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A B S T R A C T   

The solar photovoltaic (PV) is one way of utilising incident solar radiation to produce electricity without carbon 
dioxide (CO2) emission. It’s important here to give a general overview of the present situation of Libyan energy 
generation. This paper aimed to highlight the energy challenges that faced the Libyan state, and the possibility to 
diagnose and suggest a strategy to develop and finding solutions. The residential building loads represent the 
largest energy consumption in the country, which presents approximately 36%. A wide range of critical literature 
review takes place to understand the energy system situations. This study addresses the current situation of solar 
photovoltaic power in Libya, the use of solar energy, and proposes strategies adopted by Libya to encourage 
future applications of solar photovoltaic energy and electricity generation. Furthermore, this study investigates 
an opportunity to exploit solar photovoltaics to meet the deficiency in energy demand and by the affordable way. 
Lastly, we presented solar photovoltaics application in Libya; thus, it has tremendous opportunities and possi-
bilities. Besides, available potential, reality challenges and drawn up future perspectives.   

1. Introduction 

The energy associated with greenhouse gas emissions should be 
mitigated, and according to the Pais Agreement, 187 countries are 
committed to working on the causes of climate change (UNFCC, 2016). 
The Technologies of Renewable Energy (TRE) systems can be shared, 
decarbonising the energy mixture (Rena, 2012) and stated by (Ziegler 
et al., 2019). The Renewable Energy (RE) is valuable energy obtained 
from renewable resources that are replenished naturally on the 
time-frame, (Ellabban et al., 2014). So, it includes carbon-free energy 
sources such as wind, solar, biomass, tides, waves and geothermal heat 
(El-Hinnawi and Biswas, 1981) and specified by (Dincer, 2000). 

The solar energy is an energy source that is efficient, clean, sus-
tainable; and environmentally friendly (Dincer, 2000) and described by 
(Sims, 2004). With the growing attention of the world’s population in 
the development of renewable energy, the potential of solar energy has 
seen an enormous development (Foster et al., 2009). 

The feasibility of moving from a conventional power generation 
system (fossil fuel) to clean, renewable energy for electricity generation 
in Libya. The contribution of street lighting load represents about 19% of 
the electricity demand in Libya (Asheibi et al., 2016). The suggestion of 

alternative by using street lighting system of standalone PV 
solar-powered Light-Emitting Diode (LED) lighting system and LED 
lighting system grid-connected solar-powered (Khalil et al., 2017). A 
study performed by (Aldali and Ahwide, 2013) proposed analysis of 
installing a 50 MW solar photovoltaic power plant PV-grid connected 
with a tracking system in Libya. Solar PV modules of 200 W are used in 
that study due to its high conversion efficiency. A case study of the 
Al-Jagbob region, a long-term meteorological data parameter, has been 
collected from the Libyan Renewable Energy Authority, and the conse-
quence proved that the Al-Jagbob region has a high level of yearly solar 
radiation record. Also, mean daily sunshine hours, the mean long-term 
daily global radiation, and the average daily wind speed. The results 
of energy production illustrations that the gross output energy is about 
128.5 GWh/year. 

The scientific report analysed that the photovoltaic plant’s devel-
opment creates more jobs, reduces pollution, attracts more development 
in solar energy and introduces new technologies in this area. Further-
more, local firms can design and build most of the necessary compo-
nents. Based on the 20-year lifespan of the competing plants, the 
photovoltaic module is much more economical, mostly because it needs 
no fuel and has lower operational and maintenance costs. Therefore, it’s 
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clear that it is the best choice possible for the state (Eljrushi and Zubia, 
1995). A study showed the importance of desert and solar energy in 
Libya as the greatest alternative to conventional fuel. One of the primary 
challenges with renewable energy is matching renewable energy gen-
eration and load patterns. Though, one of the key areas of energy usage, 
which is usually proportional to the availability of solar sunlight through 
the day, is the demand for energy for air-conditioning (Mohamed et al., 
2013). 

The solar photovoltaics (PV) was used in Libya back in the 1970s; the 
application areas power loads of small remote systems such as rural 
electrification systems, communication repeaters, cathodic protection 
for oil pipelines and water pumping (Asheibi et al., 2016). (Nassar and 
Awidat, 2007) presented the utility of solar PV systems to generate 
electrical energy in the southern area of Libya. Hence, predicted the 
reliability of using solar photovoltaics by considering the environmental 
parameters such as solar radiation intensity, ambient temperature and 
wind speed. 

Libya has a rising need for electricity and uses fossil-fuel generating 
plants to produce most of its electrical energy (Al-Refai, 2014) and re-
ported by (Al-Refai, 2016). There is a possibility of using the solar ra-
diation potential in the southern part of the country to satisfy this 
requirement with a source of renewable energy (Alnoosani et al., 2019) 
and studied by (Bannani et al., 2006). To the best of our knowledge, 
there are no installations of the bifacial PV modules and concentrating 
photovoltaics technology in Libya. There is a great potential for solar 
direct normal irradiance (DNI). The significance of this paper being 
highlighted the problems of electricity generation in Libya and attempt 
to suggest an alternative approach. Therefore, this paper investigates the 
importance of solar PV application in Libya. This study structured as 
follows: Section 1 summary of introduction; Section 2 represents the 
situation of electrical energy and its challenges in Libya and the varia-
tion of electrical loads. Section 3 analyses the effects of the environ-
mental conditions and challenges such as soiling deposition and 
environment temperature. Section 4 represents the potential of solar 
energy in Libya. Section 5 reviews solar PV application in Libya. Section 
6 presents the opportunities and possibilities of solar energy availability 
in Libya. Section 7 presents a future perspective of solar PV projects and 
large-scale plans, whereas section 8 presents future work and a summary 
of the conclusions. 

2. The situation of electrical energy in Libya and its challenges 

2.1. The electrical energy situation in Libya 

The Libyan electricity system is administered by the General Elec-
tricity Company of Libya (GECOL). The company is state-owned and 
manages and controls the generation, transmission, distribution and 
networks systems (Alsuessi, 2015). Hence, the situation puts the 
(GECOL) in the face of enormous challenges; it is most critical being that 
it struggles to offer its clients with the desired quantity and quality of 
electricity (Belgasim et al., 2018). 

Energy is one of the most essential and crucial elements of life, 
growth of human societies and develops economy (Watts, 2013); and 
reported by (Edenhofer et al., 2011). Libya relies fully on fossil fuels to 
generate its electricity; hence, the Natural Gas and Oil are the key energy 
sources (Sorensen, 2010). The power stations in Libya are dependent on 
light and heavy oil, with a growing dependency on natural gas (Asheibe 
and Khalil, 2013). 

As a consequence of the population increase and with the develop-
ment of construction projects, the demand for energy in Libya has 
increased rapidly. Besides, Libya’s electricity consumption is typically 
high, as it is considered one of Africa’s big users of power (LUEP, 2015). 
This is due to many factors, such as cultural rules, practices of social life, 
and the most key factor is the subsidized electricity tariff. Therefore, in 
Libya, the energy sector is subsidized, where electricity tariffs are 
deemed (Almaktar, 2018). 

Hence, there is indeed a high gap between the generating price and 
the tariff cost given to the customer. But, on the other hand, the hybrid 
renewable energy system implementation intended here is aimed at 
reducing the cost of generation (Sayah, 2017). 

Over a decade, there was a gradual increase in load, which was 
shown before 2011, but after that period from 2013, the trend changes 
to rapid increases in load demands (Mohamed et al., 2013). The con-
sumption was about 5.5 GW in 2011 and forecasted exponential growth 
the load at “2020” to be 9 GW (Belgasim et al., 2018); and specified by 
(Mohamed et al., 2015). Fig. 1 illustrates the development of electrical 
computation in the Libyan grid from “2001–2020”. 

There was a rapid increase in construction which leads to an increase 
in the load demand. On the other hand, there is no development in the 
grid to meet that demand. Also, current power plant units need major 
maintenance as per schedule after certain working hours. Moreover, due 

Fig. 1. Development of electrical computation in Libyan grid from 2001 to 2020 (Belgasim et al., 2018) and described by (Elabdli, 2017).  
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to the fragile security situation and the war, the General Electricity 
Company of Libya (GECOL) has contracted with the manufacturing 
companies to perform major overhaul services on the power plants. 
Hence, unfortunately, no company is willing to send their pro-
fessional’s/engineers to the country to make the major maintenance 
services to the power generation units. 

