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Abstract
A Solar panel is rated such that it can yield optimum output under Standard Testing Conditions (STC). But due to different environmental factors the efficiency of the panel is reduced gradually after installation. Accumulation of dust on solar PV panel is one such natural
phenomenon. When dust accumulates on the PV panel, the temperature of the cells increases which subsequently decreases the open
circuit voltage. The short circuit current is also reduced as deposition of dust causes shading on the panel surface. As a result, the output
power of the module decreases. In this paper, the effect of dust on the performance of the photovoltaic module has been studied. The
increase in temperature due to dust accumulation has been visualized through the thermal camera and the reduction in power has been
analyzed through PSpice simulation and experimental data for the different amount of dust accumulated.
Keywords: Dust Accumulation; Open Circuit Voltage; Power Degradation; Pspice; STC.

1. Introduction
The continuous degradation of the existing fuel reserve and the
adverse effects of the climate changes have been imposing great
importance on adopting green and renewable energy for the last
few decades. Many types of research have been made on various
renewable energy sources to meet the rise in consumption and
price of fuel. The renewable energy includes tidal, the wind, biomass, geothermal and solar energy production [1], [2]. Most of
these technologies are at demonstrative stages but shown promissory results to control greenhouse emissions [3]. Out of these
sources solar photovoltaic system is very much popular as nature
has bestowed endless amount of solar energy all over the world.
However, a reduction in efficiency of a solar PV module during its
25 years life cycle is not at all expected as it takes almost six years
for a solar PV module to produce the same amount of energy consumed during its manufacturing period [4]. Therefore, true advantages can only be derived if the system is properly installed
and periodically maintained.
A solar PV is basically a p-n junction that converts solar light
energy into electrical energy. The output power depends on the
available area for transmission of light. This available area for
transmission may vary in different environmental conditions. The
aim of this paper is to find out how the accumulation of dust affects the performance of solar PV module.
Accumulation of dust plays a vital role in reducing the efficiency
of solar PV module. Dust mostly depends on panel inclination,
kind of installation, humidity, pollution, wind etc. Low wind can
be a cause of dust accumulation whereas high wind does a cleaning action [4]. Air borne dust mainly affects the performance of
PV cells [5]. Moreover, the optimum power of a solar PV can be
achieved by proper installation of a PV system. Tilted angle
should be adjusted to improve efficiency at non-peak hours. Dust
accumulation is dependent on the tilt angle. At lower tilt angle
higher dust particles can be observed [6].

The increase in temperature is directly proportional to the amount
of dust. The more dust accumulates over the panel, higher is the
temperature of the module. Higher temperature decreases the open
circuit voltage as well as the short circuit current. As the total
output power is measured by the Voc and Isc, the output power
reduces [8], [9]. So it can be concluded that dust accumulation on
solar PV reduces the power to a great extent and so it is very important to study the effects and solutions of dust deposition in
module performance measurement.

2. Previous studies on the impact of dust on
solar PV module
A solar cell works at daytime when solar light incidence on the PV
module. The performance of a solar cell increases at the higher
light intensity and vice versa.
Dust particle on a solar PV reduces the available transmission area
of the incident photons [10]. Scientists are facing a major problem
due to sand accumulation. Various researches have worked on this
and proved that, more than 50% of solar PV performance reduces
due to uncleaned panels within a period of one month [11],
[12].The previous study also indicates that the influence of dust on
PV performance would be higher in spring and summer than in
autumn and winter [13].
The leading IT organization Google investigated the impact of
dust on flat and a tilted panels of a 1.6 MW solar project in its
headquarter in California [14]. After 15 months of installation they
came to a conclusion that flat panels are more likely to be affected
than tilted panels.
So, it is a proven fact that cleanliness and temperature affect the
performance of a solar PV module to a great extent. The clean and
cool panel insures higher efficiency [15].
Practically it is very difficult to avoid dust and remain it cool all
the day long. This is what makes the study of effects of dust on the
performance of the solar PV module a key issue. For the study,
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two identical solar PV modules each consisting of 24 cells having
two parallel strings have been used. Then a developed PSpice
model has been used to study the effect of dust. The temperature
differential has been analyzed with the help of a thermal camera
and later on the simulated results have been experimentally validated.

3. Analytical model of a practical solar cell
A solar cell is a p-n junction that converts solar light energy into
electrical energy. A practical solar cell can be considered as a
current generator. The diodes represent the recombination and
dark loss. In a practical solar cell there are series resistances due to
junction resistance and resistances of the metallic contacts. Again
there is shunt loss in the junction surface. Finally, the effect of
temperature and solar irradiance are taken into account. Thus, a
behavioral model is developed to simulate the performance of a
solar cell under different operating conditions [16]:

G = Irradiance in W/m2
CIsc= Temp. Co-efficient of short circuit current= 6.4x10-6
T = Operating temperature,
VT= Thermal voltage=25 mV
Eg = Band gap energy = 1.17 ev
Rs=10-4 Ω
Rsh=105 Ω
In this paper, to study the effect of dust on solar PV module, a
poly-crystalline silicon PV module (Model: SLP2.5-04H) marketed by Solarland Bangladesh with following specifications has
been chosen:
Total no. of cells=24, Cell Area= 7.5 cm2,
Voc=7.0 V, Isc=0.46A,
Vm=5.7 V, Im=0.43 A, Pm=2.5 W.

Fig. 2: Schematic of Solar PV Module Chosen for Study.

Taking the required parameters into consideration, a P-Spice model has been developed to simulate the performance of the abovementioned solar PV module. Throughout the paper, the term panel
or module will refer to this panel. The P-Spice model gives the
following I-V characteristics curve of the module:
Fig. 1: Equivalent Electrical Circuit of a Practical Solar Cell.

