
Project name: IRN AP19675062 " Development of clean coal technology for the 

production of volatile combustible substances " 

Relevance: 

Frequent burning of fuel oil can affect the reliability of the energy supply in the most 

undesirable way. This is explained not only by the danger of corrosion, which shortens the 

overhaul period of the heating surfaces of boilers, but also by the formation of sooty deposits that 

impede the operation of boilers and clog tubular air heaters and lead to an explosion of 

electrostatic precipitators. 

The high price of fuel oil, a number of negative technical, economic and environmental 

consequences during the combustion of liquid and solid fuels, operational difficulties associated 

with preparing for combustion and cleaning flue gases, makes reducing the share of fuel oil and 

coal in the fuel balance of boiler units a very urgent task of modern thermal power engineering. 

This technology can be used in all pulverized coal-fired power plants and boiler houses. It 

allows you to completely eliminate the use of fuel oil for firing up the boiler and maintaining a 

stable ignition of a dust-like torch, when the boiler is operating at reduced loads, as well as 

limiting the combustion of coal as the main fuel of TPPs and boiler houses. 

This gives a significant reduction in financial costs associated with the high cost of fuel 

oil, reducing emissions of nitrogen oxides (NOx), sulfur oxides (SOx), carbon monoxide (CO) 

and vanadium pentoxide (V2O5). 

 

Target: 

The purpose of this project is to rationalize the processes of burning liquid and solid fuels 

by developing a technology for the thermal processing of coal to replace starting fuel oil and coal 

with the resulting gaseous fuel, which will increase the efficiency and effectiveness of boiler 

units. 

Expected and achieved results: 

 

To achieve the goals of the project, it is planned to obtain the following results: 

1. A theoretical review of sources on the study and analysis of existing methods for 

kindling pulverized coal-fired boilers and thermal treatment of coal, namely, operating 

characteristics of devices, temperature heating conditions. 

2. Phenomenological model of the technology of oil-free kindling and maintenance of 

flame combustion by volatile combustible substances obtained from coal. 

3. Three-zone physical and mathematical model of the furnace space of the heating 

chamber, with the definition of fuel heating zones, the release of combustible gases and other 

products of the process; stoichiometric model of the obtained combustible organic matter during 

the development of the processes of generation of combustible gases and combustion; physical 

and mathematical model of heat transfer in a heat generator, taking into account hydro-gas 

dynamics, convection and thermal radiation in technology. 

4. Results of a numerical study of the optimal parameters of the technology for obtaining 

volatile combustible substances obtained from coal; temperature conditions, pressure conditions, 

coolant flow rate, level of toxic emissions, technical and economic requirements. 

5. Optimal parameters of the furnace space of the heating chamber, its convective part, 

parameters of the conditions for internal geometric correction. 

6. Basic requirements for the installation: in terms of heated area, heat consumption, fuel 

categories, duration of the chamber's working cycle, pressure, temperatures. 

7. Technological scheme of integrated energy supply of remote settlements with three 

types of energy: heat, electricity and gas for domestic needs. 

8. Draft design documentation for a sample of the heating chamber for the technology of 

oil-free kindling and maintaining the combustion of the torch with volatile combustible 

substances obtained from coal 



9. Suggestions and recommendations for the implementation of the results of the studies 

performed; if possible, integrated energy supply for small remote settlements. 

10. Three publications in peer-reviewed scientific publications in the scientific direction 

of the project, indexed in the Science Citation Index Expanded Web of Science database and (or) 

having a CiteScore percentile in the Scopus database of at least 35 (thirty-five): 2024 - 1 article, 

2025 - 2 articles. 

11. Publications in domestic journals with a non-zero impact factor (recommended by the 

KOKSNVO); 2023 - 1 article, 2024 - 2 articles, 2025 - 2 articles. Implementation of the obtained 

results in the educational process of the Kazakh Agrotechnical University named after. S. 

Seifullin, including the courses of disciplines "Special Issues of Fuel Combustion", "Boiler 

Plants and Steam Generators", "Theoretical Foundations of Thermal Power Plants" in the 

educational programs of the bachelor's degree "Heat and Power Engineering" and "Heat and Gas 

Supply and Ecoengineering in Agriculture", Educational Master's Programs "Thermal power 

engineering". 