In Libya, the history of load profile data indicates that throughout the 
summer months, the maximum power occurs and that the residential 
sector accounts for the highest share of the demand for electrical energy, 
which represents 36%. Respectively followed by 23% in others,14% 
represents the commercial/industrial sector, as seen in Fig. 2 (Dagroum 
et al., 2014). 

The population growth is causing a substantial increase in the de-
mand for electricity in Libya, generating a tremendous need for addi-
tional infrastructure development, including power lines and increased 
power plants. Also, industrial development requires continuous power 
station operations and greater fuel consumption. That strongly urges the 
need for Libya state to study, exploiting and the feasibility of renewable 
energy technology (Mohamed et al., 2013). 

2.2. Variation of electrical load in Libya and the challenges 

In the current situation of Libyan electrical generation units are 
frequent power outages, so, that outages sometimes stay many hours. 
Hence, this deterioration urges the most population to use temporary 
emergency generators in their houses, to meet the need for electricity. 
But there is a shortage of fuel and spare parts, and maintenance issues as 
well; that’s why this solution does not resolve the issue. Based on field 
data collected from Libya, energy consumption is gradually increasing 
annually. 

The Libyan energy providers and government organizations antici-
pate that electrical power consumption can double by “2015” and reach 
two and a half through the end of “2020” (Schäfer, 2016). Besides that, 
electricity load prediction is one of the most critical tasks that ought to 
be taken into account (Mohamed et al., 2013). The significant source of 
the challenges for the load management engineering for each electricity 
generation system (Khalil et al., 2009). 

Table 1., tabulated the development of Libyan energy demand; also, 
gives growing rate from those years, which used to predict the increase 
in electricity demand in the near-next years. The load prediction model 
has numerous variables that have political, atmospheric, economic, and 
demographic characteristics. There is a difference between day and 
night usage, which is a significant part of residential, industrial, 

agricultural and public utility loads (Mohamed et al., 2013). It is 
important to be mention that, the majority of government organizations, 
academic and educational institutions consumes energy during the day 
(Schäfer, 2016). 

Over the years, Libya’s electricity consumption is projected to in-
crease dramatically. This will contribute to a substantial need for new 
power plants to meet with continuing demand progress (Ahmed, 2018). 
In addition, there is a clear correlation between its load needs and the 
climate since most of the loads are residential consumption (Mohamed 
et al., 2015). Consequently, the excessive usage of air conditioning units 
in summer and heating in the winter causes the load to increase (Rajab 
et al., 2017). 

To some extent, the utilisation of renewable energy technology, such 
as solar, wind, etc., in power generation, would also lead to a decrease in 
greenhouse gas emissions. The conservation of Libya’s oil and gas 
reserve is not valuable for Libya but important for the global environ-
ment prevention. The electricity system in Libya is subsidized due to the 
government, which implemented an economic system for more than 40 
years. Therefore, at the moment, the implication of this strategy is 
obvious in the excessive usage of energy by the most Libyan people 
(Asheibi et al., 2016). 

The infrastructure electricity in Libya is suffering from several 
problems. Also, the current electricity grid system doesn’t meet the 
electricity demands of the agricultural, industrial, residential and com-
mercial sectors. Moreover, the current obstacle for the energy strip is 
signified in the inadequacy of energy amplitude, which has led to power 
blackouts in the most district of the country, particularly during the 
summer season. Therefore, to overcome this barrier and improve the 
sustainable development of the energy system. This, corresponding with 
Libya’s energy demands for local and international scales, based on that 
there are several challenges required overcoming. Those challenges are 
summarised as follows (Sayah, 2017)  

- The losses of electricity on the transmission lines due to electricity 
destitution over long distances.  

- The ruin that occurred to the energy infrastructure through the 
period of the events in “2011”.  

- Population growth in the country will lead to a rise in the electricity 
demand; hence, expansion projects of industrial, construction and 
agricultural will be activated.  

- None managing to perform the schedule planning maintenance to the 
power station units, and shortage of spare parts due to the civil war.  

- The conventional power plants that dependence on fossil fuel (oil 
and gas), one of the emission emitters to the environment. 

3. Environmental challenges of installing solar PV systems 

The performance behaviours of a solar PV system significantly 
depending on environmental conditions, such as cloud cover, soiling, 
squall lines, etc. Hence, due to its uncontrollable characteristics, grid- 
connected PV systems can be considered a negative load. Subse-
quently, the economics perspective would play a major role in assessing 
the feasibility of the Libyan system’s large-scale inclusion of solar PV. 
Therefore, the positive elements of decreasing CO2 emissions on a global 
and regional level should be integrated into economic considerations 
(Hewedy et al., 2017). 

3.1. Soiling deposition 

The soiling means an accumulation of dust, tiny particles of sand, 
trees debris, and birds dropping on the surface of PV modules. Based on 
that causes a shading of the incident sunlight on solar PV modules. The 
dust accumulation is one of the challenges that faced the solar PV in 
Libya; thus, the prevalent climate in the country is a desert climate 
(Mohamed and Hasan, 2012). 

The accumulation of soiling or dirt objects on the solar module has 

Fig. 2. Distribution of Libyan electricity load of different utility sectors 
(Elabdli, 2017). 

Table 1 
Listed the development of Libyan energy demand (Schäfer, 2016).  

Category “2008′′ “2015′′ “2020′′

Installed capacity (MW) “6000′′ “8000′′ “20,000′′

Electricity Generation (TWh/y) 29 73 109  
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significant effects on performance behaviour and conversions efficiency 
(Gouws and Lukhwareni, 2012) and analysed by (Mostefaoui et al., 
2018). Hence, Mohamed and Hasan (2012) performed an experimental 
study in the southern region that recommended weekly cleaning 
through the months from January–June, then followed by one a month’s 
cleaning schedule. 

One way to mitigate the effects of soiling is by washing the modules. 
The method of cleaning early in the morning or just before the sunset. It 
is important to know the period of the windy, sandy storm. Cleaning the 
device can keep devices getting better and get the optimum benefit with 
a certain frequency. In a maintenance schedule for all commercial solar 
installations, the solar cells give and the capability to tackle the issue 
away from our customers. 

The dust and dirt might accumulate on the surface of the solar 
module, covering some of the illumination and decreasing efficiency 
(El-Ghonemy, 2012). While conventional dust and debris are washed 
away during every rainy season, the predicting of device performance is 
taking into consideration the decrease due to dust accumulation in the 
summer months (Maghami et al., 2016). Furthermore, the tilt angle of 
solar photovoltaic modules can also alleviate the effects on dust/sand 
accumulation (Khodakaram-Tafti and Yaghoubi, 2020). Therefore, it is 
important to be select an optimum tilt angle (Hammad et al., 2018). 

3.2. Environment temperature 

Libya’s weather is dry, with most regions of the country being a 
desert, particularly in the south. Like several other countries located on 
the Mediterranean Sea, the weather in coastal regions is typical of the 
Mediterranean climate, and Libya’s terrain is mainly desert. The envi-
ronment temperature in Libya is increasing in the summer season, 
particularly in the southern region. 

Temperature dependence is an important parameter in the charac-
terisation of the performance behaviour of solar photovoltaics (Saleh 
et al., 2013). investigated the effect of ambient temperature on PV 
module temperature; a comparison was made between ambient and 
module temperature over four days of the year, 21st of March, June, 
September and December (Ali et al., 2016). The temperature of the PV 
module throughout the day demonstrated that because of higher solar 
radiation levels, warming of the module increased in the afternoon time. 
The temperature behaviour of the PV modulus was compared and 
investigated. 

For this reason, the areas at which solar PV systems may operate as 
efficiently as the performance of the standard condition (Nassar and 
Awidat, 2007). The electrical performance characteristics of solar 
photovoltaic cells/modules are very sensitive to temperature rises (Ali 
et al., 2016). The solar PV cells/modules efficiency is designed under a 
Standard Test Condition STC (cell temperature 25 ◦C and air mass 1.5) 
(Mohamed et al., 2021). 

Fig. 3. Variation of temperature of five cities in Libya, (a) Tripoli average of monthly temperature, (b) Sirte average of monthly temperature, (c) Benghazi average of 
monthly temperature, (d) Al-kufra average of monthly temperature and (e) Sabha average of monthly temperature. 

