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ENERGY CHARACTERISTICS OF SOLAR
PHOTOELECTRIC INSTALLATIONS
UNDER THE COMBINED PRODUCTION OF
HEAT AND ELECTRIC ENERGY IN THE
CONDITIONS OF UZBEKISTAN

D.R. Otamirzaev!

Abstract---The possibility of increasing the total conversion coefficient of solar installations by generating heat
and electricity from one receiving surface is being considered. To achieve this goal, a thermophotoelectric
installation is proposed that combines a photoelectric module and a thermal collector. For experiments, the
installation was used: combined thermophotoelectric conversion of solar energy. The results of comparative

experimental studies of the proposed facilities are presented.

Keywords---thermal collector; photovoltaic installation; thermophotoelectric installation; silicon solar cells;

combined conversion of solar energy; conversion factor.

I. Introduction
Currently, as traditional energy sources decrease, much attention is paid to the use of renewable energy sources and is

growing all over the world, including in Uzbekistan great efforts are made to develop the use of renewable energy sources
[1]. Solar photovoltaic converters are the most common type of renewable energy. When using photovoltaic installations,
their main disadvantage is the low efficiency of converting the solar radiation flux into electrical energy (industrial
photocell efficiency is 15-20%). At the same time, the solar collectors used to heat the coolant have a thermal efficiency
several times higher. Therefore, to increase the efficiency of the system, it is advisable to use a combined solar installation
that combines a thermal collector and a photovoltaic module.

With the development of science and technology, more and more solar installations are appearing, during the work of
which thermal and electric energy can be generated simultaneously from the same working surface. With certainty, they
can be attributed to a new class of solar technology - thermophotoelectric solar installations, which simultaneously convert
all the incident solar radiation into heat and electricity, i.e. at the same time they heat the coolant and are an electric DC

generator [2].

The use of combined thermo-photovoltaic installations provides a significant saving of materials for their manufacture

per unit of power, increases their total conversion coefficient and efficiency. This is because the absorbers of solar thermal
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systems and photovoltaic converters of solar cells convert different wavelengths of the solar spectrum, so from the same
work surface you can get both thermal and electrical energy without reducing the efficiency of the thermal and electrical
parts. The production of thermophotovoltaic panels based on serial plants will reduce the cost of producing absorbers with
expensive selective coatings and materials for the production of structures of photovoltaic modules by combining them
into one unit [3].

There are combined solar phototherm converters. In which excess heat from the back surface serves as a source of

energy for thermocouples located there [4].

Il1. Research problem statement
Modern industrial solar cells made of monocrystalline and polycrystalline silicon have a flat design, their efficiency is

17 - 20%, with an absorption coefficient of up to 95%. When converting solar energy, 80% of the energy goes mainly to
heat the elements, which only worsens their quality work. By positioning the solar cells on top of the solar absorber
thermal absorber, with effective heat transfer creates the opportunity to increase the efficiency of the entire installation.
The removal of heat by the heat carrier circulating along the solar system circuit prevents the overheating of the
photoconverters and, accordingly, increases the total generation of electric energy. The high absorption coefficient of solar
cells allows up to 80% of the solar energy absorbed by them to go on heating the receiving surface of the thermal absorber.

A conversion factor of up to 80% is a high indicator for many absorbers of industrial thermal solar installations.

I11. The purpose and objectives of the study
The purpose of the study is to conduct an experiment to confirm theoretical data on an increase in the total conversion

coefficient of incident solar radiation flux by a photovoltaic installation and an increase in power characteristics per unit
area of its receiving surface when using combined generation of heat and electric energy.

The experiments on measuring the energy characteristics of the solar installation were carried out in full-scale
conditions on the territory of the open laboratory site of the Faculty of Automation and Energy of the Namangan
Engineering and Technology Institute of the Republic of Uzbekistan from May to July 2019.

In this work, we used the method of direct measurements of the short circuit current and the open circuit voltage of the
photoconverter with a no-load mode and methods of temperature measurements of the coolant. The studies were carried
out in natural conditions on an open area on clear days, with natural sunlight and maximum illumination (about 1000 W/m

A 2). The condition for the experiment was the constancy of the intensity of solar radiation.

During the work, a solar installation was used (Fig. 1), 1 m long and 0.6 m wide, intended directly for installation of
roofing of residential buildings. The combined installation itself consists of separate photovoltaic cells (cells) installed
between the polypropylene plane and the protective glass, there are technological ribs on the sides, the back part is
connected to the heat exchanger, the heat exchanger is a metal sheet attached to the ribs of the solar installation and two

fittings for circulating the working fluid which attached to the tank. Inside the combined installation is a liquid coolant.
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Fig. 1. Thermophotoelectric solar installation

On the receiving surface of the installation are solar cells capable of generating electrical energy. Elements cover from
8/10 to 9/10 parts of the installation. Due to the lower temperature at the bottom of the heat exchanger during the
circulation of the coolant, the elements are cooled, which improves the quality of their work. Since silicon solar cells
transform the non-thermal part of the spectrum, there is a general increase in energy production. Factory efficiency of the
used solar installation (with illumination E_0 = 1000Vt/m?) is 16%, the thermal efficiency of the proposed combined
installation in stationary mode is 58%. Accordingly, the specific power of the solar battery can be up to 160 Vt/m?, a heat
collector — 583Vt /m?.
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Fig. 2. Combined thermophotoelectric installation:

1 - photovoltaic cells (cells), 2-3 - fittings for the inlet and outlet of the working fluid, connector for electrical wires, 5—
6 - reservoir tubes, 7 - thermal energy reservoir.

The operation of the thermovoltaic installation is described by the method [5].

