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ABSTRACT

Desertification and industrial pollution environment can significantly degrade photovoltaic cells performance. 
Accumulated dust on the surface of a photovoltaic module can partially hinder incident light and consequently 
degrade optical to electrical energy conversion. Dust properties play a major role in deteriorating solar system 
performance. Thus, this paper presents extensive investigations on the UV- absorbance, light transmittance and 
reflectance through an accumulated dust layer. Dust characterization; focusing on its spectral and crystallographic 
properties of three types of dust (Graphene, Silica, and natural), was carried out to evaluate the degradation rate of 
the output power for three types of solar PV modules (monocrystalline, polycrystalline, and thin-film). 
Spectrophotometric analysis was conducted to determine UV light absorbance and light transmittance through the 
three types of dust. X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) tests were conducted to 
evaluate the effect of dust crystallinity on light reflectance. A lab-scale setup was used to examine the performances 
of the three solar PV modules under clean and polluted conditions. Results indicated that Graphene dust exhibits 
severe UV light absorbance, and its crystalline form increases light reflectance from the surfaces of the modules. 
However, Silica and natural dust showed a little UV absorbance. Among the three types of the solar PV modules, 
thin-film panel showed the highest degradation under polluted conditions as compared to the other modules. 
Therefore, thin film solar module is not recommended for areas with high density of dust.
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INTRODUCTION

Recently, solar energy utilization through photovoltaic 
(PV) technology has been widely expanding. PV cells 
directly convert sunlight energy into electricity with ever 
decreasing in manufacturing costs (Chanchangi et al. 
2020). However, the accumulation of dust on the surface 
of a PV module negatively impacts its output power (Costa 
et al. 2018). The effect of dust on the PV performance 
depends on many factors; dust mass density accumulated 

on the PV module surface, dust particle size, and dust 
characteristics (Hussain et al. 2017; Fountoukis et al. 2018). 
Extensive performance analysis of PV modules under dust 
accumulation conditions were performed (Darwish 2013). 
The effect of the physical and chemical properties of the 
dust on the PV module performance was backdated to 1993 
(El-Shobokshy and Hussain 1993). An indoor laboratory 
study showed that 30-40% reduction in output power of 
PV modules was observed due to six different types of dust 
spread on their surfaces (Kazem and Chichan 2019). 
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Alnasser et al. (2020) sprayed 100 g/m2 of sand, cement, 
and gypsum powders on PV modules to investigate the PV 
performance degradation under opaque layer of dust. The 
results showed that 12%, 14%, and 9% output power drop 
were noticed for the sand, cement, and gypsum powders 
respectively. Chen et al. (2020) observed two main types 
of dust in east of China (SiO2 and CaCO3) that accumulate 
up to 0.664 g/m2 resulting in 7.4% reduction in PV output 
power.

Recent investigations in four Iraqi districts (Baghdad, 
Najaf, Karbala, and Fao) were performed to evaluate the 
effect of both natural and urban-based dusts on solar 
systems performance. The study demonstrated a time-
dependent and a non-linear degradation in the output power 
of the PV modules (Chaichan et al. 2020). Average 
degradation rate for PV modules was reported by Saidan 
et al. (2016) to be 6.24% for a daily dust deposition, 11.8% 
per one week, and 18.74% for one month in Baghdad city. 
The degradations were reported to be a dust-type dependent 
indicating the necessity to study the effect of the desert-
based and urban-based dusts on the PV modules (Hassan 
et al. 2017).  Many researchers have committed to 
investigate the effect of dust composition and characteristics 
on the PV module performance (Styszko et al. 2017; 
Fujiwara et al. 2011; Bi et al. 2013; Sarver et al. 2013). 
The source of the urban-based dust is industry and fuel 
combustion for transportation and electricity generation 
(Benatiallah et al. 2012; Pang et al. 2006). Urban-based 
dust is consisted of fine particles (less than 50 µm) and 
shows greater adhesion to the surfaces of PV modules (El-
Shobokshy and Hussain 1993; Hinds 1999). It was 
concluded that carbon particles can reduce the power output 
of the PV module by 90% when the deposition density of 
the carbon dust was 25 gm/m2. Natural dust is a soil-
sourced and its characteristics vary from region to region. 
Sulaiman et al. (2011), Khatib et al. (2013), and John et al. 
(2016) studied many types of natural dusts and found that 
limestone, Calcium carbonate, Silica, Sand, and Red Soil 
had major deterioration effects on the power output of the    
PV modules due to their chemical, electrostatic, and charge 
distribution properties. 

