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Abstract: 
In recent years, the energy system and the environment have faced major 
problems. For this reason, electric vehicles (EVs) have attracted great atten-
tion in terms of energy systems and transportation. When EVs are evaluated 
together with the smart grid, they provide great gains such as energy security, 
promoting energy savings, reducing greenhouse gas emissions, and prevent-
ing air pollution. In this study, the operating performance of the microgrid-
connected vehicle-to-grid (V2G) system consisting of household and industrial 
loads and renewable energy (solar, wind, and hydroelectric) generation was 
investigated. A total of 100 vehicles were considered in the V2G system, which 
has three different types of EV profiles. The system is modeled and simulated 
in MATLAB/Simulink. The effectiveness of V2G was evaluated in the simula-
tion study. The simulation results show that V2G effectively regulates the grid 
voltage for a wide variety of inputs.

Keywords: 
Electric Vehicle, Renewable Energy Sources, Smart Grid, Vehicle-to-Grid. 

INTRODUCTION

The majority of the current global population lives in cities and this 
number is expected to continue to increase in the future [1]. However, 
different energy demands in urban areas of the world will continue to 
grow with increasing population. In recent years, the environment has 
been struggling with major problems due to greenhouse gases resulting 
from the combustion of fossil fuels [2]. This expected increase in energy 
demand will require new and innovative solutions for emerging prob-
lems [3]. While people in cities continue their daily lives, general trends 
in energy demand can be followed. While energy consumption tends 
to be high in business areas during rush hour morning traffic, the same 
situation can be observed in living areas during waking hours and just 
after people come home from work [4]. Considering this difference in 
energy demand over time, it is useful to evaluate it in terms of peaks and 
troughs. A sudden increase in energy demand causes a peak in consump-
tion, while a sudden decrease in demand creates a valley. Overcoming 
these sudden increases and decreases in demand is one of the most im-
portant problems for electricity distribution systems [5].
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It can be very useful to offer solutions to reduce the 
irregularities between these hills and valleys. In the last 
quarter century, great attention has been paid to the 
solution of this problem in the world. Governments 
around the world provide incentives and devote a large 
portion of their national budgets to promoting the re-
search and development of solutions to improve the 
world's emission levels [6]. One of the most important 
steps to be taken for a cleaner future is to reduce un-
necessary energy use as well as reducing excessive con-
sumption. One way to help would be to maximize the 
use of available energy by providing solutions to put the 
power held in reserve where it is needed. The electricity 
grids of the future, also known as Smart Grids, aim to 
assist these goals of modernizing energy management 
[7]. Smart grids are seen as a vital tool in tackling many 
of the problems we face with grid optimization and 
maintenance. EVs attract attention and are proposed as 
a solution due to their ability to reduce greenhouse gas 
emissions and fuel consumption, and increase sustain-
able energy use in transportation [2]. One of the most 
remarkable innovations that emerged as a result of this 
is V2G charging technology. This technology aims to re-
turn backup power to the grid when EVs are connected 
to a charger [8]. By doing this, it can benefit in reduc-
ing the imbalance between peak and valley in grid load. 
Existing studies on related topics are mostly conceptual 
and are just beginning to be applied to real systems. 

The generation systems in the microgrid structure 
use renewable energy sources to meet the demand as 
much as the energy deficit. The integration of microgrid 
systems has many benefits for both power generation 
companies, consumers and power distribution compa-
nies. Integration of microgrid into grid; can increase the 
efficiency of the grid, reduce greenhouse gas emissions 
and reduce costs for consumers. EVs used as energy 
storage are generally recommended for intermittent 
sources since renewable energy generation is affected 
by weather conditions [9]. The idea of using EVs as 
energy storage facilitates their integration into renew-
able energy sources and microgrid. Because EVs are 
parked at work or home 22 hours a day; microgrid can 
treat EVs as an energy storage unit. EVs can consume 
and store energy, while generating power for the grid 
when parked and connected to the utility grid [10]. As 
EVs grow and the transition accelerates, charging units 
should become more common and charging times for 
EVs should be reduced. Reducing the charging time is 
important to popularize the use of EVs. However, this 
will increase the load on the power system. Therefore, 
the main goal for EVs is to reduce charging time and 
improve the power quality of the grid. [11]. 

In this study, the operating performance of the mi-
crogrid-connected V2G system, which consists of indus-
trial and household loads as well as renewable energy 
(solar, wind and hydroelectric) generation, was inves-
tigated. 

