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Abstract

Renewable Energy Sources (RES) become important in recent years
in research that enlightens the lives of people by meeting their daily
electricity demand. This work focuses on shedding light on the
utilization of renewable energy sources such as PV in some of the
Libyan southern cities (Sebha, Murzuk, Ghat, Ubari, and Wadi
Alshatti) to spread peace and avoid internal migrants. Libya with the
help of the availability of resources of solar irradiance and wind
speed, the load can be met along with reducing the deficit. The
obtained green energy from RESs could play a substantial role in
meeting Sustainable Development Goal 7 (SDG7) and Climate
Action Goal 13 (CAG13) solutions. Hopefully, this study is
expected to be a guideline to researchers in the field to assist them
in their future studies. In this study, we compared five cities located
in southern Libya in terms of global solar radiation, temperatures,
and relative humidity, and also compared the productivity of PV
modules for a full year by simulating 1 kW of PV modules in each
city and the results were good for installing solar panel plants in the
aforementioned cities.

Keywords: Renewable Energy Sources, Libyan southern cities,
Sustainable Development Goal Seven, 1 kW of PV, solar panel.
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Introduction

Due to the climate changes in African content, each country is
differing in weather conditions [1]. Libya is one of the African
countries blessed with high solar radiation and wind speed to
produce energy and meet Sustainable Development Goal Seven
(SDGT7) and Climate Action Goal 13 (CAG13) [1]. The country is
placed on an area of 1.76 million square kilometers with 4 seasons
and is inhabited by almost 6 million [2]. Each side of the country is
placed with a various number of services; however, the southern
region faces some challenges such as achieving sustainable
development goals that lead people to travel to the capital cities
(Tripoli-Benghazi-Misrata) for better living [3].Solar radiation in
the southern cities is high in comparison with other cities in the
country differs due to the different locations with different
environments [4], [5], [6]. On the contrary, Wind speed is high in
various seasons [7].

General Energy Company of Libya (GECOL) is the only company
that is feeding the electricity in the country [8]. Hybrid systems of
integrating PV with the grid are considered in [9]. [10]. Some local
studies investigating the use of streetlights as conducted in [11],
[12].Solar generation analysis for local communication in the
country [13], and an investigation of utilizing RESs [14], [15].
Considering various forms of energy to meet European demand
through its border countries such as Libya [16], [17], and [18]. Other
case studies presenting the estimation of sunshine duration in
Tripoli are conducted in [19].

Based on the high-tech provided technology of artificial intelligent,
the microgrid challenges can be overcome as reported in[20]. Based
on the recent studies regarding microgrid systems along with energy
management strategies, most of the rising challenges are selecting
the proposer EMS and the integrated components [21].

This paper contributes to the knowledge and comparison of solar
radiation and temperature data in the southern cities of Libya
measured by NASA, and knowing the productivity of 1 kW for a
year from photovoltaic modules for some cities in the south of Libya
using the SAM program.

Solar energy projects in southern Libya

Investments in the field of solar energy have witnessed a clear and
wide scope during the past years globally [22]. As for what was
implemented in Libya by the United Nations Development
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Program (UNDP 2018) [23] through the installation of solar
energy systems in 15 hospitals, the share of the southern region
was 3 hospitals, namely:

« Sebha Hospital.

» Ubari General Hospital

» Ubari General Hospital — Dialysis

The following Figures 1 and 2 show the systems that have been
installed at Sebha Hospital and Ubari Hospital. Figure 3 presents the
streetlights using solar panels in Ubari city.

S A e 2
Figure 3. Street lighting using solar panels in Ubari [24].
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Data and methodology

Study Regions

Libya is generally characterized by solar radiation, though the
amount varies by region. The southern region is considered more
favourable for solar energy investment [25], [26]. We chose to study
five cities located in southern Libya, as shown in Figure 4 and
geographical details in Table 1. They were compared in terms of
global solar radiation, temperatures, and annual energy production
from photovoltaic modules.

Murzuk Sebha f l
Ghat %

Wadi Al-Hayaat ;i\ Wadi Al-Shatti

Figure 4. Maps of Libyan Southern Cities.

Table 1.Geographical details of some cities in Libya [5].

Location Latitude [deg] Longitude [deg]  Altitude [m]
Murzuk 25.90°N 13.89°E 453
Sebha 27.00°N 14.40°E 420
Ghat 24.96°N 10.17°E 668
Wadi Al-hayaat 26.42°N 12.62°E 646
Wadi Al-shatti 27.80°N 12.73°E 492

Sun path curve:

When designing solar energy systems, the sun path curve is crucial.
Determining the shadows of objects close to the solar plains is made
possible by the sun's path curve, which aids in understanding the
sun's angles at different times of the day and year. As seen in Figure
5 the solar azimuth angle for June. Moreover, in Table 2, solar
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irradiance data on the horizontal and inclined at 30 degrees south,
showing the highest and lowest average temperature. The sun path
created online to ascertain the proper spacing between the rows of
solar flats to minimize its influence on task [27].