A.O.M. Maka et al.                                                                                                                                                                                                                             



Cleaner Engineering and Technology 5 (2021) 100267

5

The photovoltaic cells/module’s operating temperature is charac-
terised by the energy balance between the heat generated by the (PV) 
module, the heat lost to the surrounding environment and the operating 
ambient temperature. Therefore, as the environment temperature rise, 
the result is a change in electrical performance parameters of Jsc,Voc, FF, 
which consequently leads to a reduction in the PV modules efficiency 
(Maka and O’Donovan, 2020). The heat generated by the module relies 
on the module’s operating point, the optical properties of the module 
and solar cells, and the PV module’s packing density of the solar cells 
(Maka and O’Donovan, 2021). One of three methods; conduction, con-
vection, and radiation, the heat released to the environment. The ther-
mal resistance of the photovoltaic module materials, the emissive 
properties of the (PV) module, and the environmental conditions 
(especially wind speed) under which the module is installed rely on such 
loss mechanisms (Honsberg and Bowden, 2014). The partial shading is 
one of causing a hot-spot phenomenon; it can be detected by frequent 
inspection of the system devices (Hamed et al., 2018). Furthermore, the 
half-cut cell technology is another way to alleviate the effects of tem-
perature rise and also shading/soiling effects. 

In this study, we consider weather data using the Typical Meteoro-
logical Year (TMY), which is a set of meteorological data with data 
values for every hour in a year for a given geographical location. The 
temperature variations data used for the (TMY) have been calculated 
from satellite data. By using the System Advisor Model (SAM) developed 

by the National renewable energy Laboratory (NREL). The data source 
from the National Solar Radiation Database (NSRDB) is a database of 
thousands of weather files, time step every 60 min. 

Fig. 3 illustrates the variations of dry bulb temperature of the 
selected five cities in Libya. Fig. 3 (a) represents Tripoli average monthly 
temperature, and it is gradually increasing to high values in the summer 
season. Fig. 3 (b) represents Benghazi average monthly temperature, (d) 
represents Al-kufra average monthly temperature, whereas (e) Sabha’s 
average monthly temperature. From Fig. 3, an abnormality in the tem-
perature rises, which is almost prevalent during the summer seasons. 
The average annual temperature varies in the Libyan coastal area from 
14.2 ◦C to 21.0 ◦C, where the cities of Tripoli and Sirte and Benghazi are 
located in the coast region. While in-depth south region Sabha and Al- 
kufra cities, the average annual temperature ranges from 22 to 28 ◦C. 

The dry bulb temperature is the average of monthly temperature that 
calculated from their corresponding daily values. It is worth noting here 
the temperature is partly controlled by the “Al-Gibli” which is a dry-hot 
wind for the south western region, starts from the end of spring and 
remain there till the summer. Similarly, for the north-western region, 
cold wind affecting the temperature in the winter (Ageena, 2013). 

Fig. 4. Global horizontal irradiation of solar radiation in Libya (GSA, 2020).  
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4. Potential of solar energy in Libya 

4.1. Solar radiation 

There was a great potential of solar radiation intensity available in 
entire Libya; thus, it is a geographic location in North Africa. Libya is 
located in North Africa and bordered by Egypt and Sudan to the east, 
Tunisia and Algeria to the west, Chad and Niger to the south, and the 
Mediterranean Sea from the north. Thus, it’s Global Positioning System 
(GPS) coordinates the latitude: 26.3347◦ N and longitude: 17.2692◦ E. 
Moreover, it has long sunny spill in a daily basis and annually. There-
fore, in terms of solar energy, it could be argued that the most significant 
source of renewable energy is solar energy. 

Due to Libya’s geographic location on the cancer orbit line with 
exposure to the sun’s rays during the year and with long hours 
throughout the day, solar energy may be considered to be one of the 
main resources (Bannani et al., 2006). The estimated daily solar average 
radiation on the horizontal plane is approximately 7.1 kWh/m2/day in 
the northern coastal area and 8.1 kWh/m2/day in the southern region 
(Al-Refai, 2014), and described by (Al-Refai, 2016); with an annual 
average solar greater than “3500” hours (Bannani et al., 2006). The 

‘Libyan Renewable Energy Authority’ has estimated that the average 
solar sunlight hours are approximately “3200” hours/year and that the 
average solar radiation is 6 kWh/m2/day (Mohamed et al., 2013). 
Therefore, renewable energy could provide a good complement for 
meeting peak loads; and this, in turn, may be a reasonable reason to 
encourage Libya’s government to invest in solar projects (Yahya et al., 
2020). 

Solar energy may provide inexpensive and plentiful energy, in rural 
and remote areas, for communities where the link to the power grid may 
not be economical because of their remote physical location from the 
nearest grid connection point. The rapid growth of small-scale 
manufacturing decreases the drift from rural to urban areas (Shaaban 
and Petinrin, 2014). The state receives higher solar radiation, and solar 
energy is considered as an alternative energy resource (Guwaeder and 
Ramakumar, 2017b). 

The average forecasting for daily/annual solar global horizontal 
irradiance in entire Libyan areas is described in Fig. 4. The global hor-
izontal irradiance distribution over the period from “1994–2018”, as it 
has shown the coastal regions (north) have average daily radiation of 
about 6 kWh/m2, and the average of annual is about “2264 kWh/m2”. 
In-depth south regions of Libya, the average daily global horizontal 

Fig. 5. Solar photovoltaic power potential in Libya (GSA, 2020).  
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irradiance distribution is about 7.1 kWh/m2, although the annual 
average is about “2556 kWh/m2”. 

The forecasting of the protentional distributions of solar PV power in 
Libya area from “1994–2018” is depicted in Fig. 5. Hence, in the coastal 
regions (north), the solar photovoltaic systems are estimated to generate 
power about 5 kWh/kWp daily, and the annual forecasting is about 
“1826 kWh/kWp”. In-depth south regions of Libya, the daily average 
solar PV power protentional is greater than 6.5 kWh/kWp, although the 
annual average is greater than “2045 kWh/kWp”. 

A huge quantity of power generation could be generated by the 
renewable energy sector to cover some, but not all, of the energy de-
mand (Alsuessi, 2015). A high-level plan has been developed to rely on 
renewable energy and decrease pollution and CO2 emissions in Libya 
(Hewedy et al., 2017). The most accessible renewable energy sources in 
Libya are wind and solar. But the wind potential is limited to a certain 
region; although, the solar potential is available over the entire country. 
Nevertheless, most renewable energy initiatives and plans have been put 
on hold by the current political situation in Libya, maybe until the 
environment has become more comfortable (Mohamed et al., 2016). 

The unique location of Libya is characterised by a great simple area, 
which is an excellent place for the usage of solar energy. Libya is blessed 
with long sunny hours and is exposed to the sun’s rays throughout the 
year (Al-Refai, 2016). Moreover, the country is rich with abundant and 
reliable solar energy resources with an estimated average of sunshine of 
over 300 days per year (Alnoosani et al., 2019). 

5. Application of solar PV in Libya 

The technology of solar photovoltaic (PV) is one of the clean energies 
and most appealing choices used to generate electricity. Consequently, 
the small-scattered standalone photovoltaic systems; also, small/ 
medium-sized, building-integration and grid-connected photovoltaic 
power systems, represent tremendous promise potentials (Aldali and 
Ahwide, 2013). Thus, large-scale solar photovoltaic systems might 
represent an upcoming choice for world energy sources (Aldali, 2012). 

The utilisation of solar photovoltaic (PV) has been used for more 
than four decades. Since “1976” in Libya, the photovoltaic system has 
been applied in several projects in various sizes and purposes. Its first 
project implemented was in oil fields, in which the solar photovoltaic 
device was utilised to supply cathodic protection (CP) systems to 

prevent the oil pipe-lines from the corrosions. Although the use of PV 
systems began in “1980” in the field of communication, the first PV 
system was installed to provide energy to the southern “microwave 
repeater stations”. Furthermore, in “1983”, the solar PV system began to 
be used in the agriculture sector; thus, the photovoltaic system was used 
to feed the water pumps in some farms in the towns of western Libya. At 
the beginning of 1984, solar water pumping projects were also initiated. 
The uses of solar photovoltaic systems in the lighting and electrification 
in the rural was implemented in 2003 (Al-Jadi et al., 2005). Fig. 6 
display an example of the application of solar photovoltaic in Libya. 

In Libya, the solar PV applications are typically utilised in remote 
areas, particularly when it is expensive to link such regions to the power 
system. In contrast to the traditional off-grid energy systems like the 
diesel generators, these systems demonstrate their viability, due to the 
expenditure of transporting fuel and the challenge of reaching those 
locations. However, although power shortages occur in the power grid, 
the solar PV system with storage will be configured to fulfil the load 
demand at a given amount of safety (Guwaeder and Ramakumar, 
2017a). In addition to other specific methods, the sizing work for PV 
systems relies on three key solar PV systems sizing techniques known as 
analytical approaches, numerical, i.e. simulation-based and to other 
specific methods (Khatib et al., 2013). Therefore, Table 2., listed seven 
applications of solar photovoltaic systems in Libya. 