2. STRUCTURE AND FEATURES OF THE 
SIMULATION SYSTEM

EVs are used as a distributed power source for the 
grid in addition to being a controllable load [12]. In this 
study, it is aimed to transfer power from the V2G and at 
the same time to ensure optimum energy conversion in 
harmony with renewable energy sources. In this study, 
wind power plant (WPP), solar power plant (SPP) and 
hydroelectric power plant (HPP) were used as renew-
able energy sources. Unlike fossil energy sources, wind 
energy is a renewable energy source that does not cause 
any harm to the environment and can also be obtained 
with high efficiency. The WPP source, which produces 
electrical energy in direct proportion to the wind, pro-
duces a nominal power when the wind reaches a nomi-
nal value. However, if the wind speed exceeds the maxi-
mum wind speed value, the WPP will be off the grid 
until the wind returns to its nominal value. The WPP 
source used in this study is 4.5 MW. SPP systems con-
vert solar energy into energy that can be used without 
causing carbon emissions. Carbon emissions occur dur-
ing the generation of solar panels, which are only used in 
SPP systems. In SPP systems, the solar intensity follows 
a normal distribution and reaches its highest intensity 
at noon. The SPP source used in this study has a power 
of 8 MW. Another renewable energy source used in the 
study is the HPP system. HPP, which uses the poten-
tial energy of heightened water and converts it first into 
mechanical energy and then into electrical energy, has a 
power of 15 MW in this study.

The loads in this study; they consist of asynchro-
nous machine and residential loads used to represent 
the effect of industrial inductive load on the microgrid. 
The residential load follows a consumption profile with 
a certain power factor. Asynchronous machine; it is 
controlled by the relationship between the mechanical 
torque and the rotor speed. The load power used in this 
study is 10 MW.

However, a fleet of 100 EVs with an average power 
of 40 kW was considered. A V2G system was created 
to have 3 different EV profiles. This groups are listed in 
Table 1. The average power for each vehicle was consid-
ered to be 40 kW. 
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Thus, the total power of the V2G system is consid-
ered as 4MW. The fleet of 100 EVs in total is divided into 
three groups for ease of inspection according to differ-
ent travel and charging times. It can be stated that if the 
charge rate of vehicle batteries is less than or equal to 
85%, it is in the charging group, and if it is greater than 
or equal to 95%, it is in the regulation group.

• Group 1: Those who arrive at the workplace in 
a short time and have the opportunity to charge 
their vehicle at the workplace (30%) There are 30 
vehicles in total in this vehicle group. The hours 
of 7:00-8:00 in the morning are taken as the de-
parture time of the vehicles in the 1st group, and 
the hours of 17:00 and 18:00 in the evening are 
taken as the basis. Vehicles are traveling during 
these hours. During the rest of the day, they are 
in charging cases.

• Group 2: Those who reach the workplace in a 
longer time than the 1st group and have the op-
portunity to charge their vehicle at the workplace 
(60%) There are 60 vehicles in total in this vehicle 
group. Vehicles in this group travel for a longer 
period of time compared to the vehicles in the 1st 

group on their way to and from their workplaces. 

Vehicles in this group, which are on the move be-
tween 6:00-7:00 in the morning and 17:00, 18:00 
and 19:00 in the evening, are in charging position 
for the rest of the day. 

• Group 3: Vehicles used in night shifts (10%) 
There are 10 vehicles in total in this vehicle 
group. Since the vehicles in this group work 
at night shift, it is assumed that they are at the 
workplace between 21:00 and 05:00, and that they 
are in the charging state for the remaining hours 
of the 24-hour period.

After the 100 EVs in this study were divided into 
three different groups according to their different travel 
and charging status, various examinations were made. 
By means of the three-phase contactor of the asynchro-
nous machine in the settlement in the study; 

• It was ensured that it was activated on 11:00 hour. 
• A short circuit fault has occurred in the system 

within the [12:00-12:02] time interval. 

When the system is in balance, it creates an extra 
load and its effect on the system is examined. The model 
discussed in this study is simulated for a 24-hour scenario. 
The general view of the system is shown in Figure 1.

Table 1 - Groups of EVs.

Group No Number of Vehicles Vehicle usage time intervals

Group 1 30 07:00-08:00/17:00-18:00
Group 2 60 06:00-07:00/17:00-19:00
Group 3 10 21:00-05:00

 

Figure 1 - Structure of proposed microgrid system.
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3. V2G SYSTEM CONCEPT AND MICROGRID 
INTEGRATION

EVs offer many advantages such as increasing the ef-
ficiency of the charging system, reducing greenhouse gas 
emissions and dependence on oil. Also, the biggest ad-
vantage of EVs is to use technology known as V2G. The 
V2G application is basically a direct power flow from the 
vehicle to the distribution grid, which is applied only in 
the EV. With V2G, existing distributed energy storage 
devices are instantly available. With this concept, vari-
ous applications of battery types enter the market. Two 
important connections are required in the implementa-
tion of the V2G concept: The first, the power connection 
used for the transmission of electrical energy from the 
vehicle. The second one, logic and control connections 
to give feedback signals when power is needed, in the 
direction the power is sent. When the EV has V2G im-
plementation, it includes the following features: active 
power regulation, reactive power supply, load balanc-
ing, harmonic filtering, and reduction of operating cost 
and total cost of the system, improvement in load fac-
tor, emission reduction, monitoring of variable renew-
able energy sources, generating revenue. EVs with V2G 
system offer backup source for renewable resources. 
These features can provide ancillary services including 
frequency and voltage control, rotating reserve.

