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This article explores the efficiency of using the ETRO-02 ozonator, powered by solar energy, in the water 
purification process. The objective of the study is to find an environmentally friendly and economically 
efficient method for eliminating microorganisms in water by powering the ozonator with alternative energy 
sources. The research materials included water sourced from the Kapshagay reservoir, as well as solar panels 
and the ozonator device. During the study, solar panels with the capacity to produce 4.2 to 5.5 kWh of energy 
daily were used, which was sufficient to ensure the continuous operation of the ozonator. The total bacterial 
contamination in the water decreased from 12,000 CFU/ml to 45 CFU/ml, and coliform bacteria were reduced 
from 25 CFU/100 ml to 1 CFU/100 ml. Additionally, dangerous microorganisms such as Enterococcus, 
Salmonella, and Legionella were completely eliminated. The efficiency of the ozonator in removing bacteria 
and viruses was between 90-99%. In conclusion, the solar-powered ozonator proved to be an environmentally 
friendly and economically viable solution for effective water purification, particularly suitable for remote and 
rural areas. 
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1. INTRODUCTION 

Relevance of the scientific research work. Water scarcity is one of the 
pressing issues in the world today (Apolinário and  Castro, 2024; García-
Gil et al., 2021). Effective and sustainable methods for water purification 
are needed to address this problem (Novas et al., 2021). The use of 
ozonators is particularly important in the water disinfection process, as 
ozone is one of the strongest oxidants used in water purification 
(Abdykadyrov et al., 2023). Solar-powered ozonators operate with clean 
energy that does not harm the environment ( Hafeez et al., 2021; 
Hendrickson et al., 2020). This method aligns with the UN’s Sustainable 
Development Goals, particularly Goal 6 – “Clean Water and Sanitation”.  

Role of the ozonator. The efficiency and advantages of ozonators in water 
purification, combined with solar energy, enhance the sustainability of the 
water treatment system. To increase the efficiency of ozonators using solar 
energy, new technologies need to be implemented. For example, solar-
powered desalination systems can reduce water production costs by up to 
33% (Apolinário  and  Castro, 2024; Reif and Alhalabi, 2015). Additionally, 
ozonators are highly suitable for purifying water in areas lacking solar 
energy (Novas et al., 2021; Beltrán Novillo and Rey Barroso, 2017). 

Potential of solar energy. Solar energy plays a significant role in water 
purification as an environmentally friendly and renewable resource. The 
use of solar energy reduces the emission of harmful gases and decreases 
dependency on fossil fuels (Shahsavari and Akbari,  2018). The 
compatibility of solar panels and ozonators enhances efficiency in water 

purification (Camera-Roda et al., 2019). According to studies, photovoltaic 
systems can be used to save electricity in water treatment technologies (da 
Costa and da Silva, 2021). The development of solar energy technologies 
increases the efficiency of these systems (Chu  and  Meisen, 2011; Gorjian, 
and Ghobadian, 2015). 

Research objective. This study aims to investigate the effectiveness of 
systems that power ozonators with solar energy in water purification. 
Solar-powered ozonators will enable efficient and environmentally 
friendly water purification in the future. Research has shown that these 
systems can help reduce costs and improve water quality in purification 
processes (Apolinário and  Castro, 2024; Dorevitch et al., 2020; Mecha and  
Chollom,  2020). Solar-powered systems may be effective in remote areas, 
and utilizing renewable energy sources ensures the efficient management 
of water resources (Kharraz et al., 2017; Thanigaivel et al., 2022). 

Overall, the scientific research was conducted at the "Drilling Training" site 
of the Kazakh National Research Technical University named after K.I. 
Satpayev. At the training drilling site, drinking water is sourced from the 
Kapshagay reservoir. Based on an innovative technology powered by a 
solar system designed for 500 students, a pilot ETRO - 02 ozonator unit 
was developed, with a capacity of 5 kW (Abdykadyrov et al., 2021; 
Udhayakumar et al., 2016). The unit can disinfect and purify 8 m³ of water 
per hour. The research work was conducted between 2020 and 2024 at the 
scientific laboratory of the Department of Electrical Engineering and 
Electronics. 
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2. MATERIALS AND METHODS 

Research on the solar energy-powered ozonator system has attracted 
significant interest in recent years for water purification processes 
(Potivejkul et al., 1998; Abdikadyrov, A.,  Kalandarov, P., 2024). Numerous 
studies have demonstrated the effectiveness of using solar energy instead 
of traditional electricity for ozonators. For instance, connecting solar 
panels to ozonators can achieve energy efficiency while reducing the 
carbon footprint. Various studies have shown that solar energy and 
ozonators are effective in eliminating bacteria and viruses in water. As a 
result, sustainable water purification systems independent of natural 
resources are being developed (Draginsky et al., 2007; Abdykadyrov et al., 
2023; Abdykadyrov et al., 2021). 

However, these studies still have some limitations. For example, the 
stability of solar energy and the issues related to storage systems are major 
obstacles since ozonators cannot operate at night or when sunlight is 
minimal. Additionally, the efficiency of some systems may still be low. 
Researchers have also faced challenges in scaling the system for use in 
large water treatment plants (Jbilou et al., 2022; Nehari et al.,2019). 

Regarding scientific advancements, there have been achievements in 
optimizing ozone generation processes and developing hybrid systems 
(e.g., incorporating wind or other energy sources). These solutions 
enhance the independence and efficiency of the system. Nevertheless, 
reducing energy costs and fully automating the process still require further 
research (Vezzu et al., 2009; Palej P. et al., 2019; Tikhomirov et al., 2020; 
Da Silva et al., 2009). 

