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Abstract: This article analyzes energy-efficient innovative technologies in meat product production.
Issues related to improving energy efficiency, modern cooling systems, heat pumps, digital
monitoring, and the use of renewable energy sources are examined.

Keywords: energy efficiency, meat industry, innovative technologies, cooling systems, heat pumps,
PEF, IoT, renewable energy

The meat product manufacturing industry is considered one of the most energy-intensive sectors. In
production enterprises, cooling, freezing, heat treatment, and logistics processes are major consumers
of energy. In modern manufacturing, the increase in energy prices and the strengthening of
environmental requirements compel enterprises to seek energy-saving solutions. Improving
efficiency reduces product costs and also minimizes negative impacts on the environment.

In the meat industry, the largest share of energy consumption is related to cooling systems. Since
these systems operate continuously, they consume a significant amount of electrical energy. Modern
cooling systems based on ammonia (NH3) and carbon dioxide (CO2) are being implemented. These
systems have high efficiency, consume less energy compared to traditional freon systems, and are
considered environmentally safe.

Table 1.
Distribution of Energy Consumption
1 | Cooling and freezing 40-50
2 | Heat treatment 20-25
3 | Mechanical processing 10-15
4 | Auxiliary processes 5-10
5 | Transportation 10-15
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Figure 1. Distribution of Energy Consumption in Diagram Form
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As shown in the diagram, the largest share of energy consumption belongs to cooling and freezing
processes. Modernizing cooling systems is considered one of the most important directions for
improving energy efficiency.

During product manufacturing processes, heat treatment causes significant energy losses. Heat pumps
and heat recovery systems improve energy efficiency by reusing waste heat. These technologies are
used for hot water preparation, steam generation, and other technological needs.

Ultrasonic and Pulsed Electric Field (PEF) technologies are considered highly effective in meat
processing. These methods reduce heat treatment time, improve product quality, and decrease energy
consumption. In particular, PEF technology makes it possible to inactivate microorganisms without
the use of heat.

Table 2.
Efficiency of Performance

Technology Main Function Saving (%)
Heat Pump Reuse of waste heat 30-60

CO2 sovitish Environmentally friendly cooling and freezing 20-40

Impulsli elektr maydoni Non-thermal microbiological treatment 20-30
texnologiyasi (IEM)

Ultrasonik ishlov Tenderizing meat structure 15-25

IoT monitoring Real-time control and optimization 10-20

Innovatsion texnologiyalar orgali energiya tejash
60

50 A

Heat Pump CO2 sovitish PEF Ultrasonik 10T monitoring
Texnologiyalar

Figure 2. Level of Energy Saving Through Innovative Technologies
These indicators show that the comprehensive implementation of technologies can reduce production
costs and improve the environmental efficiency of enterprises.
The use of renewable energy sources is one of the important directions. Through solar panels, biogas
installations, and other sources, enterprises can independently cover part of their energy needs,
thereby increasing production efficiency.
Strategies for improving energy efficiency include automation, energy audits, the implementation of
modern equipment, and improving employee qualifications. Through a comprehensive approach, it
is possible to achieve energy savings of up to 30-50%.
In conclusion, the implementation of energy-efficient technologies in the meat industry is of great
economic and environmental importance.
The food production industry is one of the sectors that require substantial energy resources. Cooling,
freezing, heat treatment, and logistics processes are the main consumers of energy. Today, rising
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energy prices and increasing environmental requirements make the implementation of energy-saving
technologies an urgent issue for enterprises.

In the meat processing industry, the largest share of energy consumption is related to cooling systems.
Therefore, modern cooling systems based on ammonia (NH3) and carbon dioxide (CO2) are being
widely used. These systems have high efficiency, consume less energy compared to traditional freon
systems, and are environmentally safe.

Conclusion

The theoretical and practical aspects of implementing innovative energy-saving technologies in
production processes were analyzed. As a result, it was determined that the meat industry constitutes
one of the most energy-intensive industrial sectors.

Modern cooling technologies, including CO:- and NHs-based systems, significantly improve energy
efficiency. Heat pumps and heat recovery systems enable energy savings of up to 30—60% through
the reuse of waste heat.

Ultrasonic and Pulsed Electric Field (PEF) technologies have proven effective in reducing energy
consumption while maintaining product quality.

Renewable energy sources ensure the sustainability of production and reduce waste. As a result, a
comprehensive approach can achieve energy savings of up to 30-50%.

