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THE EFFECT OF DUST ACCUMULATION ON THE EFFICIENCY OF SOLAR PANELS
AND METHODS FOR ITS DETECTION
Makhmudov M.I., Kushshayeva M.R., Nurov S.S., Timirov H.N., Sayfiyev H.O.

Bukhara state technical university.

Abstract. This article analyzes the scientific research of a number of World Scientists on methods of measuring
and controlling the pollination of solar panels in order to reduce the energy deficit in our country and increase the
efficiency of solar panels and produce environmentally friendly energy to the environment, their advantages and
disadvantages.
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QUYOSH PANELLARI SAMARADORLIGIGA CHANGLANGANLIKNING TA’SIRI VA
UNI ANIQLASH USULLARI
Maxmudov M.IL., Qo‘shshayeva M.R., Nurov S.S., Timirov H.N., Sayfiyev H.O.

Buxoro davlat texnika universiteti.

Annotatsiya. Maqgolada mamlakatimizda energiya taqchilligini kamaytirish va quyosh panellarining
samaradorligini oshirish hamda atrof-muhitga ekologik toza energiya ishlab chiqarish magsadida bir qator dunyo
olimlarning quyosh panellarining changlanganligini o ‘Ichash va nazorat qilish usullari ustida olib borgan ilmiy
tadqiqotlari, ularning afzalliklari va kamchiliklari tahlil gilingan.

Tayanch so‘zlar: quyosh panellari, elektr energiya, yarim o ‘tkazgich, fotodiod changlanganlik, nur yutulishi.

Solar energy is a clean and unlimited renewable energy source that can be used to power
homes, businesses, schools, hospitals, and other buildings. The advantage of solar panels is that
they have a low environmental impact. Solar panels produce zero emissions; they are not like fossil
fuels like coal or oil, which release carbon dioxide into the atmosphere. They are made of non-toxic
materials like silicon and glass, so there is no risk of releasing harmful waste during the
experimental process. Using solar energy has many benefits for the environment. Generating
electricity from fossil fuels produces methane and CO2 can lead to the production of harmful gases
such as carbon dioxide, which leads to a decrease in air quality. To reduce harmful emissions from
fossil fuels, it is necessary to use solar panels wherever possible. The more we use clean sources
such as solar energy, the less pollution we can reduce in cities with high smog, reducing the amount
of greenhouse gases in the atmosphere [1].

Solar photovoltaic technology has made significant progress in recent years and has become
the preferred source of renewable energy. Currently, major research and development efforts are
focused on improving efficiency and sustainable performance. However, a number of external
factors that affect the performance of solar panels have a negative impact. Therefore, in order to
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maximize the performance of the solar panel system, their performance must be constantly
monitored and tested to optimize operation and maintenance procedures.

Solar panels, especially if they are rigid structures, require almost no daily maintenance.
One of the main factors that requires the attention of users is the dust on the surface of the solar
photovoltaic module. Due to the dust on the solar panels, the light efficiency is significantly
reduced. Experiments have shown that one square meter of a uniformly distributed solar cell can
reduce the power output by 40% due to the approximately 4 cubic centimeters of dust falling on it.
Nowadays, the cause of dust on solar panels is caused by heavy traffic, construction work or
agricultural activities.

Therefore, the main task is to identify the critical point at which solar panel contamination
causes significant losses in electricity generation.

Methods for determining the contamination of solar panels. Method for comparing Volt-
Ampere characteristics. A very simple method is to compare the actual current-voltage
characteristic with the data obtained during the commissioning of the solar power plant. At the same
time, it is strictly forbidden to use factory data, since they were obtained under almost ideal
conditions. When commissioning a solar power plant, it is necessary to conduct a number of power
tests - they will be very important for the subsequent assessment of the efficiency of the plant.
Reliable and accurate measurement of solar radiation flux allows the collection of a database on the
efficiency and performance of a solar power plant under various environmental conditions. This
database is useful both in forecasting the amount of energy produced and in assessing the payback
period of the project [2].

Figure 1. Solar panel state of pollination Figure 2. Principle of a dust measuring device
scheme

The operating current of a solar panel can be calculated from the voltage curve. For
example, the open circuit voltage and short circuit current of a solar panel are obtained from the
parameters, while the power curve is obtained from the current and voltage values. The maximum
power point is represented by the maximum delivered power point. The maximum power voltage
and current are represented by the current and voltage at the maximum power point. From the above
parameters, the device fill factor and conversion efficiency can be obtained as shown in Equations 1
and 2.