2.1   Scientific Research Object 

Currently, powering ozonators with alternative solar energy in the surface 
water purification process is a pressing issue due to the high cost of ozone 
technology (Da Silva et al., 2009). This has led to the necessity of supplying 
it with alternative energy sources. The ozonator purifies water and 
eliminates pollutants (Abdykadyrov et al., 2023; Abdykadyrov  et al., 
2023), while solar panels provide the required energy. However, several 
problems have been identified in this system: 

Firstly, the efficiency of solar panels is weather-dependent; for example, 
on sunny days, a 1 m² panel can generate 150 - 200 W of energy, while on 
cloudy days, this figure can drop by up to 50%. This may result in 
insufficient energy to effectively purify water if the ozonator's average 
power consumption is between 50-100 W;  

Secondly, inverters are used to convert the energy obtained from the sun 
from direct current to alternating current, but their efficiency varies 
between 85 - 95%. These losses reduce the overall energy efficiency of the 
system;  

Thirdly, the capacity of the energy storage system is also limited. For 
instance, batteries can cover energy needs for up to 10 - 12 hours at night 
or on cloudy days, but a prolonged lack of sunlight may jeopardize the 
system's stability. 

Similarly, the climatic conditions of the research area play an important 
role, as the efficiency of the system may decrease in regions with low solar 
radiation, leading to interruptions in water purification processes. The 
overall scientific research object is presented in Table 1 below (Kim et al., 
2008). 

Table 1: Key Research Objects in the Study of Powering an Ozonator with Solar Energy for Water Purification 

Research Objects Description 

Ozonator A device that generates ozone (O₃) used in water purification systems to remove contaminants. 

Solar energy system A system of solar panels and inverters that powers the ozonator using alternative energy sources. 

Water purification process The method of purifying water by using an ozonator to eliminate contaminants and bacteria. 

Photovoltaic solar panels Devices that convert sunlight into electricity, crucial for continuous operation of the ozonator. 

Inverter A device that converts the direct current (DC) from the solar panels into alternating current (AC) to 
power the ozonator. 

Energy storage system (batteries) Stores the energy collected from the sun and powers the ozonator during cloudy days or at night. 

Water source to be purified The source of water to be treated by the ozonator (e.g., river water, industrial wastewater, etc.). 

Climatic conditions of the research area Sunlight intensity and weather conditions that impact the effectiveness of solar energy utilization. 

Energy efficiency Assessment of overall energy consumption and efficiency of powering the ozonator with solar energy. 

This Table 1 describes the main elements of the solar energy-powered 
ozonator system, including the role of the ozonator in water purification 
and the electricity production of the solar panels. The inverter is necessary 
to convert the direct current obtained from the solar panels into 
alternating current to power the ozonator, while the energy storage system 
ensures the continuous operation of the system when there is no sunlight. 
Climatic conditions and energy efficiency are important factors that affect 
the stability of solar energy utilization. 

2.2   Scientific Research Methods 

During the research of the solar energy-powered ozonator system in the 
water purification process, several issues were identified. Firstly, it was 
challenging to continuously monitor the ozonator's performance in real-
time, as the ozone concentration should be maintained between 0.1 - 0.3 
ppm, while fluctuating sunlight conditions hinder the ability to keep this 
parameter stable. Secondly, since the efficiency of solar panels is directly 
related to the intensity of sunlight, the amount of energy produced on 
cloudy or dark days may drop below 150 - 200 W, potentially failing to 
meet the ozonator's power requirements. Thirdly, although the ozonator's 
power consumption is consistently between 50 - 100 W, a constant 
shortage of energy may disrupt the water purification process. 
Additionally, the concentration of pollutants in the water may not always 
decrease to the required levels, which could adversely affect the 
purification efficiency. Lastly, a deficit in energy utilization from renewable 
sources could reduce the economic viability of the system. To address such 
issues, the following research methods can be employed (Figure 1) (Dong 
et al., 2013; Udhayakumar et al., 2016) 

Figure 1: Methods of Research for Solar-Powered Ozonator 

This Figure 1 illustrates three different research methods for studying the 
solar energy-powered ozonator system. The first method is experimental, 
where the operation of the ozonator using solar energy is verified through 
practical experiments. This method is crucial for obtaining accurate 
results, as it allows for the assessment of the actual functioning of the 
system under investigation. The second method is modeling, which 
involves using specialized software and models to predict the system's 
performance. This method helps evaluate the system's efficiency in the 
future without conducting experiments. The third method is data 
collection, which includes recording measurements and results. This phase 
allows for the refinement of information obtained from experimental and 
modeling methods, enhancing the accuracy of the research. In this study, 
we place particular emphasis on the first two methods. 
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The research of solar energy-powered ozonator systems in the water 
purification process focuses on environmentally sustainable methods of 
treating water, where efficient energy use is crucial. In a similar way, 
assessing the quality of masking noise interference generated by spatial 
noise generators contributes to enhancing the performance of such 
systems by minimizing signal disruptions in control mechanisms, ensuring 
more reliable purification processes (Smailov et al., 2021; Smailov et al., 
2020). 

2.3   Theory of Powering the Ozonator with Solar Energy 

The process of powering the ozonator with solar energy involves 
converting sunlight into electrical energy, which is then used to meet the 
needs of devices designed for ozone production. This process consists of 
several key stages (Figure 2): 

Figure 2: Key Stages of Solar-Powered Ozonator Operation 

The second image illustrates the four main stages of the process of 
powering the ozonator with solar energy. In the first stage, sunlight is 
converted into electrical energy through the photovoltaic effect. Then, 
direct current is converted into alternating current, and energy is stored. 
In the final stages, the energy consumption characteristics of the ozonator 
and the overall system efficiency are analyzed. Now, taking these factors 
into account, let us develop the mathematical model of the system. To 
develop a mathematical model of powering the ozonator with solar energy, 
it is necessary to consider key factors such as: Solar panel power Psolar, 
Battery charge level Ebattery, Ozonator energy consumption Pozonator, Solar 
irradiance Isolar, System losses (efficiency factor). 

The model consists of three main components: energy generation from the 
solar panel, energy storage in the battery, and energy consumption by the 
ozonator. 

Solar Panel Power. The power generated by the solar panel can be 
expressed as:  

𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) ∙ 𝐴𝐴 ∙ 𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝      (1) 

where: Isolar(t) is the solar irradiance over time (W/m²), A is the area of the 
panel (m²), ηpanel is the efficiency of the solar panel. 

