SCIENCE AND INNOVATION
INTERNATIONAL SCIENTIFIC JOURNAL VOLUME 3 ISSUE 3 MARCH 2024
UIF-2022: 8.2 | ISSN: 2181-3337 | SCIENTISTS.UZ

INVESTIGATION OF THE EFFICIENCY OF POWERING AN
OZONATOR PLANT FROM PHOTOVOLTAIC
INSTALLATIONS

Abdikadyrov Askar Aitmyrzaevich?!, Kalandarov Palvan Iskandarovich?
Candidate of Technical Sciences, Associate Professor
YInstitute of Automation and Information Technology, Satpayev University, Almaty Kazakhstan’
2Academician of the International Academy of Agrarian Education’

Doctor of Technical Sciences, Professor

2"Tashkent Institute of Irrigation and Agricultural Mechanization Engineers"

National Research University

https://doi.org/10.5281/zenodo.10803913

Abstract. The article deals with the issues of power supply of the ETRO - 03 ozonator
installation, operating on the basis of an electric corona discharge, using a small solar power
plant, where the modular type of solar panel design allows powering the ozonator unit, the
disadvantage of solar panels is their high cost and low economic efficiency. The voltage of the
solar cells is converted to alternating voltage through an inverter and transmitted through a filter
to the ozonator, to improve the quality of electricity, the filter is switched on after the inverter,
designed for lower frequencies. The main factor in a solar power plant are solar cells, as well as
composite elements, including an inverter that converts a constant voltage into an alternating
output voltage, a wiring diagram of solar panels is presented, which demonstrates the multilevel
voltage of the inverter (8V, 13V and 26V) and a graph of their sinusoidal voltage, mathematical
modeling is performed at voltage levels of 8V, 13v and 26v with pulse-amplitude control in
MATLAB 7.0 environment.

Keywords: solar battery; inverter; ozonator; electric corona discharge; multichannel
inverter; alternating voltage.

1. Introduction

The most important characteristic of photovoltaic systems is the amount of electricity
generated in a given period (day, month, year), there are a number of studies that determine this in
natural conditions. Among them, it is worth noting the detailed works of A.V. Yurchenko, V.
Durish, and O. Struss [1,2]. The studies present the results of measurements of various
photovoltaic parameters for several types of silicon wafers, and determine the influence of various
factors, in particular, temperature when using a solar concentrator [3].

In 2009, Spectrolab (a subsidiary of Boeing) demonstrated a solar array with an efficiency
of 41.6% [4], while in January 2011 the company's solar panels entered the market with an
efficiency of 39% [5]. In 2011, California Solar Junction achieved a higher efficiency of 43.5%
for a 5.5%5.5 mm photovoltaic cell, a 1.2% increase over previous years [6].

In 2012, Morgan Solar developed the Sun Simba system made of polymethyl methacrylate
(plexiglass), germanium and gallium arsenide, combining a hub with a panel on which a
photovoltaic cell is installed, but the efficiency of the system in a stationary position of the panel
was 26 - 30% (depending on the season and the angle at which the sun is located), which is an
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order of magnitude higher than the practical efficiency of solar cells based on crystalline silicon
[7].

Analyzing the problems of power supply of an ozonator plant through a small solar power
plant and increasing the economic efficiency of the ozonator, it is necessary to improve the
connection schemes of solar panels. However, Swetapadma P. believes that the problem of
evaluating the performance of a solar energy conversion system using a multi-level H-bridge
cascade converter [8], as well as the control of power flow and voltage through solar and wind
power plant inverters in a multi-grid system, is a more pressing issue [9]. A multi-level inverter,
which regulates the power output using a photovoltaic system, forms the basis of the system [10].
In this regard, a complex scientific and technical task, the problem of studying methods for the
efficiency of feeding an ozonator plant from a small solar power plant seems relevant and timely.
In this regard, there is a need to conduct a study aimed at the analysis and evaluation of multilevel
inverters 8V, 13V, 26V and their sinusoidal voltages, as well as the development of a mathematical
model, on the basis of which the conditions for achieving the highest efficiency of the proposed
devices using Matlab and Mathcad programs are determined.

