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The effects of dust aerosols on solar panels and people can occasionally extend thousands of
kilometres across the atmosphere. The research aims to present the evaluation methods on the
impact of dust accumulation on the performance of solar panels in the Libyan climate zone. The
study conducted a series of experiments to measure the degradation of solar panel efficiency due to
the deposition of dust on the surface of the solar panels. The presented results indicate that the
accumulation of dust has a significant negative impact on the performance of solar panels,
reducing their efficiency. Furthermore, the study listed the frequency and cleaning methods
required to maintain the solar panels' performance over time in this harsh climate. The findings
highlight the importance of routine cleaning and maintenance of solar panel installations in dusty
and arid regions to ensure optimal performance and maximize energy efficiency.
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Introduction

Electrical power generation systems based on fired fossil fuels
cause harm to the ecosystem and are considered the main
cause of global warming and climate change. In Libya, the
electricity generation sector is considered one of the most
polluted sectors among all other sectors, as the CO2 emissions
from the chimneys of electric power plants is about 34% of
the country’s total CO2 emissions. [1]. Since Libya is one of
the countries that ratified the Paris Agreement on Climate
Change, therefore, it had to bear its responsibilities and
contribute with the international community in reducing the
rate of greenhouse gas emissions. Accordingly, the Libyan
government launched the Renewable Energy Strategic Plan
for the upcoming 30 years, which aims to achieve a
contribution of renewable energy to the electric energy mix of
25% by 2025 and 30% by 2030. By 2050, this will come
mainly from Concentrated Solar Power, solar PV and solar
heating systems [2].

Libyan climate zone is known to have high levels of dust

events [1], which can have a significant impact on the
performance of solar systems such as, photovoltaic (PV)
systems [3] and concentrated solar power [4]. The
accumulation of dust on the surface of solar panels can cause
a reduction in their efficiency [5], ultimately leading to a
decrease in power output estimated at about 7% [6]. Figure 1
is a sankey diagram that illustrates the percentage of energy
losses in PV solar systems according to several studies [7-10].
Dust, which can be characterized as tiny particles with a
diameter of 500 um or less, affects several applications of
solar panels, including traffic lights, street lighting, and home
energy assistance [11]. The amount of dust that accumulates
on the solar panels must be first measured in order to assess
the effect that dust disposition has on them [12]. One of the
most popular forms of renewable energy is solar power,
which is produced by solar panels, which harness sunlight to
produce electricity [13]. Many governments throughout the
world are promoting the use of solar panels in place of non-
renewable sources of energy like coal and petroleum [14].
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Figure 1: Breakdown the energy losses in PV solar

Solar panels still face significant difficulties that prevent them
from reaching their full potential, despite the fact that their
low environmental effect is a major incentive for increased
use [15]. Dust buildup on the solar panel is considered one of
these challenges. Dust creates a layer on the solar panels
causing the same effect as shading [16, 17]. Consequently, it
prevents sunlight from entering the cell and being converted
into electrical energy [11]. The Middle East and North Africa,
which are arid regions, have some of the highest levels of dust
in the world. Curiously, these places also receive the greatest
solar energy [18].

The main contribution of the article is by providing a general
view of dust impacts on solar photovoltaics along with the
limitations of the dust and the future perspective of the
aforementioned problem. the remainder of the paper is
structured as follows: Section 2 consists of the general
background of the dust impacts on the solar panels and the
environment. The case study region details are placed in
Section 3 along with dust mitigation methods. The
disadvantages of dust on the solar panels are positioned in
Section 4. Eventually, a summary of the conclusion and a list
of recent references end the article.

Background history on dust impacts

The dust impacts have taken the place of scholars as one of
the faced challenges that reduce the productivity of solar
photovoltaics. Based on numerous climatology changes in
various regions, solar panels were affected [11]. The most
common renewable energy source (RES) that has some issues
dependent on the site's radiation that affects the power
outcome is solar energy. Besides, various studies on
calculating the amount of dust in photovoltaic and thermal
systems [12]. Additionally, the main consideration of this
article is met along with cited studies in order to measure the
impacts on solar panels and present solutions [19].