Battery Charge Level. The energy stored in the battery, Ebattery(t), can be 
described by the following differential equation: 

𝑑𝑑𝑑𝑑battery(𝑡𝑡)

𝑑𝑑𝑑𝑑
= 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(t) ∙ 𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐        (2) 

where: Psolar(t) is the power generated by the solar panel, Pozonator(t) is the 
energy consumed by the ozonator, ηconv is the conversion efficiency. 

Ozonator Energy Consumption. The energy consumption of the ozonator 
can be either constant or time-dependent. If it is constant, we define it as: 

𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(t) =  𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐   (3) 

System Dynamics. If the energy generated by the solar panel is insufficient 
to meet the ozonator's needs, the system will use energy stored in the 
battery: 

𝐸𝐸𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏(𝑡𝑡) ≥ 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚                (4) 

where Emin is the minimum battery charge level. 

Final Model Equations: 

• Solar power generated: 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) = 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) ∙ 𝐴𝐴 ∙ 𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝; 

 Battery charge level:  𝑑𝑑𝑑𝑑battery(𝑡𝑡)

𝑑𝑑𝑑𝑑
= 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑡𝑡) − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(t) · 𝜂𝜂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐; 

 Ozonator power consumption: 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(t) =  𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.

This model describes the process of powering the ozonator with solar 
energy by accounting for the balance between solar panel power and the 
ozonator's energy requirements.        

Based on this theoretical information, let's plot the solar energy and 
ozonator power consumption (a) and the battery charge level over time (b) 
using Python (Figure 3). 

а) Solar Power Generated and Ozonator Power Consumption 
b) Battery Charge Level Over Time 

Figure 3:  Operational Dynamics of a Solar-Powered Ozonator System 
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The graph showing solar energy and ozonator power consumption clearly 
illustrates that throughout the day, the solar energy generation (orange 
curve) reaches its maximum level, effectively meeting the ozonator's 
constant power consumption (blue line). In contrast, the graph depicting 
the battery charge level over time indicates that the energy level in the 
battery increases due to the advantages of solar energy during the day, but 
it decreases in response to the ozonator's power consumption. The battery 
charge never drops below the minimum level, ensuring the reliability of 
the system and supporting the continuous operation of the ozonator. Thus, 
the graphs depict the dynamics of the solar-powered ozonator system and 
characterize the efficiency of its energy balance.        

3. RESULTS AND DISCUSSIONS 

The scientific research was conducted at the "Drilling Training" site of the 

Kazakh National Research Technical University named after K.I. Satbayev, 
located in the city of Konaev. During the summer months, approximately 
500 students undergo practical training at the site for 2-3 months. 
Unfortunately, there is a shortage of drinking water at the site, so surface 
water from the Kapshagay reservoir is used for household purposes and 
food preparation in the kitchen. However, during these 3 months, several 
students suffered from various illnesses due to the water quality. To 
address this issue, we decided to develop a pilot ETRO-02 ozonator unit 
based on innovative technology, utilizing electrical corona discharge. The 
unit is designed to disinfect and purify up to 8 m³ of water per hour. Since 
there is no centralized power supply system at the site, we opted to use 
solar energy. The primary objective of the scientific research is to study the 
ETRO-02 ozonator system powered by solar energy for use in the water 
purification process. The energy flow diagram for the solar-powered 
ozonator system is presented in Figure 4. 

Figure 4: Energy Flow Diagram for the Solar-Powered ETRO-02 Ozonator 

The diagram presented in Figure 4 illustrates the energy flow within the 
system that powers the ozonator using solar energy. Initially, the solar 
panels generate 1 unit of energy. Of this energy, 0.2 units are lost while 
passing through the Solar Charge Controller, and 0.8 units of energy are 
transferred to the batteries and inverter. In the batteries, 0.2 units of 
energy are stored, while 0.2 units are lost in the process. The inverter 

converts 0.8 units of energy and delivers 0.6 units to the ozonator. As a 
result, part of the energy is lost, and the remaining energy is used to power 
the ozonator. 

The technological scheme of the surface water ozonation and filtration 
system using the ETRO-02 ozonator is presented in Figure 5. 

Here: 1 - pump, capacity 10m³; 2 - valve, d = 36x40 mm; 3 - sand filter made of zeolite; 4 - activated carbon filter; 5 - sand filter made of quartz; 6 - air 
compressor; 7 - ozonator based on electrical corona discharge; 8 - tank (H2O+O3); 9 - membrane filter; 10 - ozone destructor 

Figure 5: Wastewater Treatment System Using Ozonation and Filtration Technology 
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When the initial water sample was analyzed in a specialized laboratory, its 
chemical composition met the standards of GOST 2874-82. However, 
microbiological analysis revealed the presence of harmful microorganisms 
that are dangerous to human health. During the 30-minute disinfection 

process (with an ozone concentration of 1 - 3 mg/L), the harmful 
microorganisms in the water were completely reduced to levels that meet 
the requirements set by the Maximum Permissible Concentrations (MPC). 
These research results can be seen in Table 2 below. 

Table 2: Microorganisms in Initial Surface Water of the Reservoir and Their Maximum Permissible Concentrations (MPC) 

Type of Microorganism 
MPC (Maximum 

Permissible 
Concentration) 

Initial number of 
microorganisms in water 

before ozonation 

Initial number of 
microorganisms in water 

after ozonation 
Explanation 

Total bacterial 
contamination ≤ 1000 CFU/ml 12000 45 

General bacterial indicator, 
showing the degree of 
water contamination. 

Coliform bacteria ≤ 3 CFU/100 ml 25 1 
Bacteria originating from 

intestinal flora, an indicator 
of fecal pollution. 

Enterococcus (fecal 
streptococcus) ≤ 1 CFU/100 ml 37 Not detected in water 

Enterococcus bacteria 
spread through fecal 

contamination. 

Salmonella 0 CFU/1 liter 12 Not detected in water 
Dangerous pathogenic 

bacteria that cause 
infectious diseases. 

