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Abstract:

Photovoltaic (PV) panels are affected by various
several environmental conditions at the phase of
power generation. It is a complicated problem of
performance how to measure dusting at an accurate
Figure. Position of the dust on panel surfaces may
vary by environmental factors such as field and
ambient temperature, wind and rainfall. In this study,
effects of dust accumulation on PV panels were
examined in order to provide a better understanding
for contamination dependent losses of performance.
Results from the study simulated performance of PV
panels under different dust accumulation regimes
were evaluated by comparing with the results from
panels in real environment. Power-voltage
characteristic of PV panels were designed in Matlab-
Simulink environment.
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1. Introduction

Turkey is not of high productivity in terms of both
production capacity and production method, even
tries to take advantage of sun through certain
methods reducing electrical productivity, although it
has maximum potential of sun in terms of taking
advantage of sun among European countries. Our
country’s need of energy can be solved by
considering methods of power generation from
sunlight which are used by countries having common
climatic characteristics, geographical structure and
elevation values with Turkey [1-3].

Wastes formed by traditional fuel types during
process of energy generation cause adverse effects
on ecological balance. Increase in CO2 in the
atmosphere causes greenhouse gas effect and SO2,
NOx, HC and particles pollute the environment, as
well [4-7]. Electric generation from the sunlight that
is one of the most harmless methods in terms of
environmental and human health is the most
commonly used method of RES.

Limited oil reserve of the world and inefficient
use of the current resources demonstrate that energy
problems would increase if use of RES was not
increased. Today, soil energy is used directly or

indirectly in an intense Fig to heat, cool and generate
energy, particularly [9-11].

2. Photovoltaic Systems

While PV panel systems are involved in the
category of direct energy generation, vapor systems
produced by using the sunlight or Stirling engines
defined as solar-powered hot-air engines are
involved in the category of indirect electric
generation. The most commonly used method is PV-
panel production systems.

It is proper to use solar cells everywhere in need
of electricity. PV modules constitute PV system by
being used with accumulators, inverters, charging
controllers and electronic support circuits, depending
on the needs. In the past, this system was used
compulsorily in remote points which are far from
settlements, have no distribution network, are
deprived of electrical infrastructure or in case of
power is supplied by generators but fuel delivery is
difficult and costly [12]. In our day, however, it is
used commonly on roofs of houses and buildings
where distribution network is available and in
various implementations of power station. In
addition, PV systems can be used with various
generator systems or different power systems in
mixed Fig. PV systems may have accumulator in Fig
that meet the need under cloudy sky or during the
night [13]. PV modules produce energy all day long
and store the produced energy in the accumulator.
Accumulator, depending on the need, cuts off the
current coming from PV module or drawing out the
load through accumulator control unit. In the systems
connected to the network, DC wvoltage in the
accumulator is turned into the form of sine wave 220
V and 50 Hz by adding inverter into the system in
case of any need to AC current. Moreover, maximum
power point tracer devices are used in certain
systems which they allow PV modules to operate at
maximum power point [14-17]. Figure 1 illustrates a
PV system for a house independent of the network.
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Figure 1. PV system for a house independent of
the network

PV energy systems connected to the network is
used in house or building implementations at low
voltage as well as they may be power stations
containing large power reserves.

The most important reason why PV systems are
preferred is that they can turn solar energy directly
into electrical energy, don’t pollute the environment,
have simple structures and can they can be
implemented easily [18,19]. PV systems are used in
two different Figs - being connected to the network
and independently of the network- and they are
designed with a fixed and tracing system.

3. Environmental Conditions That Affect
Production of PV panels

Main environmental conditions that affect energy
generation of PV panels are:

. Temperature influence of the environment,

. New or old panels,

. Shadow effect depending on the location,

. Diode cabling defects during production-
assembly,

. Sun’s angle of incidence on PV panel,

. Dusting-contamination effect of PV panel

Productivity of PV panel depends on loss of the
energy produced. Losses may arise from design,
quality of the material used, craftsmanship or
contamination on surface of the panel as well as
environmental conditions. PV panels can produce
energy at maximum capacity if environmental
conditions are applicable and surface of the panel is
clean [3-6, 9, 19-21]. This productivity decreases
over the time due to dust, dirt, pollen, bird excrement
and various particles on the panels [19-24].
Productivity decreases on solar panels due to
external conditions which they are installed in a dirty
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and dusty environment and stay outdoor all the time.
The most important reasons for contamination on the
panels are:

. Transportation of dust, subsidence of dry
and wet dust,

. Waste and subsidence of smut,

. Pollen and dust stuck on panels,

. Stabilized road dusts, exhaust gases and
effect of rail lines,

. Lime scales resulting from washing,

. Effects of the leaves, seed, resin from trees,

. Transportation of dust by agricultural
spraying,

. Dusts formed by the effect of high humidity
and temperature,

. Insect scales and bird excrements.