Reactive power compensation is one of the methods 
used to provide voltage regulation to the power grid. 
Reactive power support also provides power factor cor-
rection, reducing current flow in generation and power 
losses in power lines. Moreover, this service reduces the 
load on the power equipment, resulting in increased ef-
ficiency in the operation of the power system. In these 
cases, capacitive reactive power is required for power 
grid compensation. Grid connected EV can provide 
reactive power compensation service. The EV does not 
cause any degradation in battery life as active power 
compensation is provided by the DC coupling capacitor 
of the bidirectional battery charge. With the develop-
ment and design of bidirectional fast charging stations, 
power compensation control is also provided in EV fast 
charging control. Active power compensation control 
controls the grid voltage during EV fast charging. There-
fore, the grid voltage drop problem due to EV charging 
can be addressed with the proposed reactive power com-
pensation control of the EV charging station.

4. SIMULATION RESULTS AND DISCUSSION

The system is modeled and simulated in MATLAB/
Simulink. If the state of charge (SoC) of EV batteries is less 
than or equal to 85%, it is considered to be in the charging 
group, and if the SoC is greater than or equal to 95%, it 
is in the regulation group. Here, the state of being in the 
regulation group; it is the case of using the batteries as a 
source by connecting them to the microgrid (SoC ≥ 95%).

Thus, it means that EV battery groups will be used 
as a source in order to eliminate the problems that may 
occur in the grid such as power outage, voltage and fre-
quency changes, supply-demand imbalances. 

When a voltage drop occurs in the system, the sys-
tem is activated and the EV battery can regulate the 
grid in order to return the voltage to the allowable limit 
range. The industrial load was activated at 11:00 by 
means of a 3-phase contactor. A short circuit fault oc-
curred at 12:00. 

Figure 2 shows the change in grid voltage. A decrease 
in the grid voltage was observed with the activation of 
the industrial load at 11:00 am. However, the system re-
covered and managed to bring the voltage back to the 
nominal level. In addition, although there was a criti-
cal change in the voltage in the short-circuit fault that 
occurred at 12:00, it reached the nominal value range 
in a short time. In Figure 3 (a) and (b), the active and 
reactive power values of hydroelectric, solar and wind 
power plants are shown, respectively. In Figure 4 (a) and 
(b), the active load power and total real power values 
are given, respectively. The change in regulation volt-
age is given in Figure 5 (a). As can be seen from the 
figure, a decrease in the regulation voltage was recorded 
at 12:00 at the time of the short-circuit fault. However, it 
is seen that the voltage value reaches the nominal value 
in a short time. A close view of this moment is given 
in Figure 5 (b). Figure 6 shows the number of EVs in 
regulation and charging, respectively, during the day. 
The vehicles in the regulation work in the V2G position. 
In the case of charging, it is understood that the vehicles 
switch to the load position.
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Figure 2 - Change in microgrid voltage.

Figure 3 - (a) Active and (b) Reactive power values of energy generation units.

Figure 4 - (a) Active power values of the load and (b) Total real power values.
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5. CONCLUSION

With the increase in industrial and household loads, 
the energy demand is increasing day by day. The in-
crease in the use of fossil fuels both causes environmen-
tal problems and causes the search for alternatives to 
these resources, whose reserves are about run out. In 
addition, the increase in energy demand brings along 
various problems such as low energy quality and power 
outage, voltage drop, etc. In this study, in order to solve 
these problems, a microgrid system with EV and renew-
able energy sources is discussed. When EVs are evalu-
ated together with the smart grid, they provide great 
gains such as energy security, promoting energy savings, 
reducing greenhouse gas emissions and improving en-
ergy quality. In this paper, the operating performance of 
the V2G system connected to the microgrid consisting 
of domestic and industrial loads and renewable energy 
(solar, wind and hydroelectric) generation units was in-
vestigated. A total of 100 vehicles were handled in the 
V2G system, which has three different types of EV pro-
files. The system is modeled and simulated in MATLAB/
Simulink. The effectiveness of V2G was evaluated in the 
simulation study. The simulation results showed that 
V2G effectively regulates the grid voltage.
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