Legionella 0 CFU/1 liter 145 Not detected in water 
Bacteria causing 

respiratory diseases, such 
as Legionnaires' disease. 

Pathogenic viruses 0 CFU/10 liters 97 Not detected in water 
Waterborne viruses that 

can cause health-
threatening infections. 

Protozoa (Amoeba, 
Giardia) 0 CFU/50 liters 65 Not detected in water 

Waterborne parasites 
causing severe 

gastrointestinal diseases. 

From Table 2, it can be observed that the ozonation process reduced the 
total bacterial contamination in the water from 12,000 CFU/ml to 45 
CFU/ml, a decrease of 99.6%. Coliform bacteria were reduced from 25 
CFU/100 ml to 1 CFU/100 ml, showing a 96% decrease, and Enterococcus, 
initially at 37 CFU/100 ml, was completely eliminated from the water. 
Salmonella and Legionella were also not detected in the water after 
ozonation, indicating their complete eradication. This demonstrates the 
high effectiveness of the ozonator in purifying water from pathogenic 

microorganisms. 

3.1   Ozonator Performance and Water Purification Efficiency 

The performance of the ozonator is determined by its ozone production 
rate and concentration, which are key factors in the water purification 
process. Table 3 below presents the indicators of the ozonator's 
performance and water purification efficiency. 

Table 3: Ozonator Performance and Water Purification Efficiency Indicators 

Parameter Performance Value/Efficiency Indicator Explanation 

Ozone production rate 5-50 g/h (depending on the type of ozonator) The ozone production rate is a key factor in water purification. 

Ozone concentration 1-3 mg/L (in water) The concentration of ozone directly affects purification efficiency. 

Ozone solubility in water Approximately 570 mg/L (at 20°C) Ozone's solubility in water ensures its reaction with contaminants 
during the purification process. 

Water purification efficiency 90-99% (for eliminating bacteria and viruses) The ozonator system effectively removes harmful microorganisms 
and chemical contaminants from water. 

Table 2 presents the key parameters of the ozonator’s performance and 
water purification efficiency. The ozone production rate and concentration 
play an important role in water purification, while the solubility of ozone 
in water ensures the effectiveness of the purification process. Additionally, 
it was observed that the ozonator has the capability to eliminate 90-99% 
of bacteria and viruses in the water. 

3.2   Energy Production Indicators of Solar Panels 

The energy production indicators of the solar panels used to power the 
ETRO-02 ozonator are crucial in determining the system's efficiency 

during the water purification process. The amount of energy produced 
daily varies between 4.2 and 5.5 kWh, which is sufficient to ensure the 
continuous operation of the ozonator. These fluctuations in energy 
production highlight the importance of optimizing the placement of solar 
panels and implementing energy storage solutions, especially during days 
of lower energy production. Overall, the research results confirm that the 
solar energy system is adequate for powering the ozonator and can be used 
as a sustainable solution for water purification. The amount of energy 
produced daily by the panels (kWh) is provided in Table 4 below, which 
reflects the results of the study conducted over a 7-day period.  

Table 4: Daily Solar Energy Production for Ozonator System 

Daily research 1 day 2 day 3 day 4 day 5 day 6 day 7 day 

Power, kWh 4,2 4,8 5,1 5,0 4,7 5,2 5,5 

Table 4 shows the amount of energy produced daily by the solar panels 
(kWh). On the first day, 4.2 kWh of energy was generated, while on the 
seventh day, this amount increased to 5.5 kWh, which is the highest 
recorded output. The lowest production occurred on the first day, but the 

overall energy output steadily increased each day. These data demonstrate 
the efficiency of the solar panels and their ability to provide a stable power 
supply to the ozonator system. Now, let's graphically represent the data 
from Table 4 (see Figure 6). 
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Figure 6: Daily Energy Production from Solar Panels 

This diagram illustrates the daily energy production (kWh) of the solar 
panels. On the first day, 4.2 kWh of energy was generated, and by the 
seventh day, the energy output reached its peak at 5.5 kWh. On the fourth 
day, 5.0 kWh was produced, indicating the stability of energy generation 
and consistently high energy output throughout the week. 

The electrical schematic for the practical application of powering the 
innovative ETRO-02 ozonator unit with a solar energy system is presented 
in Figure 7 below. 

a) Oscilloscope for measuring electric current and the electrical control unit of the
ozonator b) ETRO-02 ozonator unit 

c) System for powering the ozonator with alternative energy through solar panels 

Figure 7: Practical image of the ETRO-02 pilot ozonator powered by solar energy, based on electrical corona discharge 

This figure presents the general view of the ETRO-02 ozonator system 
powered by alternative solar energy. In image (a), an oscilloscope for 
measuring high-frequency electric current and the electrical control unit 
of the ozonator are shown under laboratory conditions. In image (b), the 
assembled version of the ozonator unit designed for industrial testing is 
depicted. Image (c) illustrates the practical use of the ozonator powered by 
solar panels, highlighting the system's energy efficiency and its 
environmentally friendly solution. 

3.3   The Effect of Solar Energy on the Efficiency of the Ozonator's 
Operation 

Let us conduct a mathematical modeling of the effect of solar energy on the 
efficiency of the ozonator's operation. For this, it is necessary to take into 
account the energy balance and the overall characteristics of the system. 
The model will focus on the delivery of solar energy to the ozonator, energy 
storage, and its impact on efficiency  (Taissariyeva and Seidaliyeva, 2017; 



Water Conservation & Management (WCM) 9(1) (2025) 31-39 

Cite The Article: Askar Abdykadyrov, Kyrmyzy Taissariyeva, Nalik Issembergenov, Kuanysh Mussilimov, Nurlan Sarsenbayev, Gulim Jobalayeva, Maxat 
 Mamadiyarov, Ainur Kuttybayeva, Ingkar Issakozhayeva (2025). Research of The Solar Energy-Powered Ozonator System in the Water Purification 

Process.  Water Conservation & Management, 9(1): 31-39.

Taissariyeva,  and Seidaliyeva, 2017). 

