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Abstract The excessive use has peaked and consumed most of the oil reserves, and impending climate change is
driving the adoption of photovoltaic (PV) decisively as a sustainable, renewable and environmentally friendly
alternative. Research is under way to find a breakthrough to increase the efficiency of conversion of commercial
PV units significantly. The installation of photovoltaic power systems to achieve the highest conversion
efficiency is primarily dictated by the geographical location (latitude and solar exposure available) and the
design of the structures (inclination, direction, and elevation) to maximize exposure to solar energy. However,
addressing these parameters appropriately does not mean that there are no other factors that affect the
performance and efficiency of the system. Dust significantly affects the performance of plants in Pf which is a
major factor in areas that are constantly exposed to dust. This paper provides an assessment of the use of
photovoltaic panels in five different locations around Baghdad City on the performance of the cell. Complex
systems in agricultural areas such as Al-Zafrania, and Al-Rashidia can be considered less affected by dust, while
compounded sectors such as Al-Aameria, Al-Sader city, and Al-Sinaa are more affected by this pollutant.
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Introduction

During this century, the world faces several challenges, the most serious of which is famine and war, and at least
as much, climate change and environmental pollution [1-2]. Iraq is a country that has suffered from an unjust
siege for fourteen years and a severe drought for more than 20 years, causing muchenvironmental damage [3].
Perhaps the most important manifestations of this devastation that has been inflicted on Iraq are a decrease in
the area of arable land to less than half, as well as the high percentage of salinity of rivers and groundwater [4].
The multiple wars Irag has waged over the last 30 years have caused a major disaster in terms of lack of services
and extensive destruction of the country's infrastructure [5]. The low power supply caused citizens to use
gasoline and diesel generators, causing large quantities of exhaust pollutants, and an unthinkable increase in the
number of personal vehicles and trucks, making Iraqgi cities suffer from high air pollution [6-7]. The shift to the
use of renewable, environmentally friendly energies is imperative if the country is to survive [8]. The talk about
renewable energies means talking about the energies available in Iraq such as solar energy, water and
groundwater energy [9]. To date, successive Iragi governments have not taken any action to use renewable
energies, especially solar energy, to rely entirely on the country's oil reserves [10]. Research is still under way in
Iraq to check the validity of solar energy use [11].

Photovoltaic is the direct conversion of light into electricity at the atomic level [12]. Some materials exhibit a
property known as the photoelectric effect that causes them to absorb photons of light and release electrons.
When these free electrons are captured electric current results, which can be used as electricity [13]. Solar cells
are made of the same kinds of semiconductor materials, such as silicon, used in the microelectronics industry. A
number of solar cells electrically connected to each other and mounted in a support structure or frame is called a
photovoltaic module [14]. Modules are designed to supply electricity at a certain voltage, such as a common 12
volts system. The current produced is directly dependent on how much light strikes the module [15]. Research
and development in photovoltaic (PV) systems has usually been concentrated in studies on radiation availability,
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efficient operating strategies, design and sizing of these systems [16-18]. On the other hand, the influence of
dust on the performance of PV systems has not been given much attention [19-20].

Dust is one of the natural elements available in the environment. The variation in dust particles’ sizes and
compositions depends on the location [21]. In some regions, dusty weather conditions tend to be more severe
than in others. It causes deterioration in visibility during dusty days [22]. Also, dust tends to settle down
creating a fine layer of accumulated dust on any exposed surface. It has been reported that different parameters
support the accumulation of dust such as gravitational forces, wind speed, wind direction, electrostatic charges
and the wetness of the surface [23-24]. Out of those parameters, the most dominating effects are the
gravitational effect, particle size and wind direction. Slow wind will increase the deposition of dust, while fast
wind speed will help remove dust if wind is incident in an appropriate direction [25]. The random accumulation
of dust on the PV module surface area can produce spots with varying concentration of dust particles [26].
These spots vary in shape, location and concentration density. The variation in dust accumulation in any place
can lead to different transmittance of light into the module, thus leading to small random areas on the PV
module with partial shading from the solar radiation [27].