Comparison studies for different types of PV modules 
(monocrystalline and polycrystalline PV modules) under 
accumulated dust layer were researched by Ndiaye et al. 
(2013). Both monocrystalline and polycrystalline modules 
showed a power reduction of 17.75% and 18.02% 
respectively. Bashir et al. (2015) and Ali et al. (2016) 
investigated the effect of temperature on the performance 
of three types of PV modules (monocrystalline, 
polycrystalline, and single-junction amorphous silicon).  
They concluded that degradation rate increases with 
temperature increase and the single-junction amorphous 
silicon showed the highest performance ratio. 

Literature shows that the performance of a PV module 
is a complex task. Most of the available information focuses 
on the effect of the dust mass density and dust particle size 
on the performance of the PV modules. Although XRD, 
XRF, and SEM tests were considered by Darwish et al. 
(2021) to investigate the effect of the dust morphology on 
the performance of the PV modules, but, to the best 
knowledge of the authors, dust morphology characteristics 
have less effect on the PV module performance than the 
dust spectral characteristics. Dust spectral characteristics 
determine the percent of the incident radiated energy 
absorbed by the dust particles resulting in a partial energy 
absorbance by the PV cells. Previous studies tried to relate 
chemical and physical characteristics of dusts with the 
degradation of PV modules Chanchangi et al. (2020), 
Kazem and Chaichan (2016), Kasmerski et al. (2016). 
However, to the best knowledge of the authors, none of 
the previous works has adequately performed 
spectrophotometric analysis to determine the capacity of 
dust particles to absorb incident radiation energy. Most of 
the previous work focused on the effect of opacity to hinder 
optical to electrical energy conversion. This work has 
managed to identify spectral conductive and spectral 
insulating dusts and their tendency to absorb incident 
radiation energy highlighting the novelty of this research. 
The previous researches extensively investigated the 
impact of dust properties (chemical and physical properties) 
on the rate of formation of dust layer on the surface of the 
PV modules. Li Yang and Irina Harun (2022) developed a 
framework for decision-makers to select a renewable 
energy option and to identify critical issues before 
implementing the selected option. The substantial 
conclusion of most of the previous research is related to 
the effect of the dust mass density (dust layer thickness) 
on the PV module performance. While the main conclusion 
of this research is related to the spectral conductivity of 
dust particles and their effectiveness in absorbing radiation 
energy.