Solar Energy Production: 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ∙ 𝐼𝐼𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 · 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ𝑡𝑡       (5) 

where, Esolar - energy produced by solar panels (kWh), Apanel - area of the 
solar panels (m²), Isolar - solar irradiance (kW/m²), ηpanel - efficiency of the 
solar panels (%), tsunlight - duration of sunlight (hours). 

Energy Storage Losses: 

𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ∙ 𝜂𝜂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠        (6) 

where, Estored - energy stored in the batteries (kWh), ηstorage - efficiency of the 
storage system (%). 

Energy Consumption by the Ozonator: 

𝐸𝐸ozonator = 𝑃𝑃ozonator ∙ toperation          (7) 

where, Eozonator - energy required by the ozonator (kWh), Pozonator - power of 
the ozonator (kW), toperation - operation time of the ozonator (hours). 

Ozonator Efficiency: 

𝜂𝜂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐸𝐸ozonator
𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

       (8)  

where, ηozonator - efficiency of the ozonator powered by solar energy (%), 
Eozonator - energy consumed by the ozonator (kWh), Estored - stored energy 
in the system (kWh) ( Taissariyeva and  Issembergenov, 2014). 

These expressions (5), (6), (7), and (8) allow us to calculate how efficiently 
the energy produced by solar panels is delivered to the operation of the 
ozonator. The system depends on the efficiency of the solar panels, the 
energy storage losses, and the energy consumption of the ozonator. 

3.4   Analysis of the Scientific Research 

The research results demonstrated that the ETRO-02 pilot ozonator 
system, powered by solar energy, is an environmentally friendly method 
for effective water purification (Abdykadyrov et al., 2024). By using the 
ozonator, 90-99% of bacteria and viruses were eliminated, ensuring high 
efficiency in removing harmful microorganisms from the water (see Figure 
8).  

Figure 8: Bacterial Contamination Before and After Ozonation 

This diagram shows the bacterial contamination levels in the water before 
and after using the ozonator. The initial contamination level was 
significantly high, around 12,000 CFU/ml. After the ozonator was used, the 
bacterial contamination level decreased to near-zero values, 
demonstrating the effectiveness of the water purification process. This 
result confirms the ozonator’s high capability in completely eliminating 
bacteria. 

The solar panels provided a continuous power supply to the ozonator, 
enabling round-the-clock water purification (Abdykadyrov et al., 2024). 
However, the system’s efficiency depended on the consistency of sunlight 
(see Figure 9). The energy storage systems allowed for power to be stored 
and used during the night, but extended periods without sunlight could 
affect the system's stability. Overall, the solar-powered ozonator system 
proves to be a sustainable and accessible solution for water purification, 
particularly suitable for remote areas. 

Figure 9. Daily Energy Production from Solar Panels (kWh) 

This diagram illustrates the amount of energy produced daily by the solar 
panels throughout the week (in kWh). On the first day, 4.2 kWh of energy 
was generated, while by the third day, energy production reached its 
highest point at 5.0 kWh. On the fifth day, production decreased to 
approximately 4.6 kWh, but by the seventh day, it rose again to 5.4 kWh. 
Despite some fluctuations in daily energy output, the overall trend shows 
an increase in energy production. 

AP19679602 Development of a tethered unified dual-purpose multicopter 
platform with an inverter with increased frequency switching and a high 
voltage conversion coefficient. This research is funded by the Ministry of 
Science and Higher Education of the Republic of Kazakhstan.  

4. CONCLUSION 

This scientific research focused on investigating the efficiency of the ETRO-
02 ozonator system powered by solar energy for water purification. The 
solar-powered ozonator system offers an environmentally friendly and 
sustainable solution for water disinfection.  

The research results demonstrated that the ozonator can effectively 
eliminate 90-99% of bacteria and viruses. Specifically, the system was able 
to reduce total bacterial contamination from 12,000 CFU/ml to 45 CFU/ml, 
while coliform bacteria decreased from 25 CFU/100 ml to 1 CFU/100 ml. 
The high efficiency of the ozonator is attributed to its consistent ozone 
production and capability to eliminate microorganisms in water. During 
the study, it was found that the solar panels produced between 4.2 and 5.5 
kWh of energy per day, sufficient for the continuous operation of the 
ozonator. The system efficiently harnessed solar energy during the day and 
ensured uninterrupted operation through energy storage systems at night. 
Furthermore, the results indicate that using solar energy enhances the 
economic efficiency of the water purification process.  

The ETRO-02 ozonator has proven to be an affordable and effective 
solution for addressing water purification issues, particularly in rural and 
remote areas. The ecological and economic advantages of the solar-
powered system support its long-term use, making this technology a key 
player in future water resource management. 

REFERENCES 

Apolinário, R., and  Castro, R., 2024.Solar-Powered Desalination as a 
Sustainable Long-Term Solution for the Water Scarcity Problem: Case 
Studies in Portugal //Water. 2024. Т. 16. №. 15.  С. 
2140.  https://doi.org/10.3390/w16152140 

García-Gil, Á., García-Muñoz, R. A., McGuigan, K. G., and Marugán, J., 
2021.Solar water disinfection to produce safe drinking water: a review 
of parameters, enhancements, and modelling approaches to make 
SODIS faster and safer //Molecules.  2021. Т. 26. №. 11. С. 3431. 
https://doi.org/10.3390/molecules26113431  

 Novas, N., Garcia, R. M., Camacho, J. M., and  Alcayde, A., 2021. Advances in 
solar energy towards efficient and sustainable energy //Sustainability. 
2021. Т. 13. №. 11. С. 6295. https://doi.org/10.3390/su13116295  

Abdykadyrov, A., Marxuly, S., Kuttybayeva, A., Almuratova, N., 
Yermekbayev, M., Ibekeyev, S., and Bagdollauly, Y., 2023. Study of the 



Water Conservation & Management (WCM) 9(1) (2025) 31-39 

Cite The Article: Askar Abdykadyrov, Kyrmyzy Taissariyeva, Nalik Issembergenov, Kuanysh Mussilimov, Nurlan Sarsenbayev, Gulim Jobalayeva, Maxat 
 Mamadiyarov, Ainur Kuttybayeva, Ingkar Issakozhayeva (2025). Research of The Solar Energy-Powered Ozonator System in the Water Purification 

Process.  Water Conservation & Management, 9(1):31-39.

