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Abstract

The deposition of dust on photovoltaic (PV) module surface is the main cause for its performance degradation in an open atmosphere.
The performance degradation of the module due to dust deposition depends on the size, density and type of dust. In this paper, the effect
of two different types of dust pollutants, such as red soil and lime stone on PV module performance was studied. It was found that the
reduction in PV module performance due to red soil dust was more emphatic than the lime stone dust. Moreover, the dust deposition on
the module surface shows a significant reduction in short circuit current and power output of PV module when compared to its open cir-

cuit voltage.
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1. Introduction

The generation of electric power depends on renewable and non-
renewable energy sources. Non-renewable energy sources gener-
ate power but it has an adverse impact on the environment. In non-
renewable power generation large amount of sulphur oxides (Sox),
nitrogen oxides (Noy) and suspended particulate matter (SPM) are
generated, which are responsible for pollution of the environment,
and it also deteriorates the health of human being as well as other
living things. The emitted gas from power plants also supports the
global warming. On the other hand, due to the continuous incre-
ment in energy consumption, cost of fossil fuel and global warm-
ing all over the world, which forces the world consumers to look
towards the green and renewable energy technology. Therefore,
renewable energy technology is getting much more attention in
both academic and industrial sector. There are different types of
renewable energy sources, such as hydro, geo-thermal, wind and
solar. Among these renewable sources solar energy experienced a
rapid growth and popularity in last one decade, because of its
huge advantages, like availability of raw material, no emission of
pollutants, can be used in remote areas, no noise problem and easy
to install [1-4].

The photovoltaic (PV) device is a part of solar energy system,
which is able to generate electrical energy directly from the in-
coming solar radiance (solar energy) [5]. Whenever sunlight
strikes on PV cell surface, which is made up of silicon type semi-
conductors, it generates electron-hole pairs inside the semiconduc-
tor material.

This generation of electron hole pairs inside the semiconductor
material is the main cause for electrical power generation in solar
photovoltaic system. In general, the PV module are operated in an
open atmosphere, where it experiences a significant variation in
environmental parameters, like wind speed, ambient temperature,
solar irradiance, humidity and dust pollutants [6]. These environ-

mental parameters affect the performance of PV panel, and among
these parameters dust plays a significant role in reducing the per-
formance of PV module.

2. Effect of Dust on PV Module Performance

The accumulation of dust on PV module surface creates a main
barrier in the path of sun light that falls on the module surface.
Due to this barrier, the glass transmittance of the module surface
deteriorates, and thus it affects the performance of PV module.
The rate of dust deposition affects PV glass cover transmittance in
turn the performance of PV module. When dust particles deposit
on PV module surface they absorb and scatter the incident light, as
a result efficiency of PV module decreases [7].

The deposition of dust on PV module depends on environmental
parameters, like ambient temperature, humidity, rainfall and wind
velocity, and operational parameter, such as tilt angle and mount-
ing height of PV module. The environmental parameters vary
from place to place and therefore PV module performance reduc-
tion due to the dust deposition is not uniform for every region.
Due to dust accumulation the open circuit voltage of the module
experiences a negligible change compared to its short circuit cur-
rent and power output [8]. One study on the module performance
shows that there was a significant reduction in short circuit current
and power output up to 28.6% and 30.6%, respectively after 12
days of its exposure to the atmospheric condition [9].

Due to sand dust deposition on PV module surface it was found
that the reduction in short circuit current and maximum power
output of PV module are respectively 40% and 34% [10]. Another
study shown that the reduction in PV module conversion efficien-
cy were 10%, 16% and 20%, respectively for 12.5 g/m?, 25 g/m’
and 37.5 g/m’ dust deposition [11] Similarly, one more study re-
ported that there was power loss of 3% to 4% of PV module due
to dust deposition for 5 weeks of its exposure to the atmospheric
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condition [12]. Study carried out by Rajput and Sudhakar (2013)
shown that due to dust deposition on PV module the power gener-
ation and efficiency of PV module was reduced to 92.11% and
89%, respectively [13].

Further one more study demonstrated that the energy loss of PV
module due to red soil, lime stone and ash are respectively 19%,
10% and 6% [14]. The reduction in energy is also influenced by
the color, composition and size of dust pollutants [15]. In a similar
study it was reported that among five kinds of air pollutants, such
as red soil, ash, sand, calcium carbonate and silica gel, sand shown
a minimum reduction of 0.9V output voltage, whereas reduction
due to ash was as high as 4.7V [16].