2. Materials and methods

Photovoltaic (PV) inverter technology is undergoing significant changes, looking at some
of the fastest growing trends in photovoltaic inverters, as well as the potential of financial
compensation mechanisms for photovoltaic inverters providing supporting functions. Limiting the
intermittent power of wind and photovoltaic installations is necessary in order to avoid
unacceptable voltage and frequency fluctuations in the interconnection [11].

In this study, the conversion ratios of three different photovoltaic inverters for different
active and reactive power installation points were measured. Based on these measurements, two
mathematical models have been proposed to express the cost of conversion as a function of active
and reactive power. The first model is empirical and extends the existing model by adding a term
to account for reactive power; The second model takes into account the general loss mechanisms
at the converter conversion stage and the effect of reactive power on it; Comparison of the two
models considered in the basic version.

In the work, the presented models work with high accuracy over the entire operating range
and require only a small number of known efficiency values for parameterization. These new
models have several applications: For PV park operators, they can accurately estimate the
individual costs of photovoltaic plants supplying reactive power to the grid. For power system
operators, the relative costs of different reactive power sources can be analysed [14, 15].

For the efficient integration of photovoltaic equipment into the electrical grid, a method of
controlling the operation of an inverter is proposed. According to this method, the demand for
electricity from the grid is monitored, and the angle and voltage of the inverter are regulated by
control signals, this method improves the quality of electricity and the stability of the
interconnected system [20].

Likewise, there are noteworthy studies that consider the simultaneous implementation of
fast frequency control and power fluctuation reduction by photovoltaic systems [16]. At the same
time, the direction of modeling and analysis of magnetically coupled converters with a resistance
source for photovoltaic systems deserves attention [17]. Simon A. (et al.) proposed a hierarchical
control system to facilitate variability and service delivery in photovoltaic (PV) plants.
Subsequently, it was shown that the proposed control algorithm is 10 times more effective when
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grouped using alternative control methods described in the literature [18]. The methods used in
the studies under consideration for the power efficiency of a small solar power plant of an ozonator
plant using the ETRO-03 corona discharge, and the problem of the study is that in some cases the
pumps and compressors of ozonator plants fail due to the lack of ideal sinusoidal voltage.

3. Results and Discussions

Converting solar energy to alternating current is a well-known method (Figure 1) in which
solar cells are connected in series and in parallel. The voltage of solar cells is converted to
alternating voltage through an inverter (I) and transmitted to the load through a filter (F) [27].
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Figure 1. Known Solar Panel Connection Diagram

In this case, the inverter must have a sufficiently high energy performance (specified
power, efficiency, power factor, etc.) and the quality of the generated electricity (sinusoidal
voltage curve, frequency and voltage stability).

The modular type of solar panel design allows you to power any heavy-duty installations
and provides them with very efficient energy. The disadvantage of solar panels is that,
economically, the cost is very high and hence their efficiency is low. Each solar cell module is
rated for a specific DC voltage and current. By means of series and parallel connection of these
modules, it is possible to obtain electrical energy of any power, voltage and current.

In order to obtain high-quality electricity after the inverter, it is necessary to connect filters
designed for low frequencies. When the power of solar panels is increased to tens or hundreds of
kilowatts, the overall size of the filter increases, resulting in a loss of power on the filter and a
decrease in the efficiency of the entire system. Harmonic analysis of the voltage curve shows that
higher harmonics make up a larger proportion of voltage harmonics than fundamental harmonics.
Higher voltage harmonics are the electrical energy generated by solar panels that is either lost or
captured by the filter before it reaches the consumer. This part of the energy of solar panels, which
is insufficient for the consumer, increases power losses [29] (Fig. 1).

If n solar panels are connected in series and m in parallel, the capacity of a solar power
plant can be calculated using the following formula

Psg =n-m- by, )

Where B,, is the power of one solar module (battery)?

