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ABSTRACT

A solar PV panel works with maximum efficiency only when it is operated around its optimum operating point or
maximum power point. Unfortunately, the performance of the solar cell is affected by several factors like sun
direction, solar irradiance, dust accumulation, module temperature, as well as the load on the system. Dust
deposition is one of the most prominent factors that influence the performance of solar panels. Because the solar
panel is exposed to the atmosphere, dust will accumulate on its surface, reducing the quantity of sunlight reaching
the solar cell and diminishing output. In the proposed work, a detailed investigation of the performance of solar
PV modules is carried out under the tropical climatic condition of Chennai, India, where the presence of dust
particles is very high. The data corresponding to four different dust samples of various densities at four solar irra-
diation levels of 220, 525, 702, and 905 W/m2 are collected, and performance analysis is carried out. Based on the
analysis carried out, the maximum power loss is found to be 73.51%, 66.29%, 65.46%, and 61.42%, for coal, sand,
brick powder, and chalk dust respectively. Hence, it can be said that coal dust contributes to the maximum power
loss among all four dust samples. Due to heat dissipation produced by dust deposition, the performance of solar
PV modules is degraded as the temperature rose.
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Nomenclature
G Solar irradiance in W/m2

A Solar panel surface area in m2

Im Solar panel output current in Amps
Vm Solar panel output voltage in Volts
Pm Solar panel output power in Watts
ηloss Solar PV module performance efficiency loss
η Solar PV module performance efficiency
ηclean Solar PV module performance efficiency under the clean condition
ηdust Solar PV module performance efficiency under the dusted condition
Voc Open Circuit Voltage in Volts
Isc Short Circuit Current in Amps

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

DOI: 10.32604/jrm.2022.019649

ARTICLE

echT PressScience

mailto:chermalakshmi@gmail.com
http://dx.doi.org/10.32604/jrm.2022.019649


α Temperature coefficient of Current (Isc) in %/°C
ß Temperature coefficient of Voltage (Voc) in %/°C
γ Temperature coefficient of Power (Pm) in %/°C
Tmod Solar PV module backside temperature in °C

1 Introduction

Energy is necessary for economic growth and development. Society requires more electricity as a result
of fast development and the desire to increase the economy. Renewable energy is attracting more attention
from researchers because of the nonpolluting energy source in abundance range, increasing fossil fuel prices,
and paying attention to increasing global climate change [1]. Around 80% of the world’s energy consumption
is satisfied from fossil fuel sources such as coal and natural gas which significantly increase global warming
[2]. Among all renewable energy resources, solar energy plays a significant role to satisfy the power
deployment of the complete world. Solar energy is the most abundant and limitless renewable resource.
The solar power dissipated as heat energy in one minute is sufficient to meet the energy requirements of
the earth for one year. In a single day, the sun can deliver energy more than that of the earth’s essential
consumption for 27 years. In terms of total electricity consumption, India is in the fifth position in
comparison with other countries. India receives approximately nearer to 5,000 trillion kWh per year
energy from the sun because it is close to the equator. India receives clear and full solar energy around
300 clear sunny days in a year. Solar PV modules have been utilized in recent years to try to make better
use of this abundant energy source. Despite this, the electrical efficiency (energy conversion efficiency) of
the solar PV module is just 15%–20%. The efficiency of solar PV power generation system is adversely
affected by various reasons like solar cell materials, panel atomic structure, panel bandgap energy,
irradiance effect, temperature effect, incident angle effect, shadow effect, crack in the panel, shunt
resistance, maintenance, and cleaning cycle, load mismatching effect, cable loss, spectral mismatch loss, etc.