This foundation will motivate and encourage people to make a suc-
cessful investment and participate in the expansion and deployment of 
new sources of renewable energy. Moreover, this framework provides a 
strategic plan to develop an economy based on technology and knowl-
edge for all main players (Glaisa et al., 2014). performed a 
techno-economic study of photovoltaic/wind/diesel/battery for pow-
ering Libyan schools was carried out, and the results showed it’s 
feasibility. 

As a result of political conflicts, Libya has been facing a tremendous 
power shortage that has left most hospitals in the darkness. Thus, to 
operate life-saving medical equipment, medical centres need electricity. 
The United Nations Development Programme (UNDP) in Libya; recently 
supported and helps the government in the 15 hospitals in Libya by 
installing solar photovoltaic systems from “2016–2017” (Hamladji, 
2017a) and reported by (Hamladji, 2017b). Fig. 7 illustrating one of the 
Hospital roofs installations of solar PV systems, where (a) front view, (b) 
side view. 

Fig. 6. Examples of the application of solar PV in Libya; (a) Solar array for cathodic protection; (b) PV panels installed to supply telecommunication tower; (c) PV 
panels installed for irrigation; (d) Solar panels on the centre’s roof (Almaktar, 2018) and presented by (Alweheshi et al., 2019). 
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When the hospitals, operating rooms, medicine stores, maternity 
wards and laboratories do not have enough electricity, exposures people 
live to risk. So, that can offer more patients access to primary treatment 
via a sustainable, renewable and reliable source of energy with the 
installation of the solar system for health facilities. It has become when 
they need a quick response, and we have both a fast and a long-term 
solution with solar systems. Table 3., listed Libyan hospitals that are 
benefiting from solar PV installation. 

6. Opportunities and possibilities 

The potential is huge, and the deployment of solar energy will play a 
role in achieving renewable energy; contributing to covering the gap in 
the existing shortage of energy resources that Libya is facing (Sayah, 
2017). However, in-depth analysis is required for this study, Libya has a 

great potential for solar intensity because of long shining hours, and it is 
located on the sun-belt axis. 

To predict annual weather data parameter of five locations in Libya, 
the Typical Meteorological Year (TMY) is used here; so, a set of mete-
orological data with data values for every hour in a year for a given 
geographical location. The solar radiation data used for the TMY have 
been calculated from satellite data. By utilising a System Advisor Model 
(SAM) in which developed by the National renewable energy Laboratory 
(NREL). The data source is from the National Solar Radiation Database 
(NSRDB), a database of thousands of weather files, and time step every 
60 min. 

Fig. 8 illustrates Tripoli incident solar radiation, (a) graph represents 
the DNI values in which fluctuated widely, and the yearly average was 
approximately 900 W/m2. Fig. 8 (b) represents monthly DHI fluctuation 
with an average of about 350 W/m2 from October–March and 450 W/m2 

Table 2 
application of solar photovoltaic systems in Libya.  

No. Applications Authors Descriptions Results and remarks Refs. 

1 PV Power plant Aladli et al. Designed of Al-kufra 50 MW very large- 
scale PV power plant.  

- The capital cost was estimated to be 2.7 years for the 
planned VLS-PV very large- scale power plant.  

- The estimates of the capacity factor for electricity 
generation and the solar capacity factor were determined 
to be 26% and 62.5%, respectively. 

Aldali et al. 
(2011) 

2 Powering mobile phone 
stations 

Ghozzia and 
Mahkamov 

Modelling of the standalone PV system 
by using Simulink Matlab model.  

- The findings illustrate the large capacity of the battery 
system.  

- The results of the series estimate, 60% of the region of the 
existing PV modules and 50% of the electrical storage 
capacity were found to be adequate to power the station. 

Ghozzia and 
Mahkamovb 
(2011) 

3 PV-water desalination Elfaqih Investigation and design of small-scale 
standalone photovoltaic system 
incorporating seawater reverse osmosis 
plant.  

- This design provides up to 0.25 m3/h of the potable water 
(operating at 48 bar), this plant can operate for 6 h/day.  

- The total energy consumption of the reverse osmosis 
plant for seawater was 2500 W, and the basic energy 
consumption was 10 kWh/m3. 

Elfaqih (2016) 

4 Solar PV powered LED 
lighting system 

Khalil et al. Investigates the feasibility study of using 
street lighting system, standalone solar- 
powered LED.  

- The standalone PV solar-powered LED lighting system 
reduces pollution, saves fuel and is cost-effective.  

- By installing the LED lamp system with the high-pressure 
sodium lamp system, the energy saves 75% of electricity 
and eliminates 75% of CO2 emissions. 

Khalil et al. 
(2017a) 

5. Photovoltaic water 
pumping. 

Shebani and 
Iqbal 
Maka et al. 

Dynamic modelling and analysis of a 
solar (PV) water pumping. 
Performance evaluation of the in-situ 
solar water pumping system.  

- Outcomes are evaluated in order to have the system’s 
output while it is operating at a certain level or the MPPT 
maximum power-point.  

- The results indicate that when the Permanent Magnet 
Direct Current (PMDC) motor is operating at a particular 
speed rather than at the maximum PV power point, an 
increase in system efficiency can be enhanced.  

- The input power and the water demand can not increase 
the rated power of the Permanent Magnet Direct Current 
(PMDC) engine; this leads to an improvement in the 
selected PMDC motor’s hp value, which would be a 
function of the cost of capital.  

- The pump system’s efficiency was found to be 56%, the 
cost of pumping energy was forecasted for about $1.84 
per day.  

- The annual saving forecast was approximately $650 and 
it can be installed in several places for the use of water in 
agriculture or for the production of electricity.  

- It is advantageous to use photovoltaics technology in 
rural applications. High reliability and price were the 
most significant lessons gained of PV pumping system. 

Shebani and Iqbal 
(2017) 
(Maka et al., 
2019) 

6. Cathodic Protection (CP) 
Photovoltaic Powered oil 
pipelines. 

Al-Refai Numerical calculation and simulations of 
solar photovoltaic powered cathodic 
protection for underground oil pipelines.  

- The solar energy-powered cathodic protection system for 
buried pipelines, in addition to being inexpensive, is 
viable and very valuable, particularly given the rapid 
decrease in the costs of PV system components and the 
rise in its reliability and efficiency.  

- The development has been based on the dimensions of 
the pipeline, the proportion of the protected surface area 
and the electrical characteristics of the environment 
around the pipeline. 

Al-Refai (2019) 

7 Standalone photovoltaic 
SAPV for house 
electrification 

Ben-Naser The PVSYST software is used here as 
Powerful tools.  

- The standalone photovoltaic solar, however, have high 
initial cost, longevity, reliability, sustainability, easy 
maintenance, and friendliness to the environment.  

- For residential and other related applications, these make 
the device desirable. 

Ben-Naser (2018)  
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from April to September, during the spring and summer seasons. The 
average albedo variation from December to January is about 0.13, while 
there is a fluctuation from February to November. 

Fig. 9 displays Sirte incident solar radiation, (a) graph represents the 
DNI values in which the values fluctuated widely with the yearly average 

was approximately “1000 W/m2”. Fig. 9 (b) represents monthly DHI 
fluctuation with an average of about 300 W/m2 from September–March 
and average of about 400 W/m2 from April to August. The average al-
bedo variation from March to November is about 0.2, while from 
December to February is approximately 0.9. 

Fig. 10 illustrates Benghazi incident solar radiation in Benghazi city, 
(a) graph represents the DNI values that fluctuated widely, and the 
yearly average was approximately 900 W/m2. Fig. 10 (b) represents 
monthly DHI fluctuation with an average of about 200 W/m2 from 
October–March; while the average of 400 W/m2 from April to 
September. The albedo average variation from April to November is 
about 0.15, while from December to March is approximately 0.8. 

Fig. 11 illustrates Al-kufra incident solar radiation, (a) graph repre-
sents the DNI values that fluctuated widely, and the yearly average was 
approximately “1000 W/m2”. Fig. 11 (b) represents monthly DHI fluc-
tuation with an average of about 400 W/m2 from April–August; while 
the average of 250 W/m2 from September to March. The albedo average 
variation from April to December is about 0.15, while from January to 
March is approximately 0.8. 