It has been reported that falling dust has a direct effect of reducing the performance of solar PV modules [28].
Accumulated and airborne dust reduces the amount of solar radiation incident on the surface of a PV module. A
relation is provided between airborne dust, accumulated dust and the reduction in PV cell short circuit current.
Others have reported a relation between dust particle size, particle distribution, tilt angle and the reduction in
transmittance of solar radiation [29].

The losses associated with dirt accumulated on the surface of the modules are one of the loss factors that have
influence in the system performance ratio [30]. This dirt can be due to the dust accumulated on the modules
surface, usually uniformly distributed. This fact implies that the photovoltaic cells receive less irradiance. In
other cases there may be non-uniformly distributed dirt that frequently is due to bird droppings; this dirt
produces important partial shading on the cells [31]. Obviously, if maintenance tasks include periodic cleaning
of modules these losses can be avoided. However, these tasks are costly in time and depending on the type of
system (fixed, sun-tracking) moreover they are expensive in many cases, especially because of water scarcity in
these areas [32].

In this work we will investigate the effect of dust on the PV performance by collecting dust samples from
different places in Baghdad Governorate-Iraq. The output of the PV system will be analyzed. In addition,
different amount of dust will be utilized to allow further investigation of the effect of the quantity of dust. The
electrical performances of Photovoltaic panels are studied experimentally for the effect of deposited dust
particles. The experimental data are used for the calculation of the energy efficiency and power output of the PV
systems. This work is a part of the Energy and Renewable Energies Technology Center in the University of
Technology to wide spread the culture of using renewable energies instead of fossil fuels. The center's
researchers conducted several research papers in hydrogen energy and its applications [33-47]. Also, the center
conducted many investigation papers in the fields of solar ponds [48-49], solar towers [50-51], concentrated
solar power [52-53], heating water and air [54-56]. Besides, many technical works were conducted on the use of
Trombe walls in Iraq [57-59]. The use of phase change materials (PCM) in solar thermal applications takes a
part of the center efforts [60-62]. Finally, solar distillation and improved solar distillation production have been
extensively studied for its importance in the foreseeable future [63-65], as well as using nano materials in
energy applications [66-68].

Experimental Setup
The selected location
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Figure 1: The Baghdad Governorate map and the study selected location are marked by X
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Five variable locations in Baghdad Governorate were selected to conduct this study. Fig. 1 represents the
Governorate map and the selected locations.

The five locations were selected to represent the four directions of Baghdad city (North-Al-Rashidia, South-Al-
Zafrania, East- Al-Sader city, and West- Al-Aameria) and the center of the city is the University of Technology
Campus in Al-Siaa.

Apparatus
Three PV panels were used in the present study (its specifications are listed in the Table 2); Fig. 2 shows a photo
of the used PV group. The three panels were fixed on the Energy and Renewable Energy Technology Center
roof facing south.
A controller was used to measure the short circuit current and open circuit voltage as well as the current and
voltage during the tests periods. A weight balance type (AND-EJ610) was used to measure the weight of the dust
added to the panels in each interval. A rocking machine was used to vibrate the panels and distribute the dust
eventually before test.

Table 2: The used PV specifications

Solar module type APM-P 110-12
Peak power 110w
Max. Power voltage 172V
Max. Power current 6.40 A

Open-circuit voltage 216V

Short-circuit current 7.0A
Weight 11.4 kg
Dimensions 1450x 720x35

Operating temperature  -40°C to 90°C

Wind resistance 2400 Pa

Figure 2: the used PV cells group

Test Procedure

Five PV panels were used to collect dust from air. These panels were placed horizontally and in a shaded area
that prevents rainwater from reaching them but is open to ambient air. The accumulated dust on the PV panels is
weighted using a weight balance. When the dust accumulated on the panel reached 100 grams, it was taken to
the laboratory where it was tested in an indoor solar simulator and then returned to its location to gather more
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dust. When the accumulated dust weight 200 gram the second test was conducted on it.The gathering period
extended from for the period from September-2016 to May-2017. All the measured values were compared the
values obtained from a clean PV panel.

