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Abstract. The paper considers experimental results on the development of a photovoltaic battery of a new 

design with increased efficiency and power with a new heat collector based on cellular polycarbonate, 

which leads to complete uniform thermal contact with the back surface of the photovoltaic battery. It is 

shown that the use of materials with a high reflection coefficient in the side plane of solar radiation 

reflection, increasing the accuracy of the operational guidance node to the sun using an upgraded support 

structure that allows orientation to the sun in two planes, reduces the loss of solar radiation energy. It is 

possible to control the capacity of the heat collector, which ensures the reliability of obtaining parameters, 

increases power, and ensures uniformity of the temperature of the rear surface of the PVB, which 

increases the efficiency of the installation. 

Introduction 

It is known that the main sources of energy in 

isolated regions, remote from more developed 

territories adjacent to district centers, due to the 

decommissioning of the infrastructure of centralized 

sources of electric energy (power lines, transformer 

equipment, etc.), makes it advisable to use renewable 

energy sources in the future. First of all, photovoltaic 

power sources that generate electrical energy. 

It is known that rural regions located far from 

regional centers have undeveloped production forces. 

In such isolated rural households, electricity is mainly 

used for household and household needs. The average 

monthly consumption of electricity for one family 

does not exceed 70-100 kWh, i.e. 1200 kW per year. 

Another problem in such rural areas is the provision 

of water, including hot water to meet household and 

household needs and create comfort when washing, 

washing dishes and showering. In the absence or 

shortage of coal, gas, fuel oil and firewood in rural 

regions, it is necessary to use the method of heating 

water with electric water heaters (EWH) of the 

"Ariston" type to obtain hot water. With the current 

shortage of electricity, the use of EWH is 

problematic. The use of PVB traditional designs in 

summer season in hot climates in rural areas for 

generating electrical energy is not efficient due to 

significant reduction in power from PVS under the 

influence of temperature and air pollution (dust the 

surface of PVB). The availability of running water in 

isolated rural areas is also scarce in the summer, and 

the population uses water from artesian wells and 

wells for their needs using electricity using gasoline 

or diesel units. In the case of isolated rural areas, 

Autonomous photovoltaic stations (APVS) should be 

created with increased efficiency and a reliable power 

supply system. When using APVS in countries with a 

hot climate in southern latitudes (in particular in 

Uzbekistan), there are specific factors that differ from 

the conditions of use in other countries. These factors 

are extreme temperature conditions that lead to a 

decrease in the efficiency of the APVS conversion 

and relatively high dust content of the atmospheric 

air. Both factors work simultaneously, especially in 

the summer season, from April to October. High dust 

content of the air is practically valid all year round. In 

this case, in rural regions of the Republic, APVS 

should be equipped with solar thermal (PTB) 

batteries that provide both electric energy and warm 

water to rural households. 

Methods and materials.  

We have developed different variants of thermal 

collectors to increase the efficiency of photo thermal 

batteries (PTB) [1-7]. The efficiency of the collector 
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part of PTB, is determined by the efficiency of heat 

exchange between the rear surface of the PVB and 

into contact with her material thermal collector. The 

main reason for the low efficiency of the collector 

part is the small contact area with the rear surface of 

the PVB. Along with this, the high weight, cost of 

material, and complex manufacturing technology of 

the collector part of the PTB using metal structures 

makes it uncompetitive with the PVB of traditional 

construction. The possibility of using combined 

installations based on photo thermal and hybrid 

systems is analyzed in [8]. 

The paper [9] presents the results of a study of the 

possibility of using cellular polycarbonate as a 

thermal collector of PTB, the manufacturing 

technology and properties of PTB with such a 

collector depending on various climatic factors. In 

addition, two solar radiation reflection planes are 

additionally placed on the front side of the 

photovoltaic battery. The total area of the side planes 

of solar radiation reflection is equal to the area of the 

photovoltaic part of the battery. The angle of 

inclination to the solar radiation of the reflecting 

planes is changed and adjusted. The optimal angle of 

inclination of the side reflecting surfaces to the Sun is 

determined by the maximum value of the short-

circuit current of the photovoltaic battery. Reflecting 

planes, outside of working hours (at night), are used 

as a cover (protection) to prevent contamination of 

the surface of the photovoltaic battery. The density of 

solar radiation using reflective surfaces can be 

increased to 1200-1300 W/m2, which does not lead 

to a deviation of the regularity of changes in the 

linearity of the short-circuit current from the density 

of solar radiation incident on the surface of a PVB 

based on crystalline silicon. That is, the sequential 

resistance of silicon solar cells does not change, and 

the conversion efficiency of solar energy is 

maintained with increasing solar radiation density. 

