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Abstract

Libya has a large potential for renewable energy due to its abundant sunshine and wind resources.
Some renewable energy sources that Libya can harness are (solar, wind, and geothermal energy). The
advanced growth in the transportation sector for using Electric Vehicles (EVs) made it popular among
people to use hybrid electric vehicles instead of conventional cars. However, the transportation system
become complex due to used components such as the integration of Renewable Energy Sources
(RESSs) into the grid for charging/discharging EVs, that is led to many challenges. The challenges of
splitting the power between the thermal and electrical subsystems can be overcome by a supervisor’s
control method known as Energy Management Strategies (EMS), which results in the maximization of
fuel economy and minimizing pollution. The acquired result is discussed in the result and discussion
section. The RESs are capable of running systems with the integration of EVs.
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Introduction

The main problem with Renewable Sources (RS) is their unpredictability and the difficulties
involved with regulating their generation [1]. The revolution of the transportation sector is rising among
researchers by using different types of energy sources to meet a clean and protected environment [2],
[3]. While using the integration operation between RESs with the grid, some of the challenges will be
faced such as instability and low power due to the climatology changes [4]. To overcome the integration
limitation by involving Battery (BT) through Energy Management Strategies (EMSs) to control and
monitor the energy systems of RESs. Several types of RESs sources are used to produce energy such
as Photovoltaic (PV), Fuel Cell (FC), Wind Turbine (WT), Tide and wave, and hydropower [5], [6]. The
most exploited used RESs are three: PV [7], [8], FC [9], [10], and WT [11], [12] due to their easy
installation, availability, and cost in comparison with other sources [13]. The mechanism of the
aforementioned sources for producing electricity, PV is using the reflection of sunlight into the surface
of the solar panel to produce DC energy with other electric components[14]. Several types of
photovoltaic solar panels (PV) such as monocrystalline, polycrystalline, and thin film used to produce
electricity with the help of optimization tools [15], [16]. While wind turbines depend on the kinetic energy
by rotating the wind to produce Alternative Current (AC) energy with the help of other devices. Whereas
the fuel cell is classified into seven types as reported in [17], [18], [19], [20][21].

As a microgrid can be classified into two forms, on-grid and off-grid [22], [23]. The former is
connecting to the utility grid and using it as a backup in case of the absence of the sun, wind, or battery
[24]. While the latter is classified into two categories which are autonomous basic and autonomous full.
Autonomous basic is not supplying the demand for the whole day whereas the autonomous full is
supplying for the whole day [25]. Libya has a large potential for renewable energy due to its abundant
sunshine and wind resources [26]. Libya's potential for renewable energy is enormous and mostly
unrealized as illustrated in Figure 1 [27]. Nevertheless, the development of these resources has been
hampered by political unrest and a lack of funding [28]. Some of the RESs that Libya can harness are
solar energy, wind energy, and geothermal energy [14]. Libya has one of the highest solar irradiance
levels in the world, making it a favorable location for solar energy projects [16]. Currently, there are
several ongoing projects for solar power plants in Libya [29]. The coastal areas of Libya have strong
wind resources that can be harnessed for wind energy [30]. In recent years, there have been efforts to
establish wind power projects in the country [31]. While geothermal energy is ongoing research to
explore this potential.

The article's contribution is to estimate the impact on the EV charging station considering various
sources. Based on the supervisory control method (EMS), the power flow in the system is evaluated.
The rest of the article is organized as follows: Section 2 is denoted for the case study along with the
analysis of the collected data. Section 3 positioned the impact of the most widely exploited sources as
PV and WT together with the proposed system diagram. The supervisory control that monitors the
power flow in the system is presented in Section 4. A summary discussion of the acquired result is
discussed in Section 5. Concluded with the acknowledgement and list of references.

Cases Study and Data Collection

Libya is an oil and gas-producing country located in the North of the African continent with almost
six million inhabitants [32]. Based on the World Bank group, almost 99% of Libya is electricity covered,
and based on the load demand collected data from the General Electricity Company of Libya (GECOL)
as the supplier source for the case study is almost (6 MW) as shown in Figure 1 along with the population
[33].

