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Abstract. Photoelectric batteries have the ability to convert the flow of solar radiation directly falling from the sun to the
earth's surface into electrical energy, and provide the needs of all production facilities and the population. However,
external factors (air temperature, solar radiation and various types of dust) affect the efficiency of photoelectric batteries.
By reducing the above-mentioned effects, it is possible to achieve an increase in the efficiency of the production of
electric energy and an increase in the service life of photoelectric batteries. In this paper, to improve the performance of
the photovoltaic battery, a study was conducted on cooling through a parallel channel cellular polycarbonate heat
collector. In addition, studies were conducted using a reflector to increase the amount of solar radiation falling on the
front surface of the photoelectric battery (close to the value in the reference of the photoelectric battery, i.e. 1000 W/m?)
and to protect against night dusting.

INTRODUCTION

The use of renewable energy systems is rapidly developing worldwide due to the depletion of reserves and
fluctuations in oil and gas prices worldwide. Given the sharp increase in CO, and other harmful gases in the
atmosphere [1], the agreement of the international Paris Convention on the minimum cost of electricity production
and reducing the impact of various emissions on the environment was signed. In addition, at the 26th meeting of the
United Nations Framework Convention on Climate Change (COR26) held in November 2021, within the Paris
Agreement, the Republic of Uzbekistan announced that by 2030 the gross domestic made a statement that it will
undertake an additional commitment to reduce greenhouse gas emissions per unit of production by 35% compared to
2010 levels [2].

The easiest and most convenient way to protect the environment from the percentages indicated in this
agreement is the use of photovoltaic batteries (PVBs). PVBs are one of the economically and ecologically promising
technologies for converting solar energy directly into electricity [3]. However, we all know that the cost of using
PVBs is more expensive than electricity generated using conventional fuels. When using PVBs, compared to
traditional fuels, it is a convenient and easy way to protect the environment from various harmful wastes for human
health [4]. In addition, the cost of electricity generation is further reduced when various cooling methods are used to
increase the efficiency of PVBs. Several cooling methods are being used to increase the energy efficiency of PVBs
by using different cooling technologies [5-13].

RESEARCH DEVICE AND DESCRIPTION

Currently, two types of cooling technologies are mainly used. It is passive cooling that uses natural convection
and conduction to reduce excess heat, requiring electricity or conventional fuel to forcefully move the coolant [14,
15]. The use of an active cooling system increases the electrical energy efficiency of the PVB, and useful thermal
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energy is produced based on the extraction of the excess heat of the PVB with the cooling liquid. As a result, the
purpose of the research is solved. For this purpose, a new version of the photothermal battery (PTB) based on a
comprehensively improved photoelectric battery was developed. A 340 W PVB based on monocrystalline silicon
was chosen for the development of the device. Figure 1 shows axonometric and cross-sectional views of PTB made
on the basis of PVB, consisting of different components [16].

FIGURE 1. a) axonometric and b) cross-sectional view of PTB
1- reflector, 2- PVB main body corpus, 3- bolts with double nuts, 4-PVB (4- protective glass, 5,7- front and back lamination
layer, 6-SEs, 8- rear protective film (tedlar), 9- parallel channel cellular polycarbonate, 10- polymer tube, 11- copper metal
threaded adapter, 12- corks, 13- slit, 14- faucets, 15- folgoizol, 16- foam plastic, 17- back cover, 18- terminal box.

Here is a brief description of the device. It is possible to get both electricity and hot water at the same time from
PTB developed in a new design. The heat sink collector cooling the back surface of the PVB has an improved
simplicity that requires less cost and less time to manufacture. The slit which was attached to polycarbonate
channels is opened with a milling machine. A copper metal threaded adapter and water inlet and outlet control
valves and plugs are firmly glued to both opposite exposed ends of the pipe using an iron. The heat collector is filled
in the thickness of the aluminium body, and bent inward at right angles, which ensures the stability of the heat
collector, foil and foam plastic photoelectric battery.

An outer back cover made of alucobond is attached to the body to balance all the materials in close contact with
the back surface of the photovoltaic battery. In order for the heat collector to completely cover the back surface of
the photoelectric battery, cold water inlet and hot water outlet polymer pipes and faucets are placed outside the
body, which maintains its strength. Reflectors made of Alucobond (one side of which is sticky on the reflecting
surface and the other side of shiny foil is glued) concentrate solar radiation on the frontal surface of the
photothermal battery and protect against dust falling at night. The reflectors are fixed to the photoelectric battery
housing with the help of double-nut bolts. In addition, the double nut bolts ensure that the reflectors are balanced at
the same time, that there are no inconveniences when opening and closing, and that the shadow does not fall on the
front surface of the photoelectric battery [16].