In order to improve the solar cell conversion efficiency, Today, there are many solar technologies that use
new materials that go beyond traditional modules based on silicon wafers like Perovskite (MAPbI3-xClx)/
GeTe [3], GaInP/GaAs//Si triple-junction cell [4], GaInP/GaAs/Si (mech. Stack) [5,6], Graded bulk
heterojunction (GBHJ) organic solar cell [7], FASnI3-based solar cells [8], Perovskite formamidinium tin
iodide (HC(NH2)2SnI3–FASnI3) solar cell [9], Graded bulk heterojunction (GBHJ) organic solar cell
(OSC) [10], Monolithic perovskite/SHJ tandem cells [11–13] and solar cell with SnO2:F/Zn1-xMgxO/
CdTe/CdSixTey/Si/ZnTe:Mo/Au structure [14]. Significant time and money have been dedicated to
improving the solar cell conversion efficiency from 10% to 40%. Similarly, a lot of researchers trying to
enhance the efficiency by reducing mismatch loss [15], mechanical failure loss [16], irradiance effect,
incident angle effect, temperature effect and load effect, etc. By using different MPPT strategies like
BPSO fuzzy P&O controller [17], Modified-Perturb & Observe (MP&O) [18], Adaptive fixed duty cycle
algorithm [19], ANFIS MPPT approach [20], GMPPT algorithm [21], FL based MPPT algorithm [22] and
FOPI controller [23,24], the impact of load effect in the solar panel is addressed. The efficiency of a solar
PV power generation system depends on the types of solar panels, installation factors, environmental
conditions, and regular maintenance. When installing a solar PV module, there are several considerations
such as the appropriateness of the installation location and the amount of solar radiation falling on-site,
direction, and incline of solar radiation that the installation location receives. These considerations are
made to ensure that the sun’s rays are stronger and perpendicular to the photosensitive surface of the
solar PV system. Solar tracking systems are used to achieve maximum absorption of solar radiation and
compensate for fluctuations at different times of the year. In reference [25], a high concentrator
photovoltaic system was designed using Multiple primary Fresnel lenses with a 5800× geometrical
concentration ratio which improves the optical efficiency up to 75%. In [26,27], a two-axis solar tracking
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system developed and improved the irradiation gain from 17.2% to 31.1% over the fixed panel. In Reference
[28,29], the researchers proposed numerical models to assess solar energy irradiation (global diffuse and
direct solar radiation) on a monthly, seasonal, and annual basis, especially on tilted surfaces. Another
solar tracking system was developed with a single-axis tracking technique which improves the energy
extraction of the solar panel up to 40% compared to the fixed panel [30]. A solar cell converts less than
20% of sun irradiance into electricity remaining transfer as thermal loss or heat which elevates the
temperature of the solar module significantly. The performance of solar cells is improved by using a
cooling system. In [31], the author posits that a phase change material with a lower melting temperature
(near ambient) may keep the PV at a lower temperature, but that it would require more PCM to cool the
PV. In [32–34], the cooling system with various types of the heat sink is investigated. By applying anti-
reflection coating [35–37], reflection loss, as well as Temperature of the solar panel, can also reduce [38]
which increases the efficiency up to 14%. Even though all the effects or losses are avoided by appropriate
techniques, few externalities may be showstoppers for technology deployment. The influence of dust or
dirt particles sedimentation on exposed surfaces is one such externality that is rarely considered while
deploying and operating most solar photovoltaic systems. Dust inherently affects the intended function at
the light interaction, reducing power production and efficiency dramatically or leading the system down
completely. The issue of dust has only recently risen to prominence as a consequence of increasing
interest and deployment in areas of the world [39]. Dust is defined as a particle with a diameter of less
than 500 μm. The morphological structure, content, and deposition of dust are influenced by the
characteristics of the area. The particle size and surface density of dust accumulated on PV modules have
a significant impact on their performance [40]. There have been studies on the effect of dust on solar PV
performance, even though much of the study is only relevant for a specific location like Kathmandu [41],
China [42], California [43], Qatar [44], India [45], Atacama Desert [46], Kuwait [47] and Pakistan [48].
In general, statistical details are absent on the impacts of soil dust deposition for a selected area in India
that may be used to design and size PV modules effectively. Due to the lack of awareness of the dust
effect, solar PV systems may be improperly maintained, resulting in energy loss.