Vmim __Vochlgs FF

F.F = (1) n=———-100% (2)
Vochlgs AG
Where A is the area of the panel and G is the irradiance incident on the panel surface. The
performance of the panel under study is measured by the amount of energy it produces over time. In
units kWh. Finally, the performance of the panel can be expressed in terms of the coefficient of

efficiency. This is the energy produced normalized by the installed power, as shown in equation 3:
Etorla
Ys = 3)

Pm
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It should be understood that the most accurate data for comparison can be obtained if they
are obtained under baseline weather conditions. Since this is difficult to achieve in practice, data are
usually recorded over several days to obtain average values, which are compared with baseline
values recorded under similar weather and climatic conditions.

The main disadvantage of this method is that it does not take into account the aging of the
modules or the failure of some of them, losses during conversion, the power supply from direct
current to alternating current, etc. In addition, it is necessary to keep in mind the errors of the
measuring instruments used, so the data obtained will have an error of + 2%.

A tried and tested cleaning method. The control group of panels is based on comparing the
results of electricity generation before and after washing. To do this, a group of panels is selected in
the middle of the array or by taking individual panels in different places of the station. After
obtaining the current-voltage characteristic, the panels are washed and repeated data are obtained
under approximately the same weather conditions and at the same time. The results are compared
and we can get information about the level of dustiness of the panels [3].

Solar panel control method. Continuous or periodic monitoring of the electricity production
from a single solar cell is carried out. Reducing the production volume below a certain level
requires investigation and a search for the causes of the decrease in efficiency, one of which may be
dust. Method for determining dustiness using thermocouple pyranometers. Thermocouple
pyranometers have a wide spectral sensitivity, so they are used to accurately measure the total solar
flux incident on the surface of a photovoltaic panel. Thermocouples are the most commonly used
temperature devices in temperature measurement. Their main characteristics are a wide measuring
range, relatively stable performance, simple structure, good dynamic response, and the ability to
remotely transmit 4-20 mA electrical signals.

The thermocouple sensor is reliably protected from external influences by one or two
hemispherical solar covers. Modern inverters have an input for connecting a pyranometer, which
allows you to measure the efficiency of the solar cell, which is specially connected to this inverter.
To ensure measurement accuracy, the pyranometer must be installed in the same direction and at the
same angle as the solar cell. Since thermocouple pyranometers have a flat and wide-spectrum
sensitivity, they can accurately measure the entire solar flux density falling on the plane of the
photovoltaic panel. The results obtained make it easy to draw conclusions about how efficiently the
panel receives and processes the solar energy falling on its surface.

Figure 3. Dust measuring device, Figure 4. Solar panel voltage and current
connection to microcontroller characteristic

SIM900 GSM/GPRS modem is used to connect to GSM network. This modem is
responsible for sending SMS alert to power plant technician when dust storm occurs. The dust
sensor used is DSM501A module, which is designed as compact size saving for particle density
sensor. The working principle of this sensor is shown in figure [4].
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Method for comparing current-voltage characteristics.The main element in photovoltaic
systems is solar cells. Solar panels are made of various semiconductor materials. Solar radiation is
absorbed by the structure of the semiconductor material, creating electron-hole pairs, which are then
separated by the panel and collected on metal contacts on the front and back surfaces of the
element. Photovoltaic modules are assembled from solar cells, and solar cells from modules. The
data obtained during the operation of a solar power plant with several parameters at the same time
are analyzed during operation. When starting a solar power plant, experiments are carried out on a
number of energy. It is necessary to conduct tests - they will be very important for assessing the
efficiency of the station.

This database is also useful for analyzing the amount of energy produced. Estimating the
payback period of the project. Solar photovoltaic modules are recorded for several days to obtain
average values that are compared with the data. The main indicators recorded under similar weather
and climate conditions. Another important thing in measuring instruments is the error of the
measuring instruments used, the data obtained will have an error of + 5%.

Conclusion. It is impossible to imagine today's developing countries without electricity.
Renewable and non-renewable energy sources are used. The use of renewable, that is, solar energy,
is a rational solution. Other energy, unlike fossil fuels, solar energy is inexhaustible. Installing and
using solar panels is a great solution for generating electricity and heat. However, factors that
reduce the efficiency of solar panels include dust, snow, and bird droppings.
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