Maximum powerP,,,,, produced by the solar battery:

Prax = FrplaUsk = Inax Unax (1)

whereF;¢— current-voltage characteristic fill factor; I, — short circuit current;Uy, — open circuit voltage; I, —
current at operating point; U, — operating voltage.

The efficiency of the photovoltaic solar battery is calculated according to the well-known formula:

Inax Umax — Prmax (2)
SanEo SanEo

Neg =

whereS,,— usable area of solar cells, m?; E,— work surface illumination, V't /m?.

Accordingly, the calculation of the thermal absorber is also performed by the known method [5]. Useful energyQ,,,
allocated from the collector per unit time, W, is equal to:

Qu = FrA[ly(ta) — U (T; — T,)], 3)

where A — collector area, m?; F—coefficient of heat removal from the collector;I; —flux density of total solar radiation
in the plane of the collector (taking into account the angular coefficientR ), Bt/m?; t —transmittance of transparent
coatings in relation to solar radiation;a — solar collector absorptivity; U, — total collector heat loss coefficient,
Vt/m? grad ; T; —fluid temperature at the inlet to the collector (in nominal mode), °C; T, — ambient temperature°C.

For practical calculations, a simplified version of formula (3) is more applicable:

Qu =5xGC, Ty =T, (4)

whereQ,, —solar collector thermal powerP,, ; Sy —collector area, m2;T,,,, —fluid temperature at the outlet of the
collector.

Accordingly, the efficiency of the thermal collector is determined by the formula:
(®)

For combined installation of illuminationE,the same for the thermal and electrical parts, and the size of the areasS..and

Pry

nEK StxEo

S,,are equivalent, i.e. can be written:

_ Pry . _ P 6
N SxgyEo » e SrgyEo ’ ( )
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wheren,,, n. —thermal and electrical efficiency of the combined installation, respectively;P,, P.s — thermal and
electrical efficiency of the combined installation, respectively;S.,, —usable area of thermophotovoltaic installation, filled

with solar cells.

The total power of the thermovoltaic installation is equal to the sum of the capacities of the thermal and photoelectric
parts:
Prgpy = Puc + Peg = SzgyEo(Max + Neg) = SrgyEoNagys  (7)
wheren,, —the total total efficiency of the thermophotoelectric installation (combined installation).
From this it can be seen that with an increase in the power taken from the solar installation due to the photoelectric
component, its total efficiency increases, since the area and illumination of the working surface remain constant.
With incomplete coverage of the receiving surface of the combined installation with solar cells, formula (7) must be
replaced:
Pryy = SroyEo (flnc + de)yrlcﬁ) (8)
wheref.q, —fill factor with solar elements of the receiving surface of the combined installation. In our case, it varies
from 8/10 to 9/10.
The efficiency of solar cells decreases when heated:
Nes = froyNo (1 — k(Ti — T9))(9)
wheren, —Photocell efficiency atT, = 25 °C; T; —temperature of the heated photocell (we consider it equal to the
temperature of the liquid at the inlet to the collector); the drop in the efficiency of the solar cell depends on the temperature
gradient k and ranges from 0.3 to 0.5% / ° C [6].

GCp(Toux—T:)
pT + STcl)yE()fT(byr'D(l - k(TL - TO)): (10)

By formulas (1) - (10), it is possible to determine all the parameters of a solar installation, taking into account the

Given the above formula takes the form: P4, = S.4,Ep

thermal and electrical parts.

IVV. Research results
For the experiments, summer clear days with a high intensity of solar radiation were chosen. Illumination during

measurements ranged from 980 to 1000 Vt/m?.

Passport data of the used solar battery:

Mark: AS-100P, B,,. =100Br, U,, =21.8V,I,, =6.1 A

The above values apply to:AM=1.5 E;=1000 Bt/m? T.=25 °C

Given the hot climate of Uzbekistan, the surface temperature of the solar photovoltaic converter can reach up to 70 ° C
and higher, therefore, it is not possible to achieve the nominal values of energy characteristics in real conditions. In this

regard, it is advisable to use combined installations.

In table 1. shows the measurement results of the proposed combined installation. Tablel.

Ne Measuremen SB surface Short circuit Open circuit
ttime temperature (°C) current voltage
1 9.06.2019 30 5.65 21.7
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2 25.06.2019 31 5.65 21.7
3 10.07.2019 30 5.64 21.7
4 21.07.2019 29 5.64 21.75
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P1 - power of the photovoltaic battery, P2 - Electric power of the combined installation
The temperature gradient of the dependence of the efficiency of the solar cellk = 0.42 :—/2[6]. Using a combined

installation, you can prevent a 3% reduction in the efficiency of the electrical part of the installation in real conditions. The

thermal power of the combined installation according to formulas (4) is 583 watts.

V. Conclusions
Studies show that the use of a thermal collector with solar photovoltaic converters significantly increases the efficiency

of solar cells by 3% [6]. This is due to the fact that when the solar panels work without heat removal, the infrared thermal
component of solar radiation is used to heat the solar cells, which can often lead to overheating and a decrease in the
efficiency of solar cells [7, 8].
As a result of the research, the following results were obtained:
We can conclude that the efficiency of solar installations with combined generation of electric and thermal energy [3,
4].
It is shown that from 1 m ~ 2 of the surface of the developed combined installation it is possible to obtain up to 160 W

of electric and about 583 W of thermal power.

The total solar energy conversion coefficient of the combined installation is increased to 75%. Despite the fact that the
electrical efficiency of solar cells used in research is about 17%, and the thermal efficiency of the installation can be up to
58%.

Using the developed installation in residential buildings with a continuous source of water is effective.
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