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Abstract:

Energy sustainability in isolated areas is a critical challenge, and off-grid hybrid systems can be a viable
solution with the help of Renewable Energy Sources (RESs). These systems combine multiple energy
sources to ensure a reliable and continuous power supply. Energy accessibility is a hot topic due to the
energy demand from consumers in residential and industrial areas. The main purpose of writing this
article is to examine energy sustainability based on exploited RESs in remote areas in order to meet
Sustainable Development Goals (SDGs). In this regard, MATLAB software is used to evaluate the
technical and economic analysis of the proposed system.
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1. Introduction

Energy accessibility considering multiple resources improves the power supply sustainability, lower
generation cost, and decreases Greenhouse Gas (GHG) [1]. However, to achieve energy sustainability
triangle objectives that make an impact on (people, profit, and the planet) by switching to green sources
[2]. A group of 17 worldwide objectives known as the Sustainable Development Goals (SDGs) were
adopted by the United Nations in 2015 [3]. In order to establish a more sustainable world by 2030 [4],
they offer a framework for solving different social [5], economic [6], and environmental issues [7]. The
objectives address a variety of topics, such as the eradication of poverty [8], high-quality education,
gender equality, sustainable energy, responsible consumption and production, and climate action [9].
The SDGs seek to safeguard the environment while advancing world peace, prosperity, and well-being
for all of goals [10]. To make everyone's future better, numerous nations and organizations around the
world work to achieve these objectives [11]. Electricity in rural areas is facing power challenges to meet
the power demand because of the distances of the energy sources or the higher cost of connecting to
the public grid [12].

Based on current literature, several technologies have been employed for Low Voltage (LV) distribution
networks along with the integration with various sources [3]. Furthermore, addressing power issues
when considering more than one source is a hot topic and has been taken into consideration by
numerous scholars in choosing the optimal method when integrating EV and without EV [13].
Additionally, battery degradation is overcome by the RESs integration to gain an optimal battery
capacity for a hybrid grid-connected system [14]. Energy generation systems considering PV connected
along with other sources to charge the EV and other domestic appliances leads to achieving sustainable
development goals [15]. Energy management strategy and controls for EVs are conducted in [16]. In
addition, metaheuristic algorithms are used in order to address sizing and optimality for the engineering
system as mentioned in [17], [18].

In contrast, RESs face various challenges as mentioned in [19]. Several optimization algorithms are
presented in the literature for integrated microgrid systems for distributed energy considering renewable
energy sources [20]. Simultaneously, a new study considering a stochastic Monte Carlo is implemented
along with a sensitivity analysis conducted in order to assess the charging operation for the Vehicle-to-
Home (V2H) strategy [21].

The article contributes to the knowledge by presenting and analyzing the climatology data for the case
study and listing a solution to sustainable life by meeting sustainable goals. The rest of the article is
organized as follows: Section 2 renewable energy and sustainable development in the case study along
with the roles of RESs. The technical analysis that listed the load demand, and climatology analyzed
data in Section 3. The discussion of obtained result has been discussed in Section 4 in order to present
the charge and discharge energy along with the output power from renewables. Eventually, the
conclusion and references.

2. Renewable energy and sustainable development in the case study
Generally, electricity has been generated from various sources considering either conventional power
plants such as unclear and coal or renewables such as solar panels and wind turbines [22]. Due to the
benefits proved by the hybrid system such as assessing energy demand [23], resources assessments
[24], system design [25], and environmental impacts [26], and leads to meeting sustainable
development goals as demonstrated in Figure 1 [2].
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Figure 1. Sustainable development goals.

2.1 RESs roles for GHG reduction

There are different aims of RES such as reducing the GHG [27]. Based on the IEA collected data, the
comparison of GHG is illustrated in Figure 2 [4].
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Figure 2. Greenhouse Gas emission percentage.

2.2 Renewable energy in the case study
The integration of Energy sources in the proposed hybrid system as shown in Figure 3 is based on an
off-grid system that aims to charge EV and domestic devices from RESs (PV and WT) [28].
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Figure 3. Proposed diagram.

3. Technical analyses
The utilized load demand for the case study is demonstrated in Figure 4 [29]. The monthly load demand
for the whole of the year considering the first 24 hours.
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Figure 4. Load demand

3.1 PV analysis output power
Based on the mathematical equation utilized in the literature with the help of the climatology data to
estimate the output power from renewables as in Figure 5 and Figure 6 for solar radiation and ambient
temperature, respectively.
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Figure 5. Solar radiation data.
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Figure 6. Temperature data.

3.2 WT analysis output power
The collected data on wind speed is demonstrated in Figure 7 shows the yearly analyzed data for 8760

hours of the case study.
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Figure 7. Wind speed data
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The followed methodology in this study based on MATLAB software is demonstrated in Figure 8.
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Figure 8. The architecture of the system operation

V2G and G2V

4. Results and discussion

The output power from BT is presented in Figure 9, the obtained result is shown in the case of 24 hours
which illustrates the situation when charging case which refers to the sufficient moment of meeting the
demand. On the contrary, the case of not sufficient case that is not able to meet the demand.
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Figure 9. Battery output power.

The case of charging and discharge is demonstrated in Figure 10 (a and b), respectively. The output
power from the utilized renewables (PV and WT) is Figure 11.
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Figure 10. Output power for charge and discharge operations.
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Figure 11. RESs output power.

5. Conclusion
Stand-alone hybrid systems are a promising option for reaching sustainable energy goals, according to
the analysis of their energy sustainability. Several energy sources, including solar, wind, and battery
storage, are combined by these systems to maximize energy production and consumption. Multiple
significant advantages apply to standalone hybrid systems. By offering a steady power supply even
when there is no grid connection, they improve energy reliability in the first place. For rural places or
applications that operate off the grid, this is especially crucial. The second benefit of these systems is
that they lessen reliance on fossil fuels, which helps to fight climate change and cut greenhouse gas
emissions. In addition, by utilizing complementary energy sources, standalone hybrid systems enable
optimal use of the resources that are already accessible. While wind turbines may produce electricity
at night, solar panels can do so during the day. Users have easy access to knowledge, advice, and
tools for regulating energy usage, increasing system performance, and maximizing energy output.
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Through this connection, knowledge can be shared more easily, and users may make more educated
choices to increase the sustainability of their energy use.
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