The objectives of this research are to investigate the performance degradation of solar PV module output
power influenced by dust deposition, in an experimental setup. To fulfill the objectives, calculated the impact
of dust in test location under real-time conditions. The research provides relevant information that may help
users in better system maintenance and enhanced power output.

2 Materials and Methods

2.1 Description of the Test Site
The experimental work is conducted in an outdoor environment at R.M.K. Engineering College and the

details are given in Table 1. Chennai is India’s fourth-largest city, covering 1189 square kilometers (Latitude:
13.0836939°N, Longitude: 80.270186°E). Chennai has a tropical climate with both wet and dry seasons
which is located on the thermal equator and is also the coastline, preventing dramatic seasonal
temperature variations. The weather is hot and humid most of the year. The average annual temperature
in Chennai is 27.9°C | 82.1°F. Rainfall is 1014 mm | 39.9 inches per year. February is the driest month,
with only 9 mm | 0.4 inches of rain. The month of November has the most precipitation, with an average
of 228 mm | 9.0 inches. The month of May is the hottest of the year. In May, the average temperature is
31.3°C | 88.4°F.
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2.2 Apparatus Description
An experimental setup, consisting of the following equipment, is established to achieve the results for

the analysis of dust falling on the solar PV module.

(1) Two similar 100 W polycrystalline PV modules
(2) Multimeter (MASTECH, MAS830L)
(3) Resistive load of 10 Ω
(4) Solar irradiation meter (SM-206)
(5) Dust samples

The outdoor test unit is mounted on top of the building. Therefore, the solar photovoltaic system is
exposed to real atmospheric conditions. The major performance parameters, like solar irradiance (G in
W/m2), ambient temperature (Tamp in °C), solar module backside temperature (Tmod in °C), solar panel
output current (Im in Amps), solar panel output voltage (Vm in Volts), solar panel output power (Pm in
Watts), open-circuit voltage (Voc in Volts), short circuit current (Isc in Amps) and efficiency (ƞ in %), are
monitored by using various instruments mentioned above. Tables 2 and 3 summarize the specifications of
the solar PV module and measuring devices utilized in the current investigation. The accessories and
equipment involved for experimental measurements are illustrated in Fig. 1 where A represents a Clean
solar panel, B represents Dusted solar panel. Output current and voltage from the solar panel measured
by Digital ammeter and Digital voltmeter are represented as C and D label. The variable resistive load is
represented as E, Solar meter is represented as F, Weighting machine, used for measuring the weight of
the dust, is represented as G, a multimeter is represented as H.

Table 1: Site description of the test location

Site R.M.K. Engineering College, Chennai

State Tamil Nadu, India

Latitude at the site 13.358°N

Longitude at the site 80.141°E

Inclination of panel 21° (with respect to the horizontal surface)

Table 2: Specification of solar PV panel

Electrical characteristics Mechanical and thermal characteristics

Nominal maximum power (Pm) in Watts 100 Length × Width × Thickness (L × W × T) (mm) 1150 × 675 × 35

Open circuit voltage (Voc) in Volts 21.97 Solar cells per module (units)/arrangement 36/(9 * 4)

Short circuit current (Isc) in Amps 6.07 Weight (kg) 10.15

Voltage at maximum power (Vmp) in Volts 17.46 Temperature coefficient of current (Isc), α (%/°C) 0.0681

Current at maximum power (Imp) in Amps 5.73 Temperature coefficient of voltage (Voc), ß (%/°C) −0.2941

Module efficiency (%) 12.88 Temperature coefficient of power (Pm), γ (%/°C) −0.3845
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2.3 Dust Samples
In the current investigation, dust samples were collected from a variety of locations, including industrial

estates, agricultural land, and others. The brick powder is frequently found on building sites, whereas coal
powder is mostly found in coal-fired power plants, and chalk powder and sand are two basic kinds of dust
found in schools, playgrounds, and other locations. The dust samples taken for experiments are shown in
Fig. 2a. Using a scanning electron microscope image, all the dust samples are tested, and the size and
bonding density of the dust is obtained which is shown in Fig. 2b. After the dust samples were processed
and weighed, a dust sample of various weights is evenly scattered on the solar photovoltaic modules
using a vibrator and shaken for 5 min at 60 shakes per minute to ensure that dust particles are evenly
distributed on the PV module. The panel was then left for half an hour to settle dust particles. The