12. The technology obtained can be used at all pulverized coal-fired thermal power plants 

and boiler houses. It allows to exclude the use of fuel oil or natural gas to fire up the boiler and 

maintain stable ignition of the pulverized flame, when the boiler is operating at reduced loads, 

and to limit the use of pulverized coal fuel in low-power boilers. This gives a significant 

reduction in financial costs associated with the high cost of fuel oil, reducing emissions of 

nitrogen oxides (NOx), sulfur oxides (SOx), carbon monoxide (CO) and vanadium pentoxide 

(V2O5). Also, energy consumption for the plant's own needs, associated with the multi-stage 

preparation of fuel oil for combustion, is reduced. Efficiency and efficiency of boiler units 

operation increases. 

 

Study group members: 

project Manager - 

1) Mergalimova Almagul Kairbergenovna - scientific supervisor of the project, PhD 

"Heat power engineering". 

He manages the project "Development of an effective technology for oil-free firing of the 

boiler with volatile combustible substances obtained during the heat treatment of coal." He is 

engaged in the organization of work, experimental research, the conclusion of contracts and 

agreements, the preparation and publication of articles, and the coordination of the work of all 

program executors. 

  Research interests: thermal power engineering, thermal power plants, thermal 

processing of fuels, gasification. He is the author of the method on which this technology is 

based. The presence of a scientific backlog: a patent and publications on the subject of the 

project. He is one of the authors of the method on which this technology is based. 

He is a certified energy auditor, head of the Center for Energy Saving and Knowledge 

Promotion "Astana" at NJSC "KATU named after S. Seifullin", a reviewer of the scientific 

journal "Bulletin of ToU" at Toraigyrov University, Pavlodar, an expert in educational programs 

of higher and postgraduate education of the "Bologna Process Center and Academic Mobility" of 

the Ministry of Education and Science of the Republic of Kazakhstan, an expert of the 

Republican Scientific and Practical Center "Uchebnik", an expert of scientific projects of the 

Center for Scientific and Technical Information under the Ministry of Innovative Development 

of Uzbekistan. 

A total of 45 papers have been published, 9 of which are in Web of Science and Scopus. 

1 article quartile Q1, percentile 98, 2 articles Q2, 2 patents of the Republic of Kazakhstan for a 

utility model. 

Hirsch index in Scopus-3, Web of Science – 1., Web of Science Researcher ID: AAG-

2522-2021, https://orcid.org/0000-0002-5990-8182 , Scopus Author ID: 57202363283 

Mergalimova, A - information about the author – Scopus. 

research group: 



2) Atyaksheva Aleskandra Vladimirovna - performer, (specialty - "Heat and gas supply 

and ventilation") candidate of technical sciences, associate professor. The project participates in 

all stages of R&D of the project. Calculation and modeling of heat and mass transfer processes 

and generation of combustible gases. Preparation of a report, articles and patents. Has research 

experience in the implementation of projects: “Improving the regulatory and technical base in the 

fuel and energy complex” (Customer: Ministry of Energy of the Republic of Kazakhstan, 2018). 

12 Guidelines have been developed, including those on the topic of the project “Methodology for 

calculating gas-oil fuel consumption rates when burning brown coal with a volatile matter yield 

of more than 30% at thermal power plants”, “Method for calculating gas-oil fuel consumption 

rates for burning coal with a volatile matter yield of less than 20% at thermal power plants”. She 

was the responsible executor of the project "Scientific and theoretical study of the transfer of the 

upper equipment of special equipment (PPU, APPM, etc.), welding and compressor units (UDD-

400, etc.) of Aktobemunaigas JSC from liquid to gaseous fuels (Customer: Aktobemunaigas 

JSC" , 2019). Developed 6 Professional Standards, including Professional Standards "Installation 

and operation of gas supply systems" and "Installation and operation of sanitary devices and 

ventilation". (Customer: Ministry of Labor and Social Protection of the Republic of Kazakhstan). 

Hirsch index in Scopus -2, Scopus author ID: 57204188485 Atyaksheva, Alexandra V. - 

information about the author - Scopus, https://orcid.org/0000-0003-2523-3890. 

 

3) Bakhtiyar Balzhan Torepashkyzy - performer, (specialty - Thermal power 

engineering), candidate of technical sciences, associate professor. 

Participates in all stages of the project, in carrying out computational and analytical 

studies, preparing reports, articles, patents, calculating regimes and modeling emissions of toxic 

substances. 

