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Abstract

One of the most widely used renewable energy sources is solar energy, and it is predicted to
continue to be so in the future. Recently, a great increase has been observed both in the study of the
working principle of photovoltaic (electricity generated by the effect of light) devices and in
increasing their efficiency. Solar cells change as a result of temperature fluctuations. The purpose of
the article is the effect of temperature on the efficiency of solar panels and their cooling methods. The
novelty. Solar cells change as a result of temperature fluctuations. Methods. Taking into account
that the cooling system is implemented by spraying water, we can determine when the cooling
starts at the moment when the temperature reaches the maximum by building a mathematical
model. Results. In this article, the relationships between solar radiation, efficiency and temperature
are determined under different conditions. Practical value. Based on the heating and cooling
models, it was determined that starting the cooling process when the temperature of the panels
reaches 45 0C is the most convenient method.

Keywords: temperature, photovoltaic elements, efficiency, effect of temperature,
physical properties.

I. Introduction

Recent high energy consumption and fuel depletion have increased interest in renewable
(solar) energy. Photovoltaic power is a technology that has seen tremendous growth in its use over
the past 10 years. One of the most important problems faced by photovoltaic panels is heating
caused by solar radiation and excessive temperature. High temperature heating reduces the
efficiency of the panels. Depending on the temperature change between 0-75 celsius, the ideal
characteristics of the solar panel also change. The characteristic is true as long as solar irradiance E
and module temperature Tm are kept constant. If one of these two parameters changes, the entire
characteristic changes. As the temperature of the solar panel increases, the maximum power
output decreases. The temperature coefficient of the solar panels used in this study is 0.5%/°C.
Based on this coefficient, it can be seen that when the temperature rises by 1 Celsius, the efficiency
decreases by 0.5%.

A solar cell is a semiconductor structure with p-n conductivity. Direct current is
generated when the sunlight hits it. One of the most important problems faced by solar panels is
overheating caused by solar radiation and extreme temperatures. It is known that high
temperature heating reduces the efficiency of the panels. The ideal p-v characteristic of the solar
panel according to the temperature change between 0-75°C is shown in figure 1. In this
characteristic, the relationship between the power produced by the solar panel and the voltage is
given. The characteristic is paid as long as the solar irradiance E and the module temperature Tm
are kept constant. If one of these two parameters changes, the entire characteristic changes [1-3].
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The electrical scheme of photovoltaic elements is shown in the figure (Figure 1).
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Figure 1: Electrical scheme of photovoltaic cells

Photovoltaic (FQ) curves differ with solar insolation and temperature modulus. Let's look at
the formula below.

M

The change in temperature affects the solar cells and also the power. The voltage generated
in FQ changes depending on the temperature [5]. As the temperature increases, the voltage
decreases (Figure 2). Figure 2 shows the I-V characteristic of FQ at constant radiation. As the
temperature decreases, the current of FQ decreases and its voltage increases [4-6].
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Figure 2: [-V characteristic of FQ in constant radiation
II. Materials and methods

The efficiency of solar cells is given by the following formula:

)
Here Imax and Umax are the maximum voltage and current respectively. Based on the air
change function, let's take the temperature of the FQ module as Ty, and the temperature of the

environment as Tx. Taking into account the effect of temperature on solar modules, we can write its
useful efficiency as follows.

r ) &)
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Here, nx is the useful work coefficient at the adopted temperature. The parameters 1x and

[x are normally supplied by photovoltaic cells. The temperature coefficient depends not only on
the material of the FQ module, but also on Tx and is given as follows.

— (4)

Here, To is the high temperature that reduces the useful work coefficient to 0. For crystalline
silicon solar cells, this temperature is up to 270° C. Convection is the main mechanism for
spreading heat on the ground. The useful performance factor mainly depends on the installation of
the module, the wind speed, the humidity of the environment and the characteristics of the
module. The temperature of the module is measured under open circuit. When the temperature is
200 C, the brightness is 0.8 W/m2 and the wind speed is 1 m/s.

Figure 3 shows the dependence of efficiency on temperature in case of solar radiation of
1000 W/m2. As can be seen, there is a linear relationship between temperature and efficiency. As
the temperature increases, the efficiency decreases. As a result, we can get the efficiency we want
by changing the temperature.

The degree of cooling of solar panels is one of the important factors that have a high
impact on their quality. Therefore, we can find the cooling period by determining the cooling rate
of the panel. The cooling period is determined based on the energy balance. Since solar cells are
mainly made of glass, the physical properties of the glass should be taken as the physical
properties of the panels. The temperature of the panel was respectively 45 °C before cooling and 35
C after cooling. It is assumed that the maximum permissible temperature is 45 °C [7-11].
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Figure 3: Temperature dependence of efficiency in case of solar radiation of 1000 W/m?2

Certain results have been obtained from the conducted experiments. (In solar cells, a 10 °C
increase in temperature (from 35 °C to 45 °C) causes the efficiency to decrease from 12% to 10.5%.
From the above, it can be said that the rise in temperature is a negative thing. That's why, every 5
minutes, the cooling system lowers the temperature by 10 °C and increases efficiency. The obtained
results are shown in Figure 2, and it was observed that the difference between the theoretically
obtained result and the result in real life does not exceed 5%. As a result, it can be concluded that
formula 1 can be used to determine the module temperature as a function of ambient conditions.
Here it is also possible to determine when the panel should be cooled down when the temperature
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of the panel reaches its maximum. A linear fit of module temperature is plotted to determine its
heating rate [12-15].
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Figure 4: Time dependence of temperature

The proposed cooling system can solve the problem of overheating due to solar radiation
and maintain efficiency with minimum water consumption. In addition, this method is suitable for
use in very hot and sandy areas. The selection of the maximum permissible temperature should be
based on the conditions of minimum energy and water consumption and maintaining the
efficiency at the accepted level. If we turn on the cooling system for every 1 Celsius increase in
temperature, in this case, the energy received from the panel will be used to cool the same panel.
Buda means a decrease in efficiency. One of the main goals of this study is to determine when to
start the cooling process. Analyzes performed are paid for any panels. The panel is first allowed to
heat up to a given limit and then cooled down to normal operating temperature. It can be
concluded that the maximum permissible temperature for the panel is 45 °C, and in this case it is
possible to produce the highest energy. As the maximum allowable temperature increases,
evaporation of water during cooling will increase and therefore water usage will increase.
Therefore, choosing a temperature of 45 °C is considered the most suitable option [16-20].

II1. Conclusions

1. In this article, the temperature effect and photovoltaic sources were investigated. The
relationship between solar radiation and temperature was determined using simple formulas. The
influence of the temperature effect on the efficiency of photovoltaic sources in cloudy conditions
was shown.

2. It was determined that the increase in temperature leads to a decrease in the efficiency of
photovoltaic elements. It can be concluded that by reducing the temperature, we can increase the
efficiency of photovoltaic elements. At the same time, using comparative analyzes and
mathematical models, relationships between temperature, efficiency, and cooling rate were
determined.

3. From the obtained results, it can be said that if we take into account the selection of the
maximum permissible temperature, the minimum energy and water consumption, and the
maintenance of the efficiency at the accepted level, the maximum permissible temperature for the
panels is 45 °C, and in this case it is possible to produce the highest energy.
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