IEEE
14-bus power test system and IEEE 30-bus power test system. The obtained values are
shown in Table 5 by including the IEEE 6-bus system.

Table 5. EV fast charger effect THD values in IEEE 6-bus, 14-bus, and 30-bus test systems.

IEEE 6-Bus IEEE 14-Bus IEEE 30-Bus

1 Fast
Charger

3 Fast
Charg-

ers

5 Fast
Charg-

ers

1 Fast
Charger

3 Fast
Charg-

ers

5 Fast
Charg-

ers

1 Fast
Charger

3 Fast
Charg-

ers

5 Fast
Charg-

ers

Transformer
primary current
total harmonic

distortion

1.51% 1.66% 2.53% 0.53% 1.98% 2.76% 0.99% 2.65% 2.57%

Transformer sec-
ondary/rectifier

input current total
harmonic
distortion

2.15% 2.86% 3.02% 1.58% 3.04% 3.20% 1.62% 3.12% 3.02%

Transformer
primary voltage
total harmonic

distortion

0.01% 0.01% 0.01% 0.07% 0.07% 0.03% 0.16% 0.05% 0.05%

Transformer sec-
ondary/rectifier

input voltage total
harmonic
distortion

0.94% 95% 1.02% 1.01% 1.18% 1.21% 4.29% 1.09% 1.10%

5. ANN Analysis

While examining a structure or application in the field of engineering, its modeling
and how the results will be analyzed are done through this model. We can say that this
analysis is best performed by the human brain. Artificial neural networks were created by
being influenced by the analysis method of the human brain. Moreover, ANN does not
require any acceptance from the beginning of the analysis. When compared to statistics-
based methods, various assumptions must be made in all of these methods. However, in
ANN, this is not needed. In addition, when the studies on power systems are examined, it
is seen that ANN-based analyses are widely used [17–19]. As seen in Figure 16, an artificial
neural network architecture has been created.
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mined in the ANN. The data in the input layer in the structure created here include bus 
numbers, EV DC charger numbers, and the years of this data. The output layer is taken as 
the transformer primary current THD, transformer secondary current THD, transformer 
primary voltage THD, and transformer secondary voltage THD. With the network struc-
ture created with neurons trained with this information, predictions can be made on the 

Figure 16. Multi-layer and forward-flow ANN.

ANN (artificial neural network) consists of several layers: according to Figure 16, these
are the input layer, the output layer, and the number of hidden layers to be determined in
the ANN. The data in the input layer in the structure created here include bus numbers, EV
DC charger numbers, and the years of this data. The output layer is taken as the transformer
primary current THD, transformer secondary current THD, transformer primary voltage
THD, and transformer secondary voltage THD. With the network structure created with
neurons trained with this information, predictions can be made on the effect of EV chargers
on the network for the following years. While training, 75% of the data was used for
training and 25% of the data collection was used for validation. With the network structure
created with neurons trained with this information, predictions can be made on the effect
of EV chargers on the network for the following years. For IEEE 6, 14, and 30 bus systems,
these points are the 6th bus in the 6-bus system, the 14th bus in the 14-bus system, and
the 30th bus in the 30-bus power system; up to 50 charging stations have been connected,
increasing over the years. By running the system in simulation, spectra were created by
FFT analysis. Output spectra are transformer HV primary THDI, THDU transformer LV
secondary THDI, and THDU values. Linear regression analysis of the artificial neural
network is shown in Figure 17.
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According to the analysis, it is seen that the correlation coefficient is 0.98208. This
result is satisfactory for the network created. With the network created here, future charging
station grid effect estimations can be made.
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6. Results

In this study, the effects of electric vehicle charging stations on the electricity grid
were investigated and three hypotheses were emphasized. According to these hypotheses,
EV charging stations are considered as non-linear loads and it is said that they will have
harmful effects on the transformer. Another hypothesis is that while the EV is charging,
harmonic distortion occurs while drawing current due to the power electronic elements and
switching in the structure of the charging station. Finally, when more than one charging
station is connected to the common connection point where energy is taken from the
electricity grid, the effects will increase on the grid and conductors. These hypotheses
were analyzed and analysis methods in IEEE 519.2022 standards were applied. Different
numbers of EV DC charging stations were connected to IEEE 6-, 14-, and 30-bus power
systems with different physical sizes and their effects were investigated.

