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Abstract: This paper deals with the influence of solar modules soiling on their
energy efficiency. Soiling is the term used to describe the deposition of dust on solar
modules. Dust, most often contains organic minerals and particles which result from the
burning of fossil fuels, etc. In research studies investigating the influence of dust on the
solar modules efficiency in the world, in the Solar Energy Laboratory at the Faculty of
Sciences and Mathematics in Nis, and in the Solar Energy Laboratory at the Academy of
Sciences and Arts of the Republic of Srpska, it was concluded that all types of dust
negatively affect the energy efficiency of solar modules, with ash, limestone (calcium
carbonate), red soil and sand (silicon dioxide) having the greatest impact.
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1. INTRODUCTION

Since the major energy crisis in 1973
renewable energy sources (solar, wind, geothermal
energy, etc.) are increasingly being used. Solar cells
of monocrystalline, polycrystalline and amorphous
silicon and other materials are used to convert solar
radiation into electricity. Systems for photovoltaic
conversion of solar radiation are applied in
households, agriculture, industry, etc. Solar modules
are often installed on the roofs of the residential and
commercial buildings, and sometimes they are
integrated as roofing and facade elements.

The performance of solar modules is
influenced by various factors such as: material from
which the module is made, solar module tilt angle,
the intensity of solar radiation falling onto the
surface of the module, module surface soiling, its
temperature, etc. The lifetime of solar modules is
estimated at 30 years. Due to the ageing of solar
module materials, their energy efficiency decreases
by 0.5-1.0% per year. Metal frames of solar modules
can eventually corrode under the atmospheric
influences, dirt, bird droppings, etc. [1-3].
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2. SOLAR MODULES SOILING

Soiling is the term used to describe the
deposition of dust (dirt) on solar modules. Soiling of
solar modules is particularly problematic in dry
areas where the amount of dust in the air is high and
the amount of precipitation is low. Solar radiation is
absorbed and scattered on dust that exists in
atmospheric air, but it is also absorbed and scattered
on the dust deposited on solar modules, resulting in
decrease in the intensity of solar radiation that
reaches solar cells. This may cause the entire PV
system to be difficult to operate and that less
electrical energy is generated.

Soiling includes not only the deposition of
dust, but also the deposition by plant products, salts,
bird droppings, the growth of organic species, etc,
which negatively affects the performance of solar
modules.

Reducing the efficiency of solar modules due
to their soiling depends on the area in which they are
located and on the climate characteristics of the area
[1-12].

Generally, dust is a mixture of different
pollutants characteristic of a particular geographical
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area. The word dust represents a general term for
particles of any matter of diameter less than 500 um.
The important characteristics of dust are the size and
distribution of its particles, density, shape, chemical
composition, etc. The size and shape of dust
particles, as well as the behavior of deposits and the
rate of dust accumulation depend on the
geographical location, climate conditions and
urbanization of a particular site.

Depending on the location, the chemical
composition of the dust and its quantity on solar
modules can vary significantly. Dust most often
contains organic minerals (mostly sand (quartz) and
eroded limestone (calcite), and somewhat less
dolomite and clay, etc.) and particles that result from
the burning of fossil fuels, but dust can also contain
small quantities of pollen and fungi, bacteria,
vegetation, microfibers, etc.

Dust in the air is mainly composed of silicone
because it is a chemical element that is most
represented in the Earth's crust. Dust contains mostly
oxygen and calcium, and slightly less aluminum,
iron, magnesium, carbon, potassium, sodium, sulfur,
chlorine, etc. Calcium in the dust mainly comes
from industrial activities (e.g. cement factories), and
partly from the permanent construction activities and
degradation of building elements. There are many
exceptions, bearing in mind that dust composition
depends heavily on local conditions
[1,2,7,9,11,13-18].

3. AN OVERVIEW OF THE IMPACT OF
DUST ON SOLAR MODULES
PERFORMANCE IN THE WORLD

In the papers that can be found in the
available literature results of the influence of dust on
solar modules performance are given. These studies
are of a comparative type, i.e. they were comparing
the characteristics of clean and soiled solar modules.
The impact of dust deposition was tested outside or
indoors. Research studies cited in the literature
examined the effects of the natural and artificial
dust. In this research, various types of dust were
used: carbon, cement, calcium carbonate, ash, soil,
sand, sandy soil, clay, talc, fine and coarser dust
from the air, etc. [1,2,7,9,12,16,17,19,20].

