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Abstract. This study proposes a model system that integrates utility grid integration,
batteries, and renewable energy sources (RESs) with electric vehicles (EVSs). The
aforementioned hybrid microgrid system model was created with the goal of maximizing
the Renewable Energy Fraction (REF) as the primary goal of this study. Based on the
integration of the aforementioned components, green energy may be produced;
nevertheless, the distribution system may be jeopardized if not correctly controlled. The
climatology data and load demand data were collected from the PVVWatt established by the
International Renewable Energy Agency (IRENA). The paper presents the hybrid system
development and implantation of the microgrid system integration for exchanging energy
for the purpose of charging and discharging in a bidirectional way. These examination
cases have been simulated, and results were analyzed using a sophisticated simulation tool,
namely MATLAB R2021a. As a result, the objective function of renewability has been
achieved with a maximum value of 50 %.
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1. Introduction

It becomes imperative to seek an alternative energy source that is sustainable, environmentally
friendly, and cost-effective [1]. The amount of energy that can be exchanged between the grid
and an Electric Vehicle (EV) is governed by several factors [2]. Along with the vehicle and
charging station's capabilities, local laws, and safety restrictions are also taken into
consideration [3]. The maximum charging and discharging power of the vehicle and the
charging station, in general, govern the quantity of energy that may be exchanged [4]. The
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maximum charging power for the majority of EVs is roughly 50 kW, while certain high-
performance EVs can manage even faster charging rates [5]. To keep the system secure and
stable, the charging station must be able to provide the car with the necessary power, and the
power exchange between the vehicle and the grid must be controlled [6].

The maximum amount of energy that can be exchanged depends on a variety of factors,
including technical capability, local legislation, and safety requirements. For example, some
jurisdictions may have regulations that limit the maximum charging power to protect the
electrical grid from overloading. Domestic and commercial EV charging refers to the types of
charging stations available for electric vehicles (EVs) [3]. The basis of a manufacture
description for the Tesla Model S and Nissan Leaf as examples that could store almost 80 -100
kWh of energy as electric fuel [7]. Additionally, an EV battery capacity of 60 kwh could offer
enough energy to run essential home appliances for 1 or 2 days [8]. While 1 kwWh could provide
power to run a refrigerator for almost 5 hours [9]. According to the aforementioned statement,
the amount of energy that an EV could provide is based on various factors, such as the capacity
of the EV battery measured in kWh and charging pattern [10],

The most frequently exploited RESs are PV and WT, along with their advanced technologies
[11]. The developing growth in PV among researchers is increasing due to the supper provided
benefits and the requirements of meeting the electricity demand with clean energy [3]. Various
methods were taken into consideration in order to control the operational mechanism in hybrid
RESs, such as using nature-inspired metaheuristics to size the system components [12].

The article's contribution is the analysis of the share of renewable energy in the RES used in the
proposed hybrid grid integration system that includes both EVs and RESs. The following
sections are organized as follows: While Section 3 provides the mathematical formulae for the
exploited combinations, Section 2 digs into the processes and materials. Section 4 provides a
summary of the acquired results and a concise commentary. Final thoughts and references round
out the piece.

2. Methods and materials

Various simulation tools and software were exploited in the literature to present the performance
and analysis of RES systems [13]. Continuously to the aforementioned reference, in [14], the
electric vehicle charging technology along with the RESs integration were deeply discussed as
the EV globally become the forerunners in vehicle technology. The impact of EVs can be
categorized into the economic, grid, and environment [15], [16]. Besides, the effect of EVs into
the grid and RESs [17]. These are some of the ways in which the integration of EVs has an
impact, as demonstrated in Figure 1. As the technology continues to evolve and become more
widespread, it is likely that the impact will become even more pronounced [18].
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Figure 1. Samples of electric vehicle impacts