Table 3: Specification of measuring devices

Instruments Rating and range Application

Solar power meter (SM–206) Range: 1–3999 w/m2 (btu) Solar irradiance/intensity measurement

Resolution: 0.1 w/m2

Accuracy: ±5% of reading

Operating temperature and humidity: 0. 25
s/time

Size: 132 (L) × 60 (W) × 38 (H) MM

Weight: approx. 150 g

Multimeter (MASTECH,
MAS830L)

DC voltage: 200 mV/2/20/200/1000 V ±
0.5%
Resolution: 0.1 mV/1 mV/10 mV/0.1 V
Accuracy: ±(0.5% + 3)
DC current: 10 A
Resolution: 10 mA
Accuracy: ±(3.0% + 3)
Resistance: 200/2 k/20 k/200 k/2 MΩ ±
0.5%, 20 MΩ ± 1.0%
Resolution: 1 kΩ
Accuracy: ±(1.0% + 5)

Solar panel output current and voltage
measurement

Rheostat load Resistive loads with the adjustable node
Resistance: 10 Ω
Single-tube single-wire wound
Current: 10 A (maximum)

Resistive load for current and voltage
measurement of the solar panel

DC ammeter (MECO SMP48) DC current: 20 A
Resolution: 0.001
Accuracy: ±0.5% of FSD

Solar panel output current measurement

DC voltmeter (MECO SMP96) DC voltage: 200 V
Resolution: 0.001
Accuracy: ±0.5% of FSD

Solar panel output voltage measurement

Canyearn (C01) infrared
forehead thermometer

Measuring distance: 3–5 cm
Temperature range: 32.0°C–42.9°C
Accuracy: ±0.2°C to +/− 0.4 degree F
Response time: 10 s ± 1 s

Solar panel temperature measurement

Digital weighing machine
(EKW-07i)

Capacity: 600 g
Readability: 0.01 g
Repeatability: 0.01 mg
Linearity: ±0.02 g

Dust weight measurement
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particle size distribution of collected dust has a significant direct impact on solar cell output performance
deterioration. Reflection, refraction, and absorption of incoming light on the solar photovoltaic module
are all affected by the size of the deposited dust particles on the solar panel. The deposition of fine dust
particles degrades solar PV module performance more than bigger dust particles. Fine dust particles have
a larger specific surface area and are more equally dispersed than bigger dust particles when compared on
the account of the same mass of dust. Small molecules have a smoother surface than large dust particles,
minimizing the spaces between them through which light can penetrate. SEM images of various dust
samples inferred that the Particle Size of coal is small compared with all other dust samples. So, it covers
more surface areas of the solar panel compared with other dust samples. Hence, coal samples much more
reduce the penetration of light intensity on the solar panel compared to all other dust samples. Data on
dust samples of various densities with changes in solar PV module output power loss at different solar
irradiance are obtained and analyzed.

2.4 Data Processing and Measurements
For all four dust samples, the experiment is conducted under different solar irradiances on the same solar

panel mentioned as B in Fig. 1. At real-time conditions, instantaneous voltage and current are measured for
the clean panel and dirty panel mentioned as Labels A and B respectively in Fig. 1. The efficiency of the
module is influenced by various factors, including the solar panel’s design, maintenance, temperature,
solar irradiance (G), etc., the following equations are used for calculating the efficiency:

Pm ¼ Im � Vm (1)

h ¼ Pm

A � G (2)

hloss ¼ hclean � hdust

hclean
� 100 (3)

where G is the solar irradiance in W/m2, A is the solar panel surface area in m2, Im is solar panel output
current in Amps, Vm is solar panel output voltage in Volts, Pm is solar panel output power in Watts. Solar
PV module performance efficiency loss ηloss can be calculated by using Eq. (3).