This paper aims to investigate the effect of the spectral 
characteristics of Graphene, Silica, and natural dust on the 
performance of the PV cells. The study tried to measure 
the incident radiation absorbance and transmittance for the 
three types of dust within the Ultraviolet (UV), Visible 
(VIS), and Infrared (IR) spectra. It was observed that the 
high absorbance of incident radiation by the Graphene 
powder at the UV spectrum was independent of the 
thickness of the Graphene dust layer. While Silica and 
natural dust showed lower absorbance within the UV 
spectrum.  The spectrally semi conductive materials (such 
as Graphene) have higher tendency for light absorbance 
than spectrally insulating materials (such as Silica and 
natural dust). The spectral semi conductive materials are 
easily excited when exposed to radiation and an atomic 
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electron transition (jump) takes place leading to considerable 
absorbance of radiation energy. It was also found that 
Graphene disperses in neighbouring atmosphere and 
deposits as fine particulates on the surfaces of PV modules 
causing large absorbance of incident radiation regardless 
of its mass density. Therefore, the dispersion of the 
Graphene particles affects the site selection for PV modules 
installation. Air dispersion model based on the Gaussian-
plume model was adopted in this study to predict the 
downwind and crosswind dispersion of the Graphene in 
neighbouring areas. Therefore, the novelty of this work is 
related to including the spectral characteristics of dust and 
dust dispersion domain in selecting sites for solar systems 
installation and construction. The site selection process for 
the solar system installation focuses on two main 
parameters: Conducting spectrophotometric analysis for 
the prevailing dusts in areas picked out for solar system 
installation to identify spectral semi conductive dusts. 
Therefore, mapping the dispersion and deposition of the 
semi conductive dust particles, is recommended to set dust 
dispersion boundaries of avoidance before the installation 
of PV modules.

METHODOLOGY

DISPERSION AND DEPOSITION MODEL

The dispersion of industrial dust particles depends on; 
emission rate, wind speed, plume rise, and atmospheric 
stability conditions [Macdonald, R., 2003].  Axial 
(downwind), horizontal (crosswind) and vertical dispersion 
of dust particles is promoted by advection and random 
wind perturbations. Graphene and carbon-based particles 
are considered the most adverse dust for PV modules. The 
rate of dispersion of the Graphene dust particles was 
calculated using Gaussian-plume model Macdonald 
(2003).
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Where; :Q  source emissions rate of particulate (gm/s), 
:U  wind speed (m/s), 

(gm/s), wind speed (m/s),
:yσ   Crosswind dispersion coefficient (m), Vertical 

dispersion coefficient (m), :H effective stack height (m) = 
HH s ∆+  :sH  stack height (m), :H∆  Plume rise (m)

(2)

 

(3)

(4)

Where; F: bouncy flux, Vs: stack exit velocity (m/s),  
d: top inside stack diameter (m), Ts: stack gas temperature 
(K),  Ta: ambient temperature (K), g: gravity (m/s2), yσ  
and zσ  are strong functions of downwind distance (x) 
and atmospheric stability and can be determined from 
specific monographs or empirical equations.

The deposition rate is estimated using the following 
formulas Klassen et al. (1999):

(5)

(6)

Where; :N deposition rate (gm/m2s), :U wind 
velocity (m/s),  :αC  Graphene concentration (gm/m3), 

:η impact efficiency of PV surface,  :tD PV module 
thickness (m),  :iU Particle velocity (m/s), :S Graphene 
particle diameter (m), :F  unit flux of air arriving per unit 
area at 1 m/s = 1

The deposit rate of the Graphene particles on the 
surface of the PV module was related to dispersion model 
and estimated using Microsoft Excel program. Then, the 
area of dispersion of the Graphene particles and the dust 
layer thickness on the surface of the PV module are 
calculated. To validate the model, a lab-scale setup was 
used to determine the effect of the Graphene, Silica, and 
natural dusts on the output power of three types of PV 
modules (monocrystalline, polycrystalline, and thin-film 
modules).

MATERIALS AND LABORATORY TESTS

SPECTROPHOTOMETRIC TESTS

Spectrophotometric measurements for Graphene, Silica, 
and natural dust were carried out using Holmarc UV/VIS/
IR spectrophotometer with variable angle laser Ellipsometer. 
Standard glass sheets were first tested (no dust deposition) 
to measure their actual transmittance level. Then each type 
of dust was deposited in two different thickness layers. 
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Each sample was subjected to complete spectrum 
absorbance and transmittance tests. The absorbance and 
transmittance of each sample within the UV (Ultraviolet), 
VIS (Visible), and IR (Infrared) were measured to identify 
the degree of transmittance for each sample. Absorbance 
coefficient and energy gap for each sample were also 
determined to identify the semi conductivity of each dust. 
The absorbance coefficient is a measure of the attenuation 
of light intensity passing through the layer. The energy gap 
is a measure of energy required to promote a valence 
electron that attached to an atom.