Under the light, solar cell produces a photocurrent which is fed to
the load after the losses occur. The load voltage and load current
can be calculated using the following formula:
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Fig. 3: I-V Characteristics of a 2.5 Wp Solar PV Module under STC.
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To find out the parameters of a practical solar cell, some common
quantitates used are [16]:
Jsc= Short circuit current density at STC = 0.031 A/cm2
J0= Saturation current density= 10-11A/cm2
J02= Recombination current density = 10-9 A/cm2
A = Area of the solar cell

Here,
Voc= 6.85 V,
Isc= 465 mA,
Vm= 6 V,
Im= 435 mA,
Pm= 2.6 W.
From Fig. 3, it is evident that the simulated values are slightly
different from the given specifications of the panel. This can happen due to various technical reasons including the value of short
circuit and recombination current density, series and shunt resistance etc. But this slight deviation has been considered to be
acceptable.to carry out the study.

4. Temperature differential due to dust accumulation within one week of installation
The PSpice model takes cell temperature and irradiance as input to
simulate the I-V characteristics curve of the given panel. For this
purpose, two identical panels were installed on the rooftop with a
24-degree tilt angle. One of the panels was subjected to continuous dust deposition whereas the other was regularly maintained so
that no dust could accumulate on it. After one week, the irradiance
was recorded as 900 W/m2 at an instant. At the same time the in-
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dividual cell temperature of both the clean and dusty panels was
measured with an infrared thermometer. For real life visualization,
a thermal camera was used to take thermal images of both the
panels.
Clean Dusty

Fig. 7: I-V Characteristics of a Clean PV Module.

Fig. 4: Visual Image of a Clean and a Dusty Panel.

Temperature Differential Observed through Infrared Thermometer:
Fig. 8: I-V Characteristics of a Dusty PV Module.
Table 1: Simulated Parameters of a Clean and a Dusty PV Panel after One
Week of Installation
Parameter
Clean Panel
Dusty Panel
Avg. Cell Temperature (º C)
38.68
40.69
Voc (V)
6.42
6.37
Isc (mA)
420
420
Vm (V)
5.5
5.4
Im (mA)
397
394
Pm (W)
2.18
2.13

Fig. 5: Temperature Profile of a Clean and a Dusty Panel.

Temperature Differential Observed through DFLIR Thermal
Camera:
Clean Dusty

From Table 1, it can be seen that due to dust accumulation, the
overall cell temperature of the dusty panel has increased. The
short circuit current is very less affected by an increase in temperature. So, the current is almost the same for both clean and dusty
panel. But increase in temperature results in a decrease of open
circuit voltage. Therefore, Voc of the clean panel is higher than
that of the dusty panel. As a result, the maximum power generated
by the dusty panel reduces by 2.3 % compared to that of the clean
panel.

6. Performance of solar PV due to dust accumulation within one month of installation
This time the panels were kept on the rooftop for one month. One
of the panels was regularly cleaned whereas the other was left
uncleaned to accumulate dust. The dusty and the clean panels
were connected to a load resistance and by varying the load resistance, the load voltage and load current were measured:

Fig. 6: Thermal Image of a Clean and a Dusty Panel.

From Fig. 5 and 6 it is quite apparent that the temperature of the
dusty panel is higher than that of the clean panel.

5. Performance of solar PV due to dust accumulation within one week of installation
Taking the temperature and irradiance profile as input model, the
I-V curve of the PV module have been plotted:

Fig. 9: Experimental Setup for Impact of Dust.
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to be highly beneficial for design engineers responsible for PV
system design and implementation.
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Fig. 10: I-V Curve of a Clean PV Module.
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Fig. 11: Power Curve of a Clean PV Module.
Table 2: Experimental Parameters of a Clean and a Dusty PV Panel after
One Month of Installation
Parameter
Clean Panel
Dusty Panel
Avg. Cell Temperature (º C)
34.42
37.59
Voc (V)
6.35
6.26
Isc (mA)
370
280
Vm (V)
5.16
5.10
Im (mA)
350
260
Pm (W)
1.80
1.33

From table 2, it is seen that one month of dust has more impact on
a solar panel compared to dust of one week. Here, both the open
circuit voltage and short circuit current has reduced by a significant amount resulting in a 26% reduction in maximum power
when compared with a clean panel.

7. Conclusion
This paper focuses on the impact of dust accumulation that reduces the output power of a module. The study has been carried out
by simulating the I-V characteristics of a solar panel under clean
and dusty condition through PSpice software and experimental
setup and the main causes that result in poor performance of the
solar PV module have been discussed. The overall analysis has
been illustrated by experimental data which have been collected
under different environmental conditions. The dust increases the
temperature of the affected cells, decreases the irradiance thus
reduces the output power. The higher is the amount of dust, the
higher is the increase in temperature and hence the higher is the
reduction in open circuit voltage. Again increased amount of dust
reduces the available transmission area of the photons resulting in
reduced current generation. That is why in the case of the dust of
one month, the performance of the panel has been found even
poorer than that of one week. The photovoltaic systems which
have small modules are less affected by dust, temperature than
that of the systems with larger modules. In the study, it has been
also shown that the relative differences in PV module performance
parameters between the cases where the modules were dusty and
the cases where they are cleaned and unshaded can be higher under the same environmental condition. Therefore, the efficiency
can be improved by the proper periodic maintenance of the PV
modules. Voc, Isc, Vmax, Imax and Pmax are the most affected parameters due to dust and shading which has been found through simulation and experimental data. It is expected that this study is going
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