Fig. 12 illustrates Sabha’s incident solar radiation, (a) represents the 
DNI values that fluctuated widely with a yearly average was approxi-
mately 900 W/m2. Fig. 12 (b) represents monthly DHI fluctuation with 
an average of about 400 W/m2 from April–August; while the average of 
200 W/m2 from September to March. The albedo average variation from 
April to November is about 0.2, while from December to March is 

Fig. 7. (a) front view, (b) side view of the installation of PV solar panels in Libyan Hospitals (Hamladji, 2017a) and reported by (Hamladji, 2017b).  

Table 3 
listed the Libyan hospital that is benefiting from the installation of solar PV 
(UNDP, 2018).  

Sr.no. Name of Hospital District 

1 Ali Omar Askar Neuro Tripoli 
2 Abu-sleem Hospital Tripoli 
3 Tripoli Heart Centre Tripoli 
4 Cordoba Centre for Services in Tripoli Tripoli 
5 Al Gwarsha clinic in Benghazi Benghazi 
6 Benghazi Al-Kwefia Hospital Benghazi 
7 Benghazi Dermatology Hospital Benghazi 
8 Sabha Hospital Sabha 
9 Kikla Municipality Kikla 
10 Rujban Hospital Rujban 
11 Zintan General Hospital Zintan 
12 Zintan Emergency and Surgery Zintan 
13 Zintan Obstetrics and Gynecology Hospital Zintan 
14 Ubari General Hospital Ubari 
15 Ubari General Hospital – Dialysis Ubari  
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approximately 0.9. 
Albedo can be defined as the amount of the diffuse reflection of solar 

radiation from the whole solar radiation. The albedo is largely depen-
dent on the incident angle and the earth’s surface characteristics. The 
electric energy output of the solar photovoltaic devices can be affected 
by albedo. For instance, the variations in the spectrally weighted albedo 
of solar photovoltaic technology demonstrate the effects of a spectrally 
sensitive albedo. Compared to conventional spectral-integrated albedo 
predictions, the foundation is based on crystalline silicon (c-Si) and 
hydrogenated amorphous silicon (a-Si:H) (Andrews and Pearce, 2013). 
Analysis of the influence of albedo on the efficiency of seven photo-
voltaic materials covering common triple modules of photovoltaic de-
vices: commercial flat rooftops, pitched-roof residential applications and 
industrial “solar farms” (Brennan et al., 2014). It is important to mention 
that albedo is a key factor in the performance characterisation of solar 
bifacial systems. 

The solar radiation is defined as the “solar energy received on the 
Earth’s surface, which is the sum of Direct Normal Irradiance (DNI) and 
diffused radiation after scattering in the atmosphere” (Kim, 2015). 
Although the rays pass through the atmosphere longer, due to the 
increasing atmospheric absorption and possibility of scattering, the solar 
radiation attenuates more (Kim, 2015); and specified by (Maka and 
O’Donovan, 2019). The efficiency of solar photovoltaic cells relies on 
the amount of radiation and the solar spectrum. The sun emits electro-
magnetic radiation with a continuous spectrum due to the continuous 
nuclear reaction, which matches blackbody radiation at a temperature 
of about “5250 ◦C”. The air mass (AM) is defined as a “measure of how 
absorption in the atmosphere affects the spectral content and intensity 
of the solar radiation reaching the earth’s surface”. The air mass value is 
given by this relationship (1): 

AM =
1

cos(θ)
(1)  

where θ is the angle of incidence (zenith angle) and is recognised as the 
angle between the direction of the sun and the zenith. A more attenu-
ation of irradiance, especially in the Ultraviolet (UV) region of the 
spectrum, characterises the higher air mass. Since moving through the 
atmosphere, the terrestrial spectrum is the light that enters the earth’s 
surface. The air mass zero (AM = 0) indicates that the sun’s spectrum is 
outside of the atmosphere of the earth. While the air mass global is a 
direct incident compound of earth irradiance and diffusion compounds. 
Fig. 13 shows a different air mass of solar radiation. The earth receives 
two types of solar radiation: direct (beam), or sometimes called Direct 
Normal Irradiance (DNI) and Diffusion Horizontal Irradiance (DHI). 
Therefore, the global radiation is the sum of two types on the earth 
which are given by: 

Global radiation=Diffuse radiation + Direct radiation (2) 

The solar irradiance including in the sun’s spectrum is a function of 
wavelength light, the basic reference spectra are often used for solar cell 
characterisation, thus the distribution of the sunlight spectrum that 
observed on Earth planet. The changes in air mass have significant ef-
fects on the solar spectrum. It is described as a ratio between the optical 
path length when the sun is at the zenith and the optical path length. The 
variance in air mass over a day is shown in Fig. 14, which results in a 
substantial variation in the spectral distribution of DNI on the earth’s 
surface. The solar intensity decreases as air mass rises from 1 to 10 D, 
and the wavelengths become shorter, then resulting in a change in the 
direct spectrum (Algora and Rey-Stolle, 2016). 

Fig. 8. solar radiation potential of Tripoli city; (a) direct normal irradiance; (b) diffuse irradiance and albedo.  

A.O.M. Maka et al.                                                                                                                                                                                                                             



Cleaner Engineering and Technology 5 (2021) 100267

11

The approach has been selected for an investigation to study the 
movement of solar radiation, sunlight period over Libya. The selection of 
these five cities is important because of their different geographical 
location, coast and desert environment. Table 4., listed geographic co-
ordinate and locations in Libya. 

The selected five cities in this study have been distinguished as the 
following: Tripoli city is the country’s capital city with a high popula-
tion. Further to the aforementioned characteristic of solar opportunity, 
it can connect the PV plants to the national electrical grid. Benghazi city 
is the second-largest city in the country in terms of population; it is 
located in the East region and can connect to the national electrical grid. 
Sirte city is the link between the three regions, east, west and south. 
Sabha city is located in the west-south region. Al-Kufra city is located in 
the east-south region. Sirte, Sabha and Al-kufra have large open lands 
and can be connected to the national electrical grid. 

Solar sun path charts were generated using the software program 
called the Solar Radiation Monitoring Laboratory (SRML), which was 
developed by the University of Oregon USA (USRML, 2020). This dia-
gram represents the tracking of the sun moving over the year. Also, 
describes the sun path in terms of azimuth angle, elevation and show the 
day-time hours. 

It is important to mention that the azimuth angle specifies the di-
rection of the sun in the horizontal plane from a certain place, it’s a 
variable scale from 0◦ to 360◦, with both directions East and West. Also, 
the elevation angle measures the height of the sun in the sky from the 
horizon; it’s a variable scale from 0◦ to 90◦ (USRML, 2020). The solar 
resource is dependent on the solar radiation, which varies from one 

location to another depending on the coordinates of the area (i.e., time 
zone, latitude and longitude). 

The sun path in Tripoli city on 11th of December shows that the az-
imuth angle varies from about 115◦ east to 245◦ west and the sunshine 
hours from 7 a.m. to 5 p.m. The height of the sun in the sky was aligning 
at azimuth angle 180◦ and local time 12 p.m. versus solar elevation of 
34◦, while on 7th of June, the sunshine hours varies from 5 a.m. to 7 p.m. 
The azimuth angle was variable, the movement angle from about 62◦

east to 295◦ west, the higher sun in the sky in June and the solar 
elevation was 80◦ versus azimuth 180◦ during the noontime 12 p.m. As 
we move from December to June; the solar elevation and daily sunlight 
increases. Fig. 15 illustrates the sun path of Tripoli city at a different 
time of the year. 

Fig. 16 shows the sun path of the Sirte city at a different time of the 
year. The sun path of Sirte city at 11th of December the azimuth angle 
was variable from approximately 115◦ east to 245◦ west and the sun-
shine hours from 7 a.m. to 5 p.m. The height of the sun in the sky was 
aligning at azimuth angle 180◦ and local time 12 p.m. versus solar 
elevation of 36◦, while on 7th of June, sunshine hours is from 5 a.m. to 7 
p.m. The azimuth angle was variable, the movement angle from about 
62◦ East to 295◦ West, the higher sun in the sky in June and the solar 
elevation was 82◦ versus azimuth 180◦ during the noontime 12 p.m. As 
we move from December to June; the solar elevation and daily sunlight 
increases. 