CRYSTALLOGRAPHIC ANALYSIS

Two imaging techniques (SEM and XRD) were used to 
study the morphology of deposited layers of three types of 
dust (Graphene, Silica, and natural dust). SEM is simply 
defined as a highly focused beam of electrons released 
from an electron gun and projected on a small spot of a 
sample. The sample emits high energy electron from its 

surface after being exposed to a focused beam of electrons. 
SEM tests were carried out using TESCAN VEGA III at 
the Nanotechnology and advanced material research center, 
University of Technology – Baghdad.  XRD analysis was 
conducted to identify the crystallography of three types of 
dust (Graphene, Silica, and natural dust) using Shimadzu 
X-6000 diffract meter at the Nanotechnology and advanced 
material research center, University of Technology – 
Baghdad. The crystalline phases and the chemical 
compositions of the three types of dust were identified by 
means of X-Ray Diffract meter.

PV PERFORMANCE MEASURING 
ARRANGEMENT

 Three types of lab-scale solar panels (monocrystalline, 
polycrystalline, and thin-film panels) were used to 
investigate the effect of three types of dust on their 
performances.  Table 1 demonstrates the characteristics of 
the three lab-scale solar panel.

TABLE 1. General Characteristics of lab-scale monocrystalline, polycrystalline, and thin-film PV modules
Thin-film crystalline silicon panelPolycrystalline

Silicon panel
Monocrystalline

Silicon panel
CharacteristicsNo.

Copex Solar SWF-20WCopex Solar SFPVP-20Copex Solar SFM-20Model1
202020Max Power (w)2

± 5%± 3%± 3%Tolerance3
18.681818Voltage (V)4
1.071.111.11Current (A)5
22.321.621.6Open circuit voltage (V)6
1.131.221.22Short circuit current (A)7
0.521.9Weight (kg)8

645x285x18645x285x18645x285x18Dimensions (mm)9

To evaluate the effect of dust deposition on the output 
power of PV modules, a Photovoltaic Solar Energy 
Modular Trainer (EDQUIP) at Al Furat Al Awsat Technical 
University (FATU) was used. The set-up consists of; ED-
9710-4 Central Communication Module, ED-9710-3 
Energy Storage Module, ED-9710-2 DC/AC Inverter 
Module, Sun Simulation Module (variable light intensity 
bulb), DC Voltage meter, DC Current meter, Modified 
Sinewave AC Voltage meter, Modified Sinewave AC 
Current meter, and Solar Panel horizontal mounting deck. 
For the purpose of digital data logger, an interface through 
ARDUINO Card with 16 MHZ processor was implemented. 
The card consists of; 2KB SRAM& 32KB FLASH 
memory, 14 digital I/O, and 6 analog I/O, Voltage Sensor, 
and Current Sensor. The set-up is shown in Figure1.

FIGURE 1. Photographic Image of the set-up

The three modules (monocrystalline, polycrystalline, 
and thin-film PV modules) were horizontally and 
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sequentially mounted directly 100 cm under a fixed load 
solar radiation simulator of 1000 watt/m2. For each 
module; measurements of voltage and current for clean 
and dust-deposited surface were conducted. For dust-
deposited surfaces; 0, 12, and 24 gm were dispersed to 
build different thickness layers on the surface of each type 
of modules. The efficiency of each module and the percent 
of its power drop were calculated using equations (7) and 
(8).

100x
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deposit=η (7)

1000
0 x
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−
= (8)

 
Where; η: PV module efficiency, cleanP : Output 

powerfor clean surface module, depositP : Output power for 
dust-deposited surface module, dropP : Output power drop 
due to dust.