Hirsch index in Scopus -2, Scopus author ID: 57219651463, Bakhtiyar, Balzhan T. - 

information about the author – Scopus. 

 

 

4) ILIEV ILIYA KRASTEV – performer, foreign scientist, PhD, professor at the 

Department of Industrial Heat Engineering at the University of Rousse, Bulgaria. 

 

He takes part in the development of clean coal technology for the production of volatile 

combustible substances, in participation in international conferences to test the results of 

research, in the preparation and publication of articles with an impact factor included in the WoS 

and Scopus databases. 

In total, more than 200 publications, 17 patents have been published. Hirsch index - 5. 

Scopus Author ID: 56410563800. ORCID https://orcid.org/0000-0003-4443-5113. 

The most significant publications of a foreign scientist, ILIEV ILIYA KRASTEV, 

on the research topic for 2017-2022: 

1.  Iliev I.K, A.K. Terziev, H.I. Beloev I. Nikolaev and A. G. 

Georgiev. Comparative analysis of the energy efficiency of different types co-generators at large 

scales CHPs.// Energy, 2021, No 221, pp. 119755, ISSN 0360-5442. (Impact factor: 7.147 

/2021, https://mjl.clarivate.com) 

2. Genbach A.A., D. Yu. Bondartsev, I. K. Iliev, A. G. Georgiev. Scientific method 

of creation of ecologically clean capillary-porous systems of cooling of power equipment 

elements of power plants on the example of gas turbines.// Energy, 2020, No 199, pp. 117458, 

ISSN 0360-5442. (Impact factor: 6.082 /2020, (https://mjl.clarivate.com)) 

3. A. M. Dostiyarov, D. R. Umyshev, Zh. S. Duissenbek, I. K. Iliev, H. I. Beloev, S. 

Ph. Ozhikenova. Numerical investigation of combustion process behind bluff bodies during 

separation.// Bulgarian Chemical Communications, 2020, No 52, pp. 12-19, ISSN 0324-1130. 

(SJR rank: 0.18 /2020, SJR) 

https://orcid.org/0000-0003-4443-5113
https://www.editorialmanager.com/egy/default.aspx
https://www.editorialmanager.com/egy/default.aspx
https://mjl.clarivate.com/
http://www.bcc.bas.bg/
http://www.bcc.bas.bg/


4. Ongar B., H.Beloev, I.Iliev, A. Ibrasheva, A. Yegzekova. NUMERICAL 

SIMULATION OF NITROGEN OXIDE FORMATION IN DUST FURNACES.// EUREKA: 

Physics and Engineering, 2022, No 1, pp. 23-33 (SJR rank: 0.3 /2021, scimagojr) 

5. Segeda T.A., M.T. Tumendayeva, N.G. Borissova, I.K. Iliev. Structural 

components of thermophysical and thermodynamic properties of energy working bodies based 

on the cluster model.// Bulletin of Almaty University of Rower Engineering and 

Telecommunications, 2021, No 4(55), pp. 39-50, ISSN 2790-0886. 

6. Temirbekova M., M. Aliyarova, I. Iliev, A. Yelemanova, and S. Sagintayeva. The 

generation of a mathematical model of the biogas production process from organic municipal 

solid waste.// E3S Web of Conferences, 9th International Conference on Thermal Equipments, 

Renewable Energy and Rural Development (TE-RE-RD 2020), 2020, No 180, pp. 1-12 (SJR 

rank: 0.2 /2020, SJR) 

7. Iliev I.,A.Terziev, H.Beloev, C.Iliev. Specifics in the operating modes of 

thermosiphon air heater of steam generators №1 and №2 in TPP Republika at fuel switch from 

coal to natural gas.// Proceedings of a meeting held 9-13 October 2018, Cluj Napoca, Romania, 

E3S Web of Conferences, 2019, No volume 85, pp. 1-6, ISSN 9781510881532. (SJR rank: 0.174 

/2019, SJR) 

8. Genbach A.A., D Yu. Bondartsev, I.K.Iliev. Research of the limit thermal stresses 

for porous coatings of energy elements.// Новости науки Казахстана, 2019, No 3 (141), pp. 71-

85, ISSN 1560-5655. (Impact factor: 0.103 /2018, RINC) 

9. Genbach A., D.Yu. Bondartsev, I.K. Iliev. Investigation of the destruction of the 

heating surface coated by porous structure in elements of thermal power units.// Научно-