Time-dependent periodic changes of voltage and current signals are shown in
Figures 5–7. When we look at these figures, it is seen that there is a deterioration in
the current signal, especially on the secondary side of the transformer, while the EV charg-
ing station is charging the electric vehicle. This distortion is also reflected on the primary
side of the transformer. The harmonic distortions that occur on the current are also re-
flected on the lower buses and show themselves as voltage harmonics [20–26]. For the
analysis of harmonic effects, harmonic spectra were created according to the fundamental
frequency (50 Hz) component in Figures 8–15 and spectral plots of the harmonic magni-
tudes corresponding to the frequency values are shown. In these analyses, it can be seen
that the current and voltage distortion in the secondary side of the transformer is higher
than the current and voltage distortion in the primary side. In addition, THDs generated
as a result of connecting more than one charging station to the grid common port have
increased and it can be understood that the damage to the grid energy quality and therefore
to the grid and loads will increase. Looking at the spectral graphs in Figures 8–15, the
degrees of harmonic distortion occurring in the energy system are also seen. Harmonic
distortions, which continue in the form of single multiples of the fundamental frequency,
show themselves in different sizes as the number of charging stations connected to the grid
increase in the study simulations. In the given graphs, 3rd harmonic and 5th harmonic
components are dominant. Especially when there is no phase difference between the 3rd
harmonic components, they can create more current load on the neutral conductors than
the current on the phase conductors. This situation can cause great damage to both the
devices fed from the system and the life of the conductors.

Considering the effects of EV charging stations on networks of different sizes, it is seen
that as the grid size increases, the distortions in current and voltage signals also increase,
relatively. While evaluating this situation, the nature of the current loads belonging to
the networks is also important. It should not be forgotten that harmonic distortions in
networks with loads different from the current loads in the modeled networks may be
more or less according to the load characteristics. However, it has been seen that the
effects on the common buses will be greater as a result of the sudden energy intake of
the charging stations and the energy consumption of more than one large power. In
addition, harmonic distortions that will occur with the effect of switching elements of
power electronic semiconductors in the switching on and off of charging stations with
different numbers and different powers at different times will also have great detrimental
effects on the system.

Another point that draws attention in this study is the differences in the current signal
drawn from the grid while charging electric vehicles with different occupancy rates. The
EV far charger designed in this study also has a state of charge control. It is observed
that the harmonic distortions occurring in the high current time in the EV charging cycle
increase more in the low current time; that is, when the state of charge exceeds 80%, the
distortions on the current signal increase. In the harmonic spectrum analysis shown in
Figure 8, THD is 1.51%. While performing this analysis, the battery charge rate of the
electric vehicle was set as 30%. In this case, it is charged with a 125 A current. On the other
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hand, with the FFT spectrum seen in Figure 18, the battery charge rate is set to 90%. In this
case, the EV charging current decreased to 20 A. This is a method applied for battery health
management.
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Figure 18. A 6-bus system current harmonic spectrum when SOC (state of charge) is 90%.

As seen in Figure 18, harmonic distortions have increased. This situation should be pre-
vented in practice, and in terms of improving both battery life and energy quality, it would
be more appropriate not to charge electric vehicles above 80% under today’s conditions.

In the continuation of the study, it was assumed that the number of electric vehicles
charging stations have increased over the years, and as a result of this increase, the effects
on the energy quality in the electricity grid were estimated. In this direction, considering
the electric vehicle increase rate specified in [3] in the estimation architecture created using
artificial neural networks, and further, according to a McKinsey and Company analysis,
which is working on the preparation of [3], 3.4 million charging station points will be
needed in 2030, considering the increase rate of electric vehicles in Europe. It is also said
that there are 375,000 electric vehicle charging station points in Europe in 2021. In this case,
there will be an increase in the installation of charging stations by around 90% for the first
time and this increase will decrease in the following years. However, in the next 10 years, a
large number of charging points will be installed and the energy demand will increase at
the same rate. Considering this situation, an artificial neural network was created for the
effects on the network with the increase amount determined as 90%. In this way, the effects
on the existing networks were estimated, providing benefits in terms of infrastructure
planning and investment analysis.

Another issue that should be mentioned at this point for charging stations is the
situation of ghost loads. Even if the charging station is not working, there is a power
consumption for the power circuits and continuously operating circuit elements such as
Liquid Crystal Display (LCD) screens and indicators for level 3 DC charging stations. This
power consumption [27] is 0.3 kWh for every 15 min period and 1.2 kWh for one hour. This
shows that even if the charging stations do not work, they draw energy from the grid and
may have effects on the system.

Subsequently, when we evaluate within the framework of standards related to IEEE
harmonics, it is seen that the harmonic analyses made according to the number of charg-
ing stations connected in the tested power systems are within the limits of the relevant
standards shown in Table 6 [15].
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Table 6. Voltage distortion limits [15].

Bus Voltage V at PCC (Point
of Common Coupling)

Individual Harmonic (%) h
≤ 50

THD (Total Harmonic
Distortion) (%)

V ≤ 1 KV 5 8
1 KV ≤ 69 kV 3 5

69 KV ≤ 161 kV 1.5 2.5
69 KV < 1 1.5

However, as the number of charging stations fed from the common connection point
increases, harmonic distortions in current and voltage signals increase, and as a result of the
estimation study using artificial neural networks, it has been seen that the current network
will not be able to respond to the increase rate of charging stations in 2030. As a result,
the same approach can be applied in similar networks and networks of different sizes:
estimations can be made and infrastructure planning can be done. As can be understood
from the results, the electricity grid infrastructure should be developed in the next 10 years,
and the necessary studies should be carried out for the increase in the number of charging
stations and other technological developments and renewable technologies.
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