Figure 1: Experimentational setup
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Figure 2: (a) Dust samples for current study (b) SEM images for chalk, red brick powder, coal powder,
and sand
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The weight of the glass plate is measured before dust deposition (Mcleaned) and after dust deposition
(Msoiled). The glass plate’s area (A) is also measured. The following formula is used to compute the soil
gravimetric density (SGD):

SGD ¼ Msoiled �Mcleaned

A
(4)

3 Results and Discussion

Results obtained from the experimental setup are analysis described in this section. The first portion
explains the impacts of changes in weather conditions on the performance of the solar panel. In the
second section, the impact of temperature and solar irradiance on the performance of solar PV modules is
examined. The third and final part deals with the performance analysis of the PV module with dust
deposition is explained.

3.1 Variation of Climatic Conditions at the Test Site
The performance of solar photovoltaic systems is affected by the most important environmental factors

such as solar irradiance and ambient temperature. Solar irradiance is defined as the amount of energy emitted
by the sun per unit area. The amount of solar irradiance varies depending on the weather and the sun’s
position in the sky. Because of the variations in the sun’s altitude, the position of the sun varies
throughout the day [49]. Figs. 3 and 4 show the daily average solar irradiance at the test site and global
solar irradiance profile at the test location for every month respectively. The solar irradiance ranges from
4 to 8 KW/m2/day received at the test site for more than 300 clear sunny days in a year are shown in
Figs. 4 and 5. Solar irradiance available throughout the year with the number of days of occurrence is
shown in Fig. 5.

Figure 3: Daily average solar irradiance profile at the test site
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Fig. 6 shows the monthly ambient temperature profile, especially in the months of April andMay with an
average monthly temperature of approximately 28.51°C. Fig. 7 shows the monthly relative humidity at the
test location. Relative humidity ranges from humid in the wintertime with means above 78% to dryer summer
months with around relative humidity of 55%–60% at the test site.

Figure 4: Monthly global solar irradiance profile at the test site

SOLAR IRRADIANCE AVAILABLE in Jan - Dec 2020

0 1 2 3 4 5 6 7 8

SOLAR IRRADIANCE in kW-hr/m2/day

0

20

40

60

80

100

120

140

FR
E

Q
U

E
N

C
Y

 in
 D

ay
s

Value 9

BinEdges [0 1]

Value 17

BinEdges [1 2]

Value 33

BinEdges [2 3]

Value 25

BinEdges [3 4]

Value 58

BinEdges [4 5]

Value 87

BinEdges [5 6]

Value 121

BinEdges [6 7]

Value 11

BinEdges [7 8]
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3.2 Solar PV Power and Efficiency Loss Due to Solar Irradiance Effect and Temperature Effect
The efficiency losses on the clean and dirty solar PV module owing to irradiance and temperature were

examined in this investigation. At various solar irradiances, the influence of solar irradiance and temperature
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Figure 6: The ambient temperature profile at test location in month wise

Figure 7: Monthly relative humidity at the test location
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on Pm and efficiency yield is investigated which is tabulated in Tables 4 and 5 respectively. Based on the
results obtained, it is noted that the higher the solar irradiance, the higher the Pm and module efficiency
for both clean and dirty panel conditions. From the investigation, it is observed that both Pm and ƞ are
reduced as the temperature rose for both clean and dirty panel conditions. I–V and P–V curves of clean
solar PV panel and dirty solar PV panel under irradiance effect and temperature effect are shown in
Figs. 8–11, respectively. From Figs. 12 and 13, it is clear that under clear panel conditions, at solar
irradiance G = 1160 W/m2 and solar module temperature Tmod =30.1°C, the output power Pm = 94.19 W
with the efficiency of 10.283%. under dirty condition, Panel “B” generate the output power Pm = 41.14
W at solar irradiance G = 1160 W/m2 and solar module temperature Tmod =31.1°C. Due to dust
accumulation, the solar panel module temperature increase by 2°C to 5°C based on the density of dust
accumulation on it. Each degree of temperature rise reduces power by 1.3–1.8 W and efficiency by
−0.3 percent.