технический журнал, 2018, No 2, pp. 42-55, ISSN 1560-5655. (Impact factor: 0.073 /2017, 

RINC) 

10. Bulbul Ongar, Iliya K. Iliev, Vlastimir Nikolić, Aleksandar Milašinović. The 

study and the mechanism of nitrogen oxides’ formation in combustion of fossil fuels.// FACTA 

UNIVERSITATIS, Series: Mechanical Engineering Vol. 16, No 2, 2018, No 2, pp. 273 - 283, 

ISSN 2335-0164. (SJR rank: 0.6 /2019, JCR (Q1)) 

5) Ybray Sultan Barlymbayuly - performer, master of technical sciences, doctoral 

candidate in the specialty "Heat power engineering". In this project, he takes the position of the 

performer. In the project he is engaged in the collection and systematization of information, 

organization and conduct of experimental studies, processing of research results. 

Participation of Ybrai S.B. in the project is justified by the fact that the scope of his 

scientific research, as a doctoral candidate, coincides with the subject of the project: thermal 

power engineering, thermal power plants, decarbonization, reduction of harmful emissions from 

the combustion of fossil fuels, and will be useful both for the project and in his research and 

writing a doctoral dissertation dissertations. Participation of young researchers is one of the 

requirements of the project CA. 

Hirsch index in Scopus -1, Web of Science – 1 https://orcid.org/0000-0002-5262-2149 

Scopus Author ID: 57202946965 Web of Science ResearcherID: ABB-1483-2021 

 

List of publications and patents published within the framework of this project: 

(with links to them): 

1. А. Mergalimova, B. Ongar, А. Georgiev, К. Каlieva, R. Abitaeva, P. Bissenbayev 

Parameters of heat treatment of coal to obtain combustible volatile substances. 

DOI:10.1016/j.energy.2021.120088 (БД Scopus показатель процентиль по Cite Score – 98, БД 

Web of Science – Q1.)  

https://www.sciencedirect.com/science/article/abs/pii/S0360544221003376. 

2. B. Ongar, A. Mergalimova, H. Beloev ,G.M. Yergaliyeva. Research of the Formation 

of Nitrogen Oxides during the Burning of Ekibastuz Coal. 7th International Conference on 

Energy Efficiency and Agricultural Engineering, EE and AE. - 2020. (БД Scopus показатель 

https://journal.eu-jr.eu/engineering/issue/view/200
https://journal.eu-jr.eu/engineering/issue/view/200
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http://casopisi.junis.ni.ac.rs/index.php/FUMechEng/article/view/3393
https://www.sciencedirect.com/science/article/abs/pii/S0360544221003376


процентиль по Cite Score – 71,4, БД Web of Science – Q2.) ID number 20279289. 

DOI:10.1109/EEAE49144.2020.9279104https://ieeexplore.ieee.org/document/9279104 

3. B.Ongar, A.Mergalimova, H.Beloev, N.M.Aitzhanov. Methodology and Results of the 

Experiment of the Formation of Nitrogen Oxides in a Powder Torch. 7th International 

Conference on Energy Efficiency and Agricultural Engineering, EE and AE 2020 – Proceedings. 

- EID:2-s2.0-85099580398(БД Scopus показатель процентиль по Cite Score – 24, БД Web of 

Science–Q2) 

DOI:10.1109/EEAE49144.2020.9279084http://www.scopus.com/inward/record.url?eid=2-

s2.085099580398&partnerID=MN8TOARS. 

4. B.Ongar, I.Iliev, G.Smagulova, A. Mergalimova. Numerical Simulation of the 

Formation of Nitrogen Oxides in Pulverized Furnaces. Journal of Engineering Science and 

Technology Review. 2020, Pages 171-175 (БД Scopus показатель процентиль по Cite Score – 

25) DOI:10.21303/2461-4262.2022.002102.http://www.scopus.com/inward/record.url?eid=2-

s2.0 85101777498&partnerID=MN8TOARS 

5. B. Aliyarov,A.Mergalimova,O. Talipov,N. Tanyrbergenov. Technology of boilers’ oil-

free kindling and stabilization of pulverized coal torch’s ignition. AIP Conference 

Proceedings 2337, 040001 2021. (БД Scopus показатель процентиль по CiteScore – 

17) https://doi.org/10.1063/5.0047322. https://aip.scitation.org/doi/abs/10.1063/5.0047322 

6. B. Aliyarov,A.Mergalimova,U.Zhalmagambetova, Application of Coal Thermal 

Treatment Technology for Oil-Free Firing of Boilers.Latvian Journal of Physics and Technical 

Sciences.–  201855 (2). C.45-55.(БД Scopus показатель процентиль по CiteScore – 29, БД 

Web of Science–Q3) https://doi.org/10.1063/5.0047322. 

https://aip.scitation.org/doi/abs/10.1063/5.0047322. 

