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Elemental composition of Dust Particles and Influence of Dust Addition
on Photovoltaic Module Performance

ABSTRACT

There is an excellence prospective for solar power practice in Nigeria by engaging solar
photovoltaic (PV) units. Addition of dust on solar antennae and PV elements is a
pronounced worry owing to different dust particles fouling on the module. The recitals of
such devices are considerably suffering from dust addition. Dust samples involved during
this study came from ash, cement, rice husk, brick dust, and sand. This paper therefore,
reports the outcome of a research work on the elemental composition of dust particles
and influence of dust addition on the maximum power, efficiency and performance ratio
of a 3 W polycrystalline solar PV module. The electron dispersive x-ray analysis of the
collected dust samples revealed silicon having the highest percentage weight
composition while sulfur and nitrogen records 0 % in most of the sample apart from rice
husk. The experimental measurements were conducted outdoor under 470, 715 and 756
W/m? solar irradiation levels. Results indicated that dust addition on the solar PV module
negatively affects the output power with cement dust proffering highest effect due to high
percentage weight of carbon present in it. The research work revealed that solar PV
modules polluted by dust particles for a period of time experienced a significant decrease
in their efficiency and performance during operation. Accordingly, it is recommended that
installed PV modules be cleaned routinely as dust particles hid on the solar panel
naturally. Many areas have to be covered in future like construction sites, agricultural
land and many more as solar power is growing exponentially in Nigeria.
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1. INTRODUCTION

The swelling implication in demand for electricity in Nigeria and lots of other developing
nations of the world is always same and perhaps on a high side since the inauguration
of electricity [1]. Today Nigeria’s energy blend is chiefly dominated by the electricity
produced from the hydropower and gas plants operated using fossil fuels as the energy
source. The assembly of electricity via fossil sources is the main cause for industrial
pollution which is not only causing threats to the environment but also affecting the
qguantity of inadequate old-style energy sources, e.g., petrol, diesel, and coal etc.
Besides, in today’s epoch of globalization, the variation in climate is among the
threatening tasks faced by every country of the world where Nigeria as a nation is within
the same trap. Therefore, the search for the assembly of unpolluted energy sources that
could power our economy has directed to the look for energy sources, termed renewable
energy (RE) sources. These RE sources are natural and may be restocked over a
period of time, examples include wind, biofuel, geothermal, tides and solar [2]. Sun is
one among the foremost important sources, where it irradiates our planet by a solar
power which is 8000 times quite the present rate of worldwide consumption energy [3].
One among power conversion technologies is ‘Photovoltaic Method’. This method
directly converts the sunlight into electricity employing unique devices refer to as
photovoltaic cell [4]. The gains of RE over non- RE sources aside from future cost
reduction in electricity with decrease dependence on national grid power is; its reliability,
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cleanliness and deploy ability mostly everywhere, without the expensive power lines.
Pollution wise, RE is environmentally friendly and permanent in nature [2,5]. By
considering the gains of this free, natural plentiful energy source, solar PV technology is
becoming the supreme encouraging hygienic energy assembling system and the fastest
rising RE technology due to a remarkable decline in price and noise pollution free during
operation [6-7]. Yet, an undecorated challenge is fronting this technology during its
operation, because of the effect of various sorts of dust materialization [8]. Primarily dust
affects the PV panels’ in two ways. Firstly, dust directly relaxes on the solar PV panels
thereby obstructive the sun’s rays from reaching the panels’ cells. Secondly, the sensor
for tracing solar insolation may be shielded by dust [9-11]. Consequently, maintenance
and cleaning schedules for PV amenities are suggested in previous studies [12-14].

1.1 BRIEF REVIEW OF SIMILAR RESEARCH WORKS

Previous researches have shown that power losses caused by dusting, especially in
areas where there is little rainfall can vary from 10% to 70% on different reasons which
affect the PV system performance, [1, 4, 12, 15-17]. Some researches categorized and
conferred the dust problem based on its physical, chemical and biological properties [17-
18]. Dust has been investigated within the last decades using several approaches [9, 13,
19-21]. Additionally, the relation amongst dust addition, tilt angle and orientation of PV
modules has been investigated [22]. Other studies have focused on dust issue in
connection with temperature, wind, humidity [23-24].