RESULTS AND DISCUSSIONS

DUST DISPERSION AND DEPOSITION

Downwind (Axial) dust concentration (mg/m3) due to 
dispersion phenomenon at different wind velocities (1, 3, 

5, 7, and 9 m/s) were calculated using Gaussian-Plume 
model and presented in Figure 2. It is clearly seen that dust 
concentration spatially increases from point source up to 
a distance of 1-3 km, then it sharply declines to minimum 
concentration beyond 10 km. The higher the wind velocity 
is the lower the dust concentration. This may be attributed 
to non-stable atmosphere at velocities higher than 6 m/s 
which may cause high lateral (crosswind) dispersion. 
However, the prevailing wind velocity at the regions where 
this study was conducted is 3-4 m/s. The prevailing wind 
velocity lays at the stable atmosphere conditions leading 
to relatively dominant axial dispersion of industrial dust 
particles. 

SPECTROPHOTOMETRIC AND 
CRYSTALLOGRAPHY STUDIES

GRAPHENE

Graphene is simply an allotrope Carbon. It was selected 
for this study as a representative of industrial pollutants. 
Carbon and carbon compounds represent common pollutant 
that disperse in the atmosphere as fine particulates. Figure 
(3) shows the spectral characteristics of Graphene.

FIGURE 2. Downwind (axial) dust particles spatial concentration profile (mg/m3) at different wind velocities.
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FIGURE 2. Spectral characteristics of Graphene; A: Absorbance, B: Transmittance ,C: Absorbance coefficient, D: Energy gap.

Figure 3-a demonstrates that the absorbance spectra 
of Graphene is located within the UV spectrum (350 nm). 
It is clearly shown that the Graphene absorbance at the UV 
spectrum depends on its layer thickness (length of light 
path) following Beer Lambert law. The higher the thickness 
of Graphene layer is the higher UV spectrum absorption. 
At the visible spectrum, the Graphene absorbance becomes 
independent of its layer thickness. Figure 3-b shows that 
the transmittance spectra of Graphene is also located within 
the UV spectrum and shows minimum transmittance. 
Figure 3-c shows that the absorbance coefficient of 
Graphene reflects the trend of Graphene to be excited when 
absorb light and an atomic electron transition (jump) takes 
place. This means that the absorbed energy of incident light 
promotes Graphene to an excited state. Figure 3-d explains 
the energy gap of Graphene. Energy gap is the difference 
of energy between the bottom of the conduction band and 
the top of the valence band of the electrons in a crystalline. 
It is clearly seen that the energy gap is located within the 
semiconductor range (0.9-3.5 ev). Therefore, Graphene 
has high negative impact on PV cells due to its 
spectrophotometric characteristics.

  Figure 4 demonstrates XRD and SEM images of 
Graphene powder. XRD image (Fig. 4-a) indicate that 
Graphene sample is pure and has crystalline structure, as 
it shows a unique spike at 2-theta of 27.  Crystalline 
materials usually reflect part of the incident light. 
Therefore, it is expected to negatively contribute in 

obscuring incident light and reducing its transmittance 
through the Graphene layer.

The SEM image of Graphene (Fig. 4-b) shows that 
Graphene agglomerates under wet conditions. 
Agglomeration negatively affect light transmittance as 
particles become condensed and reduce spaces and voids 
of the deposited layer.

SILICA

Figure 5-a shows that Silica has no absorbance of light. 
Low absorbance materials are classified as insulators. 
Insulators have large energy gap and effectively resist 
electron transition (jump). Therefore, the only effect of 
Silica deposited layers were their resistance to light 
transmittance. The resistance was found to be layer 
thickness dependent. Figure 5-b shows Silica transmittance 
and clearly indicates that the percent of transmitted light 
depends on the deposited layer thickness.