The Libyan Center for Solar Energy Research and Studies [19], PVWit [20], the International
Energy Agency (IEA) [21], and the International Renewable Energy Agency (IRENA) [22]
serve as pivotal hubs for data collection and consultancy. Recognizing the global energy demand
and heightened environmental awareness, the European Wind Energy Association (EWEA) set
atarget in 2030 to fulfill 23% of the European electricity demand [17]. Hence, choosing a proper
site could improve the efficiency of electricity generation through wind energy [11]. The global
comparison of the installation between the most widely used RESs (PV and WT) in Gigawatts
is plotted in Figure 2. In addition, the various forms of RESs can be used in different locations
such as (buildings, industry, and agriculture) as illustrated in Figure 3 for the Global comparison
increase in renewable energy consumption by source and sector in the period of 2020-2025 is
demonstrated in Exajoule (EJ), where 1 EJ = 1018 J [23]. Besides, as presented in Figure 3, with
the increases of RESs in the building section, the WT is increasing among consumers globally,
as shown in Figure 4.

RESs Installation

= Wind Energy = Solar Energy

Figure 2. Global solar and wind energy installation in Gigawatts based on IRENA [24], [25].
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Figure 3. Increase in global renewable energy consumption by source and industry, based on IEA
projections for 2020 to 2025 [23].
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Figure 4. The total installed global wind power capacity from 2001 to 2022.

The climatology data plays an essential role in analyzing and is capable of estimating the output
generation from the RESs with the help of mathematical equations, as will be presented in the
next section [26]. Besides. To make it easy for customers to understand, along with the load
demand data for the same case study,
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Figure 5. Weather data (irradiance, temperature, and wind speed) for the case study [26].
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Figure 6. Annual average of Load demand data [26].

The utilization of EVs as another energy resource that has the ability to run home appliances,
however, brings overloading into the utility grid [11]. The aforementioned limitation could be
addressed by integrating an energy storage battery that is used as backup when the load cannot
be met or the generated energy is low. The operation of the arrival and departure EV from and
to the charge station is demonstrated in Figure [24].
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Figure 7. Arrival and Departure of EVs into the charge station [27].
3. Mathematical equation of the hybrid proposed system and objective

Due to a number of power system limitations, RESs were integrated with the utility grid and
EVs. This section [28] discusses the suggested system's mathematical equation. In the proposed
hybrid system, multiple sources are integrated, and the PV and WT could generate electricity
based on the climatological conditions at the moment of generation, which refers to random
behavior. Furthermore, on sunny days, the PV gives abundant power. On the other hand, on
cloudy or unwindy days, the WT could generate power; nonetheless, it won't be enough to
satisfy the demand. Hence, to solve the aforesaid weather limitation, energy storage must be
integrated into the hybrid system. Moreover, the mathematical behavior that represents each
component action is expressed in the subsection.
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Figure 8. Microgrid proposed architecture.



3.1 WT Farm

In nature, the wind can generate electricity through a wind turbine, a sophisticated tool with
three blades known as kinetic energy [15], [16]. The manipulated wind turbine in this study is
NPS 100C-24 with the provided description from the manufacturer as a rated power (B.) is 59.9
kW with 3 and 25 m/s as cut in (Vgy;—in) and cut out (ve,:—oy:) Wind speed, respectively. The
assessed output generated power (Pyr) from the aforementioned wind turbine can be
statistically stated in Eq. (1). The rated wind speed of the utilized WT is 11m/s.

0
< v .
U(t) — Veut—i U(t) = VYcut—-in 1
PWT(t) = Pr e Vcut-in < Ur ( )

Ur = Vcut-out
P v < v(t) < Veut—out
>

3.2 PV Farm

The PV is an essential tool that converts the sunlight into electricity. This study's exploited type
of PV panel is SHARP ND-240QCJ (Polycrystalline), which produces 240 W, NOCT is the
nominal operation cell temperature that equals 47.5 °C [29]. The estimated output power (B,,,,,)
from the considered PV can be mathematically expressed in Eg. (2) with the help of the value
of T¢(src that refers to cell temperature of standard test of the cell that presented in Eq. (3).