Table 4: Solar irradiance effect on a clean and dirty solar PV module performance

Clean panel Dirty panel with 52 g/m2 coal dust

Solar
irradiance
(G in W/m2)

Solar panel
module
temperature
(Tmod in °C)

Solar panel
output power
(Pm in Watts)

Efficiency
(ƞ in %)

Solar panel
module
temperature
(Tmod in °C)

Solar panel
output power
(Pm in Watts)

Efficiency
(ƞ in %)

235 30.2 22.828 12.515 32.4 6.72 3.684

580 32.1 58.4302 12.978 34.5 30.59 6.795

710 35.1 72.904 13.228 37.2 34.41 6.243

760 35.2 78.694 13.339 37.8 36.19 6.134

1180 32.2 94.192 11.235 39.5 39.78 4.745

Table 5: Temperature effect on a clean and dirty solar PV module performance

Clean panel Dirty panel with 52 g/m2 coal dust

Solar
irradiance
(G in W/m2)

Solar panel
module
temperature
(Tmod in °C)

Solar panel
output power
(Pm in Watts)

Efficiency
(ƞ in %)

Solar panel
module
temperature
(Tmod in °C)

Solar panel
output power
(Pm in Watts)

Efficiency
(ƞ in %)

1151 30.1 94.19 10.54% 31.1 41.14 1151

1154 35.6 87.3 9.75% 37.1 34.41 1154

1163 40.5 78.15 8.66% 42.6 22.9 1163

1170 45.8 70 7.71% 47.7 9.07 1170
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Figure 9: I–V and P–V characteristics of dirty solar panel under solar irradiance effect
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Figure 10: P–V and I–V characteristics of clean solar panel under temperature effect

0 2 4 6 8 10 12 14 16
Solar panel Output voltage in V

0

10

20

30

40

50

So
la

r 
Pa

ne
l O

ut
pu

t p
ow

er
 in

 W

P-V Characteristics of Dirty Solar Panel under Temperature Effect

Tmod=31.1C
Tmod=37.1C
Tmod=42.6C
Tmod=47.7C

0 2 4 6 8 10 12 14 16
Solar panel Output voltage in V

0

0.5

1

1.5

2

2.5

3

3.5

4

So
la

r 
pa

ne
l O

ut
pu

t C
ur

re
nt

 in
 A

I-V Characteristics of Dirty Solar Panel under Temperature Effect

Tmod=31.1C
Tmod=37.1C
Tmod=42.6C
Tmod=47.7C

Figure 11: P–V and I–V characteristics of dirty solar panel under temperature effect

JRM, 2022, vol.10, no.8 2145



3.3 Impact of Dust on Solar PV Module Performance
The experimental analysis is carried out at four different solar irradiances 220, 525, 702, and 905 W/m2

conditions under clear skies, and the clean solar PV module’s performance is compared with dirty solar
panel’s performance under the same solar irradiance and atmospheric condition. Dust of each category is
applied on the dirty solar PV module (labeled as “B” in Fig. 1) uniformly using a vibrator. The output
voltage and current of the solar PV module are measured three times for the same dust quantity and
atmospheric condition and the average values of the output voltage and output current are used for further
calculations. The results of a comparative investigation of clean panel and dirty panel under four different
dust samples with the various gravimetric density of 13, 26, 39, and 52 g/m2 at four different solar
irradiance levels of 220, 525, 702, and 905 W/m2 are summarized in Tables 6–8. Table 6 summarizes the
performance of the clean solar PV panel under solar irradiances 220, 525, 702, and 905 W/m2 condition.
Table 7 represents the performance of Dirty solar PV panels with various densities of Coal and Sand dust
samples under solar irradiances 220, 525, 702, and 905 W/m2 conditions. Table 8 represents the
performance of Dirty solar PV panel with various densities of Chalk and Brick dust samples under solar
irradiances 220, 525, 702, and 905 W/m2 conditions. In Tables 7 and 8, the efficiency loss ƞloss is
calculated by using Eq. (3).