EXPERIMENTAL RESEARCH

The experimental results obtained using the developed device were modeled in Python in order to compare them
with theoretical results. External parameters (weather temperature, wind speed, air stability, geographic latitude and
longitude) were obtained from the international database (OWM-Open Weather Maps) using the Python program. In
the Python program, all the parameters needed to compare the results obtained from the device with the theoretical
results are listed in the control window (Figure 2). The values of some fixed and variable quantities of the developed
PTB in improving the energy efficiency of the PVB are presented in Figure 2. Water was used as a cooling liquid
during the experiment. The hot water from the hot water collector can be used for household needs of the
population. The modeling results were compared with the results of the research conducted in the conditions of the
city of Karshi. The geographic latitude of Karshi is 39° and longitude is 69°, as shown in Figure 2.
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FIGURE 2. An overview of the Python data window

A day was taken for the modeling process. The results for one day are also presented in the graphs. PTB's
performance status only shows the change of results during sunny hours. In the absence of the sun, it was observed
that the cooling liquid (water) was adapted to the initial temperature of the inlet, and the temperature of the PTBs to
the night air temperature. Therefore, the control window also shows the value of ambient temperature and wind
speed at 05:10 in the morning. Based on the compared results, the efficiency of the FEB was determined as follows
[17]:

Mpy = 1,]1 — 0.0045(T, — 298K)] )
here, T, — solar cell temperature; 7, — efficiency under conditions of PVB (standard test conditions). The results
obtained during the modeling are presented in Figures 3 a and b.
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FIGURE 3. a) PVB, PTB and water outlet temperature,
b) Variation of efficiency during the day according to the electric energy efficiency of PVB and PTB

Figure 3a shows the variation of PTB temperature during one day in Python. Figure 3a shows the nighttime
(no solar radiation flux) condition of the PTB in sections 1 and 3. And part 2 shows it in PTB mode on a sunny day.
In this case, the blue curve shows the temperature of the hot water leaving the heat collector part of the PTB, and the
yellow, green curves show the temperature of the cooled and uncooled PVB. When the temperature of the water in
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the coolant inlet tap of the heat collector part of the PTB is 15 ‘C, hot water with a temperature of 22 °C - 25 °C can
be obtained during the average day. As a result, it was determined that the temperature difference between cooled
and uncooled FEBs is equal to 7,5 °C - 10 °C. During cooling of cooled and uncooled PVBs, the efficiency was
found to be 1,5% to 2% higher when the temperature difference varied from 7,5 °C to 10 °C (Fig. 3b). In addition,
the environment is protected from various harmful gases released when traditional fuel is used to raise the
temperature of hot water from the heat collector to 22 °C - 25 °C during the day [18, 19]. Figures 4a, b shows the
results of I-V and P-V of PVB and PTB.

Current, A

Voltage, V Voltage, V

a) b)
FIGURE 4. a) volt-ampere characteristics (VAC) of PTB and PVB and
b) volt-watt characteristics (VWC) of PTB and PVBs

In Figure 4, it can be seen that PTB has a higher electrical energy efficiency than PVB. When PVB is used in
PTB mode, high energy (both electrical and thermal) efficiency is achieved [20-25].

CONCLUSION

By increasing the speed of water entering the heat collector, the efficiency of the PTB system was further
improved. The results of the study revealed that the effectiveness of the active cooling method is higher than that of
passive cooling. In a natural conditions study, PTB performed better than PVB even in high wind conditions. It was
found that the possibility of good performance is high when the temperature on the back surface of PVB is kept to
the value of the passport data (25 “C) and the solar radiation flux falling on the front surface is 1000 W/m?. Due to
the use of water as a cooling liquid and reflectors that increase the flow of solar radiation, the electric energy
efficiency of PVB compared to PTB was achieved by 12-15%, and the thermal efficiency was increased by 20-50%.
In addition, it was found that hot water of 28-36 ‘C can be obtained from PTB even on cold sunny days (due to the
lack of natural convective heat exchange with the external environment due to the use of heat-insulating materials on
the back surface of the PVB).
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