Kompetentnost' / Competency (Russia) 9/2025
ISSN 1993-8780. DOI: 10.24412/1993-8780-2025-9-22-29

29

Development of Principles for Small-Tonnage
Chemicals Multi-Product Production Managing

M.Yu. Knyazev"?, FSBEI HE Kazan National Research Technological University (FSBEI HE KNRTU), LLC Investment and
Industrial Concern ZVEZDA, PhD (Ec.), diskmy20242026@gmail.com
A.l. Shinkevich®, FSBEI HE KNRTU, Prof. Dr. (Ec.) Dr. (Tech.), ashinkevich@mail.ru

! Senior Researcher, Kazan, Republic of Tatarstan, Russia
Advisor General Director, Moscow Russia
% Head of Department, Kazan Republlc of Tatarstan, Russia

Citation: Knyazev M.Yu., Shinkevich A.l. Development of Principles for Small-Tonnage Chemicals Multi-Product Production Managing, Kompetentnost’ / Competency (Russia),
2025, no. 9, pp. 22-29. DOI: 10.24412/1993-8780-2025-9-22-29

toluene, processing, small-
tonnage multi-product production,
management, modular principle,
system flexibility

The study considers management principles for multi-product small-tonnage chemical
production systems, using deep toluene processing complex as a case study. The work
addresses the need for flexible, modular chemical production capable of rapid adaptation
to market demands while minimizing costs and environmental impact. Key objectives
include the analyses modular organization and flexibility in chemical-technological
systems (CTS), proposing management principles for small-tonnage facilities, and
demonstrating their application in a toluene-processing complex producing high-value
derivatives like benzyl chloride, benzyl alcohol, benzoic acid, benzyl benzoate, etc. In
our research, we have identified three flexibility types: technological, equipment, and
structural, enabling production line reconfiguration. A modular equipment design
allows versatile assembly for diverse processes. The toluene complex case study
demonstrates production of 6+ products with shared infrastructure, emphasizing
market-driven optimization and digitalization. Key findings: modular CTS reduces
capital costs by 20—30% while enabling faster product switching; digital monitoring
enhances multi-product operation precision. The proposed framework supports
Russia’s import substitution goals in pharmaceuticals and specialty chemicals. The
approach is scalable to the other small-tonnage systems, aligning with global trends

toward sustainable chemical manufacturing.

References

1. Parmon V.N., Adonin N.Yu., Zhurnal organicheskoy khimii, 2015, vol. 51,

no. 3, pp. 767- 768.

2. Pay ZP, Khlebnikova T. B., Zhizhina E.G., etc, Kataliz v promyshlennosti,
2025, vol. 25, no. 1, pp. 50— 65.

3. Egorov AF,, Savitskaya T.V., Mikhaylova P.G., Teoreticheskie osnovy
khimicheskoy tekhnologii, 2021, vol. 55, no. 2, pp. 154-187.

4. Artemov A.V., Pereslavtsev A.V., Voshchinin S.A., etc, Vestnik voennogo
innovatsionnogo tekhnopolisa ERA, 2022, vol. 3, no. 3, pp. 227-261.

5. Ananikov V.P. Artificial intelligence and additive technologies in micro-
tonnage and small-tonnage chemicals, All-Russian conf. dedicated to the
scientific heritage of M.G. Kucherov: Chemicals of unsaturated compounds:
alkynes, alkenes, arenes, and heteroarenes, St. Petersburg, 2024, 9 P.

6. Shilin I. A separate mega-project has been developed for import substitution
in the small-tonnage chemicals market in Russia; https://www.megaresearch.ru/
new_reality/dlya-importozamescheniya-na-rynke-malotonnazhnoy-himii-v-rossii-
razrabotan-otdelnyy-megaproekt (acc.: 14.06.2025).

7. Specialty and fine chemicals market research report; https://www.
marketresearchfuture.com/reports/specialty-fine-chemicals-market-41341
(acc.: 14.06.2025).

8. Zaremba G.A., Trokhin V.E., Bessarabov A.M., Uspekhi v khimii i
khimicheskoy tekhnologii, 2020, vol. 34, no. 6, pp. 163-165.

9. CEFIC 2024 facts & figures report; https://cefic.org/facts-and-figures-of-the-
european-chemical-industry/ (acc.: 14.06.2025)

10.McKinsey & company. Chemical manufacturing 2030+; https://www.
mckinsey.com/~/media/McKinsey/Business%20Functions/Operations/Our%20
Insights/Chemicals%20manufacturing%202030/Chemicals-2030-interactive.pdf
(acc.: 14.06.2025).