As a result, some of the solar energy is lost in the conversion system, and not all connected
expensive solar panels are used to their full potential. On the one hand, it increases the cost of solar
converters, on the other hand, it requires an optimized, energy-efficient system for converting solar
energy into power frequency and voltage electricity, in which case the technical and economic
indicators of the system appear to be high, when the cost and economic costs of the materials
necessary for the conversion should be minimal [30].
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In multi-level inverters, the generation of a voltage approaching a sine wave is carried out
by adding up the voltages of the solar cell sources. Figure 2 shows the wiring diagram of a solar
cell and the generation of a multi-level voltage from the voltage of the solar cells.

Microprocessor

—H  Voltage —
| |measuring devicd

)]
T
U: Trr

M The
| l ETRO-03

ozonator

LUf}

Figure 2. Proposed Solar Energy Conversion Scheme

Where is: E,and I,,, - EMF and current of the multi-level solar module, I - inverter, Tr-p -
transformer, - transistor switches, D - diode, - mains voltage. K, U, ¢(t)

The formation of a multi-level voltage at the inverter input is carried out by dividing the
solar panels connected in series into N voltage levels with different values and different switching
times. In this case, each voltage level has different values for the current connected in parallel
between the solar panels. Each voltage stage is fed to the inverter via transistor switches. The
inverter is assembled on four IGBT transistors in a bridge circuit. The inverter's job is to convert
the multi-level DC voltage of the series-connected solar panels into alternating voltage. In this
way, a multi-level voltage is generated in the load, which is close to a sinusoidal shape.

A multi-level inverter works in the power grid as follows. The multi-level voltage supplied
to the input of the inverter is compared with the mains voltage by a measuring device. If the
corresponding level of multi-level voltage is equal to the voltage level of the power line, a
command is sent to the microprocessor to turn on the corresponding transistor switch. It should be
noted that the solar-to-alternating current conversion circuit uses special transformers
available. K,,

Figure 3 below shows a graph of the sine wave voltage of the power grid recorded for the
multi-level voltage of the inverter. According to the intersection points of these graphs, a transistor
switch is connected. Calculations show that the tension of the line of force must be fixed in a multi-
level stress, then the equality of these stresses is observed [31]. K,

Solar cells are known to have a staggered arrangement, but they are not used in the same
amount. The solar panels in Figure 2 are shown by the dotted line. To do this, you need to calculate
the number of unused solar panels in a solar power plant. If each solar module (batteries) in a
known conversion scheme (Figure 1) is considered as an element of a certain matrix, then all active
and passive solar modules (SM) can be calculated. Let's denote the total number of active solar
modules connected in series and in parallel, as can then be represented in the form of a matrix
aS:AO6LLL.AO6LL[.
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A, Ay ... Aym
Agen. = [ E : : : ] 2)

a aip A1m
Where is: Agep IS the CM matrix, n - mN - the number of solar panels connected in series, and m
- Number of solar panels connected in parallel.
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Figure 3. Diagram of the sine wave voltage of the power grid made on a multi-level voltage
converter
If we select solar modules from a common matrix that are involved in the formation of a
multi-level voltage close to a sine wave (see Figure 2) and label them as an active matrix, this
matrix will look like this:

s S¥

ap a7 %
Aakt. = : P (3)
a;; a2 7 %y
where: is the CM matrix, A,...i - ji isthe CM connected in series, j is the CM connected in parallel.
A matrix of passive solar modules that do not participate in the formation of multi-level stress
(shown in Figure 2 by a dotted line), then this matrix will be equal to:
Apas. = Agen. — Aake. 4)

Thus, there is a part of passive solar modules that are not involved in the solar energy
conversion scheme. Taking into account the percentage of active and passive elements, it is
possible to calculate the efficiency of the developed conversion scheme and the savings on CM,
that is:

Eepr.CM = (—Age"-"*“’“-) x 100% 5)

gen.

The voltage values of each level can be the same or different, in which case the switching
time of each level is different. In view of the above, the method of calculating the switching angle
(time) for each voltage level is determined based on the fact that the generation of multi-level
voltage at the output of the inverter is close to a sine wave.