Libyan geography zone

Libya is located in the North African region as figured out in

Figure 2, and it is a part of the northern hemisphere with 25°
N and 17° E latitude and longitude affected by dust and some
storms.
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Figure 2: Libyan geographical map.
[Source: https://www.turkey-visit.com/libya-map.asp]

Methodology

The presence of dust in the air can negatively impact air
quality by increasing levels of particulate matter, which can
have adverse effects on respiratory health and reduce
visibility [20]. If you are concerned about air quality in a
specific location, it is recommended to check with local air
quality monitoring agencies or authorities for more
information. There are several methods for mitigating the
impact of dust on PV performance as formulated in Table 1.
Various software and tools can be used to track and mitigate
the dust on the solar panels, one of them is MATLAB as
presented in Figure 2.

Dust accumulation on solar Photovoltaic (PV) panels can
significantly reduce their performance and efficiency [23].
Dust can have an insulating effect, reducing the amount of
sunlight that reaches the solar cells and decreasing the amount
of electricity produced [24].

Table 1: Mitigation Methods for dust impacts on the solar panels [11, 21].

Mitigation Methods

Remarks

Regular cleaning

Tilted panels :
accumulation.

Anti-reflective coatings
panels.

Dust-resistant materials
surface.

By regularly cleaning the surface of solar panels, the accumulation of dust can be reduced.
Tilting the panels at a certain angle can help dust slide off the surface, reducing its

The use of an anti-reflective coating can reduce the accumulation of dust on the surface of solar

Choosing dust-resistant solar panel materials can reduce the accumulation of dust on the
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Figure 3: Dust mitigation steps using MATLAB.

Table 2: Monthly solar, wind, and temperature data analysis [22].

Months Solar Wind Temperature
Irradiance Speed (°C)
(W/m?) (m/s)
January 322 11.7 23
February 387 154 25.8
March 438 14.4 34
April 624 14.9 34
May 503 12.9 41
June 473 14.4 445
July 451 12.9 45.6
August 496 10.3 40.6
September 504 11.3 42.4
October 400 12.9 44
November 339 20.5 34
December 322 11.3 24

In areas with high levels of dust or pollution, the impact can
be even greater [25]. Therefore, it is important to regularly
clean the solar PV panels to prevent dust buildup. Regular
cleaning can help maintain optimal performance and increase
the lifespan of the solar panels [26]. Additionally, it is
important to choose a location for solar panels that is less
prone to dust accumulation. In terms of gaining a sustainable
environment, solar power is a great alternative to traditional
sources of energy that rely on fossil fuels [27]. By reducing
our reliance on fossil fuels and using clean, renewable energy
sources like solar power, we can work towards a more
sustainable future with less pollution and a healthier planet
[28].

Figure 4: Comparison of dust impacts on solar panels.

The first important term to be specified is dust, which can be
summed up as tiny particles with a diameter smaller than 500
pm. It is made of solid substance, can be seen or unseen,
floating or firmly planted [12]. To evaluate the impact of dust
deposition on the solar panels, it is necessary to first

determine how much dust accumulates on the panels [29]. We
can define the thickness (Td) and volume (Vd) of dust on the
solar panel which is defined by the formula that is
mathematically expressed in Eq. (1) and Eq. (2).

_ volume of dust collected

M)

area of solar panel

mass of dust collected
Vd =

density of dust )
The majority of research publications quantify the amount of
dust on the panel as grams per meter squared and calculate the
power loss from the solar panel per gram of dust.
Geographically, different amounts of dust collect on the
panel. For instance, an Iranian experiment conducted in
Tehran revealed that the dust concentration on a local solar
panel (accumulated over the course of 70 days) ranges from
4.0599 g/m?to 10.3129 g/m® The rate of dust accumulation
across the Middle East and North Africa was estimated to be
about 0.3 g m?day [30]. If we contrast that figure with
Tehran's, 0.3x70=21 g/m? which is a reasonable amount
given that these areas contain the largest quantities of dust on
Earth [11].

