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Abstract: The article describes an experimental investi-
gation of the impact of soiling on the photovoltaic modules
in northeastern, Iraq. Over five months, the voltage, cur-
rent power and energy curves of two identical modules
with varying cleaning strategies (one was naturally dusty
while the other was cleaned regularly) were measured. The
impact of soiling on the daily energy produced as well as
rain accumulation and particulate matter concentrations
are discussed. The results indicated that no losses occurred
during wet seasons, but a considerable decline in perfor-
mance was found during dry periods owing to soiling.
Additionally, it was discovered that soiling has a bigger
effect on the maximum power than the short-circuit cur-
rent. After two dry summer months, the greatest power loss
of up to 22% was seen. The daily energy loss due to soiling
was determined to be 16% on average. Furthermore, there
are four polynomial models that have been drowned in
prediction photovoltaic module (voltage, current, power,
and energy) degradation due to the accumulation of dust.
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Introduction

Soiling is a concept used in solar energy systems to
describe the degree of uncleanliness on a particular surface
caused by particle deposition, either inorganic or natural
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(Pescheux, Le Baron, and Raccurt 2019; Polo et al. 2021).
Particle deposition reduces the efficacy of solar technology
by absorbing and dispersing sunlight on photovoltaic (PV)
panels, particularly those situated in dry and semi-arid
climatic zones. Incident solar irradiance on the solar array
photovoltaic researchers discovered that glass samples can
lose up to 5% of their absorption coefficient. Environ-
mental and climatic conditions have a variety of effects
on the deposition technique and the number of particles
attached to surfaces (Kazmerski et al. 2016; Sayyah,
Horenstein, and Mazumder 2014). It is important to mention
that neighboring places may have varying soiling grades as
a result of the regional delivery of certain anthropogenic
particle sources, such as farms, industry, airports, and
roadways (Mejia and Kleissl 2013). In terms of local evalu-
ation, soiling deposition might vary seasonally, owing to
rainfall inequalities (Conceicdo et al. 2020) and organic
pollutants (Conceicdo et al. 2018; Styszko et al. 2019). Par-
ticles in the air are primarily influenced by local vegetation,
meteorological conditions, and seasonality, with the latter
two being intrinsically tied (Jaszczur et al. 2019a).

In the existing literature, there has been a rising
tendency toward soil modeling. Initially, the majority of
models were established by correlating environmental
variables such as wind speed and direction, air tempera-
ture, relative humidity, and soiling data (Goossens and
Van Kerschaever 1999; Pennetta et al. 2016). Subsequently,
physical and semi-empirical models have been developed
(Jaszczur et al. 2019b). Additional analysis was conducted
on PV modules to determine the trade-off between dust
deposition and optimal tilt angle (Jaszczur et al. 2018a;
Ullah et al. 2019). Song, Liu, and Yang (2021) provide an in-
depth analysis of the reported influence of environmental
pollution and PV dirtying on solar energy and the tech-
noeconomic performance of PV systems. Both air pollution
clearance and soiling have the potential to considerably
diminish solar PV power output worldwide, with soiling
losses accounting for the majority of the overall power
loss throughout most locations, save for very polluted
places. Additionally, taking into account natural soiling
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operations, the influencing aspects of soil such as envi-
ronmental and dispositional variables are explored, as well
as their relationship to dust accumulation on the PV
module surface. Moreover, this study examines the effect of
eliminating air pollution on surface solar irradiance and
solar PV energy output. Yazdani and Yaghoubi (2022) used
short-circuit current measurements to assess the amplitude
of inaccuracy in forecasting soiling power loss of PV
modules; presented simple empirical methods for assess-
ing the effect of dust on PV power generation; and opti-
mized cleaning for an electricity solar power plant. The
studies indicate that, on average, soiling short-circuit
current loss underestimates real soiling power loss by
around 9%, and that this value rises with rising dust con-
centration. The soiling rate during the first week of dust
accumulation was estimated to be 0.27 percent per day,
whereas it was 0.13 percent per day during the second
week. This result reveals that the logarithmic model is more
appropriate than the linear and power relationship models
for evaluating the influence of dust on PV modules in the
case study. The ideal cleaning duration for a solar farm was
determined to be every 6 days. Laarabi et al. (2022) inves-
tigated soiling losses on glass samples using mass depo-
sition, transparency, and thickness measurement. The
impact of soiling on five separate locations in India was
compared to soiling on five locations in Morocco capital
area. Two distinct tilt angles (0° and 13°) were utilized,
and specimens were monitored over a four-day period.
According to the study, mass concentrations in five Indian
locations ranged from 0.0323 to 1.4208 g/m?/month, while
transmittance losses ranged from 0.3476 to 7.4217 percent/
month. Additionally, a new relationship between mass
density and absorption coefficient loss resulted in the
development of a new, more simplistic model for predict-
ing absorption coefficient loss predicated on mass density;
the obtained model encompasses a large number of sites, a
variety of tilt angles and directions, and a range of time
periods.