One among the pioneers within the study of dust's effect on photovoltaic cell
performance [25a, b], investigated the consequences of dust on solar PV modules
based on the chemical and physical properties. The study reported cement particles
effect on PV module as the most important aspect.

Fountoukis et al. [26] probed the influence of dust particles in terms of size on the PV
cells in Doha, the study revealed that the deposition of small-size particles causes
greater reduction than large-scale particles even though they are distributed more
regularly on the surface of the cells. In a similar strain, Hussain et al. [2] reported that
the smallest dust particle lumps more solar radiation thereby reducing the performance
of solar panels.

Karmouch & Hor [27] reported 10% reduction in solar cells efficiency for an exposure
time of 16 weeks by regular dust buildup during an outdoor test measurement within
Jazan region. Darwish et al. [28] reported the direct influence of dust related with other
factors on PV performance. The PV module surface recorded 4.4 % decrease in
electrical power daily when roofed with dust; and in lengthy days devoid of rainfall might
be above 20%.

Rajput & Sudhakar [29] while aiming on factors like solar radiation, proficient operating
plans, map out plus dimensioning of solar PV systems established that dust particles
meaningfully lessens the efficacy of the panel. Darwish et al. [30] revealed that ash has
a greater negative impact on PV voltage reduction of about 25% compare to sand,
calcium carbonates, red soil and silica on the performance of polycrystalline PV
modules.

Rahman et al. [9] investigated the effects of natural dust on the act of PV panels in
Bangladesh and found reduction in efficiency of the panel to be 35% in a month. Javed
et al. [31] in Doha studied the rate of dust accumulation, elemental composition and the



average patrticle size of the deposited dust. The study revealed that calcium is the most
abundant element followed by silicon, iron, magnesium, aluminum and gypsum, which is
a secondary component in the studied area. Roy [32] reported that the carbon dust can
reduce the system efficiency more than partial shadow effect.

A major study on dust effects on the glass cover of a PV module by Said & Walwil [33]
recorded a 35 % decrease in spectral transmittance. Mekhilef et al. [34] interrelated
amongst thickness of dust accumulated on PV module and inconsistency in proficiencies
of composite climate, a significant reduction in PV module output of about 10-20 % by
dust accumulation was inferred. Sulaiman et al. [35] reported that external resistance
could reduce PV performance by up to 85% however, concluded that water droplet from
rain would not affect significantly the performance of PV modules.

Ekici & Kopru [5] investigated PV system cable losses and their effects. The study
inferred that cable losses negatively affect the peak power of PV and the percentages
of these losses exist as a function of the cross section area of the cables. Kumar et al.
[1] predicted 26.5% energy loss and degradation rate within 0.6 to -5% of a 200 kW roof-
integrated crystalline PV systems under certain climatic conditions in India per year.
Goossens & Kerschaever [36] reported that PV cells performance is greatly affected by
the accumulation of fine Aeolian dust particles.

Adinoyi & Said [17] in their experiment recounted that dust particle size scattering and
shapes influence the shielding effect of the dust on PV module surface; hence the power
output. Kazem & Chaichan [24] studied the physical and chemical properties of manual
deposition on PV modules in an indoor laboratory environment in North Oman. The
study reported 30-40% reduction of power output due to dust addition particularly; dust
samples with the highest humidity content, specific gravity and elasticity index caused
the greatest worsening of PV performance.