Disadvantages of dust

The dust causes a negative impact, and some of the
disadvantages of dust's impact on PV performance as
tabulated in Table 3 [31]. Regular cleaning and maintenance
can help mitigate the disadvantages of dust impacts on PV
performance to ensure that the panels are generating as much
energy as possible.

Cleaning solar panels

To clean solar panels, there are a few well-known techniques.
One of these involves the use of tractors with water-cleaning
wipers, brushes, and cleaning wipers, and is carried out by the
Adani group in India [11]. However, the aforementioned
method uses a lot of water and physical labor, which is both
environmentally unsound and not profitable. Electrostatic dust
removal is a different method of cleaning solar panels that
uses a strong AC voltage to reject dust particles from dirty
solar panels [32]. In the Middle East and North Africa, where
dust accumulates over a period of three days, this has a
maximum cleaning efficiency of 100% when the dust
concentration is around 1 g/m? [29].

In comparison to the power generated by the solar cells, this
cleaning mechanism uses extremely little power. A1 mx1m
solar panel needs about 0.9 Wh of electricity to clean, and it
takes about 5 minutes.
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Table 3: Disadvantages of Dust Impacts on PV.

Disadvantages

Features

Reduced energy
output .

the panel.

Overheating

When dust accumulates on the panels, it reduces the amount of sunlight that can reach the solar cells.
It leads to a reduction in the amount of energy the panel can produce and can reduce the efficiency of

Dust can also act as an insulator and trap heat on the surface of the panel.

e This can cause the temperature of the panel to rise and reduce its efficiency as well as shorten the

lifespan of the solar cells.
Damage to the
surface .

panel.
Low maintenance

The accumulation of dust and debris on the surface of the panel can scratch or damage it.
It can affect the panel’s ability to absorb sunlight and can also impact the aesthetic appearance of the

Dust accumulation requires regular maintenance to ensure that solar panels are performing to their

best ability. Otherwise, there will be a decline in their performance over time.

Eg. (3) can be used to determine the portion of the energy
gathered by the panel that has to be used for cleaning (f) if we
assume that the power generated by the panel averages 120
W /m?over the course of 7 hours/day.

0.9

e . -4 = . Y 3
0% T X3 = L4310 (0.035%) 3)

f

Possible solution in future perspective

Some of the proposed solutions may implemented in order to
avoid the dust’s impact as tabulated in Table 4. Hence, self-
cleaning by ensuring regular maintenance and cleaning can
increase the lifespan of solar panels and promote sustainable
energy practices. This not only helps to reduce our reliance on
non-renewable fossil fuels but also decreases our carbon

footprint and contributes to a cleaner environment [35,36]. In
addition, promoting sustainable energy practices and
maintaining solar panels can also lead to job creation in the
renewable energy sector and stimulate economic growth.
Therefore, it is essential to prioritize sustainable energy and
take steps towards promoting it in our daily lives.

Where the value 3 indicates period of cleaning process in
day/clean.

Mega solar panels in arid environments can benefit from the
aforesaid cleaning procedure to become more effective [33].
Numerous approaches are still being investigated and
developed in order to maintain net positive power generation
and to be sustainable for the long term, even if more and more
power plant firms are cleaning their solar panels to prevent
dust settlement [34].

Conclusion
The energy sector has undergone enormous growth and

Table 4: Proposed solution for the impact of dust accumulation on solar panels.

Proposed solutions Explanation

o Cleaning the solar panels at regular intervals is an effective way to remove dust and debris.

e Depending on the local climate and dust levels, you may need to clean the panels every few
months or as needed.

e Use soft brushes, sponges, or microfiber cloths to avoid scratching the surface of the panels.

e Avoid using abrasive materials or harsh chemicals that could damage the panels

e Some solar panel installations incorporate automated cleaning systems that use robotic devices or

water jets to clean the panels automatically.

These systems can help reduce the maintenance effort and ensure optimal panel performance.

However, they may require additional investment during the initial installation.

e Mounting solar panels at an angle can help reduce dust buildup. When panels are tilted,

rainwater can wash away some of the dust naturally.