Results  

This paper presents the results of design development 

and research of installation parameters with a new 

photo thermal battery. The electrical power of the 

unit is twice as high as the previous variants [9]. The 

installation has an upgraded support structure that 

allows orientation to the sun in two planes. Photo the 

thermal battery is based on the PVB with a power of 

340 W. To increase the accuracy of measuring the 

parameters of the PTB installation, the design allows 

changing the position of the PVB in two coordinates 

and accurately orienting it in relation to the sun. For 

fig.1 and 2 show the structure of a photovoltaic and 

photo thermal battery for comparison.  

 
Fig. 1. The structure of the photovoltaic battery of 

traditional design. 

1-frontal glass, 2-sealant, 3-solar cell, 4-sealant, 5-loss of 

heat by convective heat exchange, 6-solar radiation, 7-sun. 

Solar radiation falling on the surface of the PVB 

is partially reflected, and the main part is absorbed by 

the silicon structure (more than 90%). However, due 

to the limited conversion efficiency (~20%), the non-

participating part of the radiation is absorbed by the 

rear metal contact and increases the temperature of 

the solar cell structure. Heat loss on the back side of 

the photovoltaic battery occurs only by convective 

heat exchange with the environment (Fig.1). At wind 

speeds of up to 5-10 m sec, effective heat exchange 

between the rear surface of the PVB and the 

environment is provided at lower ambient 

temperatures. In [10], it was shown that if the 

ambient temperature is more than 30
0
С, the change in 

the temperature of the PVB with an increase in wind 

speed is insignificant (20%) and for the effective 

operation of the PVB, it must be cooled by other 

methods. 

 
Fig. 2. The structure of the photo thermal battery of the 

proposed design. 

1-frontal glass, 2-sealant, 3-solar cell,4-sealant, 5- cellular 

polycarbonate, 6- heat insulation layer, 7-rear cover, 8-solar 

radiation, 9-sun. 

For fig.2 shows the structure of the photo thermal 

battery of the developed design. One of the main 

advantages of this design is the strict isolation of the 

thermal part (5,6,7 parts) from the influence of the 

environment. The technology of manufacturing a heat 

collector is given in [9]. To reduce heat losses along 

the perimeter, the collector is covered with a heat-
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insulating layer and reflective aluminum foil over the 

entire surface of the back side. A thick layer of heat-

insulating coating on the back of the PTB is fixed 

with a sheet of polymer material 2 mm thick. Heat 

leakage through the front protective glass is 

insignificant in the multilayer structure and continuity 

of incident solar radiation and its absorption by the 

solar cell structure. In addition, the surface 

temperature of the front protective glass does not 

differ much from the temperature of the back side of 

the structure (by 10-14
 о

С).Therefore, in such a 

system, the heat transfer from the rear surface of the 

PVB to the water increases significantly and the 

recovery time of the idling voltage decreases. 

For rice.3 shows the installation based on a photo 

thermal battery during measurement in full-scale 

conditions at the Heliopolygon of the Physics-

technical institute. To increase the conversion 

efficiency of solar radiation, as in the case [9] two 

side reflection planes are made. Measurements of the 

photo thermal battery parameters were carried out 

according to the previously developed method [9]. 

 
Fig. 3. Photo thermal installation based on a photo thermal 

battery of a new design. 

1-solar cell, 2- side reflecting plane, 3,4- rod is an 

approximate reflecting plane, 5- hot water valve, 6-hot cold 

valve, 7-rod orientation on the vertical axis, 8,9- water 

supply hoses, 10-node orientation on the horizontal axis, 

11- installation grounds,12- beaker for measuring the 

volume of hot water, 13-cold water tank, 14- electric meter, 

15- knife switch, 16- accumulator, 17-controller,  

18-invertor, 19- rack for appliances. 

The Feb parameters were measured alternately 

with the heat collector switched off and without the 

use of a side reflecting plane. Then, the 

measurements were made by pointing the side 

reflecting plane at the photovoltaic battery. At the 

end, a heat collector with cold water connection was 

used. Experiments on the measurement of photo-

thermal installation was carried out on 22 July 2020, 

in terms of Physical-technical Institute of RPA 

"Physics-Sun" Academy of Sciences of Uzbekistan. 