% 1Sotar paths at Sabha) (Lat. 27.0377° Nglong. 14.4283° E, alt. 432 M) - Legal hume
i 1
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Figure 5. The sun's path for the southern region [1]

Table 2. Solar irradiance data on the horizontal and inclined at 30
degrees south, showing the highest and lowest average temperature.

[ January 1212 372 127 429 3698 497
February  131.4 475 149 469 4328 405
| March 1740 69.0 206 513 5138 305
[ April | 1898 82.9 253 620 7.000 255
I May @ 2074 96.6 295 650 7.000 205
[ June @ 2116 91.4 309  6.00 7.000 205
duly 2304 76.9 328 560 5598 215
[ August = 2126 773 325 540 5643 268
September  179.8 67.6 261 481 5410 308
| October 1545 59.0 194 430 5686 402
INovember ~ 126.8 37.0 140 390 4480 491
|December  109.3 33.0 110 390 3797 491
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Global Horizontal
Horizontal Diffuse Wind Linke Relative

Month Irradiation Irradiation Tlf:?fg)lt Velocit Turbidi Humidi
(kWh/m2/m (kWh/m2/mt y(m/s) ty(-) ty(%)

th) h)
Year 2048.9 7771 24.2 5.2 5.586 33.1

Therefore, the annual data as table 2 are:

- Solar Energy: - Total annual global horizontal irradiation is 2048.9
kWh/m?, peaking in July (230.4 kWh/m?) and lowest in
December (109.3 kWh/m?2).

- Total horizontal diffuse irradiation is 777.1 kWh/m2, highest in
May (96.6 kWh/m?). - Temperature: - Average annual
temperature is 24.2°C, peaking in July (32.8°C) and lowest in
December (11.0°C).

- Wind Velocity: - Annual average is 5.2 m/s, with the highest in
May (6.50 m/s) and the lowest in November and December (3.90
m/s).

- Atmospheric Clarity (Link Turbidity): - Yearly average is 5.586,
with the clearest conditions in December (3.797) and most hazy
in May-July (7.000).

- Relative Humidity: - Annual average is 33.1%, highest in January
(49.7%) and lowest in May and June (20.5%).

This data reflects seasonal variations in solar energy, temperature,

wind speed, and atmospheric conditions, showing the summer

months as hotter and clearer but less humid.

Data Climatology collected data

The data used in this study are daily averages for each month of
global solar radiation, ambient temperature, and relative humidity
collected from NASA as shown in Figures 6, 7, and 8 [27].
Specifically, the dataset includes the following variables:

1. Global Solar Radiation: The total solar radiation received by a
horizontal surface per unit area. This information is essential for
modeling and simulating solar energy conversion processes and aids
in assessing the potential energy output of photovoltaic systems.
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2. Ambient Temperature: The average daily temperature of the
surrounding air, which affects how well solar panels and related
control systems operate.

The research ensures a comprehensive analysis by capturing long-
term trends and mitigating the influence of short-term volatility or
abnormalities through daily and monthly data averaging.

By offering insights into performance measures including energy
yield, stability, and fault tolerance, these characteristics are crucial
for the design, simulation, and optimization of solar energy systems
under various climatic circumstances.
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Figure 6.Comparison of daily averages for each month between global
solar radiation and some cities in southern Libya.
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Figure 7.Comparison of daily averages for each month between
temperatures for some cities in southern Libya.
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Figure 8.Comparison of daily averages for each month between relative
humidity for some cities in southern Libya.
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Methodology

The methodology used in this study was to simulate 1 kW of PV
modules using SAM software based on each city's data as
demonstrated in Figure 9. We considered that all PV modules are
oriented in the south direction and the tilt angle is equal to the
latitude of each city where (B=¢).

B: solar panel tilt angle.

¢: the latitude of the location.
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Figure 9. The program used in the simulation.

Result and discussions
To find out the annual productivity of solar energy in some of the

cities selected for the study in southern Libya, we simulated 1 kW
of PV modules in each city using the SAM program, and the results
were good and close in all cities, and the highest productivity in
Ghat city reached 2034 KWh / KWp. And the lowest in Murzugq city,
where it reached 1990 KWh / KWp in Figure 10 shows the energy
yield from PV modules per month for all cities.
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Figure 10. Monthly energy production per kilowatt of PV modules for all
cities.

Conclusion

By comparing the studied cities in southern Libya, they all have a
good rate of global solar radiation, as shown in Figure 2. The results
of the simulation of 1 kW output for a year from PV modules for all
the study cities showed good and close results, with the highest in
Ghat and the lowest in Murzug. Through data and simulations, cities
in southern Libya have the potential to implement solar energy.
However, there are multiple obstacles in the use of alternative
energy, but there are possible solutions to overcome these obstacles.
Through technology development, economic stabilization, and an
appropriate legislative framework, the use of alternative energy can
be promoted in cities in southern Libya. This requires a public-
private partnership, raising awareness and education about the
environmental and economic benefits of investing in alternative
energy. By working together, sustainable growth and improved
quality of life can be achieved in the cities of southern Libya.
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