El-Shobokshy and Hussein [21] were among
the first to examine the effect of dust on the solar
modules energy efficiency. They performed research
in laboratory conditions, during which experimental
parameters could be maintained, measured and
reproduced. The purpose of their experiment was to

investigate physical properties of dust particles
deposited on solar modules surface, and then study
the effect of dust on the degradation of solar
modules performance. In this study three types of
"laboratory-defined"” dust, which are often present in
the atmosphere, were used: limestone, cement and
carbon. The laboratory experiment was carried out
using 1000 W tungsten-halogen lamps with a
radiation intensity of about 195 W/m? on the
monocrystalline  silicon module surface. El-
Shobokshy and Hussein have concluded that the
degradation of solar modules performance depends
on the deposition of dust, on the type of dust and on
the distribution of the size of its particles. The
accumulation of fine dust (dust particles of smaller
dimensions) on the solar modules surface has a
much greater negative impact on their performance
than the accumulation of coarser dust (dust particles
of larger dimensions).

This is due to the fact that particles of finer
dust are distributed more homogeneously than
particles of coarser dust so that the space between
particles through which light can pass in finer dust is
smaller than in the coarser one. It has also been
observed that the type of dust affects solar modules
performance. For example, carbon particles absorb
solar radiation more than limestone and cement
[1,2,16,21].

Meijia and Kleissl [22] examined the effect of
dust on solar modules efficiency installed at
different angle of inclination on 186 different
locations in the United States. Meijia and Kleissl
concluded that the decrease in solar modules
performance set at small tilt angles (less than 5°) was
higher, whereby the characteristics of the location
were not significant [22,23].

Hammond et al. [24] concluded that bird
droppings pose a greater problem for the cleaning of
solar modules than dust, partly because the rain
cannot completely remove it [4,16,24].

All research studies have concluded that all
types of dust adversely affect solar modules energy
efficiency, but that ash, limestone (calcium
carbonate), red soil and sand (silicon dioxide) exert
the greatest influence [1,2,12].

Although sometimes in research studies that
examine the impact of dust on solar modules energy
efficiency contradictory results can be found, these
studies are very important because they show that
the composition of dust differs at different locations
in the world, and that the effect of dust on solar
modules efficiency is also different in different parts
of the world, which represents a good basis for
further, more advanced research, etc. [16].
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4. AN OVERVIEW OF THE IMPACT OF
SOILING ON SOLAR MODULES
PERFORMANCE IN SERBIA AND THE
REPUBLIC OF SRPSKA

Bearing in mind the importance that the world
assigns to investigating the effects of soiling on solar
modules performance, in 2015 the Laboratory for
Solar Energy at the Faculty of Science and

Figure 1. SEM image of carbon particles at 35x
magpnification [2]
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Figure 3. SEM image of CaCO particles at 50x
magnification [2]

Figure 1 shows that the carbon particles are
distributed homogeneously and densely so that the
space between the particles through which the light
can pass is very small. Figure 2 shows that the
carbon particles have a leaf structure, are of small
thickness, with a diameter of about 30 um. Figure 3
shows that the particles of calcium carbonate are
distributed homogeneously, but the space between

Mathematics in Nis launched research on the

influence of soiling on solar modules performance.
In relation to the abovementioned, one doctoral
dissertation was defended and 6 scientific papers
were published.

Figure 1-4 show photos of some of the
examined polutants obtained by scanning electronic
microscope at the Medical Faculty of Nis.

magpnification [2]

%

AT.06886

IakU

Figure 4. SEM image of CaCOg3 particles at 7500x
magnification [2]

the particles through which light can pass is larger
than that of carbon particles. Figure 4 shows that
calcium carbonate particles have a cubic structure,
and their diameter is about 30 um [1,2].

In previous research studies on the impact of
soiling on solar modules energy efficiency in the
Republic of Srpska, the analysis of the previous
research in this field in the world and the installation
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of the system for experimental measurements in the
Laboratory for Solar Energy in the Academy of
Sciences and Arts of the Republic of Srpska were
conducted. Regarding this, in 2019 construction of
an experimental set of six same solar modules and
measuring equipment for the investigation of solar
module energy efficiency versus soiling with natural
and artificial pollutants were started.

5. CLEANING AND MAINTENANCE OF
SOLAR MODULES

Due to the soiling of solar modules, their
occasional cleaning must be done.

Figure 5. Manuelleaning ofsoar modules []

Water
Jets

Figure 7. Nozzle system: 1) solar module, 2) pipeline
with nozzles [27]

Solar modules can also be cleaned by a
mechanical brush system similar to windshield
wipers on vehicles. In this way, the bird droppings
cannot be cleaned, nor the adhesive dust that is
cemented to the surface glass of the solar module
due to high humidity.

Some glass manufacturers offer special anti-
soiling coatings for cover glasses of solar modules.
Coatings can be hydrophobic and hydrophilic.

One of the most effective methods for
cleaning solar modules is the use of self-cleaning

Cleaning solar modules is performed in
different ways and using different means. The most
efficient cleaning agent for solar modules is water.
Pressure or brush water is used to remove adhesive
or muddy dirt. In rainy seasons, rain removes all
dust from solar modules. However, in periods
without rain (for example, in summer) accumulation
of dust on the surfaces of solar modules in some
areas of the world can cause daily losses of over
20%.