Figure 12: Temperature effect on solar panel
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Figure 13: Solar irradiance effect on solar panel

Table 6: Output performance of clean solar PV panel

Solar irradiance in W/m2 Im in A Vm in V Pm in W

220 1.64 13.92 22.8288

525 3.94 14.83 58.43

702 5.33 13.07 69.6631

905 13.9 5.66 78.674

Table 7: Effect of different types of dust (coal and sand) on dirty solar PV panel

Solar
irradiance
in W/m2

Coal powder Sand

Gravimetric
density in
g/m2

Im in
A

Vm in
V

Pm inW ƞloss in
%

Pdust/Pclean in
%

Im in
A

Vm in
V

Pm in
W

ƞloss in
%

Pdust/Pclean in
%

220

13 1.1 9.9 10.89 52.30 47.70 1.4 11.1 15.54 31.93 68.07

26 1.01 8.6 8.686 61.95 38.05 1.21 11.9 14.399 36.93 63.07

39 0.97 7.1 6.887 69.83 30.17 1 8.9 8.9 61.01 38.99

52 0.96 6.3 6.048 73.51 26.49 0.95 8.1 7.695 66.29 33.71

525

13 3.1 12.5 38.75 33.68 66.32 3.3 12.9 42.57 27.14 72.86

26 2.98 11.9 35.46 39.31 60.69 3.02 12 36.24 37.98 62.02

39 2.8 11.2 31.36 46.33 53.67 3 11.95 35.85 38.64 61.36

52 2.3 11 25.30 56.70 43.30 2.7 11.9 32.13 45.01 54.99

(Continued)
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Data summarized in Tables 7 and 8 indicate that under solar irradiance G = 220 W/m2, maximum
efficiency loss of 52.30%, 31.93%, 21.02%, and 28.99% occur for 13 g/m2 of different dust samples like
coal, sand, chalk, and brick powder applied on solar panel respectively.

Similarly for G = 525 W/m2 condition, maximum efficiency loss of 33.68%, 27.14%, 20.93%, and
23.77% occur for 26 g/m2 of different dust samples like coal, sand, chalk, and brick powder applied on
solar panel, respectively. Among all solar irradiance and different dusted conditions, Coal dust samples
provide more impact on solar panel efficiency due to their high absorptivity, small particle size, and high
bonding density.

Table 7 (continued)

Solar
irradiance
in W/m2

Coal powder Sand

Gravimetric
density in
g/m2

Im in
A

Vm in
V

Pm inW ƞloss in
%

Pdust/Pclean in
%

Im in
A

Vm in
V

Pm in
W

ƞloss in
%

Pdust/Pclean in
%

702

13 4.8 12.1 58.08 16.63 83.37 5.01 11.9 59.619 14.42 85.58

26 4.5 11.1 49.95 28.30 71.70 4.67 11.2 52.304 24.92 75.08

39 4.1 10.3 42.23 39.38 60.62 4.12 10.9 44.908 35.54 64.46

52 3.2 9.3 29.76 57.28 42.72 3.7 9.78 36.186 48.06 51.94

905

13 12.2 5.2 63.44 19.36 80.64 13.25 5.34 70.755 10.07 89.93

26 11.02 5.01 55.2102 29.82 70.18 11.1 5.3 58.83 25.22 74.78

39 10.2 4.2 42.84 45.55 54.45 10.4 4.62 48.048 38.93 61.07

52 9.5 3.8 36.1 54.11 45.89 10 4.32 43.2 45.09 54.91

Table 8: Effect of different types of dust (chalk and red brick) on dirty solar PV panel