Process of Destruction of Harmful Microorganisms in Water. Water 
2023, 15(3), 503; https://doi.org/10.3390/w15030503. https://www 
. mdpi. com/2073-4441/15/3/503 

Askar Abdykadyrov et al., 2024. Study Of The Process Of Neutralizing And 
Oxidizing Harmful Phenol Compounds In Wastewater Using Ozone 
Technology. Water Conservation and Management (WCM) 8(4) (2024) 
420-429 DOI: http://doi.org/10.26480/wcm.04.2024.420.429 

Hafeez, A., Shamair, Z., Shezad, N., Javed, F., Fazal, T., ur Rehman, S., and 
Rehman, F., 2021.Solar powered decentralized water systems: a 
cleaner solution of the industrial wastewater treatment and clean 
drinking water supply challenges //Journal of Cleaner Production. 
2021. Т. 289. С. 125717.  

Hendrickson, C., Oremo, J., Akello, O. O., Bunde, S., Rayola, I., Akello, D., 
Dorevitch, S., 2020.Decentralized solar-powered drinking water 
ozonation in Western Kenya: an evaluation of disinfection efficacy 
//Gates Open Research. 2020. Т. 4. doi: 10.12688/gatesopenres 
.13138.2  

Reif, J. H., and Alhalabi, W., 2015. Solar-thermal powered desalination: Its 
significant challenges and potential //Renewable and Sustainable 
Energy Reviews. 2015. Т. 48. С. Pp. 152-165. https://doi.org 
/10.1016/j.rser.2015.03.065  

Shahsavari, A., and Akbari, M., 2018. Potential of solar energy in developing 
countries for reducing energy-related emissions //Renewable and 
Sustainable Energy Reviews. 2018. Т. 90. С. Pp. 275-291. 
https://doi.org/10.1016/j.rser.2018.03.065  

Camera-Roda, G., Loddo, V., Palmisano, L., and  Parrino, F., 
2019.Photocatalytic ozonation for a sustainable aquaculture: a long-
term test in a seawater aquarium //Applied Catalysis B: 
Environmental. 2019. Т. 253. С. Pp. 69-76. https://doi.org/10.1016 
/j.apcatb.2019.04.048  

Da Costa L. C. A., da Silva G. D. P. Save water and energy: A techno‐economic 
analysis of a floating solar photovoltaic system to power a water 
integration project in the Brazilian semiarid //International Journal of 
Energy Research. 2021. Т. 45. №. 12.  С. Pp. 17924-17941.  https://doi. 
org/10.1002/er.6932. 

Beltrán Novillo, F. J., and Rey Barroso, A., 2017. Solar or UVA-visible 
photocatalytic ozonation of water contaminants //Molecules. 2017. Т. 
22. №. 7. С. 1177. https://doi.org/10.3390/molecules22071177 

Chu, Y., and  Meisen, P., 2011.Review and comparison of different solar 
energy technologies //Global Energy Network Institute (GENI), San 
Diego, CA. 2011. Т. 1. С. Pp. 1-52. http://www.geni.org/globalenergy/ 
research/review-and-comparison-of-solar-technologies/Review-and- 
Comparison-of-Different-Solar-Technologies.pdf  

Gorjian, S., and Ghobadian, B., 2015.Solar desalination: A sustainable 
solution to water crisis in Iran //Renewable and Sustainable energy 
reviews. 2015. Т. 48. С. Pp. 571-584.https:// doi.org/10.1016/j.rser 
.2015.04.009  

Dorevitch, S., Anderson, K., Shrestha, A., Wright, D., Odhiambo, A., Oremo, 
J., and  Heimler, I., 2020. Solar powered microplasma-generated ozone: 
Assessment of a novel point-of-use drinking water treatment method 
//International journal of environmental research and public health. 
2020. Т. 17. №. 6. С. 1858. https://doi.org/10.3390/ijerph17061858  

Mecha A. C., Chollom M. N., 2020. Photocatalytic ozonation of wastewater: 
a review //Environmental Chemistry Letters. 2020. Т. 18. №. 5. С. Pp. 
1491-1507. DOIhttps:// doi.org/10. 1007/s10311-020-01020-x 

Kharraz J. A., Richards B. S., Schäfer A. I., 2017. Autonomous solar-powered 
desalination systems for remote communities //Desalination 
Sustainability: A Technical, Socioeconomic, and Environmental 
Approach; Elsevier: Amsterdam, The Netherlands. 2017. С. Pp. 75-125. 
https://books.google.kz/books?hl=ru&lr=&id=mZ2pDQAAQBAJ&oi=f
nd&pg=PA75&dq=Solar-powered+systems+can+be+effective+in+ 
remote+regions&ots=-UQOLRl0YK&sig=lBJwvmiVzHQGyOcNuXqm 
G2 nYwzM&redir_esc=y#v=onepage&q=Solar-powered% 20systems 
% 20 can%20be%20effective%20in%20remote%20regions&f=false  

 Thanigaivel, S., Priya, A. K., Gnanasekaran, L., Hoang, T. K., Rajendran, S., 
Soto-Moscoso, M., 2022.Sustainable applicability and environmental 
impact of wastewater treatment by emerging nanobiotechnological 
approach: Future strategy for efficient removal of contaminants and 

water purification //Sustainable Energy Technologies and 
Assessments. 2022. Т. 53. С. 102484. https://doi.org/10.1016/j.se 
ta.2022.102484  

Potivejkul, S., Kinnares, V., and Rattanavichien, P., 1998, November. Design 
of ozone generator using solar energy //IEEE. APCCAS 1998. 1998 
IEEE Asia-Pacific Conference on Circuits and Systems. 
Microelectronics and Integrating Systems. Proceedings (Cat. No. 
98EX242). IEEE, 1998. С. 217-220. DOI: 10.1109/APCCAS.19 
98.743718  