To crest it all, solar energy is a hygienic and obtainable source of energy for electrical
generation in rural and remote areas. This has been confirmed by many important
studies in the literature [37]. Currently, the Federal University of Agriculture, Makurdi-
Nigeria is accessing uninterrupted electricity power due to the installed hybrid solar
power in recent time. In the meantime, little literature is available from previous studies
capturing dust influence on PV output performance on the local area within Nigeria.
Though, the core shortcoming of a PV system is narrow to efficiency. Besides, solar PV
panel’s pollution by dust particles is a function of location [30]. For that reason, applying
a common model in all locations becomes independent. Since installation design of solar
systems anywhere in Nigeria as it stands, do not consider many of these losses, it is
pertinent to investigate the elemental composition of different dust types commonly
found in Makurdi and their effects as these remotely affect the output performance of
solar PV module during operation. In this paper therefore, elemental composition and
influence of dust addition on the efficiency and performance ratio of a solar PV module
of known power rating was assessed using five different samples.

2.0 MATERIALS AND METHODS
2.1 Materials and dust sample preparation

The dust samples (ash, cement, rice husk, brick dust, and sand) were collected from
different parts of Makurdi. = Samples like brick dust and cement were collected from
factory and construction sites along Sen. George Akume way and the ash was
domestically gotten from burnt firewood. The rice husk was collected from Rice Mill at
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Wurukum where rice is being cleaned from rice bran and sand was gotten from the
playing ground, South core of the Federal University of Agriculture, Makurdi. Samples of
the collected dust were weighed using METTLER PM2500 weighing balance to
determine dust density (dust weight shared by module surface area) and characterized
using Energy Dispersive Spectroscopy (EDX 800 spectrometer Skyray Instrument) to
determine the nature of each dust elemental composition. Fig.2. displays the percentage
weight of elements per dust sample as measured using EDX.

2.2 Methodology

In an outdoor test-stand mounted in front of the Physics Laboratory at the Federal
University of Agriculture, Makurdi (latitude 7.77°N, longitude 8.62°E), the solar PV panel
was exposed to natural sunlight tilted at 45° facing northwards with the ambient
temperature variations between 22 to 33°C during the month/year in Makurdi. Display in
Table 1, is the specifications of the experimented solar PV panel. The test started with
the study of a clean PV panel without dust (O g/mz) for output power comparison
purposes. Subsequently, 5.00 g (347.22 g/mz) of dust was distributed uniformly over the
module surface to ensure homogeneity. No scientific theory in existence proved this
homogeneity. But in nature, homogeneity occurs randomly. In this research, all
experiments tried to distribute each dust sample in a homogeneous way using a flour
strainer as adopted by previous researchers [2, 38].

Table 1: Polycrystalline PV module specifications (DP-Li21 China)

Dimensions

Module dimensions (mm x mm) 180 x 80
Cell dimensions (mm x mm) 30x20
Cells per module 24

Cell area per module (m?) 0.0006
Electrical specifications

Max Power at STC* (W) 3 +5%

Open circuit voltage, (Voc)inV 7.2

Short circuit current (Isc) in mA 568
Key:* Standard test conditions (STC): irradiance 1000 W/m* and temperature 25 °C.
To measure the intensity of the sunlight reaching the module, a Solar Power Meter
(TENMARS TM-206) was used. All points’ measurements were taken in time intervals of 1
hour, starting from 10:00 am to 12:00 pm per day for five days in the month of February,
2021 when no rainfall was observed in Makurdi. For the measurements of maximum power
output, a rheostat and (for voltage and current monitoring) were connected to solar PV
module as shown in Fig.1. The voltage (V) and current () values in each case were obtained
through the multimeters by varying the resistance using the rheostat in the PV experimental
circuit, which directly affects the voltage and current in the circuit. The maximum power
outputs in each case were calculated as presented in equation (1). The data collected for
five days from the dusty and clean solar panel was averaged for each sample to obtain final
values for solar irradiance, V, I, I-V curves and their corresponding maximum power output.
Therefore, only the average values have been reported in this article.
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Fig.1.Schematic Diagram of the Experimental Setup

For the monitoring of ambient temperatures, Redmi 9C (Model: M2006C3MG, Xiaomi,
China) with an infrared blaster was used. Since infrared thermometer is considered a good
approximate of the cell operating temperature. The cleaning method of the filthy module may
be with a fine brush [39], which was also adopted for this study in cleaning the polluted panel
after each pollution and measurement. The experimental setup design and measurement of
performance results in terms of current and voltage were taken in real-time condition under
similar conditions of solar irradiance and ambient temperatures. The graph plots from the
collected data were done using the Origin software.
The power (P) and efficiency (n) can be calculated using the following formulae [8]:

Pmax = Imameax (1)
where I, is the maximum current in amperes in amperes and V,,,, is the maximum voltage
in volts. The efficiency of the solar module is determine as stated in equation (2)

n= % x 100% )
where B, is the maximum power output created by the solar PV module, E is the available
global irradiance at module tilt in W/m?, and A4 is the surface space of the solar PV panel.