Gholami et al. (2022a) conducted a sequential inquiry,
comparison, and categorization, accompanied by an in-
depth and critical examination of the technology. All of the
major diode-based models proposed in the scientific liter-
ature were categorised. The design variables of the models
and their related extraction techniques were presented and
compared in terms of their precision, computational costs,
and applicability. To accurately forecast the behavior of
a solar panel, the derived parameters under normal test
settings must be modified to real environmental condi-
tions, according to a review of the relevant literature.
Taking this into consideration, all the implemented alter-
ations in the literature were presented and classified. The
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examined materials were then evaluated thoroughly to
identify research gaps and obstacles. Gholami et al. (2022b)
performed a comprehensive literature review on the elec-
trical, thermal, and optical modeling of solar systems for
their research. All the major models proposed in the literature
to predict the behavior of solar systems were examined. The
research conducted a systematic examination, comparison,
and categorization, followed by an in-depth and critical
evaluation of the current state of the art. For electrical
modeling, the diode-based transmission line models were
chosen for future analysis. Unknown model parameters,
associated parameter extraction and change approaches, and
their accuracy, computational cost, and applicability were
presented and compared. It was discovered that ignoring the
variance in environmental circumstances might result in
substantial inaccuracies of up to 17 percent. However,
changes such as including dust effects into a model may
boost forecast accuracy by up to 35 percent. You et al. (2018)
presented a methodology was used to examine the effec-
tiveness and economic losses associated with soiling of solar
PV modules in the cities of Tokyo and Doha. Doha loses
nearly 80% of its efficiency after a 140 day exposure, whereas
Tokyo loses less than 4% after a one-year exposure. Valerino
et al. (2020) investigated soiling measuring and a reduced
digital microscopic examination system, as well as mea-
surements for mass loading data, glass sample slides for
shape soiling effects, and rain and PV temperature moni-
toring to gain insight into meteorological effects on cleaning
and soiling rates. Soiling decreases PV energy generation
by 0.37% every day, according to the results. The low-cost
digital microscope accurately assessed soiling to within 1%
of recorded losses, demonstrating the practicality of this low-
cost alternative to costly soiling stations.