Figure 6 shows XRD and SEM images of Silica. Silica 
has an amorphous structure as it exhibits a broad spectrum 
(Fig. 6-a). Amorphous materials have low light reflection 
and exhibits only light obscuring characteristic. Their 
resistance to light transmittance depends on the thickness 
of the deposited layer. SEM image of Silica (Fig. 6-b) 
suggests a hilly structure of Silica powder. Silica ranges 
from spherical to fiber shapes with dimensions range from 
1 to 3 µm. Multilayers of Silica powder were noticed



1410

FIGURE 4. XRD and SEM images of Graphene; a: XRD, b: SEM
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FIGURE 5. Spectral Characteristics of Silica; (a) Absorbance, (b) Transmittance 
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FIGURE 6. XRD and SEM images of Silica, (a) XRD, (b) SEM
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NATURAL DUST

Natural dust in Iraq is composed of silicate and carbonate. 
Calcite is the main mineral in most of Iraq. Therefore, the 
chemical composition of the natural dust in Iraq is mainly 
Silicon compounds. It was confirmed through the spectral 
and crystallography tests of Silicon and natural dust. They 
were similar and little differences were observed.  Figure 
7 demonstrates optical absorbance and transmittance of 
natural dust. Natural dust has no absorbance and its 
transmittance depends on the deposited layer thickness. 
This indicates that natural dust is an optical insulator 
material due to its wide energy gap. Figures 7-a and 7-b 

show the absorbance and transmittance of natural dust 
respectively.

Figure 8 shows XRD and SEM images of natural dust. 
Natural dust has an amorphous structure as XRD test shows 
broad spectrum (Fig. 8-a). Narrow spikes were observed 
in the XRD spectra indicating that natural dust was mixture 
of many minerals. Its impact on light transmittance is layer 
thickness dependent.  SEM image of natural dust (Fig. 8-b) 
shows that natural dust agglomerates as blocks to create 
voids and spaces between agglomerated blocks. The spaces 
and voids allow light transmittance to suggest that natural 
dust has least effect in comparison with Graphene and 
Silica.

FIGURE 7. Spectral characteristics of natural dust; (a) Absorbance, (b) Transmittance



1414

FIGURE 8. XRD and SEM images of natural dust; a: XRD, b: SEM

PV PERFORMANCE

Tables 1, 2, and 3 summarize the degradation rates of the 
output powers of monocrystalline, polycrystalline, and 
thin-film PV modules as a function of different layer 
thickness of Graphene, Silica, and natural dust. The results 
demonstrate the PV efficiency and the percentage of power 
drop for monocrystalline, polycrystalline, and thin-film PV 
modules under different thicknesses of Graphene, Silica, 
and Natural dusts. Graphene dust exerted major effect on 
the performance of the PV modules. It exerted 70%, 71%, 
96% output power reduction for monocrystalline, 

polycrystalline, and thin-film PV modules respectively. 
High output power drop of thin-film PV module was 
expected as the Graphene dust directly deposited on PV 
cells. Silica and natural dust exerted lower impacts on the 
three types of PV modules. 

Silica and natural dust exhibited in similar manner 
because of their close chemical composition. XRD tests 
showed that Silica sample was free of impurities, while 
the natural dust sample was a mixture of Silicon 
compounds.The results of PV performance measurements 
agree with the interpretations of the spectrophotometric 
and crystallographic investigations. As shown previously, 
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Graphene has major impact on light transmittance due to 
its light absorbance property. Silica and natural dust showed 
lower output power drop because of their amorphous 
structure. The obtained results confirm that the large 
difference of impact of the three types of dust is related to 
dust spectral characteristics. This agrees with Chanchangi 
et al. (2020) findings.