Solar module cleaning can also be done using
an air compressor. The air compressor draws dust
from solar modules, with some of the dust particles
lifted in the air and hovering above the solar
modules, so this cleaning method is suitable for
small systems.

Figure 6. Cleaning solar modules with water under
pressure and brush [26]

Figure 8. Cleaning solar modules with a mechanical
brush system [25]

nano-films from super-hydrophilic substances such
as TiO,.

In order to maximize the energy efficiency of
solar modules, it is necessary to periodically clean
them to remove the dirt deposited on their surfaces.
There are general recommendations for proper
cleaning and maintenance of solar modules
depending on the climate conditions in which they
are located.
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Solar modules should not be cleaned too often
to prevent damage to their protective glass
[1,2,4,7,25-27].

6. CONCLUSION

The performance of solar modules is
influenced by various factors such as: material from
which the module is made, solar module tilt angle,
the intensity of solar radiation falling onto the
surface of the module, module surface soiling, its
temperature, etc. Reducing solar modules’ efficiency
due to their soiling depends on the characteristics of
the area. Dust represents a mixture of different
pollutants characteristic of a particular geographical
area. The size and shape of dust particles depend on
the geographical location, climate conditions and
urbanization of a particular site. The chemical
composition of the dust and its quantity on solar
modules can vary significantly, depending on the
location. Dust most often contains organic minerals
(mostly sand and calcite) and particles that result
from the burning of fossil fuels, but dust can also
contain small quantities of pollen and fungi,
bacteria, vegetation, microfibers, etc.

In papers that can be found in literature, as
well as in published papers based on the research
conducted in the Laboratory for Solar Energy at the
Faculty of Natural Sciences and Mathematics in Nis,
and in the Laboratory for Solar Energy in the
Academy of Sciences and Arts of the Republic of
Srpska, the results of the investigation of the
influence of dust on solar modules efficiency were
given. In these studies, a comparison of the
characteristics of clean and soiled solar modules was
made, and it was concluded that all types of dust
adversely affect solar modules energy efficiency, but
that ash, limestone (calcium carbonate), red soil and
sand (silicon dioxide) exert the greatest influence.

In the Laboratory for Solar Energy at the
Faculty of Science and Mathematics in Nis one
doctoral dissertation was defended and 6 scientific
papers were published relating to the influence of
soiling on solar modules efficiency.

In previous research studies on the impact of
soiling on solar modules energy efficiency in the
Republic of Srpska, the analysis of the previous
research in this field in the world and the installation
of the system for experimental measurements in the
Laboratory for Solar Energy in the Academy of
Sciences and Arts of the Republic of Srpska were
performed. The formation of experimental setup for
energy efficiency of soiled solar modules measuring
iS in progress.

Due to the solar modules soiling, their
occasional cleaning must be done and the most
efficient cleaning agent is water. In order to
maximize solar modules energy efficiency, it is
necessary to periodically clean them to remove the
dirt deposited on their surfaces.
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YTULIAJ ITPJBABA COJTAPHUX MOJYJIA HA BUXOBY EHEPI'ETCKY EOUKACHOCT

Amncrpakrt: OBaj pag ce 0aBu yTUIajeM MpJbaka COJAPHUX MOIYyJa HAa HHXOBY
eHepreTcky edukacHoct. [IpJpame je u3pa3 Koju ce KOPHCTH Kako OU ce OIMUCalo MaIarmbe
MpalmiHe Ha cojapHe Moxyine. [lpammHa, Hajuemthe caIp:Kd OpraHCKe MHHEpale |
YECTHIIE KOje Cy MOCJheINIIa caropujeBama GOCUIHUX TOPUBA, UTH. Y HUCTPAKUBAHUMA Y
KOjUMa Ce aHaIM3upa YTHIlA] TpaliiHe Ha e(pUKacHOCT COJNIApHUX MOAYJNa Yy CBHUjETY, Y
JlaGoparopuju 3a conapHy eHeprujy Ha [IpuponHo-maremarnakom ¢dakynrery y Humy u 'y
JlaGopatopuju 3a coylapHy eHeprujy Ha AKaJeMuju Hayka W yMjeTHocTH PemyOnmke
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Cpricke, 3akJbydeHO je 1a CBE BpPCTE MpAlllMHE HEraTUBHO YTHYY HAa EHEPreTcKy
e(pUKACHOCT CONIAPHUX MOJYJa, C TUM IITO Tereo, Kpeumak (KaIujyM-KapOoHar), IjpBeHa
3eMJba U MUjecak (CIIUIM]yM-THOKCH) UMa]y HajBehu yTHIIa].

Kibyune pujeun: conapHu MOJyIH, NIpJbatbe, MpalivHa, eHepreTcka e(hpUKacHOCT.
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