Schill, Brachmann, and Koehl (2015) studied, with
a 10 min accuracy, the impact of soiling on the usual
IV-curve of a PV module. The electrical architecture of the
monitoring system comprises of distinct electrical loads for
each module, which switch to the highest tracking mode
after every IV reading. The findings demonstrated a decline
in power output and efficiency over time, which was uti-
lized to analyze the influence of soiling. Within five
months, the efficiency fell to 20%. Hammad et al. (2018)
provide a geographically focused evaluation of the study
that has been undertaken on the impact of dust deposition
and temperature changes on PV performance. The article
presents models to predict these impacts and a financial
technique for determining cleaning periodicity in Jordan.
Two models have been created to evaluate the efficiency of
PV systems based on experimental data on time in contact
with natural dust and ambient temperature. The approach
to developing models is discussed, as is a comparison of
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their accuracy. Additionally, methods for measuring dust
deposition losses and, as a result, improving cleaning
regularity are described. The models are used to calculate
performance parameter losses caused by dust collection
and to determine the best cleaning period for the systems.
Across the 190 days of the study length, the average effi-
ciency loss owing to dust is 0.76% every day. As a result,
energy losses total 10.282 kWh/m? and economic losses are
3.76 US$/m’ The period considered to have the greatest
amount of cleaning is determined to be between 12 and
15 days, depending on the model and duration of exposure
period used in the research. Urrejola et al. (2016) examined
the impact of soiling on the energy loss of PV panels. In
Santiago, Chile, the annual production of solar systems was
investigated under exposure time for two years, 2014-2015.
Observations found that the performance of PV panels
subjected to soiling diminishes daily at a rate between 0.13
and 0.56 percent. The yearly degradation of the array system
was found to vary between 1.29 and 1.74 percent for poly-
crystalline, monocrystalline, and thin film arrays, respec-
tively. Khodakaram-Tafti and Yaghoubi (2020) conducted
an experimental investigation into the influence of dust on
the performance of solar systems at different tilt angles.
Eight PV modules with tilt angles were mounted on the roof
of a building for examination. Each pair of modules was put
at an identical tilt angle. Each pair of modules had one
cleaned every two weeks and the other left in its natural
habitat. The modules electrical output and climatic param-
eters were monitored every minute. The findings indicate
that the rates at which PV efficiency degrades according to
dust collection are highly dependent on the tilt angle. Dur-
ing the multi period invisitation, a dust storm lowered the
estimated daily energy provided by modules tilted at 0°, 15°,
30°, and 45° by 58.2, 27.8, 21.7, and 20.7%, respectively.
There was a dust storm a few weeks before that, and in those
weeks, the average amount of energy provided by PV
modules that were collecting dust dropped by 8.6% each
day, and by 0.8% for other tilted modules. Malvoni et al.
(2017) conducted a performance analysis of a 960 kWp PV
system in southern Italy. The energy output monthly
average, losses, and efficiency are calculated using moni-
toring data collected over a 43 month period. The perfor-
mance and generation capacity were 84.4 and 15.6%,
respectively. During the whole year, the efficiency of each
module was 15.3%, and the efficiency of the whole system
was 14.95, with a loss of 0.6 and 0.1 h per day, respectively.
Kazem and Chaichan (2019) discussed their observations
and documentation of meteorological conditions, dust, and
contaminants gathered in six cities in northern Oman. The
research discovered that dew in the early morning for the
majority of the year causes raindrops to combine with
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deposited salts, generating cohesive coatings that are diffi-
cult to remove, particularly in the slots within the panels.
The research indicated that cleaning the PV panels in the
evening would prevent the creation of this layer and keep
output losses to a minimum.

The wind influences the performance of PV modules.
If the wind is blowing in the direction of the PV modules,
the passage of air will clear some of the dust particles that
have gathered on them. On the other hand, dust that rises
in the air as a result of the wind very tiny diameters will stay
stuck in the air and will deposit and collect on the surface
of the PV modules when the wind speed decreases. Wind
speeds of more than 3 m/s induce dust and sand accu-
mulation, decreasing the amount of solar energy reaching
the PV cells and hence their production (Jaszczur et al.
2018b). Ceran et al. (2021) discovered that in such circum-
stances, the quantity of dust collected was more than the
amount eliminated, indicating a high dust concentration.
Wind speed enhances the conditioning of the PV modules
and lowers their temperatures. Additionally, it decreases
the relative humidity of the air, minimizing its destruction.
Jaszczur et al. (2019c) and Hassan (2021) established that
the key conditions for the buildup of enormous quantities
of dust on the PV modules are an average annual wind
velocity of more than 4 m/s and a humidity of less than
50%, to address the considerable overlap in external var-
iables causing dust buildup on PV modules. Fountoukis
et al. (2018) examined the dust-induced average electricity
yield reduction of PV in a dry environment using both
experimental and modeling data. For one year span (1 May
2015-1 May 2016), data on PV energy output, solar radia-
tion, environmental particulates, and climatic conditions
were gathered in Doha, Qatar. The results indicate a weak
association between measured PM concentrations for
particles with sizes up to 10 m (PM10) and daily energy
production changes. The conclusions of the modeling
indicate that the environmental PM intensity, even for
particles bigger than 10 m, is an astonishingly poor pre-
dictor of average electricity yield loss. The horizontal
settling of dust is a prototype characteristic that isn’t very
closely linked to the rate at which PV get dirty.