Fig. 17 display the sun path of Benghazi city at a different time of the 
year. The sun path of Benghazi city on 11th of December, the azimuth 
angle varies from about 115◦ East to 242◦ west and the sunshine hours 

Fig. 9. Solar radiation potential of Sirte city; (a) direct normal irradiance; (b) diffuse irradiance and albedo.  
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varies from 7 a.m. to 5 p.m. The height of the sun in the sky was aligning 
at azimuth angle 180◦ and local time 12 p.m. versus solar elevation of 
35◦, while on 7th of June, the sunshine hours varies from approximately 
5 a.m. - 7 p.m. The azimuth angle is variable, the movement angle from 
about 62◦ east to 295◦ west, the higher sun in the sky in June and the 
solar elevation was 80◦ versus azimuth angle 180◦ during the noontime 
12 p.m. As we move from December to June; the solar elevation and 
daily sunlight increases. 

Fig. 18 illustrates the sun path of Al-kufra city at a different time of 
the year. The sun path of Al-kufra city on 11th of December, the azimuth 
angle varies from about 115◦ east to 245◦ west and the sunshine hours 
from approximately 6:30 a.m. - 5:30 p.m. The height of the sun in the sky 
was aligning at azimuth angle 180◦ and local time 12 p.m. versus solar 
elevation of 32◦, while on 7th of June, the sunshine hours varies from 
approximately 5 a.m. - 7 p.m. The azimuth angle was variable, the 
movement angle from about 65◦ east to 295◦ west, the higher sun in the 
sky in June and the solar elevation was 80◦ versus azimuth 180◦ during 
12 p.m. As we move from December to June; the solar elevation and 
daily sunlight increases. 

Fig. 19 shows the sun path of Sabha city at a different time of the 
year. The sun path of Sabha city on 11th of December, the azimuth angle 
was variable from about 115◦ east to 245◦ west and the sunshine hours 
from approximately 6:30 a.m. - 5:20 p.m. The height of the sun in the sky 
was aligning at azimuth angle 180◦ and local time 12 p.m. versus solar 
elevation of 40◦, while on 7th of June, the sunshine hours varies from 5 a. 
m. to 7 p.m. The azimuth angle was variable, the movement angle from 
about 62◦ east to 300◦ west, the higher sun in the sky in June and the 

solar elevation was 80◦ versus azimuth 180◦ during 12 p.m. As we move 
from December to June; the solar elevation and daily sunlight increases. 

The significance of these figures being help in determining the 
annual orientation of the sun for the given location. From all Figs. 15–19 
it is clear that all cities have great potential for tracking sun paths, which 
helps the engineers/researcher to understand the performance behav-
iour of any solar system applications. 

The outputs from solar PV devices rely on the environmental con-
dition, such as sand, rain, cover cloud etc. As an initial step, due to its 
unmanageable characteristics of grid-connected solar photovoltaic sys-
tems, this could be considered a negative load (Al-Refai, 2014). Conse-
quently, economics would play a major role in assessing the feasibility of 
implementing the Libyan large-scale solar PV system (Al-Refai, 2014). 
Yet, the economic considerations ought to integrate the positive ele-
ments of reducing the emitters of carbon dioxide on an international and 
local domain (Guwaeder and Ramakumar, 2017a) and described by 
(Guwaeder, 2018). 

7. Future perspectives 

The department of planning and studies in Renewable Energy Au-
thority of Libya (REAOL) presents the projected development of the 
demand for renewable energy in Libya, considering sustainable devel-
opment in the future (Mohamed et al., 2016) and specified by 
(Mohamed, 2016). Also, the Centre for Solar Energy Research and 
Studies (CSERS) in Libya, is one of the research institutions work to 
develop such technology. In Libya, the solar photovoltaic (PV) systems 

Fig. 10. Solar radiation potential of Benghazi city; (a) direct normal irradiance; (b) diffuse irradiance and albedo.  
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are encouraging for the future, due to incident solar radiation is greater 
than the minimum required rate across the country (Hewedy et al., 
2017). Based on that from a techno-economics point-view, there is a 
need to develop substantial energy resource solutions. 

Fig. 20 depicted the proposed plan to integrate mini-solar PV 
installing on the rooftop of the household to works in standalone/grid 
connection. Also, can PV installation in houses, school hospitals etc., 
that to generate electricity needs. Hence, that power ought to meet the 
energy requirement for the building and also, if there is any need to the 
general grid, it can accessibly feed the building whenever needs. The 
surplus of energy produced can import to the grid, where can support 
the grid demand. The government ought to encourage the citizens to 
install mini-solar PV systems in their houses by giving them develop-
mental loans or instrument pay methods. 

Photovoltaics installation can be implemented on a large scale to 
generate a large amount of electricity. The power generated shifts to the 
energy yield system in which gained energy after inverter converts DC to 
AC and all accessory equipment. So, it’s in forms of AC electrical power 
and ready to use by the customer or fed to the grid. Therefore, the 
electricity is fed to the grid, that clean and environmentally friendly 
energy if we compared with conventional power plants. 

An example in the neighbouring county to Libya; where, Egypt have 
exploited the Egyptian desert by building the largest solar PV plant in 
Africa, with a capacity of 1.5 GW grid connection (Jäger-Waldau, 2020). 
The expectation by the end of “2022”, the “Benban” solar power plant 
will contribute about 20% of Egyptian electricity from renewable 
sources (Analytica, 2018). 

It is important here to mention that when installing the solar PV 
systems, there will be an operating concern. Thus, that concern needs to 

be considered is the batteries have a shortage of life-time after many 
cycles (charges/discharges), and that is required to change. Therefore, 
this concern can be overcome by optimum utilisation of the batteries, so 
don’t over-loading on at daytime and used during the evening. Hence, 
the key maintenance on the PV modules/system needs to be performed 
to mitigate the soiling effects, which causes a major effect on the solar 
PV performance efficiency and suggests a weekly cleaning period. 

The life-time of the PV modules system is estimated for 25–30 years. 
The high reliability to carry the loads and less maintenance, and easy to 
the assemblage. Recently, there have been many PV installations, mini 
plant on the top of building likes hospitals and schools to provide some 
of the electricity needs. Opening the door through encouraging for 
vendors to imports such equipment or for developing industrial sectors 
locally. The PV system for electricity in the Libyan market is estimated to 
cost about “5–13,000” Libyan/denars (this price from private business 
companies); depending on the size/capacity that invested by the private 
sector. Therefore, these values might be less than that if the government 
drew plan or investing or importing this technology will be cheaper and 
acceptable to all people. 

Further development in the traditional network needs to upgrade to 
the smart grid is required (Rohouma et al., 2012). investigated the po-
tential of adopting of Smart Grid (SG) in Libya grid. The concluded 
recommendations, it is important to consider the incremental adoption 
of smart meters. The clients must be motivated to using smart appliances 
and to incorporate in their households with green energy systems, and to 
sell the surplus power through peak hours. The abuse of electricity has to 
be tackled through a strict penalisation scheme. 

In order to maximize domestic energy production and attain grid 
parity, various countries are implementing renewable energy policies, 

Fig. 11. Solar radiation potential of Al-kufra city; (a) direct normal irradiance, (b) diffuse irradiance and albedo.  
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especially solar PV (Almaktar, 2018). The most common incentives to 
encourage the use of renewable energy, in the form of Renewable 
Portfolio Standard (RPS) and the Feed-in Tariff (FiT) (Solangi et al., 
2011). Via solar PV or any other renewable energy supply, both resi-
dential and commercial consumers can produce electricity and supply it 
back to the national electricity grid at a set price (Almaktar, 2018). On 
the other hand, the Feed-in Tariff must be configured for a sufficient 
period in such a way that it provides market certainty; and gives the 
companies protection for the growth of the renewable energy market 
(Almaktar et al., 2015). 

In case of a grid-connected system, it operates with the local energy 
grid so that if the surplus power is fed into the grid once your solar 
devices generate more solar electricity than your house usages (Strong 
and Scheller, 1993). When the house needs more electricity than just 
what your solar devices generate, it is connected with a grid solar power 
system; therefore, the balance of your electricity is provided by the 

Fig. 12. Solar radiation potential of Sabha city; (a) direct normal irradiance, (b) diffuse irradiance and albedo.  

Fig. 13. Diagram shows air mass as a function of zenith angle absorption and 
spectral scattering (Riordan et al., 1990). 