3. RESULTS AND DISCUSSION

3.1 Elemental composition analysis

Elemental composition of dust samples in terms of percentage weight of each element
present per sample as presented in Fig.2 were analyzed using the EDX spectroscopy. The
result shows that silicon makes the largest content of 40 % and 24.5 % for brick dust and
rice husk respectively, followed by 19.5 % aluminum for brick dust, 14.5 % carbon and 11.5
% potassium for cement sample, while 13 % calcium was observed for ash. Sulphur and
nitrogen recorded the smallest content of 0 % in almost all the samples except for rice husk
which is 0.2 % as illustrated in Fig.2. This composition is probably influenced by the source
of these test samples and human activities within the source locations. In general, the result
revealed some elements similar to those found in literature [17-18, 25b, 24]. However,
elemental analysis of rice husk and other samples using proton-induced x-ray emission
(Pixe) spectrometry revealed many other elements [40]. This is because the Pixe has higher
resolution compare to EDX 800. Besides, the physical nature of dust and its elemental
composition are dominated by the region in which it is studied [27].
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Fig.2. Elemental composition of the dust samples

3.2 Current-Voltage Characteristics

Fig. 3 shows the I-V curves for the experimented 3 W solar PV module at three different
solar irradiations (470 W/m?, 715 W/m? and 756 W/m?) for the selected dust samples each of
density 347.22 g/mz. It can see clearly that the addition of dust on solar PV module reduces
the short-circuit (Isc) and I,,,, for the |-V characteristic when compare with the Isc of the
solar PV module with no dust. The situation is worse when considering the |-V curve of 470
W/m?. This situation is due to the lower solar irradiation reaching the PV module at 10 am
during the measurement period as dust particles prevents much rays in reaching the module
especially at lower solar irradiation levels [35]. For more details, see the plotted peak power
reductions with corresponding efficiency in Figure 4a-c. For irradiations of 715 W/m? and 756
W/m?, the I-V curves for all the five samples are relatively close to each other.
Comparatively, at 470 W/m?the I-V curve for no dust records a reasonable variance from all
the test samples. This is possibly attributed to dust influence which was considerably more
active in hampering the light from hitting the solar PV panel's surface at lower solar
irradiation levels [11, 27]. Generally, the plotted I-V curves revealed a similar trend with that
of typical PV solar panels. Since the area under the curve represents the maximum electrical
power of the solar PV system. To sum up from Fig.3, the maximum power could be
generated when the panel is unpolluted by dust. With the addition of dust, the space
within the curve will shrink, indicating a decrease in energy generated. The results, also agre
e with previous works of [11, 17, 41].
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Fig.3. I-V characteristics for three different solar irradiations

3.3 Dust Effect on Maximum Power Output and Efficiency
From Fig.4, the influence of dust on the solar PV module is quantified by presenting the
maximum power outputs and efficiencies of the solar PV module under each experimental

condition. From Fig.4a-c, the highest maximum power occurred when the panel was not
covered with dust.

P_max (V)
Efficiency (%)

P_max (V) |
Efficiency (%).

c P_max (V)
3 Efficiency (%)

101 1283

Fig.4. Maximum Power Output of Dust Samples with Efficiency at (a) 470 W/m?, (b) 715
W/m? and (c) 756 wW/m?