Air temperature 36-38
 о
С, humidity 26 %, wind speed 

3-5 m/s in clear weather, measurement time from 10 

hours 30 minutes to 13 hours 30 minutes. The density 

of the solar radiation flux incident on the surface of 

the photovoltaic battery PTB was measured with a 

standard silicon solar cell and was 820-850 W/m2 

during the experiment. After completing the 

measurement of parameters in full-scale conditions of 

solar radiation, all additional operations, the front 

surface of the photovoltaic battery PTB is covered 

with side reflection planes ("cover") to prevent 

contamination of the surface (see Fig.4). 

 
Fig. 4. Photo thermal battery after measuring parameters in 

natural conditions. 

The use of a cover to protect the front surface of a 

photovoltaic PTB unit at night reduces the 

contamination of the PVB surface up to 4 times 

compared to the open surface[11-13]. For rice.5 

shows the dependence of the no-load voltage on time 

for three modes: 1-using only the PVB, 2-using the 

PVB with side reflecting planes, and 3-using together 

the PVB, PTB and side reflecting planes. The course 

of the dependencies of the idle voltage on the time of 

day for all three cases of parameter measurement 

repeats the course of the dependencies for the 

previous setting [11]. 1-section of the course of the 

dependence of the no-load voltage of the PVB on 

time, the voltage decreases by 7.4 V (from 42.1 to 

35.1) due to the heating of solar cells of the 

photovoltaic battery, which is 17.6 %. This reduction 

is 1.3 times less than for previous designs of a heat 

collector with a soft construction based on polymer 

tubes with "hydro protection" [9-10] with equal 

exposure time to solar radiation. With this rigid 

design of the heat collector based on cellular 

polycarbonate, air remains in parallel channels(in 

cellulars) with dimensions of 4x6x680 mm. Heating 

of the air occurs slowly, when solar radiation falls 

and is absorbed on the multilayer structure of the 

PVB in contact with the heat collector. This 

inertionaty is due to the complex process of heat 

exchange and the low value of the thermal 

conductivity of the air. For example, with further use 

of the PVB in this mode for 60 minutes(2-curve), the 

idling voltage reduction is more than 9.2 V (21.85%). 
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Fig. 5. Dependence of open circuit voltage on time at three 

modes of installation 

1 - using only photovoltaic battery, 2 - using lateral 

reflective plane when pointing 3 - using all three blocks 

(PVB (Photovoltaic battery) + thermal collector + lateral 

reflective plane). 

2-section (Fig.5.) connecting the side reflecting 

plane leads to a further decrease in the no-load 

voltage of the PTB due to an increase in the solar 

radiation flux on the surface of the photovoltaic 

battery by 1.3-1.4 times. Connecting the side 

reflecting planes leads to further heating of the 

structure within minutes (curve 2 of fig. 5) faster than 

in the case of using a "soft" heat collector. 3 - section, 

connection of cold water to the heat collector photo 

of the heat battery. Connecting cold water to the 

collector leads to an increase in the no-load voltage 

due to effective heat extraction from the back surface 

of the photovoltaic battery and its cooling. Then, due 

to the simultaneous action of high solar radiation 

density and heat transfer to water, the system reaches 

thermodynamic equilibrium and the operation mode 

(curve 3) of the heat collector is stabilized. The water 

temperature at the collector outlet was 62
 0

С. At the 

same time, the capacity of hot water was 30 

liters/hour. When the hot water temperature is 

reduced to 40 
0
C, the water capacity increases to 50 

liters/hour. 

The time dependence of the short-circuit current 

is shown in Fig.6. The value of the short-circuit 

current according to Fig.6 are: 1 - for PVB at the 

beginning of 8.1 A and a further increase to 8.5 A 

(due to an increase in the solar radiation flux (from 

10 hours to 11 hours), 2 – for PTB –up to 12 A (the 

increase in current is due to a change in the solar 

radiation power from 850 W/m2 to 1100 W/m2 

during the measurement time), which is 41.1 %. 

10:22 11:15 11:41 11:47 11:53 12:00 12:25 12:55 13:15

8

9

10

11

12

13

S
h
o
rt
-
c
ir
c
u
it
 c
u
rr
e
n
t 
o
f 
F
T
B
 (
A
)

3

2

1

T im e, m in.

 
Fig. 6. Dependence of the short-circuit current on time in 

three modes of use of the installation. 