Additionally, wind can blow away loose debris. However, it's important to consider the local

climate and the optimal tilt angle for solar energy production when implementing this solution.

e Applying hydrophobic coatings to the surface of solar panels can make them less prone to dust

accumulation.

These coatings repel water and reduce the adherence of dust particles. While they can be

effective, the longevity of such coatings may vary, and periodic reapplication may be necessary.

e Depending on the local climate, weather conditions like rain or snow can naturally clean solar
panels. However, in dry or dusty regions, these weather events may be infrequent. Therefore, it's
important to account for these factors when determining the cleaning frequency and maintenance
requirements.

e When choosing the location for your solar panel installation, consider the surroundings. Avoid
areas with high levels of dust, such as construction sites or heavily polluted areas, if possible.

Regular Cleaning

Automated Cleaning
Systems .

Tilted Panel Mounting .

Hydrophobic Coatings e

Weather Conditions

Location _and ¢ If you have control over the surroundings, you can take measures like planting trees or installing
Surroundings barriers to reduce the amount of dust reaching the panels.
Mechanical Vibrator e Wind energy was transformed into mechanical energy i.e. vibration. The mechanical vibrator

attached to a panel produced harmonic excitation force to overcome the adhesive force between
the dust particles and the surface of the solar panel
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development on a global scale and attempts to improve
energy efficiency are now seen as necessary to build a power
generation infrastructure that is sustainable. The impact of
dust on solar photovoltaic performance is significant as it
reduces the efficiency of the panels by blocking sunlight and
reducing the amount of energy produced. Therefore, regular
cleaning of solar panels is crucial to maintaining the
efficiency of the system. If left uncleaned, the dust can
accumulate and cause permanent damage to the panels,
leading to costly repairs and replacements.

Author Contributions: “Conceptualization, Alshrif, Ahmed
and Khaleel; methodology, Alshrif, Nassar, and El-
Khozondar; writing—original draft preparation, review and
editing, Alsharif, Ahmed, Alhoudier and Esmail. All authors
have read and agreed to the published version of the
manuscript.”

Funding: “This research received no external funding.”

Data Availability Statement: “The data are available at
request.”

Acknowledgments: "The authors would like to express their
appreciation to the Research Center for Renewable Energy
and Sustainable Development, Wadi Alshatti University,
Brack-Libya."

Conflicts of Interest: “The authors declare no conflict of
interest.”

References

[1] Y. Nassar, K. Aissa, S. Alsadi, "Air Pollution Sources in
Libya," Research & Reviews: Journal of Ecology and
Environmental Sciences, 6(1): 63-79, 2018.

[2] Y. Nassar, H. El- Khozondar, N. Abohamoud, A. Abubaker, A.
Ahmed, A. Alsharif, M. Khaleel, "Regression Model for
Optimum Solar Collectors' Tilt Angles in Libya,” in the 8th
International Engineering Conference on Renewable Energy &
Sustainability (ieCRES 2023), May 8-9, 2023, Gaza Strip,
Palestine.

[3] A. Maka, S. Salem, M. Mehmodd, "Solar photovoltaic (PV)
applications in Libya: Challenges, potential, opportunities and
future perspectives,” Cleaner Engineering and Technology,
5(6):100267, 2021.

[4] E. Endaya, C. Sansom, P. Comley, H. Almond, E. Dekam, M.
Abdunnabi, "Simulation of the effect of Libyan sand on the
reflectance surface of CSP," Solar Energy and Sustainable
Development Journal, 8(2): 50-63, 2019.

[5] A. Mohamed and A. Hasan, “Effect of Dust Accumulation on
Performance of Photovoltaic Solar Modules in Sahara
Environment,” J. Basic. Appl. Sci. Res, 2(11): 1030-11036,
2012.

[6] K. Amer et al., Power Losses on PV Solar Fields: Sensitivity
Analysis and A Critical Review, International Journal of
Engineering Research & Technology (IJERT), 9(9):1000-1007,
2022.