The cement and sand dust reduces the maximum power significantly for all case of solar
irradiations. If the effects at 470 W/m?® were to be excluded, the brick dust sample records
the highest maximum power of 1.30 W at 715 W/m® and 1.58 W at 756 W/m?” followed by
rice husk with 1.26 W at 715 W/m? and 1.57 W at 756 W/m®. This might be due to the low
percentage weight of carbon content found in these samples, as carbon blocks more solar



irradiance when its percentage weight is much in any dust sample [32]. However, rice husk
and brick dust exhibited almost a similar reduction in maximum power. This is as a result of
the closeness in percentage weight values of elements found in these samples. The lowest
reduction in maximum power was found to be 0.42 W for cement at irradiation levels of 470
W/m?. The highest calculated efficiency was observed to occur at 756 W/m?for all the tested
dust samples. Ash recorded 14.15 %, cement 9.74%, rice husk 14.42 %, brick dust 14.51 %
and sand 13.96%. Considering the whole of Fig.4, it is observed that cement particles has
much negative effect on the output performance of the PV module due to high percentage
weight of carbon. The result also agrees with works of [17, 25a-b, 38]. Conversely, the case
of no dust addition records the efficiency of 25.71 % at lowest solar irradiation of 470 W/m?.
Besides, from Fig.4a & c, the values of maximum power are in equal value of 1.74 W;
though, the solar irradiation values differ. The cause for this is not well understood and more
research is recommended for the future.

To crown it all, there is a clear reduction in both the maximum power output and efficiency
for each test condition if compare to no dust test experiment. This clearly shows that solar
PV module with no dust addition gives the highest efficiency during operation as reviewed in
previous works.

The summary of the 3 W solar PV panel for all test conditions in terms of performance ratio
is presented in Fig. 5; since solar PV modules do not produce the same power as rated by
the company. Thus, the performance ratio becomes the best platform for comparison,
defined in equation (3) [17]:

. GP,
Performance ratio = —5%% 3)
EPrated

where G is the standard solar irradiance of 1000 W/m? and E retain its definition as in
equation (2). It can be observed that the performance ratio decreases for each tested
condition. Also, a substantial progress in the performance ratio was experimental when there
is no dust addition on solar PV module. This indicates that the PV module performed better

under no dust test condition.
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Fig.5. Dust samples performance ratio for the 3 W polycrystalline solar PV panel.

4. CONCLUSION

[In this paper, elemental composition of dust particles and influence of dust addition on a 3
W polycrystalline solar PV module was probed under 470 W/m?®, 715 W/m? and 756 W/m?®
solar irradiations. The research was conducted in an outside condition under natural



sunlight. The influence of ash, cement, rice husk, brick dust and sand samples on the
maximum power, efficiency and performance ratio of the solar PV module were individually
investigated. The fraction weight composition of elements found per dust sample obtained
from EDX analysis show that silicon has the largest content followed by aluminum, carbon,
calcium and potash. The obtained results specified a decline in output power, efficiency and
performance ratio, when dust particles were added on the tested solar PV module. The
power reduction, efficiency and performance ratio depends on the dust and its density;
hence the density for each tested sample was constant. From the result, the highest
calculated efficiency was observed to occur at 756 W/m? for all the tested dust samples.
Brick dust was found to record the highest maximum power of 1.58 W at 756 W/m? with
efficiency of 14.51 % and performance ratio of 0.70 whereas cement due to its high
percentage weight of carbon, offer the lowest reduction of 1.06 W with efficiency 9.74% and
performance ratio of 0.47. Nevertheless, under greater solar irradiance, the influence of dust
was observed to reduce slightly but not negligible. Thus, in practice dust must be removed
from the surface of solar PV module in order to ensure utmost performance.

Finally, these dust samples have been taken for the present study in Makurdi; because solar
is growing exponentially. Besides, there are many places which have to be covered in future
such as construction sites, agricultural land and many more. Consequently, it is
recommended that installed PV modules be cleaned routinely as dust particles hid on the
solar panel naturally.

This should briefly state the major findings of the study. If you are using copy-paste option
then select ‘match destination formatting’ in paste option OR use ‘paste special’ option and
select ‘unformatted Unicode text’ option]
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