Abdikadyrov, A.,  Kalandarov, P., 2024. Investigation Of The Efficiency Of 
Powering An Ozonator Plant From Photovoltaic InstallationS 
//Science and innovation. 2024. Т. 3. №. A3. С. Pp. 12-23. 
https://cyberleninka.ru/article/n/investigation-of-the-efficiency-of-
powering-an-ozonator-plant-from-photovoltaic-installations/viewer  

 Draginsky V. L., Alekseeva L. P., Samoilovich V. G., 2007. Ozonation in 
water purification processes. Moscow: Delhi Print, 2007. 190 p. ISBN: 
978-5-94343-132-6 

Abdykadyrov, A., Marxuly, S., Mamadiyarov, M., Smailov, N., Zhunusov, K., 
Kuttybaeva, A., ... and  Orazbekov, A., 2023. Investigation of the 
Efficiency of the Ozonator in the Process of Water Purification Based 
on the Corona Discharge. J. Ecol. Eng. 2023; 24(2):140-151 DOI: 
https://doi.org/10.12911/22998993/156610http://www.jeeng.net/
Investigation-of-the-Efficiency-of-the-Ozonator-in-the-Process-of-
Water-Purification,156610,0,2.html  

Abdykadyrov, A. A., Korovkin, N. V., Tashtai, E. T., Syrgabaev, I., 
Mamadiyarov, M. M., and  Sunggat, M., 2021, March.Research of the 
process of disinfection and purification of drinking water using ETRO-
02 plant based on high-frequency corona discharge. 2021 3rd 
International Youth Conference on Radio Electronics, Electrical and 
Power Engineering (REEPE). DOI: 10. 1109/REEPE51337.2021 
.9388046 https://ieeexplore.ieee.org/document/9388046  

 Jbilou, M., Nemmich, S., Nassour, K., Brahami, M. N., Bouhmama, M., 
Bahami, M., and  Tilmatine, A., 2022. Ozonation of wastewater for 
irrigation in a plant powered by photovoltaic energy //Int. J. Plasma 
Environ. Sci. Technol. 2022. Т. 16. №. 1. С. e01001. DOI: 10.34343 
/ijpest.2022.16.e01001  

Nehari, L., Brahami, M., and  Slimane, A., 2019.Integrating a new adaptive 
PV system for ozone production process //Electrical Engineering. 
2019. Т. 101. С. Pp. 647-657. DOIhttps://doi.org/10.1007/s00202-
019-00813-w

Vezzu, G., Lopez, J. L., Freilich, A., and Becker, K. H., 2009.Optimization of 
large-scale ozone generators //IEEE transactions on plasma science. 
2009. Т. 37. №. 6. С. Pp. 890-896. DOI: 10.1109/TPS.2009.2015452  

Palej P. et al., 2019. Analysis and optimization of hybrid renewable energy 
systems //Polityka Energetyczna. 2019. Т. 22. №. 2. С. Pp. 107-120. 
file:///C:/Users/Admin/Downloads/Analysis_and_optimization_of_h
ybrid.pdf  

Tikhomirov, D., Vasilyev, A. N., Budnikov, D., and  Vasilyev, A. A., 2020. 
Energy-saving automated system for microclimate in agricultural 
premises with utilization of ventilation air //Wireless networks. 2020. 
Т. 26. С. Pp. 4921-4928. DOIhttps://doi.org/10.1007/s11276-019-
01946-3  

Da Silva, L. M., Franco, D. V., Gonçalves, I. C., and  Sousa, L. G., 2009. 
Advanced technologies based on ozonation for water treatment 
//Water purification. 2009. С. Pp. 1-53.  

Abdykadyrov A. et al., 2023. Process of Determination of Surface Water by 
Ultraviolet Radiations. Water Conservation and Management, 7(2): Pp. 
158-167. http:// doi.org/ 10.26480 /wcm. 02.2023.158.167 https:// 
www.watconman.org/archives-pdf/2wcm2023/2wcm2023-158-
167.pdf 

Abdykadyrov A. et al., 2023. Study of The Process of Cleaning Water-
Containing Iron Solutions Using Ozone Technology. Water 
Conservation and Management, 7(2): Pp. 148-157. 
http://doi.org/10.26480/wcm.02.2023.148.157https://www.watcon
man.org/archives-pdf/2wcm 2023/2wcm2023-148-157.pdf  

Kim, M. Y., Ryu, J. W., Lee, S. Y., and  Jee, H. K., 2008.Techniques of Water 
Quality Improvement by Using Ozone Generation System 
//Proceedings of the Korea Water Resources Association Conference. 

https://doi.org/10.3390/w15030503
http://doi.org/10.26480/wcm.04.2024.420.429
https://doi.org/10.12688%2Fgatesopenres.13138.2
https://doi.org/10.12688%2Fgatesopenres.13138.2
https://doi.org/10.1016/j.rser.2018.03.065
https://doi.org/10.1016%20/j.apcatb.2019.04.048
https://doi.org/10.1016%20/j.apcatb.2019.04.048
https://doi.org/10.3390/molecules22071177
http://www.geni.org/globalenergy/
https://books.google.kz/books?hl=ru&lr=&id=mZ2pDQAAQBAJ&oi=fnd&pg=PA75&dq=Solar-powered+systems+can
https://books.google.kz/books?hl=ru&lr=&id=mZ2pDQAAQBAJ&oi=fnd&pg=PA75&dq=Solar-powered+systems+can
https://doi.org/10.1016/j.se%20ta.2022.102484
https://doi.org/10.1016/j.se%20ta.2022.102484
https://doi.org/10.1109/APCCAS.1998.743718
https://doi.org/10.1109/APCCAS.1998.743718
https://cyberleninka.ru/article/n/investigation-of-the-efficiency-of-powering-an-ozonator-plant-from-photovoltaic-installations/viewer
https://cyberleninka.ru/article/n/investigation-of-the-efficiency-of-powering-an-ozonator-plant-from-photovoltaic-installations/viewer
https://doi.org/10.12911/22998993/156610
http://www.jeeng.net/Investigation-of-the-Efficiency-of-the-Ozonator-in-the-Process-of-Water-Purification,156610,0,2.html
http://www.jeeng.net/Investigation-of-the-Efficiency-of-the-Ozonator-in-the-Process-of-Water-Purification,156610,0,2.html
http://www.jeeng.net/Investigation-of-the-Efficiency-of-the-Ozonator-in-the-Process-of-Water-Purification,156610,0,2.html
https://ieeexplore.ieee.org/document/9388046%209
https://ieeexplore.ieee.org/document/9388046%209
https://doi.org/10.1109/TPS.2009.2015452