This accumulative dust should be emphasised that
many of the elements impacting dust formation cannot
be totally controlled. In order to obtain optimal solar
irradaince throughout the year, for instance, the installa-
tion tilt is often adjusted at the same angle as the location
latitude. Moreover, solar collectors and PV panels are
commonly oriented southward in the northern hemi-
sphere. Additionally, wind and precipitation conditions
depends on the climate and cannot be regulated. To tackle
this issue, measurements were done under identical
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circumstances for clean and dirty modules and samples.

This indicates that the sole difference between the clean and

dirty modules was the quantity of dust on their surfaces. In

this manner, the influence of other climatic parameters,
such as relative humidity and temperature, will be reduced,
and the variation in the performance of the panels will be
attributed only to dust collection.

The following points can be emphasized based on the
literature review:

— Exposure to external circumstances produces the
collection of dust, which degrades the generated energy
in proportions that vary depending to the duration of
exposure and the geographic location.

— Other meteorological factors, including sun irradi-
ance, relative humidity, and temperature, could aid in
enhancing the influence of dust on production losses.

— The degradation of the performance of a PV module
is dependent on the dust ingredients, which vary
based on geographic location and adjacent human
activities.

— The deposition of ash from the combustion of fossil
fuels on the PV module surface causes the greatest
yield losses.

— Thetilt angle of the PV module has a significant impact
on the amount of collected dust.

On the basis of the previous literature review and conver-
sation, it has been determined that dust affects the PV
module, and its influence differs from area to area based on
the dust constituents. The impact of dust on the PV module
also differs based on the module type and technology. The
purpose of this research is to conduct an experiment to
determine the effect of dust particles on the performance
of two PV modules monocrystalline materials with the
same rating were used. First, dust elements are utilized to
examine the performance decrease of PV modules in one
site of Iraq has been chosen to gather dust for six months in
preparation for interior trials. The primary constituents of
the accumulated dust were identified, and their effects on
the PV module were investigated independently. The
novelty of this research allow to establish the optimal type
of PV module for each of the analyzed locations. In addi-
tion, to allow the determination of cleaning methodology
that necessary with the time interval between cleanings.
In this the emphasis is on obtaining correct practical
outcomes for the usage of PV modules in the examined
locations while avoiding dust from interfering with the
efficiency of these units. This research observations will
make it simpler for decision-makers to adjust their orien-
tations when selecting PV systems for deployment in the
locations under consideration. In addition, it will include
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the price of after-sales services, including the cost of
cleaning the units.

Exparemental test procedure

To satisfy the goals of the study, the functioning of two
identical PV modules placed at the University of Diyala,
Mechanical Engineering Department, was tested and stud-
ied for five months, from December 01 to April 30, 2022, to
account for both rainy and dry seasons. Diyala is a city in
north-eastern Iraq with latitude and longitude of 33.7733°
N and 45.1495° E. The two investigated PV modules tybe
Sunceco (Monocrystalline, Sunceco PV Module) were posi-
tioned at the annual optimum tilt angle for the selected site
(30) towards the south, while module output, power,
voltage, and current were connected with the data logger
and charged individual batteries.

To assess soiling-related losses, one of the modules in
each pair was cleaned daily, while the other was left to
collect dust naturally. Clean and dirty PV modules were
both tested in the same way, so this method cut down on
the effect of spectrum irradiance distributions and tem-
perature changes on assessing and measuring soiling loss
(Hassan et al. 2022a; Hassan et al. 2022b). It is worth noting
here that the production of dew on the surface of PV
modules and the difference in wind velocity between clean
and dusty modules may add to the error in calculating
soiling losses. However, the former aspect was irrelevant in
our study owing to the fact that the environment in the
analyzed region was not conducive to dew development
and the comparison module was cleaned on a frequent
basis. Additionally, to mitigate the impact of wind, clean
and dusty modules were positioned in close proximity to
one another. The statistics on precipitation were gathered
from the closest weather stations to the test location. The
rain occurrences recorded were genuine based on location
measurements and the pattern of soiling loss. Figures 1 and
2 illustrates the experimental setup schematically, and
Table 1 shows the selected module technology.