Fig. 14. Air mass as a function of the zenith angle versus direct normal irra-
diance (Maka and O’Donovan, 2019). 
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electricity grid (Elbreki et al., 2016). 
The studies and the results obtained have shown that the feed-in 

tariff may play an important role in the vaster use of solar photovol-
taic technology. The photovoltaic house will be capable to vend 
renewable energy back to the grid under the (FiT) strategy (Almaktar, 
2018). In addition to raising the cost of fuel-based energy, this is one of 
the most significant steps to be taken into account by the Libyan gov-
ernment for the larger photovoltaic technology and boosting the econ-
omy (Almaktar, 2018) and described by (Almaktar et al., 2018). 
Medium/long-term plans and programs are important to support 
photovoltaic installations and renewable energy resources. The 
governmental subsidy for traditional sources of fuel, for instance, 
therefore, that should be phased out and converted as a subsidy to PV 
installation projects (Bannani et al., 2006). Nevertheless, the most 
complex challenge that negatively affects the growth of photovoltaic 
technology is the rate of inflation (Almaktar, 2018). However, it could 
be seen as a tentative issue primarily associated with the country’s 
current political turmoil. 

7.1. Solar PV projects 

The ministry of electricity and renewable energy of Libya has plan-
ned to perform renewable energy projects, and these should have started 
in summer 2013; unfortunately, due to political disruption and the war 
that projects postponed. The follows some of the PV projects in Libya 

(Schäfer, 2016):  

- 40 MW Solar PV project in Sebha city.  
- 14 MW solar PV plant in Hun (Al-Jufra district).  
- 100 MW solar PV power plant in Al-Kufra city. 

The Libyan government has drawn up a plan called Renewable En-
ergy Strategic (RES) “2013–2025”; therefore, it creates long-term stra-
tegies for the exploitation of the renewable energy resources in the 
electricity generation (Mohamed et al., 2016); presented by (NPDRE, 
2012) and reported by (Saleh, 2006). That plan aimed to gain about 7% 
of the electricity generation from renewable energy sources and ex-
pected about 10% by 2050. Hence, that amount will gain from solar 
photovoltaics, wind and solar thermal (Mohamed et al., 2013) specified 
by (Mohamed et al., 2016); presented by (NPDRE, 2012) and reported 
by (Saleh, 2006). Then that strategy does not implement in the ground 
due to instability and political conflict in the country. Subsequently, 
numerous private projects and public companies established to invest in 
the solar PV sector in electricity generation. 

In Libya, the use of solar PV systems was initiated since “2003” for 
rural electrification and lighting (Almaktar, 2018). The contribution of 
solar photovoltaic applications in the size and form of application has 
increased (Hewedy et al., 2017). The photovoltaic technology system is 
an emerging source of electricity generation and saving for energy re-
sources (Mousa et al., 1998). 

The General Electricity Company of Libya has a wide experience in 
rural electrification. Hence, based on installations of about 340 solar 
photovoltaic systems, with a total capacity of 220 kWp, to electrify 
hamlets and remote villages (Almaktar, 2018). Also, another installation 
of 50 solar PV systems with a total capacity of 60 kWp (Goodland, 2013). 
Therefore, from that experience of a solar PV system is reliable, with low 
costs of operating and maintenance, and very cost-effective (Ibrahim 
and Kreama, 2017). 

Table 4 
listed the geographic coordinate of the selected city of Libya.  

No. City Longitude longitude Location in the 
country 

Elevation from 
sea level 

1 Tripoli 32.8 13.1 North - West 21 m 
2 Sirte 31.2 16.58 North - centre 24 m 
3 Benghazi 32.1 20.06 North - east 3 m 
4 Al-kufra 24.19 23.29 South - east – 
5 Sabha 27.04 14.43 South - west 420 m  

Fig. 15. Sun path of Tripoli city at a different time of the year.  
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Fig. 16. Sun path of Sirte city at a different time of the year.  

Fig. 17. Sun path of Benghazi city at a different time of the year.  
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Fig. 18. Sun path of Al-kufra city at a different time of the year.  

Fig. 19. Sun path of Sabha city at a different time of the year.  
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7.2. Solar PV in a large-scale 

The solar PV has the longevity, reliability, ease of maintenance, 
sustainability and environmental friendliness of the standalone solar 
photovoltaic. For residential and other related applications, these turn 
the device attractive; therefore, to meet the cost of the solar energy 
output from the designed device (Shamatah et al., 2017). It is possible to 
mount this device on the rooftop and oriented to the south side. The size 
of the standalone PV photovoltaic system is based on load value, the data 
of the solar energy, and the purchase price of the components of the 
system (Ben-Naser, 2018). 

In several countries, grid-connected solar photovoltaic systems are 
broadly utilised; nevertheless, they have just started in Libya. As a pilot 
project to supply AC electricity to the Tripoli University electrical grid, 
solar photovoltaics grid-connected 24 kWp, the PV system is installed; 
the system consists of single-junction amorphous solar cells assembled. 
The outcomes of the measured performance parameters, such as the 
output ratio, the annual yield of AC power, the temperature-dependent, 
and the efficiency of the system, indicates that the model performs better 
than the parameters designated (Saleh et al., 2013). 

For those interested in the large dynamic of photovoltaics economics, 
a thorough analysis of grid-connected photovoltaics in the Libyan power 
system would be very beneficial as most firms will raise their profits and 
lower their costs (Almaktar et al., 2020), and described by (Almaktar 
and Shaaban, 2021). The solar photovoltaic has been proven to be an 
effective energy source and to provide a potential to make financial 
profits, and also to reduce gas and oil consumption rates (Guwaeder and 
Ramakumar, 2017a). Besides to energy demand in Libya has also been 
noticed to be rising, and PV may be the alternative to meet some of this 
demand without needing to construct new fossil fuel power plant sta-
tions due to the increased insolation availability of approximately 8.1 
kWh/m2/day (Chedid and Chaaban, 2003). 

(Aldali et al., 2011) presented a proposed design of a photovoltaic 
power plant based on Al-Kufra conditions. For the sake of friendly 
environmental effects and variation of the electricity generating 
mixture, it’s also proposed that very large-scale photovoltaic plants of 
this kind be constructed in Libya. 

(Kassem et al., 2020) performed a study analysis of the potential and 
viability of generating electricity from a 10 MW solar plant 

grid-connected in Libya. The consequences of that study indicate that 
Libya has a massive potential of solar energy can be utilised to generate 
electricity. Furthermore, according to the outcomes from the 
techno-economic; thus, it’s detected the maximum electricity generation 
approximately “22067.13 MWh”. 

Libya has partnerships with many countries to participate in the 
desert technology project, contributing to the large power supply system 
(Hafner et al., 2012). The desert technology (DESRT-TEC) is one of the 
largest projects; there was proposed that Libya would be one of the 
exporters of solar power generated from solar energy to Europe (Grif-
fiths, 2013). The aims of that project to provide Europe Union countries 
with energy generated from the sun in North Africa and the Middle East 
countries. A hundred electric generators, each fitted with thousands of 
massive mirrors, transform solar power into electricity for transmitting 
to Europe via submarine cables and then distribute it to all parts of the 
European Union country (Hafner et al., 2012). In this way, billions of 
watts of electricity can be produced, enough to meet six times the 
electricity needs of Europe, making an important contribution to large 
decreases in carbon emissions (Hafner et al., 2012). Also, in desert areas 
that desperately need water, the plants could be used as desalination 
plants (Salah et al., 2017). Therefore, this makes Libya one of the largest 
exporters of energy to Europe (Trieb and Müller-Steinhagen, 2007). 

8. Conclusions 

The continuous supply of sunlight, quiet operating, low cost of 
maintenance, non-depending on the fuels in the source, environmentally 
friendly operating conditions and participates in lower carbon emis-
sions, enabled solar the best option for the future generation of elec-
tricity, due to its position in the region of the Mediterranean Sea and 
North Africa, which offers higher solar energy resources. Libya has a 
great opportunity to build large-scale solar photovoltaic power. For the 
scholars, it’s considered as an entrant, which can help to develops and 
adopt this technology. 

This paper will be valuable as it is a one-step approach for the 
development of solar photovoltaics application in Libya. Moreover, to 
motivate rapid, widespread building integration of photovoltaic adop-
tion, the mass-media might represent a significant role. To sum up, it is 
necessary to promote healthy competition between players in the 

Fig. 20. Integration of mini-solar PV system to the housed and large scale.  
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industry and the new (PV) Photovoltaics manufacturing industry. A 
solid government strategy in the field of solar energy is essential in 
supporting the growth of the photovoltaic market. Further suggested 
works to be including exploitation; and analysis/characterisation of the 
bifacial PV modules and concentrating photovoltaic CPV technology: 
the technology of the high-efficiency solar cells/modules/system and to 
study both thermal/electrical aspects. 
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AC Alternating Current 
CO2 Carbon Dioxide 
CPV Concentrating Photovoltaic 
CP Cathode Protection 
DC Direct Current 
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FiT Feed-in Tariff 
GECOL General Electricity Company of Libya 
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P Power 
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RES Renewable Energy Strategics 
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SRML Solar Radiation Monitoring Laboratory 
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SAM System Advisor Model 
TMY Typical Meteorological Year 
TRE Technologies of Renewable Energy 
UV Ultraviolet 
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Jäger-Waldau, A., 2020. Snapshot of photovoltaics—february 2020. Energies 13 (4), 930. 
https://doi.org/10.3390/en13040930. 