[7]1 S. Alsadi, Y. Nassar, "A general expression for the shadow
geometry for fixed mode horizontal, step-like structure and
inclined solar fields," Solar Energy, 181: 53-69, 2019.

[8] Y. Nassar, A. Salem, "The reliability of the photovoltaic
utilization in southern cities of Libya," Desalination, 209(1-3):
86-90, 2007.

[9] V. Maurya, R. Mathur, G. Nahar, N. Kumawat, "Analysis of
efficiency losses in solar cell,” Journal of Emerging
Technologies and Innovative Research (JETIR), 5(9): 196-203,
2018.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Y. Nassar, Solar energy engineering, active applications, Sebha
university publications, Libya, 2006.

H.Khalid et al., “Dust accumulation and aggregation on PV
panels: An integrated survey on impacts, mathematical models,
cleaning mechanisms, and possible sustainable solution,” Solar
Energy, 251: 261-285, 2023.

A. Kazem, M. Chaichan, and H. Kazem, “Dust effect on
photovoltaic utilization in Iraq: Review article,” Renewable
and Sustainable Energy Reviews, 37(9): 734-749, 2014.

J. Yamnenko, K. Osypenko, and B. Hnatyuk, “Modeling of the
solar panel diesel-generator system stability,” Proceedings -
EPNet 2016, Electric Power Networks, 1-4, 2017,

M. Raugei, A. Hutchinson, and D. Morrey, “Can electric
vehicles significantly reduce our dependence on non-
renewable energy? Scenarios of compact vehicles in the UK as
a case in point,” J Clean Prod, 201: 1043-1051, 2018.

M. Kamal, A. Mohammad, 1. Ashraf, and E. Fernandez, “Rural
electrification using renewable energy resources and its
environmental impact assessment,” Environmental Science and
Pollution Research, 2022.

H. El-Khozondar, R. El-Khozondar, and K. Matter,
"Parameters influence on MPP value of the photo voltaic cell,”
in the International Conference on Technologies and Materials
for Renewable Energy, Environment and Sustainability -
TMREES15, 17-20 February 2015, Lebanon.

K. Matter, H. ElI-Khozondar, R. ElI-Khozondar, and T. Suntio,"
Matlab/Simulink Modeling to study the effect of partially
shaded condition on Photovoltaic array's Maximum Power
Point", International Research journal of engineering and
Technology, 2(2):697-703, 2015.

R. Mustafa, M. Gomaa, M. Al-Dhaifallah, and H. Rezk,
“Environmental Impacts on the Performance of Solar
Photovoltaic Systems,” Sustainability, 12(2): 608, 2020.

D. Icaza, D. Borge-diez, and S. Galindo, “Modeling and
Simulation of a Hybrid System of Solar Panels and Wind
Turbines for the Supply of Autonomous Electrical Energy to
Organic Architectures,” Energies, 13(18): 4649, 2020.

A. Alsharif, R. Jomah, A. Alshareef, M. Almihat, A. Salah,
and A. Al Smin, “Hybrid Systems Renewable Energy Based
Street Lighting Planning: A Case Study,” African Journal of
Advanced Pure and Applied Sciences (AJAPAS), 1(1): 31-40,
2022.

S. Alsadi and T. Khatib, “Photovoltaic Power Systems
Optimization Research Status: A Review of Criteria,
Constrains, Models, Techniques, and Software Tools,” Applied
Sciences, 8(10): 1761, 2018.

Y. Nassar, H. El-khozondar, G. Ghaboun, M. Khaleel, Z.
Yusupov, A. Ahmed, and A. Alsharif, “Solar and Wind Atlas
for Libya,” International Journal of Electrical Engineering
and Sustainability (IJEES), 1(3): 27-43, 2023.

M. Khaleel, A. Alsharif, and I. Imbayah,“Renewable Energy
Technologies: Recent Advances and Future Predictions,”
African Journal of Advanced Pure and Applied Sciences
(AJAPAS), 1(1): 31-40, 2022.

M. Khan, M. Ali, S. Qaisar, M. Naeem, C. Chrysostomou, and
M. Igbal, “Placement Optimization for Renewable Energy
Sources: Ontology, Tools, and Wake Models,” IEEE Access, 8:
72781-72800, 2020.