7. Baubek A., Atyaksheva A., Zhumagulov M., Kartjanov N., Plotnikova I., Chicherina 

N.
 
Complex Studies of the Innovative Vortex Burner Device with Optimization of Design. 

Studies in Systems, Decision and Control Том 351, DOI 10.1007/978-3-030-68103-6_13 

(SCOPUS percentile Cite Score – 60; Citation -2). 

8. Хорошавин А.В., Атякшева А.Д. К вопросу об эколого-экономической 

эффективности использования элементов техногенных отходов теплоэнергетического 

производства// Актуальные вопросы современной науки – Москва, 2018. - № 2 (18). – С. 

18-19. http://otkritieinfo.ru/f/zh18.pdf 

9. А.V.Аtyaksheva, A.D. Atyaksheva, N.V. Ryvkina, M.T. Yermekov, O.V. Rozhkova, 

A.S Smagulov. Effectiveness analysis of Maikuben brown coal combustion in the heating boiler 

“Kamkor-300”. Journal of Physics: Conference Series. (2022) ID № 2111 012003. 

doi:10.1088/1742-6596/2211/1/012003 (БД SCOPUS percentile Cite Score – 18, Web of 

Science – Q4). 

10. ORUMBAYEV, R. K.,  KIBARIN Andrey,  BAKHTIYAR Balzhan, KASSIMOV 

Arman,  KOROBKOV Maxim. Research of combustion modes during layer-burning of 

shubarkul coal on the fire grate with the hand furnace of the ksvr-0.43 hot water boiler. 

Periodico Tche Quimica, Том 17, Выпуск 36, Страницы 856 – 870, 2020 г (БД SCOPUS 

percentile Cite Score – 72). RESEARCH OF COMBUSTION MODES DURING LAYER-

BURNING OF SHUBARKUL COAL ON THE FIRE GRATE WITH THE HAND FURNACE 

OF THE KSVR-0.43 HOT WATER BOILER. 

11.  Iliev I.K, A.K. Terziev, H.I. Beloev I. Nikolaev and A. G. Georgiev. Comparative 

analysis of the energy efficiency of different types co-generators at large scales CHPs.// Energy, 

2021, No 221, pp. 119755, ISSN 0360-5442. (Impact factor: 7.147 /2021, 

https://mjl.clarivate.com) 

12. Genbach A.A., D. Yu. Bondartsev, I. K. Iliev, A. G. Georgiev. Scientific method of 

creation of ecologically clean capillary-porous systems of cooling of power equipment elements 

of power plants on the example of gas turbines.// Energy, 2020, No 199, pp. 117458, ISSN 0360-

5442. (Impact factor: 6.082 /2020, (https://mjl.clarivate.com)) 
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13. A. M. Dostiyarov, D. R. Umyshev, Zh. S. Duissenbek, I. K. Iliev, H. I. Beloev, S. Ph. 

Ozhikenova. Numerical investigation of combustion process behind bluff bodies during 

separation.// Bulgarian Chemical Communications, 2020, No 52, pp. 12-19, ISSN 0324-1130. 

(SJR rank: 0.18 /2020, SJR) 

14. Ongar B., H.Beloev, I.Iliev, A. Ibrasheva, A. Yegzekova. NUMERICAL 

SIMULATION OF NITROGEN OXIDE FORMATION IN DUST FURNACES.// EUREKA: 

Physics and Engineering, 2022, No 1, pp. 23-33 (SJR rank: 0.3 /2021, scimagojr) 

15. Segeda T.A., M.T. Tumendayeva, N.G. Borissova, I.K. Iliev. Structural components 

of thermophysical and thermodynamic properties of energy working bodies based on the cluster 

model.// Bulletin of Almaty University of Rower Engineering and Telecommunications, 2021, 

No 4(55), pp. 39-50, ISSN 2790-0886. 