Loss of power arising from contamination on PV
panels depends on type of contamination, elapsed
time as from the last raining and regular cleaning
period [3]. It has been observed that raining has
influence on cleaning the dust if PV panel’s angle of
inclination on horizontal plane is above 15°, and that
productivity decreased due to contamination is 0,5%
at this angle.

Productivity loss increases if PV panel’s angle is
below 15° or raining is rare and if the current field is
exposed to a specific dustiness and industrial
pollution. Excluding specific experimental studies,
however, it is seen in the studies conducted that
losses arising from contamination level of PV panels
rarely exceeds 4% [4].

PV panel 80 W was subjected to dust at angle 15°
on horizontal plane in an experiment carried out to
observe adverse effect of contamination level on PV
panel. A mix of dust was prepared using waste ash
and chimney soot consisting of the coals fired. It was
subjected to 5, 10, 15, 20 and 25 gr of dust. Fig 2
illustrates a group of PV panels which were cleaned
and left uncleaned.
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Figure 2. A group of PV panels which were
cleaned and left uncleaned

Figure 3. illustrates variation of power in PV
panel. In that, the more dustiness increases,
productivity falls from 2.94% to 12.14%.

As PV panels get contaminated, difference of
energy generation increases between clean PV panel
and contaminated PV panel. PV panels which are
side by side under equal conditions produce energy
by benefiting from solar radiation according to
contamination level. While clean PV panel makes
production 5.1 W when PV panel is exposed to 5
g/m2 of dust, less contaminated PV panel produces
less energy at 2.94% by producing energy 4.95 W. In
the same Fig, PV panel exposed to 10 g/m2 of dust
produces less energy at 3.47%, PV panel exposed to
15 g/m2 of dust produces less energy at 6.31%, PV
panel exposed to 20 g/m? of dust produces less
energy at 9.09% and PV panel exposed to 25 g/m2 of
dust produces less energy at 12.14%.

In that, PV panels decrease the productivity as
contamination increases. Figure 3 illustrates
proportional change of contamination and the power
generated in PV panel.
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Figure 3. Proportional change of contamination
and the power generated in PV panel

Panel’s angle of inclination is another important
parameter which affects productivity of PV panels.
For this purpose, productivity has been analyzed in
terms of different angles of PV panel in simulation
and real environments. In this study, PV panel’s
angle of inclination has been simulated in matlab
Simulink at first. This kind of software-simulation
and application studies have been carried out in
several fields in the recent days. Then, power
generations in simulation and real environments have
been compared by observing power generation of a
PV panel at different aspects in physical

environment. Figure 4 illustrates PV panel model
formed by Simulink.
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Fig. 4. PV panel model formed by Simulink

4. Results and Discussion

Power outputs obtained from PV panels having
angles of 55° 65° 75° 85° and 95° in simulation
environment are 8.18 W, 6.67 W, 5.32 W, 3.81 and
1.9 W, respectively. Figure 5 and Figure 6 illustrates
output powers for different angles according to the
simulation.
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Figure 5. Output powers for different angles
according to the simulation

Available online: https://pen2print.org/index.php/ijr/

Page | 669

-Gerin


https://pen2print.org/index.php/ijr/
https://pen2print.org/index.php/ijr/

International Journal of Research
Available at https://pen2print.org/index.php/ijr/

e-ISSN: 2348-6848
p-ISSN: 2348-795X

®
4

Figure 5 thus illustrates output powers of
simulation and real panels at different aspects and it
is seen that output powers of simulation environment
are higher when output powers are examined. The
reason is that there isn’t any adverse parameter to
decrease the productivity since conditions are ideal
in the simulation. Figure 6 illustrates output powers
of simulation and real PV panels at different aspects.
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Figure 6. Output powers of simulation and real PV
panels at different aspects

As it is seen in Figure 6, real PV panel produces
more energy than the simulation panel at the angle of
95°. The reason is that sun beams reflected by the
surface supply additional power to PV panel. Power
output falls by 1.86 W when the surface causing
reflection is covered by a black rough cloth
absorbing light of the surface.

5. Conclusion

This study has been carried out in order to
examine effect of dust accumulation density on
performance of PV panel. Study is based on
comparing the effect of contamination-dusting
formed over the panels outdoors in simulation and
physical environments. Performance change of
power generation has been thus observed.

Identical panels exposed to the same conditions
and ambient temperature have been compared, and
one of the panels kept dust on the surface while the
other one was cleaned. Any loss of power resulting
from dust accumulation over the surfaces of PV
panels wasn’t observed. This decrease of power
output has been accepted; and decrease at power
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outlet arising from dust causes large-scale loss of
electric energy and considerable economic losses for
PV power plants, depending on size of the plants.
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