Go NOCT - 20 )
Ppuout(t) = P(PVrated)* 1000 *[1+ ae Tamb + (T) * Gt - TCSTC
TC(STC) = Tamp + G(t) * 0.0256 (3)

3.3 Utility grid

The utility grid may face some energy crises as a primary available source. The operation
integration of the utility grid within the system components for purchasing and selling
operations is mathematically presented in Eq. (4) and Eq. (5), respectively. Besides, for V2G
operation, the bidirectional function has been considered in the following equation [30].

PI(t) = Pyy,. () — [PPV @ + [(50Csr (1) - SOCH (1)) X mnu” @
PI() = [Poy (6) + [(SOCsr(6) = SOCH™(£)) X Tiny]| = Pevporn (©) ©

34 BT

The operation of charging and discharging of the conducted deep cycle battery as a chemical
reaction can be mathematically expressed in Eq. (6) and Eq. (7). The integrated type of the
battery is lithium-ion [31].

6
SoC(t) =SoC(t—1).(1—0) + ((PPV(t) + Pyr(®) — M) X )

Ninv
P(t) + Pgy,,,, (7

inv

SoC(t) = SoC(t —1).(1 — o) + ( —(Ppy(t) + Pwr(t))> X Ny

3.5 Inverter



In a microgrid hybrid system, the process of transforming power involves utilizing an inverter.
This device converts the direct current (DC) power produced by renewable sources like solar
panels or wind turbines into alternating current (AC) power, which is suitable for consumption
by electrical loads within the microgrid. It also allows for the conversion of AC power from the
utility grid to DC power for battery storage to run home appliances and charge electric vehicles.
The generated power from the inverter (P;,,,) at time (t) can be mathematically estimated by
Eq. (8) [15], [16].

P (t) ®)

Ninv

Pinv(t) =
3.6 EV

An area where electric cars may be charged is referred to as an electric vehicle charging station,
often known as an EV charging station or an EV charger. These stations provide electricity to
charge the batteries of electric vehicles, allowing them to travel longer distances. The type of
EV considered is PHEV, while the power demand of EV and period time of charging are
presented in Eq. (9) and Eq. (10), respectively [15].

CEY. x (SOCEY,, — SOCEY, 9)
PEVDem = T
T = Time,y,. — Timepy, (10)

3.7 Renewable energy fraction

The objective of renewability refers to the amount of energy generated from renewables [32].
This study's main considered renewable sources are PV and WT, while the REF can be
mathematically expressed as in Eq. (11).

2876°(Ppy + Pyr) * At (11)

REF = 8760
21 (PPV + PWT + Pg"'idpurchused) * At

4. Results and discussion

According to the presented model in Figure 8, the results have been plotted and discussed. To
show the higher ability to generate electricity from the RESs to run the home appliance and
charge EVs, the output power from the two sources is shown in Figure 9. Furthermore, the
summation value between the two sources is presented in gray, and the peak of the generated
power is shown at 16 pm due to the higher amount of power produced from the wind and solar,
respectively. The sunset hours presented in Figure 9 started at 18 pm, generating less power.
The random state of charge of the EV battery could show the allowability of SOC, which is
between 0 and 1 and has been created randomly, as demonstrated in Figure 10 as the weekly
data for the first 24 hours of each day. Due to the proposed objective function of this study,
increasing the dependency on renewable sources rather than the conventional, known as
renewable energy fraction, is presented in Figure 11.
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Conclusion

In conclusion, the allowable amount of energy for exchange between the grid and an EV is
determined by a combination of technical and regulatory factors. To ensure the safe and efficient
exchange of energy, it is important to consider these factors when designing and operating the
charging infrastructure. For future direction, other researchers depend on other RESs to be
integrated, such as biomass and solar thermal energy, and integrated alternative storages, such
as fuel cells with the electrolyzer due to its environmentally friendly products.
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