16. Temirbekova M., M. Aliyarova, I. Iliev, A. Yelemanova, and S. Sagintayeva. The 

generation of a mathematical model of the biogas production process from organic municipal 

solid waste.// E3S Web of Conferences, 9th International Conference on Thermal Equipments, 

Renewable Energy and Rural Development (TE-RE-RD 2020), 2020, No 180, pp. 1-12 (SJR 

rank: 0.2 /2020, SJR) 

17. Iliev I.,A.Terziev, H.Beloev, C.Iliev. Specifics in the operating modes of 

thermosiphon air heater of steam generators №1 and №2 in TPP Republika at fuel switch from 

coal to natural gas.// Proceedings of a meeting held 9-13 October 2018, Cluj Napoca, Romania, 

E3S Web of Conferences, 2019, No volume 85, pp. 1-6, ISSN 9781510881532. (SJR rank: 0.174 

/2019, SJR) 

18. Genbach A.A., D Yu. Bondartsev, I.K.Iliev. Research of the limit thermal stresses for 

porous coatings of energy elements.// Новости науки Казахстана, 2019, No 3 (141), pp. 71-85, 

ISSN 1560-5655. (Impact factor: 0.103 /2018, RINC) 

19. Genbach A., D.Yu. Bondartsev, I.K. Iliev. Investigation of the destruction of the 

heating surface coated by porous structure in elements of thermal power units.// Научно-

технический журнал, 2018, No 2, pp. 42-55, ISSN 1560-5655. (Impact factor: 0.073 /2017, 

RINC) 

20. Bulbul Ongar, Iliya K. Iliev, Vlastimir Nikolić, Aleksandar Milašinović. The study 

and the mechanism of nitrogen oxides’ formation in combustion of fossil fuels.// FACTA 

UNIVERSITATIS, Series: Mechanical Engineering Vol. 16, No 2, 2018, No 2, pp. 273 - 283, 

ISSN 2335-0164. (SJR rank: 0.6 /2019, JCR (Q1)). 

 

Information for potential users: 

 

In the foreseeable future, the Strategy "Kazakhstan - 2050" focuses us on the priority 

development of highly efficient advanced technologies, without which the dynamic development 

of the state economy is impossible. 

One of the directions for the development of the fuel and energy complex is the 

implementation of the latest coal technologies 

Modern clean coal technologies should provide a more complete use of the chemical 

energy of solid fuels, compactness of the main equipment and high efficiency with the lowest 

emissions of harmful substances. 

When fuel is burned at thermal power plants, combustion products are formed, which 

contain: fly ash, particles of unburned pulverized fuel, sulfuric and sulfurous anhydride, nitrogen 

oxide, gaseous products of incomplete combustion. When fuel oil is burned, vanadium 

compounds, coke, sodium salts, and soot particles are formed. The ash of some fuels contains 

arsenic, free calcium dioxide, free silicon dioxide. 

Frequent burning of fuel oil can affect the reliability of the energy supply in the most 

undesirable way. This is explained not only by the danger of corrosion, which shortens the 

overhaul period of the heating surfaces of boilers, but also by the formation of sooty deposits that 
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impede the operation of boilers and clog tubular air heaters and lead to an explosion of 

electrostatic precipitators. 

The high price of fuel oil, a number of negative technical, economic and environmental 

consequences during the combustion of liquid and solid fuels, operational difficulties associated 

with preparing for combustion and cleaning flue gases, makes reducing the share of fuel oil and 

coal in the fuel balance of boiler units a very urgent task of modern thermal power engineering. 

The purpose of this project is to rationalize the processes of burning liquid and solid fuels 

by developing a technology for the thermal processing of coal to replace the starting fuel oil of 

coal with the resulting gaseous fuel, which will increase the efficiency and efficiency of boiler 

units. 

This technology can be used in all pulverized coal-fired power plants and boiler houses. It 

allows you to completely eliminate the use of fuel oil for firing up the boiler and maintaining a 

stable ignition of a dust-like torch, when the boiler is operating at reduced loads, as well as 

limiting the combustion of coal as the main fuel of TPPs and boiler houses. 

This gives a significant reduction in financial costs associated with the high cost of fuel 

oil, reducing emissions of nitrogen oxides (NOx), sulfur oxides (SOx), carbon monoxide (CO) 

and vanadium pentoxide (V2O5). 

 