The large drop in the performance of the thin-film PV 
module due to Graphene may be attributed to the 

electrostatic forces which promote inter-particle adhesion 
[Chanchangi et al. 2020]. The amorphous structure of Silica 
and natural dust resulted in lower deterioration of the 
performance of the three types of PV modules. It was 
observed that their effects depend on the deposited layer 
thickness. This agrees with Husain et al. (2020) conclusions 
and observations

TABLE 2. Graphene, Silica, and Natural dust effect on the performance of the monocrystalline PV module
No Dust

 type
Monocrystalline PV module

Mass
(gm)

Layer
Thick
(µm)

VOC
(V)

ISC
(A)

Pmax
(w)

Rad.
(w/m2)

η%
output
power

%
drop

power
1 Graphene 0 0 17.83 1.25 22.28 1000 100 0

12 0.237 10.26 1.24 12.72 1000 57 43
24 0.574 5.34 1.24 6.62 1000 30 70

2 Silica 0 0 17.83 1.25 22.28 1000 100 0
12 0.4 16.98 1.24 21.05 1000 94 6
24 0.8 15.5 1.24 19.22 1000 86 14

3 Natural dust 0 0 17.83 1.25 22.28 1000 100 0
12 0.438 15.4 1.24 19.09 1000 85.6 14.4
24 0.876 14.21 1.24 17.62 1000 79 21

TABLE 3. Graphene, Silica, and Natural dust effect on the performance of the polycrystalline PV module
No Dust type Monocrystalline PV module

Mass
(gm)

Layer
Thick
(µm)

VOC
(V)

ISC
(A)

Pmax
(w)

Rad.
(w/m2)

η%
output
power

%drop
power

1 Graphene 0 0 17.68 1.25 22.1 1000 100 0
12 0.237 10.16 1.24 12.6 1000 57 43
24 0.574 5.14 1.24 6.4 1000 29 71

2 Silica 0 0 17.68 1.25 22.1 1000 100 0
12 0.4 14.9 1.24 21.08 1000 91 16.4
24 0.8 14.02 1.24 18.12 1000 82 21

3 Natural dust 0 0 17.68 1.25 22.1 1000 100 0
12 0.438 16.2 1.24 18.47 1000 83 9.1
0 0 17.68 1.25 22.1 1000 100 0

TABLE 4. Graphene, Silica, and Natural dust effect on the performance of the thin-film PV module
No Monocrystalline PV module

Mass
(gm)

Layer
Thick (µm)

VOC
(V)

ISC
(A)

Pmax
(w)

Rad.
(w/m2)

η%
output power

%drop
power

1 Graphene 0 0 15.1 1.25 20.3 1000 100 0
12 0.47 4.6 1.24 5.05 1000 24.8 75.1
24 0.94 0.6 1.24 0.744 1000 3.94 96

2 Silica 0 0 16.24 1.25 20.3 1000 100 0
12 0.65 15.75 1.24 19.53 1000 96.2 3.79
24 1.3 12.3 1.24 15.26 1000 75.1 24.8

3 Natural 
dust

0 0 16.24 1.25 20.3 1000 100 0
12 0.71 14.58 1.24 18.09 1000 89.1 10.8
24 1.42 11.98 1.24 14.68 1000 73.2 26.79
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CONCLUSION

The effect of three types of dust (Graphene, Silica, and 
natural dust) on three types of PV modules was investigated. 
Spectral characteristics of dust were found to impact the 
performance of PV modules. It was found that semi 
conductive materials exhibit considerable light absorbance 
within the UV spectrum, while optically insulators 
materials showed insignificant light absorption. Therefore, 
identifying optically conductive dusts is of importance for 
the site selection process of solar farms. The most dominant 
industrial particles dispersed in urban areas is carbon and 
carbon derivatives such as graphite, ash, graphene, ...etc. 
Therefore, extensive investigations are necessary to map 
the air pollution of proposed areas for solar systems 
installations. The crystallography studies of dust were 
proved important for solar system design as the degradation 
of PV modules proved to be layer thickness dependent for 
amorphous structure dusts.  Also, evaluating the tilt angle 
of a solar panel against gravity sliding of particles is 
necessary.
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