Collecting dust and testing procedure

As stated before, two PV modules were used in the
experiment. None were cleaned during the duration of the
experiment. Each module’s daily supply of energy was
determined by measuring its dusty available energy. The
information presented in this study is the mean of these
two sets of data. Two reference modules were also used
during the investigation. The criterion chosen was the first
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Figure 1: Layout of the PV modules utilized in the experiment.

one. Dust-free output data, including power, energy,
current, and voltage, was collected from the dust-free
panels by physically cleaning this module each day
before measurement. For the manual cleaning, a sodium-
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based surfactant and alcohol were used. The equipment
associated with organizational was used throughout the
trial without being cleaned. From this, the requisite
output data of the PV modules with dust was collected. In
order to assess the I-V characteristics, each clean and
dirty cell was electrically coupled to a changing resistance
load. The third series was used to determine how much
dust had gathered on the panels. To collect dust, glass
samples were produced and put on each module surface.
As an example, green soda-lime silica window glasses
were employed.

PV cell circuit

The input current I,, depicts the current produced by
the PV cell, a diode replicates the p-n junction effect, a
connected in series R;, and a shunt resistance rsh. The
current—voltage relationship of a PV cell is described as

follows (Hassan et al. 2022c):
1) B (RSD + V) M
T'sh

where I, denotes the short-circuit current, I; denotes the
diode current, I, denotes the current flowing through the
diodes whenever a negative voltage is supplied, N denotes

RsD+V.

I=Iph+Id+Ish=Iph—IO(e VN —

Figure 2: The experimental modules and controller.
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Table 1: Specifications of PV modules at the standard condition
(Fountoukis et al. 2018).

Model Rated power
Rated peak power (Pmay) 150 W (peak)
Rated current (/np) 8.31

Rated voltage (Vi) 18.10V
Short circuit current (/50 8.72A

Open circuit voltage (V,.) 22.50V
Module efficiency (%) 20%

the diode ideality ratio, and V denotes the determined
voltage (Abbas et al. 2021):

NG
g

where k denotes the Boltzmann constant, T denotes the cell
absolute temperature, and g denotes an electron charge.

In PV nomenclature, series resistance is referred to
as ohmic losses. It encompasses all resistances to current
densities production caused by incident beam, including
circuit, metal connections, and the semiconductor material
of the cell. Shunt resistance is a term that refers to the un-
wanted process of light-generated electron — hole pairs
recombinating rather than being washed over the p-n junc-
tion and producing energy. This resistance is mostly due to
structural flaws in the crystal around the cell borders. Due to
the presence of shunt resistance, photons take an alternative
route around the joint, which is represented in the circuit
model by a short-circuit path. It is self-evident that an
effective design of PV cells should reduce resistor in series
with the power supply and enhance shunt resistance in
parallel with the current generator. It is worth mentioning
that series and shunt resistances are not only design-
dependent but also vary with irradiation and cell tempera-
ture (Hassan 2022).

Ratio of soiling (RS)

In evaluating dust influence on PV performance, outcomes
of clean and dusty modules are evaluated based on the
measurements of maximum power by computing soiling
ratio metric as the given equation (Gholami, Alemrajabi, and
Saboonchi 2017a; Gholami, Alemrajabi, and Saboonchi
2017b; Gholami et al. 2018; Gholami et al. 2021):
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Py
RS = <P_c> 3

where the P;and P, is the power of clean and dirty modules
respectively. The percentage decrease in the dusty module
maximum power can determined using the following
equation:

LS = (1-RS) -100% (4)

Due to the fact that dust decreases sunlight penetration
through dirty modules glass, the abovementioned ratio will
be less than one. Then, dust level (LD) could be calculated
according to the following manner, which indicates the
quantity of soiling gathered on dusty module in percentage.
_ Mc - Md

LD
M,

-100% )
where the M; and M. is the energy of clean and dirty
modules respectively.