Results and Discussion
Table 2 illustrates the results obtained current when the panels were polluted by 100 gram of dust brought from
the tested sites compared with the clean panel current:

Table 2: The resulted current for the tested sites panels

Location Quantity (g) PV (A) Gathering time (days)
Clean panel 0 5.7 0

UOT campus 100 3.40 53

Al-Rashidia 100 3.48 81

Al-Zafrania 100 3.5 76

Al-Sader City 100 3.42 55

Al-Aameria 100 3.44 61

Table 2 indicates a high reduction in PV current in the urban areas of Baghdad while the lower reduction was in
agricultural areas. The gathering period of dust was shorter in urban areas. High traffic causes high dust in the
air in addition to the wind movement, and therefore in urban areas, the dust accumulates quicker. The type of
the accumulated dust has an influence on the resulted output. As the table shows, the same quantity of dust
caused variable current reductions. Fig. 3 declares the variation in the resulted current with each tested site. The
results obtained clearly shows the obvious influence of the PV performance. Generally, the output gained kept
decreasing in all cases. The maximum difference between the "no dust" output and the output gained was
noticed at “UOT Campus” which was (2.3A), with a reduction percentage of 40 %. While the minimum
difference was detected when using “Al-Zafarania” dust which was (2.2) A, thus the percentage of reduction
was 38%. All other cities' dust was similarly affected by the quantity of dust.

]

A
- 2 Coantmler (&)
=
B =
=
]
L
Clesnpaned  § Alfsbrmis § Aldameria &
- k.
o] !' ol
a =
= 5 3
Locatsen = -

Figure 2: The effect of 100 grams of dust accumulation on the PV current for the tested sites
Table 3 listed the results of the impact of 200 grams of dust accumulation of the PV panel. The results indicate
high reduction in the current especially for the UOT campus compared to clean panel. This result illustrates the
importance of cleaning the panel at intervals and after every dust storm. Fig. 4 shows these differences
graphically. The differences in the resulting current are caused by the location from which the dust came and its
physical and chemical properties. Table 3 shows that urban areas cause a greater spread of dust in the
atmosphere and thus a faster accumulation of photovoltaic cells. The traffic of the cars causes the dust to rise, in
addition to the heavy building processes. The reconstruction movement is heavy in cities causing building
materials to rise in the air. Therefore, the pollutants in the urban areas are more closely related and widespread
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on the solar panel. As the tabulated results and the graph clearly indicates that the output decreased gradually at
a higher amount. The percentage of losses increased significantly. Specifically, the smallest reduction was in
"Al-Rashidia" with a percentage of 40%. While the largest percentage was in “UOT Campus " by 49%.

Table 3: The resulted current for the tested sites panels’

Location Quantity (g) PV (A) Gathering time (days)
Clean panel 0 5.7 0

UOT campus 200 2.9 85

Al-Rashidia 200 3.38 99

Al-Zafrania 200 3.36 111

Al-Sader City 200 3.0 83

Al-Aameria 200 3.1 92
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Figure 3: The effect of 200 grams of dust accumulation on the PV current for the tested sites
Table 4 represent the reduction in the PV panel outcomes when the dust accumulated on it compared with clean
panel. The results reveal increasing rate with the increase in the dust accumulation quantity. This result confirms
what we concluded previously about the need for cleaning the PV panels on periods to avoid the high dust
accumulation on it causing high reduction in the panels' output. Fig. 4 shows these differences graphically.

Table 4: A comparison between the outputs gained versus the percentages of reduction
from the “no dust” output
Location 100 (gm) 200 (gm)

% of reduction % of reduction

UOT campus 40 49
Al-Rashidia 38 42
Al-Zafrania 38 40
Al-Sader City 39 45
Al-Aameria 40 47
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Figure 4: The reduction rate differences with accumulated dust

Conclusion

The effect of dust on the performance of PV system was investigated. The dusts of five cities were selected to
study the behavior of the gained output. The obtained and discussed results showed clearly that the efficiency of
the PV system decreased when dust was spread over the PV.

The difference among the output of each city, suggest that the geographic considerations must be taken into
account. Thus, when installing PV system, the nature and the geographical structure of the area must be
investigated as this could affect the performance of PV systems. To overcome this problem, it is recommended
to use the scheduled cleaning of the solar panels that could provide efficient enhancement for the PV system
outcomes. Finally, Iraq is located in an area that is one of the most places of the world where the solar energy
could be utilized to provide renewable electricity. Thus, it is vital to encourage the usage of it and to study and
solve the different factors that could prevent from using this renewable energy.
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