11. Frolova A.V., Lopatkin D.S., Uspekhi v khimii i khimicheskoy tekhnologii,
2019, vol. 33, no. 12, pp. 31-33.

12. Bessarabov A.M. , Trokhin V. E, Chernykh E.E., Stepanova T.I.,
Matematicheskie merody v tekhnolog/yakh i tekhn/ke 2021, no. 9 pp. 61-64.
13. Klepikov D.N., Vygolov N.V., Il'inykh L.V., Vestnik kh/m/cheskoy
promyshlennosti, 2016 no. 4, pp 35-43.

14. Savel'eva N.K., Sozinova A.A., Ganebnykh E.V., etc, Zhurnal prikladnykh
issledovaniy, 2022 vol. 1(3), pp. 59-64.

15. Kryukov V., Shmat V. Dynamics of the formation and development of
small-tonnage chemicals, Sc. and pract. conf.: Small-tonnage chemicals:
developments, production, analytical control, Novosibirsk, 2024, 17 P.

16. RF Government Order of 15.12.2017 N 2834-r On approval of the action

plan (road map) for the development of small-tonnage chemicals in the Russian
Federation for the period up to 2030.

17. Shakhnovich O.A., Laboratoriya i proizvodstvo, 2022, no. 3-4, pp. 24-38.
DOI: 10.32757/2619-0923.2022.3-4.21.24.38.

18. Trakhanova E.V., Knyazev M.Yu., Artemov A.V., Dyubanov M.V., Rossiyskiy
khimicheskiy zhurnal, 2024, vol. 68, no. 1, pp. 74-79.

19. Knyazev M.Yu., Trakhanova E.V., Artemov A.V., Dyubanov M.V,
Khimicheskaya promyshlennost’ segodnya, 2024, no. 4, pp. 29-36.

20. Knyazev M.Yu., Rumyantseva E.V., Artemov A.V., Dyubanov M.V.,
Khimicheskaya promyshlennost’ segodnya, 2025, no. 1, pp. 8-27.

21. Knyazev M.Yu., Nauka i biznes: puti razvitiya, 2025, no. 3, pp. 148-153.

22. RF patent for utility model 231000 IPC BO1J 10/00. Bubbling reactor.
Trakhanova E.V., Knyazev M.Yu., Artemov A.V., Dyubanov M.V. LLC Investment
and Industrial Concern ZVEZDA, 2024.

23. Kafarov V.V., Makarov V.V., Egorov A.F., ltogi nauki i tekhniki. Seriya: Protsessy
i apparaty khimicheskoy tekhnologii, vol. 16, 92 P., Moscow, VINITI, 1988.

24. Kafarov V.V., Rossiyskiy khimicheskiy zhurnal, 1987, vol. 32, no. 3, 252 P.
25. De Meyer A., Na Kane J., Miller J. G., Ferdows K., Strategic Management
Journal, 1989, vol. 10, no. 2, 135 P.

26. Floudas C. A., Lin X., Computers and Chemical Engineering, 2004, vol. 28,
no. 11, pp. 2109-2129; https://doi.org/10.1016/j.compchemeng.2004.05.002.
27. Straub D. A., Grossmann |. E., Computers and Chemical Engineering, 1992,
vol. 16, no. 2, pp. 69-88.

28. ESG-ranking of Russian companies in the industrial sector: annual analytical
review of NRA; https://www.ra-national.ru/wp-content/uploads/2024/01/esg-
rienking-rossijskih-kompanij-promyshlennogo-sektora-22.01.2024.pdf.

29. Stoyanova O.V., Dli M.I. Organizational and economic features of project
management in the nanoindustry, XIX Mendeleev congress on general and
applied chemistry: abstracts of reports, Volgograd, IUNL VolgGTU, 2011, 187 P.
30. Sarkisov P.D., Stoyanova O.V., DIi M. I Teoreticheskie osnovy khimicheskoy
tekhnologii, 2013, vol. 47, no. 1, pp 36-4

31. RF patent application N 2024125829/04(057288) Installation for the
separation of benzyl alcohol from benzyl chloride hydrolysis products by
rectification. Knyazev M.Yu., Rumyantseva E.V., Artemov A.V., Dyubanov M.V.
LLC Investment and Industrial Concern ZVEZDA, 2024.

32. Kravchenko K.A., Meshalkin V.P. Organizational design and development
management of large companies. Methodology and experience of designing
management systems, Moscow, Akademicheskiy proekt, 2006.

33. Bessarabov A.M., Trokhin V.E., Tatarnitseva E.V., Klevtsov A.A., Pribory i
sistemy. Upravlenie, kontrol', diagnostika, 2025, no. 1, pp. 9-17. DOI: 10.25791/
pribor.1.2025.1550.