Weather data

Figure 3 shows the experimental weather data which has
been recorded for the selected period at the weather station
located at the Department of mechanical engineering,
University of Diyala. The average solar irradiance on a
horizontal surface is 124.3 w/m?, the average ambient
temperature is 14.2 °C, the average rainfall is 70 mm, and
the average wind speed was recorded at 1.2 m/s.

Results and discussion

This section examines the potential variation in power
loss between proposed PV modules attributed to dust. The
estimated daily voltage, power, and energy loss of a dusty PV
module was evaluated and studied for this purpose
throughout a five-month testing period, from December 1,
2021, to April 30, 2022. It is worth noting that the average
maximum daily temperature of PV modules throughout the
investigation was determined to be 68.4 °C. Evidently, at
these high working temperatures, the voltage and, thus, the
power output of PV modules are dramatically reduced. This
occurrence, nevertheless, had no effect on the soiling loss
performance measures used for this study because the clean
and dusty PV modules had been identical (with identical
temperature coefficients) and experienced the same temper-
ature changes, implying that any temperature range between
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Figure 3: The experimental weather data, solar irradiance (a), ambient temperature (b), rainfall (c), and wind speed (d).

the clean and dusty modules could be attributed to dust
impact. Rain has a substantial influence on cleaning PV
modules, and so a large number of days without rain is
necessary to conduct an accurate and trustworthy examina-
tion of the dust effect. Figure 4 shows the variation of the
voltage, current, power and energy between the dusty and

clean modules for the selected sunny day of February 28,
2022, for which the collected amount of dust on the dusty
module is 0.28 g/module. The results showed that the dayly
energy drope due to the 0.28 g/mosule by about 20 Wh.
Figure 5 shows the variation of the voltage, current,
power and energy between the dusty and clean modules for
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Figure 4: The modules dusty and clean experimental measurements of the voltage, current, power, and energy for the selected day, February

28, 2022.

the selected cloudy day of March 10, 2022, for which the
collected amount of dust on the dusty module is 0.17 g/
module. The results showed that the daily energy is similar
output for both modules.

Based on the observed experimental data, the deter-
mined dust deposition concentration was between 0.144
and 0.289 g/m’ Figure 6 illustrates the influence of dust
accumulation on the moduels performance degradation
throughout the months of December—April of 2022. Addi-
tionally, there is a fundamental inaccuracy in evaluating
module voltage degradation, power degradation, and energy
degradation as shown by this figure. For comparable or even
larger masses, the impact on moduel efficiency varies from
day to day. A polynomial function was identified as perhaps
the most acceptable function to construct a practical connec-
tion. Due to the very low density of dust accumulation, the
range of dust deposition density is quite limited. To increase
the model range of applicability, all existing experimental
data points were Figure 5 demonstrates a considerable
reduction in the derating factor (increased energy loss) as

the dust accumulation density rises. The moduel efficiency
loss grew polynomially with mass and followed a poly-
nomial pattern. Taking into account all measurement points
and confidence intervals, the fitting curves correlation with
the data is regarded to be adequately dependable, with an R
square of around 0.96 for voltage (see Figure 6(a)), R
square of around 0.99 for power (see Figure 6(b)), and R
square of around 0.94 for energy (see Figure 6(c)). The
presented models are relatively dependent on environ-
mental variables, and once adapted, they may be used in
any location to determine the PV energy degradation
versus dust density deposited on the module surface.