Water Conservation & Management (WCM) 9(1) (2025) 31-39 

Cite The Article: Askar Abdykadyrov, Kyrmyzy Taissariyeva, Nalik Issembergenov, Kuanysh Mussilimov, Nurlan Sarsenbayev, Gulim Jobalayeva, Maxat 
 Mamadiyarov, Ainur Kuttybayeva, Ingkar Issakozhayeva (2025). Research of The Solar Energy-Powered Ozonator System in the Water Purification 

Process.  Water Conservation & Management, 9(1): 31-39.

– Korea Water Resources Association, 2008. С. Pp 2122-2126. 
https://koreascience.kr/article/CFKO200810335358200.pdf 

Dong, L. M., Zhou, Y. C., Han, Z. C., Wang, F., Wang, Y. Q., and Wang, Q. J., 
2013.Experiment Research of Solar Energy Ozonizer Used in Sewage 
Treatment //Applied Mechanics and Materials. 2013. Т. 263. С. 
Pp.510-515. https://doi.org/10.4028/ www.scientific.net/AMM.263-
266.510 

34. Udhayakumar, G., Rashmi, M. R., Patel, K., Ramesh, G. P., and Suresh, A., 
2016, March. Implementation of high-frequency high-voltage power
supply for ozone generator system using embedded controller //2016 
International Conference on Circuit, Power and Computing 
Technologies (ICCPCT). – IEEE, 2016. – С. Pp. 1-6. DOI: 10.1109/ 
ICCPCT.2016.7530296 

Udhayakumar, G., Rashmi, M. R., Patel, K., Ramesh, G. P., and Suresh, A., 
2016, March.Practical Research of Efficiency of the Installation Etro-02 
Ozonizer Based on the Corona Discharge. 2020 International Youth 
Conference on Radio Electronics, Electrical and Power Engineering 
(REEPE). DOI: 10.1109/REEPE49198.2020.9059150, https://ieeexp 
lore.ieee.org/ document/9059150 

Smailov, N., Batyrgaliev, A., Akhmediyarova, A., Seilova, N., Koshkinbayeva, 
M., Baigulbayeva, M.,  Kotyra, A., 2021.Approaches to evaluating the 
quality of masking noise interference //International Journal of 
Electronics and Telecommunications. 2021. Т. 67. DOI 
10.24425/ijet.2021.135944 

Smailov, N., Kuttybaeva, A., Batyrgaliyev, A., Seilova, N., and Ibrayev, A., 
2020. Some approaches to assessing the quality of masking noise 
interference of spatial noise generators //Journal of Theoretical and 

Applied Information Technology. – 2020. – Т. 98. №. 17. С. 3555-3574. 
https://www.scopus.com/record/display.uri?eid=2-s2.0850910295 
00&origin= inward &tx Gid= ea3b4ddc0a1a9d3b769b1d5c649f52f9  

Taissariyeva, K., and  Ilipbaeva, L., 2017, August.Development of an 
algorithm for controlling a multilevel three-phase converter 
//Photonics Applications in Astronomy, Communications, Industry, 
and High Energy Physics Experiments 2017. SPIE, 2017.Т. 10445. С. 
Pp. 1966-1972. https://doi.org/10.1117/12.2280633  

Taissariyeva, K., and Seidaliyeva, U., 2017, August.Design of circuits of 
multilevel inverter on IGBT transistors with pulse-amplitude control 
//Photonics Applications in Astronomy, Communications, Industry, 
and High Energy Physics Experiments 2017.  SPIE, 2017. Т. 10445.  С. 
Pp. 1651-1656. https://doi.org/10.1117/12.2280466  

Taissariyeva K. N., Issembergenov N. T., 2014. The research of the solar 
panels-commutator-inverter-load system with the pulse-amplitude 
control //Photonics Applications in Astronomy, Communications, 
Industry, and High-Energy Physics Experiments 2014. – SPIE, 2014. – 
Т. 9290.  С. Pp. 1039-1046. https://doi.org/10.1117/12.2076225 

Abdykadyrov, A., et al., 2024. Study Of The Process Of Neutralization Of 
Microorganisms In Drinking Water Exposed To Environmental 
Problems. Water Conservation and Management, 2024, 8(3), Pp. 352–
361 DOI 10.26480/wcm.03.2024.352.361 

Abdykadyrov, A., et al., 2024. Study Of The Process Of Destruction Of 
Harmful Mycobacteria In Surface Water With Environmental Problems 
Using Ozone Technology. Water Conservation and Management, 2024, 
8(3), Pp. 331–351 DOI10.26480/wcm.03.2024.331.351 

https://koreascience.kr/article/CFKO200810335358200.pdf
https://doi.org/10.1109/ICCPCT.2016.7530296
https://doi.org/10.1109/ICCPCT.2016.7530296
https://doi.org/10.1109/REEPE49198.2020.9059150
https://ieeexp/
http://dx.doi.org/10.24425/ijet.2021.135944
https://www.scopus.com/record/display.uri?eid=2-s2.0850910295
https://doi.org/10.1117/12.2280633
https://doi.org/10.1117/12.2280466
https://www.scopus.com/authid/detail.uri?authorId=57193439934
https://www.scopus.com/record/display.uri?eid=2-s2.0-85197313979&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85197313979&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85197313979&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57193439934
https://www.scopus.com/record/display.uri?eid=2-s2.0-85196283997&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85196283997&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85196283997&origin=resultslist