The variation in electrical parameters of PV module due to dust
accumulation is also influenced by the type of PV technology,
such as monocrystalline silicon (mec-Si), polycrystalline silicon
(pc-Si) and amorphous silicon (a-Si). It was reported that the re-
duction in PV module power output due to dust effect is 77.75%
for me-Si module and 18.02% for pc-Si module [17]. It was also
found that the reduction in open circuit voltage and fill factor due
to dust accumulation on PV module are less affected when com-
pared to short circuit current and power output [18]. The review of
literature clearly indicates that the performance of PV module not
only depends on the amount of dust but also on size and type of
dust. Therefore, in this paper an attempt was made to study the
effect of different dust pollutants on the performance of PV mod-
ule.

3. Laboratory Set-up and Methodology

A 20W polycrystalline solar PV module was used to study the
effect of dust pollutants on the module performance. The solar
simulators were used to generate an artificial solar radiation inside
the laboratory. These simulators could generate different range of
constant solar radiation. A solar power meter TM-207 was used to
measure the solar radiation falling on the module surface. During
this study a constant solar radiation of 567 W/m® was maintained
on the module surface.

Two different types of dust pollutants, such as red soil dust and
lime stone dust of size less than 75u were used. These dust pollu-
tants were uniformly distributed on the module surface in three
stages i.e. 5gm, 8gm and 11gm in mass. For every trial of theses
stages i.e. dust distribution, the electrical responses of PV module,
such as current, voltage and power were recorded. Two multime-
ters and one 320Q rheostat were used for the measurement of
electrical responses of PV module. The electrical responses were
also recorded for the clean panel.

4. Results and Discussion

The electrical responses of PV module for mass distribution 5gm,
8gm and 11gm for red soil dust and lime stone dust were recorded.
Based on these measured readings, the current-voltage characteris-
tic of PV module for red soil and lime stone dust were plotted
which are shown in Figure 1 and Figure 2. Similarly, the power-
voltage characteristic of the module for red soil and lime stone
dust are presented in Figure 3 and Figure 4. From the graphical
representation, as shown in Figure 1, Figure 2, Figure 3 and Fig-
ure 4 the reduction in short circuit current (ISC), open circuit volt-
age (VOC) and maximum power output (PMAX) were calculated,
which are presented in Table 1 and Table 2. These results in Table
1 and Table 2 indicates a significant reduction in ISC and PMAX
for both the pollutants. The reduction in open circuit voltage of PV
module is meager for both the pollutants. The reduction in maxi-
mum power output of PV module due to red soil and lime stone
dust deposition is presented in Figure 5. As depicted in Figure 5,

the reduction in maximum power output due to lime stone dust
deposition is low compared to red soil dust. Hence, the perfor-
mance degradation of PV module due to dust deposition is not
only cflepends on the mass of dust but also on the type of dust.
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Fig. 1: I-V characteristic of PV module with red soil dust deposition.
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Fig. 2: I-V characteristic of PV module with lime stone dust deposition.
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Fig. 3: P-V characteristic of PV module with red soil dust deposition.
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Fig. 4: P-V characteristic of PV module with lime stone dust deposition.
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Tablel: Effect of red soil on the panel performance (size= less
than7Smicron)

Mass deposi- Reduction in Reduction in Reduction in
tion Isc Voc Puax
(gm) (%) (%) (%)
5 222 3.8 25.8
8 333 4.8 45.1
11 44.4 6.8 61.2

Table.2: Effect of lime stone on the panel performance (size= less than75
micron)

Mass deposi- Reduction in Reduction in Reduction in

tion ISC VOC PMAX
(gm) (%) (%) (%)
5 13.8 3.0 19.3
8 25.0 4.0 29.0
11 33.3 6.0 51.6
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Fig. 5: Reduction in maximum power output with red soil and lime stone
dust deposition.

5. Conclusions

The generation of the electric power via solar PV system is be-
coming more and more attractive in developing country. This is
mainly due to the scarcity in fossil fuels, increase in price of fossil
fuels and also because of hazardous impact on the environment
due to burning of fossil fuels. The performance of solar PV system
mainly depends on the sun light falling on the module surface.
This incoming sun light reduces gradually due to the deposition of
dust pollutants on the module surface. The dust pollutants act as a
barrier in the path of sun radiation approaching the cover glass of
the PV module. This results in the degradation of electrical re-
sponses of the module, such as short circuit current, open circuit
voltage and power output. The short circuit current and the power
output of PV module are highly influenced by the dust deposition
on its surface when compared to the open circuit voltage. The
results of this study demonstrated that the 5gm of red soil dust and
lime stone dust deposition on the PV module surface reduces the
short circuit current by 22.2% and 13.8%, respectively. The in-
crease in dust deposition also increase the reduction in short cir-
cuit current. Similarly, the reduction in maximum power output
was also increased by 25.8% and 19.3%. Further, the reduction in
maximum power output increases with increases in the dust depo-
sition. Compared to short circuit current and maximum power
output the reduction in open circuit voltage due to dust deposition
is not very significant. The results obtained also indicate that the
performance degradation of PV module due to red soil dust is
higher compared to the lime stone dust.
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