For a more detailed analysis, simulations were performed at 8, 13, and 26 voltage levels
with pulse-amplitude control in the MATLAB 7.0 environment. Constant voltage sources were
used as solar panels. The results of the simulation confirmed the principle of generating a multi-
level voltage close to a sine wave with amplitude-pulse control at the output of the transducer.
Table 1 shows solar panel savings and voltage distortion (THD) as a function of the number of
voltage levels. As you can see from the calculations, saving on expensive solar panels is very
important because the cost of solar panels accounts for most of the cost of a solar energy

conversion system.
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Table - 1
Solar Cell Savings and Voltage Distortion (THD)
N-Number of Voltage Levels Saving Solar Panels Voltage Distortion Factor
(THD)

8 - number of voltage levels
13 - number of voltage levels
26 - number of voltage levels

As you can see from the voltage graph and the table above, the higher the number of voltage
levels, the closer the multi-level voltage at the output of the inverter to the sine wave. This means
that the voltage distortion factor (THD) is negligible. In power systems, voltage distortions of up
to THD <5% are allowed. However, this increases the number of switching operations, increases
the cost of switches, and complicates the control circuitry.

Theoretical calculations show that power filters of industrial frequency 50 Hz with a power
of 6-10 kW have a large weight and volume. As a result of experimental research, an inverter with
a capacity of 6-10 kW with eight rectifiers was developed and manufactured. The inverter is
powered by a rechargeable battery (Fig. 4). The figure shows the waveform of the inverter, as well
as the output parameters of the inverter and the output voltage. As you can see from the waveforms,
the output voltage of an 8-level inverter is close to a sine wave.
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Where 1 is the output voltage of the inverter, 2 is the voltage of the node
Figure 4. General view of 6-10 kW inverter
It is known from studies that the key equipment of modern photovoltaic plants that ensures
the operation of the ETRO-03 ozone generator, that is, the uninterrupted supply of electricity to
autonomous consumers, is an inverter. It is the inverter that converts the direct current generated
by photovoltaic solar modules or batteries into alternating sine current (AC) at the output. Modern
6-10kW inverters automatically monitor the maximum power point in real time according to the
volt-current characteristics of the photovoltaic solar modules, and the system is controlled by the
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controller. The system controller solves the problem of converting the input voltage and current,

which can vary greatly depending on weather conditions and the illumination of the solar panels.
Calculation of the uptime of the uninterruptible power supply (UPS).

Given the required battery capacity, the UPS runtime for the required UPS/inverter redundancy

time under a given load (ETRO-03) can be roughly calculated using the following formula.

__ t(hour)-P(W) .
C= BTG (A - hour) (6)

It is known that the capacity of the battery only increases when it is connected in parallel.
In a series connection, the voltage of the batteries is added together and the capacity remains equal
to the nominal value of a single power supply.

t(hour) = <220 (7)

Where t is the reserve time (hours); C is the total capacity of the battery (Ah), U is the total
voltage of the battery (V); P is the total load power (W).

The power of the load connected to the UPS is 3000 (W), the time is 8 (h), and the battery
voltage is 12 (V). Calculating UPS Runtime Using the Required Battery Capacity:

__ t(hour)-P(W) _ 8-:3000 __ )
C = TR = T2 = 2000(A - wac) (8)

The power of the load connected to the UPS is 3000 (W), the battery capacity is 2000 (Ah),

the battery voltage is 12 (V):

__ C(A-hour)-U(B) _ 2000-12
t= (B = Soos = 8 (hour) 9)

A more accurate formula for calculating the UPS standby time takes into account the
efficiency and depth of discharge of the battery. n - inverter efficiency (nameplate value),
efficiency value for UPS and Sib Kontakt inverters is from 0.9; P is the load power (W); U is the
battery voltage (V); K p is the depth of discharge of the battery, 0.6 - 0.8 (that is, the depth of
discharge of the battery is from 60% to 80%), the usual value is 0.75.