Conclusions

Soiling may be a significant problem for the PV systems
globally, growing even more so as the PV sector expands
at a breakneck pace. Mitigation methods must be imple-
mented to avoid or mitigate its impacts and must be
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Figure5: The modules both were cleaned experimental measurements of the voltage, current, power, and energy for the selected day, March

10, 2022.

customized to the unique circumstances and design of
each PV site. Additionally, the inherent complexity and
variety of soiling make prediction challenging. As a
result, it must be regularly checked. Soiling could be
determined directly from PV performance information or
environmental factors, eliminating the requirement for
soiling sensors. The literature has been reviewed in several
articels, and the dearth of comparison studies and the
resulting necessity for them have been highlighted. The
purpose of this article was to explore the influence of dust
deposition on the performance of PV modules by continu-
ously monitoring the maximum power of clean and dusty
modules in the north-east of Iraq for about five months.
Additionally, based on collected data and modeling tools, the
ideal cleaning time for a utility-scale PV power plant situated
in the Baqubah region was determined. The following con-
clusions are drawn:
— The most effective criteria for determining the appro-
priate cleaning interval of an energy PV system were
found to be variations in weather conditions, which

might also have a substantial effect on optimizing the
plant cleaning schedule.

—  While short-circuit current loss is a useful indicator of
dust accumulation on PV modules, real power failure
under reduced illumination circumstances and high
dust concentration levels may be significantly different
from the reduction in short-circuit current.

— The estimated daily voltage loss from the PV module
was about 12% (1.82 Volte), 22% (-47 W) and 16%
(-80 Wh) greater than short-circuit current losses
throughout the study period.

As with any previous study, the present one necessitates
more research in some areas to minimize the issues
created by dust deposition on the surfaces of photovol-
taic. Since the investigation for this article was conducted
over a period of six months, some of the natural events
that might impact the density of dust collection may not
be taken into account. Therefore, a long-term experiment
should be conducted to see if it may result in a more precise



132 —— G.A.Jendar et al.: Experimental investigation of soiling effects on the photovoltaic modules

DE GRUYTER

2.0 0.50
(a) S — (b) Equation y = Intercept + B1"x1 + B2'X'2 ‘
184 o Equation Py Plot B
o Plot s Weight No Weighting
Weight No Weighting 0.45 - Intercept 1.14332 £ 0.23552
ercet 61514 = 146200 - B1 -6.23796 + 227281
1.6 4 B1 -42.22475 + 14.59388. B2 11.07662 + 5.19231
82 80.5627 + 33.8436 Residual Sum of Squares 0.00209
Residual Sum of Squares. 0.14291 R-Square (COD) 0.94334
1.4 ReSauare (COD) 089772 Ad. RSquare 091501
> Ad. RSauare ossest « 0.40 ]
& 1.2 £
= B <
S £
g 1.0 3 0.35
K K
3 3
B 0.8 ]
o o
= = 0304
0.6
0.4
0.25 -
0.2 4
0.0 T T T T T T T T T T 0.20 T T T T T T T T T T
012 014 0416 048 020 022 024 026 028 030 032 034 012 014 016 018 020 022 024 026 028 030 032 034
Dust, g/m? Dust, g/m?
50
85
(c) cauaton ¥ = ierept; B + 62 80 ] PS (d) P— e B 6
45 Piot B Pt s
weignt NoWeighting 75 ] weignt NoWeightng
nercet 167.12755 £ 2076195 eercest 295,481 2 75,3500
81 378,043 + 301 526 a1 22000560 » 74190859
04 &2 2688.0207 » 907.9048 70 52 saan 45392 + 1720 62088
Residual su of Sauares 1028073 Resioial Sum ofSquares
ReSquare (COD) 091582 65 R-Square (COD) 086583
Al ReSauare ossns - A, RSquare osiss?
3 35 = 60
g >
2 555
° ]
2 30 2 50
5 < 50
= Q
3 S 451
254 o
= S 40
35 -
20
30 A
154 25
20 -
10 T T T T T T T T T T 15 T T T T T T T T T T
012 014 016 018 020 022 024 026 028 030 032 034 012 014 0416 048 020 022 024 026 028 030 032 034
Dust, g/m? Dust, g/m?

Figure 6: The average of PV moduel loss (a) voltage, (b) current, (c) power, (d) energy due to the natural dust deposition.

connection. In addition, more research may be required
to determine the requirement of cleaning or to improve
cleaning periodicity.
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