M. Foroutan, G. Steinmetz, J. R. Zimbelman, and C. R.
Duguay, “Megaripples at Wau-an-Namus, Libya: A new
analog for similar features on Mars,” Icarus, 319(5): 840-851,
2019.

A. Alsharif et al., “Applications of Solar Energy Technologies

Wadi Alshatti University Journal for Pure & Applied Science, vol. 1, no. 1, July-December 2023

Page 26


https://www.sciencedirect.com/journal/desalination

Alsharif, et al.

[27]

(28]

[29]

[30]

[31]

in North Africa: Current Practices and Future Prospects,”
International Journal of Electrical Engineering and
Sustainability (1JEES), 1(3): 164-174, 2023.

A. Ahmed, M. Belrzaeg, Y. Nassar, H. El-khozondar, and M.
Khaleel, “A comprehensive review towards smart homes and
cities considering sustainability developments, concepts, and
future trends,” World Journal of Advanced Research and
Reviews, 19(1): 1482-1489, 2023.

A. Elbreki, F. Mohamed, and M. Almaktar, “A novel passive
cooling for photovoltaic module temperature reduction using
truncated fins: simulation study,” in 2022 IEEE 2nd
International Maghreb Meeting of the Conference on Sciences
and Techniques of Automatic Control and Computer
Engineering (MI-STA), IEEE, 668-672, 2022.

T. Rahman et al.,, “Investigation of Degradation of Solar
Photovoltaics: A Review of Aging Factors, Impacts, and
Future Directions toward Sustainable Energy Management,”
Energies (Basel), 16(9): 3706, 2023.

M. Almaktar, A. Elbreki, and M. Shaaban, ‘“Revitalizing
operational reliability of the electrical energy system in Libya:
Feasibility analysis of solar generation in local communities,”
J Clean Prod, 279: 123647, 2021.

A. Alsharif et al., “Impact of Electric Vehicle on Residential
Power Distribution Considering Energy Management Strategy
and Stochastic Monte Carlo Algorithm,” Energies (Basel), vol.

[32]

[33]

[34]

[38]

[36]

16, no. 3, p. 1358, Jan. 2023, doi: 10.3390/en16031358.

Y. Kassem, H. Camur, and R. A. F. Aateg, “Exploring Solar
and Wind Energy as a Power Generation Source for Solving
the Electricity Crisis in Libya,” Energies (Basel), vol. 13, no.
14, p. 3708, Jul. 2020, doi: 10.3390/en13143708.

D. Kaskaoutis et al., “Analysis of intense dust storms over the
eastern Mediterranean in March 2018: Impact on radiative
forcing and Athens air quality,” Atmos Environ, vol. 209, no.
January, pp. 23-39, Jul. 2019, doi:
10.1016/j.atmosenv.2019.04.025.

E. Algadhi et al,, “An Assessment of Renewable Energy
Sources (RES) Potential in Libya: An Overview,” in
Proceedings of the Proceedings of the 1st International Multi-
Disciplinary Conference Theme: Sustainable Development and
Smart Planning, IMDC-SDSP 2020, Cyperspace, 28-30 June
2020, EAI, 2020. doi: 10.4108/eai.28-6-2020.2298171.

Y. Nassar, M. Salem, K. lessa, |. AlShareef, K. Amer, M.
Fakher. "Estimation of CO, Emission Factor for the Energy
Industry Sector in Libya: A Case Study,” Environment,
Development and Sustainability, 23: 13998-14026, 2021.

A. M. Makhzom, K. R. Aissa, A. A. Alshanokie, Y. F. Nassar,
and H. J. El-khozondar, “Carbon Dioxide Life Cycle
Assessment of the Energy Industry Sector in Libya: A Case
Study,” International Journal of Electrical Engineering and
sustainability, 1(3): 145-163, 2023.

Wadi Alshatti University Journal for Pure & Applied Science, vol. 1, no. 1, July-December 2023

Page 27