. M 3000(W)
_ <w> (2)= <w> (52) ~ 2962.222(A - hour) (10)

uw) Ky 12(V) 0.75

C(A-hour)-U(B) 2962.222(A-hour)-12(B)
h(%)—(m:( ooy )-(0.75>z8(hour) (11)

n 0.9
Calculation of the required active power of the UPS /inverter
If the power of the UPS is less than the total load, the unit will shut down immediately after
start-up. Before purchasing an uninterruptible power supply, calculate the power consumption of
all the equipment that will be powered by it. For reactive loads (e.g., electric motors, air
conditioners, microwave ovens), the total power is usually given in volt-amperes (VA). If active
power is generated, when calculating the required UPS power, it is necessary to take into account
the reactive component:
SEH

Py (W) =222 (12)

Here: - active power in watts; S (B-A) is the apparent power in volt-amperes; cos(o) is the
power factor, usually 0.75 for an inductive load. Also keep in mind that in the technology with
electric motors, the inrush currents are three to eight times higher than in the operating mode.
P, (W)

For such devices, a sinusoidal current is required, and the inverter shown in Fig. 4, produces
just such an alternating voltage. Automatic calculation of the maximum power point from solar
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panels made it possible to increase the efficiency of solar energy use by 20-30% and to build a
circuit with several panels connected in series when feeding an ozonator based on the ETRO-03
electric corona discharge. The battery voltage was significantly higher to reduce DC losses in the
conductors. A graph to determine the point of maximum power is shown below (Fig. 5).

5
Tox, A

Hanpaxycenune, B
1 2 4 6 8 10 12 14 16 18 20 22 24
0 02 06 1 15 2 25 3 3,5 4 39 3,8 0

8000

2000 ﬂs 61«’ sTr;
= % — I_,*_J_

4000

2000

Armuenan mowHocms, B

Hanpaxcenue, B
1 6 12 18 24
6,8 6,7 6,6 6,5 0

Figure 5. Maximum Power Point Determination Graph
(Study Results)

Depending on the technical requirements and operating conditions of the solar power plant,
it is necessary to solve the problem of choosing an inverter. At the stage of designing an electrical
circuit, it is necessary to take into account the availability of different types of inverters with
different modes of operation and technical characteristics, for example, a comparison of the
production and technical capabilities of currently produced inverters is given in Table 2 [32-34].

Table -2
Comparative Results of the Volume and Technical Capabilities of the Inverter Network
Functional Off-grid On-Grid On-grid and

Inverter Inverter off-grid

inverter
Connecting the Batteries + - +
Diesel Power Plant Connection + - +
Ability to increase power + + +
Power supply to the load when the + - +

main line is disconnected
Battery-free operation - + +
When planning power supply to consumers in areas where there are no power lines, it is
recommended to use autonomous converters. Such converters provide consumers with electricity
generated by solar panels during the day and energy stored in batteries at night. The use of stand-
alone inverters allows the system to operate independently of the external power grid (the diagram

is shown in Figure 6).
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Figure 6. Ozonator Power Supply Circuit Based on Electric Corona Discharge
with Solar System
(Wiring diagram of a stand-alone converter)

Thus, the use of multi-level inverters as a power grid for solar power plants allows you to
save up to 30.5% on solar panels and get a completely sinusoidal voltage at the output.

Findings

Summing up the results of the study, it can be noted that the study of the efficiency of
energy supply from a small photovoltaic plant to an ozone plant gave unequivocal results. The
research was aimed at studying the main role of 6 kW inverters in the phase with the external
power grid, as well as the synchronization of voltage and generation frequency, which means that
the solar panel inverter has a protective function that allows it to be quickly disconnected from the
grid in the event of an external power line failure or other serious errors. Options for connecting
various types of inverters that allow you to choose schemes of solar power plants are also
considered. The presence or absence of external power lines in the area of the planned photovoltaic
plant is taken into account as initial data for the selection of equipment and its type.

After assessing the local conditions and technical requirements for the solar power plant,
the equipment configuration, capacity and operating mode are determined. The use of state-of-the-
art inverters ensures the durability and reliability of the entire system. The high efficiency of the
presented technical solutions is confirmed by the experience of designing and operating modern
solar power plants.
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