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Abstract: The energy demand and present climate change are critically driving all countries
of the world towards solar energy as a sustainable renewable and environment friendly
source of energy. Solar photovoltaic (PV) is required to convert solar energy into electrical
energy and its performance is primarily dictated by its surrounding environmental
parameters, such as dust, temperature, wind speed and humidity. The deposition of dust on
the PV module surface procreates less impact on an open circuit voltage, whereas it
procreates significant impacts on the short circuit current and maximum power output of PV
panel. This study shows that the reduction of short circuit current and output power of PV
module are 0 to 30.56% and 0 to 40%, respectivel,y with the deposition of the dust from 0
to 11gm on the module surface. Moreover, this study also demonstrates that the surface
temperature of the dusty panel is higher (12.32%) than the clean panel under the same
working conditions.

1. Introduction

Both economic growth and industrialization are dependent on the availability of energy resources,
but the fast depletion and acute shortage of energy resources have put the world energy consumers
to look towards the alternative, sustainable and renewable energy sources [1], [2]. Electricity is the
secondary form of energy, which derived from the primary form of energy, such as fossil fuels,
nuclear and renewable energy. The usage of renewable energy is not only promoting the green
energy in the environment, but at the same time it full-fill the demand of energy consumption of
world energy consumers [3]. There are various kinds of renewable energy, such as hydro,
geothermal, biomass, wind and solar, among these, solar energy getting more and more attention in
the last decade because of its huge advantages, like availability of raw material, no emission of any
pollutant, can be used in remote areas, do not generate noise problem, the panels are easy to install
and encouragement by the government in the form of subsidy. Therefore, solar energy could be
considered as an appropriate choice of electricity generation in the present energy scenario [4]. The
photovoltaic (PV) device is a part of solar energy system which is able to generate electrical energy
directly from the incoming solar radiation (solar energy) [5]. Whenever, sunlight strikes on the PV
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cell surface, which is made up of silicon type semiconductors, it generates electron-hole pairs inside
the semiconductor material. This generation of electron hole pairs inside the semiconductor material
is the main cause of electrical power generation in solar photovoltaic system.

2. Performance of PV Panel

The various environmental parameters, like solar radiation, ambient temperature, humidity, wind
speed and dust affect the performance of PV panel. Among these parameters dust affects the PV
panel performance significantly. Dust blocks and reflects the incoming sunlight on the panel surface
and this is the main cause of performance degradation [6], [7]. In a study, it was found that due to
the sand dust deposition on PV panel surface, the decrement in short circuit current (Isc) and
maximum power output (Pmax) are respectively 40% and 34% [8]. Similarly, in another study, it
was shown that the decrement in PV panel efficiency was 10%, 16% and 20% respectively for 12.5
g/m2, 25 g/m2 and 37.5 g/m2 dust deposition on its surface [9]. One more study indicated that the
dust significantly affects the optical transmittance of PV panel, which reduces the electrical
parameters like, Isc and Pmax up to 2.23% and 7.98%, respectively [10]. Further, one more study
shown that the reduction Isc and Pmax of PV panel was up to 28.6% and 30.6% after 12 days of its
exposure into the atmospheric condition [11].

The surface temperature of PV panel is another vital parameter which affects its performance. The
electrical parameters of PV panel, such as open circuit voltage (VVoc), fill factor (FF) and efficiency
decreases with the increase in its surface temperature. Although, the increment in Isc is very small
with the increase in surface temperature. Thus, the performance of PV panel decreases with the
increases in its surface temperature [12-14]. Another study reported a 10.3% improvement in the
panel energy due to the reduction in its surface temperature by 22°C [15]. One more study shows
that, the reduction in Voc was 0.45% and the increase in Isc was 0.09% with every 1K increase in
the panel temperature [16]. Since, the deposition of dust on the panel surface and its surface
temperature are the two important parameters that affect the panel performance in an open
atmosphere. Therefore, in this paper an attempt has been made to investigate the effect of dust
deposition on the PV panel performance and its surface temperature.

3. Effect of Dust on PV Panel Performance

An indoor experimental set-up shown in Figure 1, was used to study the effect of dust on PV panel
performance using 20W poly-crystalline PV panel. The technical specifications of the panel are
presented in Table 1. Iron ore dust pollutants of size less than 754 were used in the present study.
This dust pollutant was distributed on the panel surface in three stages, i.e. 5gm,8gm and 11gm in
mass. For every trial of these stages i.e., dust distribution, the electrical responses of PV module,
such as current, voltage and power were recorded. During this study, a constant solar radiation of
567 W/m2 was maintained on the panel surface. The rheostat of rating 320 ohm was used as an
output load for PV panel which is connected through the ammeter and a voltmeter for the
measurements of output current and voltage respectively. Table 2, represents the measured values
of Isc, Voc and Pmax of PV panel due to the iron ore deposition on its surface.
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Figure 1: Experimental set-up