Kassem, Y., Camur, H., AM, A.O., 2020. Solar energy potential and feasibility study of a 
10MW grid-connected solar plant in Libya. Eng. Technol. Appl. Sci. Res. 10 (4), 
5358–5366. https://doi.org/10.48084/etasr.3607. 

Khalil, A., Rajab, Z., Amhammed, M., Asheibi, A., Amhammed, M., Asheibi, A., 2017. The 
benefits of the transition from fossil fuel to solar energy in Libya: a street lighting 
system case study. Appl. Sol. Energy 53 (2), 138–151. https://doi.org/10.3103/ 
S0003701X17020086. 

Khalil, E., Mohamed, M., Belkasem, E., Salah, S., Osman, S., 2009. Demand Side 
Management in Libya-A Case Study of the General Electric Company of Libya: 
Transmission System Operation and Control Department. Tripoli-Libya. https:// 
www.steg.com.tn/dwl/Dr_Khalil_libye.pdf. 

Khatib, T., Mohamed, A., Sopian, K., 2013. A review of photovoltaic systems size 
optimization techniques. Renew. Sustain. Energy Rev. 22, 454–465. https://doi.org/ 
10.1016/j.rser.2013.02.023. 

Khodakaram-Tafti, A., Yaghoubi, M., 2020. Experimental study on the effect of dust 
deposition on photovoltaic performance at various tilts in semi-arid environment. 
Sustainable Energy Technologies and Assessments 42, 100822. https://doi.org/ 
10.1016/j.seta.2020.100822. 

Kim, Y.S., 2015. Modeling of High-Concentrator Photovoltaic Systems for Utility-Scale 
Applications, High Concentrator Photovoltaics. Springer, pp. 153–175. https://doi. 
org/10.1007/978-3-319-15039-0_6. 

LUEP, 2015. Libya - united Nations environment Programme. https://wedocs.unep.org/ 
bitstream/handle/20.500.11822/20503/Energy. 

Maghami, M.R., Hizam, H., Gomes, C., Radzi, M.A., Ismael, R.M., Hajighorbani, S., 2016. 
Power loss due to soiling on solar panel: a review. Renew. Sustain. Energy Rev. 59, 
1307–1316. https://doi.org/10.1016/j.rser.2016.01.044. 

Maka, A., Chaudhary, T., Hasan, A., Gatou, A., 2019. In-situ performance evaluation of 
photovoltaic solar water pumping system in the rural region. Journal of Mechanical 
and Energy Engineering 3 (1), 69–76. https://doi.org/10.30464/jmee.2019.3.1.69. 

Maka, A.O., O’Donovan, T.S., 2019. Analysis of thermal response and electrical 
characterisation of triple-junction solar cells based on variable solar spectral 
irradiance and air mass. Thermal Science Engineering Progress 10, 269–279. https:// 
doi.org/10.1016/j.tsep.2019.02.005. 

Maka, A.O., O’Donovan, T.S., 2020. A review of thermal load and performance 
characterisation of a high concentrating photovoltaic (HCPV) solar receiver 
assembly. Sol. Energy 206, 35–51. https://doi.org/10.1016/j.solener.2020.05.022. 

Maka, A.O., O’Donovan, T.S., 2021. Effect of thermal load on performance parameters of 
solar concentrating photovoltaic: high-efficiency solar cells. Energy Built 
Environment. https://doi.org/10.1016/j.enbenv.2021.01.004. 

Mohamed, A., Al-Habaibeh, A., Abdo, H., Elabar, S., 2015. Towards exporting renewable 
energy from MENA region to Europe: an investigation into domestic energy use and 
householders’ energy behaviour in Libya. Appl. Energy 146, 247–262. https://doi. 
org/10.1016/j.apenergy.2015.02.008. 

Mohamed, A.M., Al-Habaibeh, A., Abdo, H., 2013. An investigation into the current 
utilisation and prospective of renewable energy resources and technologies in Libya. 
Renew. Energy 50, 732–740. https://doi.org/10.1016/j.renene.2012.07.038. 

Mohamed, A.M.A., 2016. Investigation into the Feasibility of the Utilisation of 
Renewable Energy Resources in Libya. Phd thesis. Nottingham Trent University. 
http://irep.ntu.ac.uk/id/eprint/29037. 

Mohamed, A.O., Hasan, A., 2012. Effect of dust accumulation on performance of 
photovoltaic solar modules in Sahara environment. Journal of Basic applied 
scientific Research 2 (11), 11030–11036. 

Mohamed, E., Maka, A., Mehmood, M., Direedar, A., Amin, N., 2021. Performance 
Simulation of Single and Dual-Junction GaInP/GaAs Tandem Solar Cells Using 
AMPS-1D Sustainable Energy Technologies and Assessments, 44. https://doi.org/ 
10.1016/j.seta.2021.101067. 

Mohamed, M., Al-Habaibeh, A., Abdo, H., 2016. Future prospects of the renewable 
energy sector in Libya. In: Proceedings of SBE16. UAE, Dubai. http://irep.ntu.ac.uk/i 
d/eprint/26825.  

Mostefaoui, M., Neçaibia, A., Ziane, A., Dabou, R., Rouabhia, A., Khelifi, S., Bouraiou, A., 
Sahouane, N., 2018. Importance cleaning of PV modules for grid-connected PV 
systems in a desert environment. In: 2018 4th International Conference on 
Optimization and Applications (ICOA). IEEE, pp. 1–6. https://doi.org/10.1109/ 
ICOA.2018.8370518. 

Mousa, M., Ibrahim, I.S., Molokhia, I., 1998. Comparative study in supplying electrical 
energy to small remote loads in Libya. Renew. Energy 14 (1–4), 135–140. https:// 
doi.org/10.1016/S0960-1481(98)00059-7. 

Nassar, Y.F., Awidat, s.A., 2007. The reliability of the photovoltaic utilization in southern 
cities of Libya. Desalination 209 (1–3), 86–90. https://doi.org/10.1016/j. 
desal.2007.04.013. 

NPDRE, 2012. National Plan for Developing the Renewable Energy in Libya 2013-2050. 
Ministry of Electricity and Renewable Energy Renewable Energy Authority of Libya 
(REAoL). 

Rajab, Z., Khalil, A., Amhamed, M., Asheibi, A., 2017. Economic feasibility of solar 
powered street lighting system in Libya. In: 2017 8th International Renewable 
Energy Congress (IREC). IEEE, Amman, Jordan, pp. 1–6. https://doi.org/10.1109/ 
IREC.2017.7926027. 

Rena, R., 2012. Renewable energy for rural development–A Namibian experience, rural 
development-contemporary issues and practices. IntechOpen. https://doi.org/ 
10.5772/30470. 

Riordan, C.J., Hulstrom, R., Myers, D., 1990. Influences of Atmospheric Conditions and 
Air Mass on the Ratio of Ultraviolet to Total Solar Radiation. Solar Energy Research 
Inst., Golden, CO (USA) https://doi.org/10.2172/6344084.  

Rohouma, W., Zubi, H., Sannuga, S., 2012. Adoption of smart grid in Libya challenges 
and opportunities. In: 3rd International Conference on Automation, Control, 
Engineering and Computer Science. 

Salah, H., Embirsh, A., Yousuf, E., 2017. Future of solar energy in Libya. Int. J. Sci. Res. 
7, 33. 

Saleh, I.M., 2006. Prospects of Renewable Energy in Libya, pp. 153–161. 
Saleh, I.M., Abufares, H.M., Snousi, H.M., 2013. Three-year performance evaluation of 

single junction amorphous solar cells grid-connected power station in Libya. In: 
Conference Papers in Science. Hindawi. https://doi.org/10.1155/2013/950195. 

Sayah, G.A., 2017. The use of renewable energy technologies in the Libyan energy 
system. Phd thesis. In: Case Study: Brak City Region. Technische Universitaet Berlin 
(Germany). https://doi.org/10.14279/DEPOSITONCE-5880. 
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