The amount of direct normal solar irradiation is presented in Figure 2 and the first 48 hours of the
annual radiation data is shown in Figure 3 maximum radiation is 1000 (W/m?2) [34]. The monthly collected
data for the ambient temperature of the case study is demonstrated in Figure 4 with a maximum
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temperature of 45 °C in June followed by the wind speed data of the case study as displayed in Figure
5 with a higher value at 39:00 (12 m/s) [35].
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Fig. 1 Case study load demand and the population [14]

Considered PV and WT Integration Impacts
The integration of RESs into the grid system including with EVs causes impacts either positive or
negative [36].

e PV Impacts:

One of the RES that produces zero-emission and environmentally friendly sources is Photovoltaic
(PV), which uses the sun to obtain energy by reflecting the sunlight on the surface of the panel. Due to
the obtained advantages of the integration system which integrates the RES (PV) into the network for
charging EVs purposes such as EVs and PV can be installed closely, used EV as storage, and reduce
the energy demand on the grid by obtaining the energy from PV system [37][38][39][40].

e  WT Impacts:

Wind turbines can have both positive and negative impacts on Electric Vehicle (EV) integration
systems. On the positive side, wind turbines can help to generate renewable energy that can be used to
charge EVs [41]. This reduces the use of fossil fuels and decreases emissions from transportation [42].
In addition, wind turbines can be located near highways or other areas with high traffic volumes to help
power charging stations for EVs [43]. However, wind turbines can also have negative impacts on EV
integration systems [44]. For example, wind turbines can create a fluctuating power supply due to
changes in wind speed, which can make it difficult to coordinate the charging and discharging of EV
batteries [45]. This can also lead to issues with grid stability and reliability [46].

The location, capacity, and particular EV integration system being used are only a few of the variables
that will affect how WT and PV will affect EV integration systems overall [35]. To ensure that RESs and
EV integration systems can function together efficiently, proper planning and coordination are required
[471.
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Fig. 3 Solar irradiance data of the case study.
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Fig. 4 Ambient temperature collected data of the case study.
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Energy Management Strategy

An energy management system (EMS) is a collection of instruments and procedures created
to track and control energy use in industrial activities, buildings, and other facilities [49]. With the aid of
EMS, businesses may use energy more efficiently, pay less for it, and raise their total energy
effectiveness [50]. An EMS typically includes hardware and software components that measure, record,
and analyze energy data from various sources such as meters, sensors, and control systems [51]. The
system can be used to track energy usage patterns, identify energy conservation opportunities, and
implement energy-saving measures such as adjusting and optimizing lighting, and managing equipment
usage [52].

An effective EMS can help organizations to reduce their environmental footprint and improve
their bottom line by lowering energy costs [53]. It can also enhance the overall performance of a building
or facility by improving comfort, safety, and reliability [54].
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Fig. 7 Flowchart of proposed Energy Management Strategy

Results and Discussions

Based on the proposed microgrid system presented in Figure 6, the obtained result is discussed
in this section. The acquired output power from the RESs for the period of 180 hours (a week) is
demonstrated in Figure 8. The maximum output power obtained in hour 33 while the minimum output
power 25. The variety in the power is due to the climatology changes in the exploited hours and through
all the year. Simatinously, the obtained yielded power from then WT is presented in blue color with

different outputs.
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Fig. 8 Output power from the utilized RESs

Conclusion

The increasing adoption of electric vehicles (EVs) has the potential to significantly reduce
greenhouse gas emissions and dependence on fossil fuels in transportation. However, the impact of EVs
on the use of renewable energy sources depends on how the electricity used to power the vehicles is
generated. If EVs are primarily charged using electricity generated from renewable energy sources such
as wind, solar, and hydropower, then the use of EVs could lead to a substantial reduction in greenhouse
gas emissions. In addition, the growth of the EV market could create new opportunities for renewable
energy development and investment in infrastructure. On the other hand, if most of the electricity used
to power EVs comes from fossil fuels, then the potential environmental benefits of EVs could be
significantly reduced. Therefore, it is important to continue investing in and expanding the use of
renewable energy sources to ensure that the growth of the EV market goes hand-in-hand with a shift
towards cleaner energy.
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