Table 1: Technical specifications of 20W ploy crystalline PV panel

SI. No Parameter Ratings
1 Open circuit voltage 21.50 volt
2 Short circuit current 1.28 amp
3 Maximum voltage 17.00 volt
4 Maximum Power 20 watt
5 Maximum current 1.2 amp
6 Fill Factor 0.727
S

Normal operating cell temperature

(47%2) °C
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Table 2. Measured electrical parameters

Mass Short circuit Open circuit Maximum power
deposition current voltage output
(gm) (amp) (volt) (watt)
0 0.36 18.40 4.37
5 0.31 18.20 3.35
8 0.27 18.00 281
11 0.25 17.80 2.62

Based on the measured electrical responses of the PV panel its electrical characteristics, such as
current-voltage and power-voltage characteristics were plotted which are shown in Figure 2 and
Figure 3. Similarly, the reduction in Isc, Voc and Pmax were calculated, which are presented in
Table 3. The results obtained in Table 3 indicates that a significant reduction in Isc and Pm due to
the deposition of dust on its surface, whereas the reduction is meagre in case of Voc. This is
because of the direct dependency of Isc and Pmax on the solar radiation falling on the panel. On the
other hand, Voc of the panel is proportional to the logarithmic of the solar radiation falling on its
surface. Therefore, the reduction in Voc (3.26%) due to the reduction in solar radiation is not much
significant compared to of Isc (30.54%) and Pmax (40.04%) of PV panel.
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Figure 2: I-V curve of PV panel
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Figure 3: P-V curve of PV panel

Table 3: Effect of Iron ore dust on the panel performance

Mass Reduction in short Reduction in open Reduction in
deposition circuit current circuit voltage maximum power output
(gm) (%) (%) (%)
5 13.88 1.08 23.34
8 25.00 2.18 35.69
11 30.56 3.26 40.04

4. Effect of Dust on PV Panel Surface Temperature

To study the temperature difference between clean and dusty panel, under the same environmental
conditions, a laboratory study was performed using two identical 20W polycrystalline PV panels.
Both the panels were placed under a constant solar radiation of 1024W/m2, which was generated
with the help of solar simulators (incandescent bulbs). On one panel iron ore dust of 3gm in mass
was spread with the help of a strainer which was considered as a dusty panel and another was kept
free from iron ore dust i.e. clean. Thereafter, at every one-minute interval the surface temperatures
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of panels (i.e. clean and dusty) were recorded, using pyrometer, till it reaches maximum permissible
surface temperature (83°C). This procedure was repeated for another two trials, i.e., by distributing
5gm and 8gm dust on the dusty panel.

The recorded surface temperature of clean and dusty PV panels with respect to time for iron
ore dust deposition of 3gm is presented in Figure 4. As shown in Figure 4, the surface temperature
of dusty panel is higher than the clean panel at every measured interval. This is mainly due to the
current mismatch phenomena experienced by the dusty panel compared to clean panel. Moreover,
the accumulated dust particles on the panel surface covers the cells of the panel completely or
partially, which promotes the reverse biasing of the shaded cell. The reverse biasing of shaded cells
enhances the surface temperature of PV panel under dusty condition [17]. The variation in the panel
surface temperature due to different mass of dust deposition is illustrated in Figure 5. As depicted in
Figure 5, the increase in panel surface temperature depends on the amount of deposition of dust
particles on the panel surface. As the amount dust on the panel surface increases the panel surface
temperature also increases with respect to clean panel under the same working condition. Moreover,
the increase in PV panel surface temperature reduces Voc more significantly than the Isc of the
panel [18].
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Figure 4: Temperature of cleaned and dusty PV panel with reference to time
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Figure 5: Temperature of PV panel under different surface condition with reference to time

5. Conclusions

Solar PV power could be a best alternative for the generation of electrical power in remote areas,
particularly in locations where access of power is arduous, such as in mining areas, deserts, hill top
etc. This paper demonstrates the influence of dust deposition on PV panel performance and its
surface temperature. The reduction in Isc and Voc is respectively 0 to 30.56% and 0 to 3.24% for 0
to 11gm of dust deposition on the panel surface. The Isc and Pmax of the panel shows a negative
relation with the amount of dust accumulation on module surface. The reduction in Pmax is up to
40%, which is much significant. Moreover, this study also persuades that the surface temperature of
dusty panel is higher than the clean panel under the same working conditions. This rise in panel
surface temperature depends on the amount of dust deposition on its surface. Hence, this study
demonstrates that a complete cleaning action of dust from PV panel surface and its cooling at
regular interval must be ensured to improve the efficiency of solar energy module/system.
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