Solar
irradiance
in W/m2

Chalk powder Redbrick powder

Gravimetric
density in
g/m2

Im in
A

Vm in
V

Pm in W ƞloss in
%

Pdust/Pclean
in %

Im in
A

Vm in
V

Pm inW ƞloss in
%

Pdust/Pclean
in %

220

13 1.5 12.02 18.03 21.02 78.98 1.45 11.18 16.211 28.99 71.01

26 1.43 12 17.16 24.83 75.17 1.32 12 15.84 30.61 69.39

39 1 9.5 9.5 58.39 41.61 1 9.02 9.02 60.49 39.51

52 0.97 9.2 8.924 60.91 39.09 0.95 8.3 7.885 65.46 34.54

525

13 3.5 13.2 46.2 20.93 79.07 3.4 13.1 44.54 23.77 76.23

26 3.2 12.2 39.04 33.19 66.81 3.05 12.6 38.43 34.23 65.77

39 2.6 10 26 55.50 44.50 3.02 12.5 37.75 35.39 64.61

52 2.3 9.8 22.54 61.42 38.58 2.82 12.01 33.8682 42.04 57.96

702

13 3.68 16.01 58.9168 15.43 84.57 5 12.6 63 9.56 90.44

26 3.33 15.23 50.7159 27.20 72.80 4.7 11.5 54.05 22.41 77.59

39 2.78 15.91 44.2298 36.51 63.49 4.2 10.9 45.78 34.28 65.72

52 2.71 15.18 41.1378 40.95 59.05 3.8 9.8 37.24 46.54 53.46

905

13 4.70 14.90 70.01 11.01 88.99 12.56 5.36 67.3216 14.43 85.57

26 4.60 11.84 54.464 30.77 69.23 11.2 5.2 58.24 25.97 74.03

39 4.30 11.08 47.65 39.43 60.57 10.4 4.6 47.84 39.19 60.81

52 4.00 11.33 45.32 42.40 57.60 10.1 4.4 44.44 43.51 56.49
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Throughout the world, the types of dust or pollution vary. The type and concentration of dust deposition
on the solar panel are strongly linked to the location or surrounding environment. Pollutants present in urban
and highly populated areas, such as automobile emissions, construction particulates, airborne particles from
coal-fired power plants, fertilizer, windblown soil, and plant matter may be found in agricultural areas,
whereas sand particles predominate in deserts. From the current investigation, it can observe that even
though the same solar irradiance, environmental condition maintains in the solar panel due to the
accumulation of different dust affecting the efficiency of the solar panels. Dust cleaning is necessary to
improve the efficiency of the solar panel.

Fig. 14 shows the power vs. Density response of different dust conditions on solar PV modules in the
current study. Performance efficiency loss of Solar PV panels under different dust conditions brick, chalk,
coal, and sand are shown in Figs. 15–18, respectively.

Figure 14: Power vs. density response under different dust samples

Figure 15: Performance efficiency loss of solar panel for the brick dust sample
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Figure 16: Performance efficiency loss of solar panel for the chalk dust sample

Figure 17: Performance efficiency loss of solar panel for the coal dust sample

Figure 18: Performance efficiency loss of solar panel for the sand dust sample
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4 Conclusions

The impact of dust deposition is investigated with various solar irradiances of 220, 525, 702, and
905 W/m2 under various densities of dust samples in an outdoor experimental investigation of the 100 W
solar PV module performance. The maximum efficiency loss of the solar PV module is found to be
73.51%, 66.29%, 65.46%, and 61.42%, respectively, for coal, sand, brick powder, and chalk dust; thus,
coal dust is the most impacting dust sample among the four due to its maximum absorptivity and thus
minimum transmissivity. It is also observed that the performance of the solar PV modules degraded when
the temperature rose due to heat loss induced by dust accumulation. The ratio of maximum solar PV
output power for the dirty module to the clean module is in the range of 26.49% to 90.44% for all dust
types tested under different solar irradiances. Dust deposition reduces current output, resulting in a
massive loss of electrical power and, as a result, a significant economic loss for photovoltaic electricity in
large-scale solar power plants. From the results, it is recommended to choose an appropriate dust cleaning
method based on dust sample deposition to improve the efficiency of the solar panel.
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