1 – using only the photovoltaic battery, 2 – using the lateral 

reflective plane when pointing, 3 – using all three blocks 

(PVB (Photovoltaic battery) + heat collector + lateral 

reflective plane). The water temperature at the collector 

outletis 62 °C. 

Further, the value of the short-circuit current 

depends on the change in the solar radiation flux 

density on the surface of the photovoltaic battery. 

Further research shows that the short-circuit current 

up to 15-16 hours practically does not change. Figure 

7 shows the dependence of the electrical power on 

the time when the unit is used in three modes. 
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Fig. 7. Dependence of electrical power on time at three 

modes of using the installation. 

1 – using only photovoltaic battery, 2 – using the lateral 

reflective plane when pointing, 3 – using all three blocks 

(FEB (Photovoltaic battery) + heat collector + lateral 

reflective plane). Hot water temperature is 62 оС. 

Discussion 

The dependence of electrical power on the time of 

day is shown for three modes of using a photo heat 

battery. In the mode of a photovoltaic battery (curve 

1), the power of the PVB decreases: almost complete 

absorption of solar radiation occurs, with the 

exception of the reflected part of the protective glass. 

The limited conversion efficiency of solar cells (at 

the level of 20 %) leads to the fact that the unused 
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part of solar energy in the volume of the crystal 

lattice accumulates closer to the rear surface of the 

solar cell structure (at the rear metal contacts) and 

increases the temperature of the crystal lattice. The 

limited thermal conductivity of the rear part of the 

PVB structure and the high temperature of the front 

protective glass (experimentally measured more than 

57-60 
0
С) do not allow heat dissipation through the 

front surface. In the 1st section, the decrease in the 

electric power of the PVB was 40 W, or 16.7 %. 

When the side reflecting plane (2-section) is 

deployed, the electric power increases due to an 

increase in the solar radiation flux by 41 %. The 

increase in electrical power is the result of two 

competing processes. An increase in the power of the 

solar radiation flux leads, first, to an increase in the 

generated electrical power (see Fig.7 curve 2) due to 

an increase in the short-circuit current of the 

photovoltaic battery (see Fig.6 curve). On the other 

hand, it leads to an increase in the temperature of the 

structure of PVB solar cells and a decrease in 

electrical power. Therefore, running water to the 

collector and cooling the back surface of the PVB 

additionally leads to an increase in electrical power 

due to an increase in the no-load voltage (see Fig.7 

curve 3). The use of a side reflecting plane and a 

thermal collector as a whole increases the electrical 

power of the PTB from 210 W to 350 W, by more 

than 70% (see Fig.7 curves 1,2 and 3) at the water 

temperature at the collector outlet T ~ 62
0
С. When 

the water temperature at the collector outlet decreases 

by 20
0
С, then the power increases by an additional 

22-25 W. 

The mode of using the FTB installation with the 

side reflecting plane enabled may be different. To 

quickly fill the shortage of electrical energy, passing 

a large flow of cold water through the collector up to 

60 liters/hour can get the necessary electrical power, 

up to 1.6-1.7 times more energy than the photovoltaic 

part of the battery. If you need to reserve a large 

amount of hot water with a temperature of up to 50 

°C or more, you should reduce the flow of water 

passing through the heat collector to 20-30 

liters/hour. When combined photo-thermal unit with 

electric heater (for example, type "Ariston"), in the 

case of the power supply of the heater from the 

photo-thermal battery can be obtained as electric 

energy and warm water at any time of the year [14-

16]. This makes it possible to create significant 

comfortable living conditions in rural households. To 

achieve practical results when combining PTB 

installations "Ariston" should conduct research on the 

use of PTB batteries in various options for switching 

heat collectors. The search for optimal modes when 

combining PTB installations with "Ariston", 

determining the necessary electrical power for the 

normal operation of an electric water heater in 

different seasons of the year is the subject of the 

following studies. 

 
 

Conclusion 

The proposed combined installation on the basis of an 

upgraded support structure and a photo of a new 

thermal battery with a heat collector made of cellular 

polycarbonate with side reflecting planes makes it 

possible to significantly increase the production of 

electric energy up to 1.6 times compared to a 

traditional PVB design, and provide year-round hot 

water to isolated rural households when used for 

household and household needs. In the future, it is 

planned to conduct research on the possibility of 

using a combined version of the installation with an 

electric water heater “Ariston” in the southern 

regions of the Republic for heating premises in the 

winter season. 
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