References
1. Abduraxmonov O.A., Yuldashev B.B. Go‘sht va go‘sht mahsulotlari texnologiyasi. — Toshkent:
Tafakkur bo‘stoni, 2022.
2. Ergashev E.E., Qurbonov Sh.A. Ozig-ovqat mahsulotlarini saqlash va gayta ishlash texnologiyasi.
— Toshkent: Fan va texnologiya, 2021.
3. Raximov Q.R. Ozig-ovqat sanoati korxonalarida energiya tejamkor texnologiyalar. — Toshkent:
IQTISOD-MOLIYA, 2023.
4. Mirzaev A.M., Xoliqov Sh.T. Sovitish texnikasi va texnologiyasi. — Toshkent: O‘zbekiston, 2022.
5. James S.J., James C. Food Refrigeration and Energy Efficiency. — Cambridge: Woodhead
Publishing, 2021.
6. Toepfl S., Heinz V., Knorr D. Applications of Pulsed Electric Fields in Food Processing and
Preservation. Comprehensive Reviews in Food Science and Food Safety, 2021.
7. Clairand J.M., Bricefo-Le6on M., Escriva-Escriva G. Review of Energy Efficiency Technologies
in the Food Industry. IEEE Access, 2021.
8. Gonzalez J., et al. Sustainable Refrigeration Technologies in the Food Industry. International
Journal of Refrigeration, 2023.
9. Pantaleo A., Shah N., et al. Industry 4.0 Technologies for Energy Management in Food
Manufacturing. Renewable and Sustainable Energy Reviews, 2022.
10. Silva M., et al. Ultrasound-Assisted Food Processing: Energy Efficiency and Product Quality.
Ultrasonics Sonochemistry, 2022.
11. Ahmed S., Khan M. Application of loT-Based Energy Monitoring Systems in Food Processing
Plants. Energy Reports, 2023.
12. Faraldo F., et al. Energy-Efficient Technologies and Decarbonization Strategies in the Food
Industry. Energies, 2024.
13. Dilnavoz Baxtiyorjon-qizi Bobojonova, Gulshodaxon Ibroximjon-qizi Usanova, Dilshodbek
Soljjon-ugli Yusupov, & Salih Shukurovich Tashpulatov. (2026). THE RELEVANCE OF
CHILDREN’S CLOTHING DESIGN: ENVIRONMENTAL ISSUES AND TRANSFORMABLE

10 June 2026 137



Volume 2 Issue 6 Technical Science Integrated Research | ISSN 3051-3855

SOLUTIONS . Mahalliy Va Xalgaro Konferensiyalar Platformasi, 2(5), 37-42. Retrieved from
https://confpro.uz/index.php/conference/article/view/196

14. Dilshodbek Yusupov, & Gulshoda Usanova. (2026). POSSIBILITIES OF USING CARBON
FIBER AND HEAT-RETAINING MATERIALS IN SMART CLOTHING . Mabhalliy Va Xalqgaro
Konferensiyalar Platformasi, 2(5), 175-184. Retrieved from
https://confpro.uz/index.php/conference/article/view/229

15. Siddiqov, A. M. O. G. L. (2025). Inkoniyati cheklangan o ‘quvchilarni ijtimoiy hayotga ijobiy
munosabatlarini shakllantirish modeli. Science and Education, 6(2), 339-344.

16. Siddiqov, A. M. O. G. L., & Boymirzayeva, D. M. Q. (2025). Inklyuziv ta’limni samaradorligini
oshirishda gollaniladigan metod va usullar. Science and Education, 6(2), 206-209.

17. Muhammadjon o‘g‘li, S.A. (2024). Imkoniyati cheklangan o‘quvchilarni ijtimoiy hayotga
tayyorlash pedagogik muammo sifatida: Siddiqgov Azamat Muhammadjon o‘g‘li. Jly4mmue
WHTEIJIEKTyallbHbIe UccienoBanus, 22(5), 48-54

18. Safarboyeva, S. B. Q. (2026). O ‘SMIRLARDA UCHRAYDIGAN PSIXOLOGIK
MUAMMOLAR. Mahalliy va xalgaro konferensiyalar platformasi, (5), 109-111.

19. Kayumov, B. Z. O., & Kodirova, Z. S. Q. (2026). The influence of the virtual world on the
formation of destructive behavior in adolescents. Science and Education, 7(3), 426-429.

20. Kayumov, B. Z. O., & Shokirova, D. (2026, April). STUDY OF HUMAN MENTAL ACTIVITY.
In International Conference Platform (No. 4, pp. 112-115).

21. Kayumov, B. Z. O., & Nurmanova, B. B. Q. (2026). Factors and causes of behavioral deviation
in adolescents. Science and Education, 7(3), 534-537.

22. Kayumov, B. Z. O., & Boyturayeva, N. M. K. (2026). Online psychological consultation service:
problems and solutions. Science and Education, 7(3), 527-533.

23. Qayumov, B. Z. O., & Rustamova, D. J. (2026). Causes of deviation in the education of school-
age students. Academic Journal of Science, Technology and Education, 2(3), 101-103.

24. Kayumov, B. Z., & Olimjonova, N. S. (2026). The importance of role playing in preschool
children. Science and Education, 7(3), 475-480.

25. Yaxyoxonovich, A. U. (2025, December). BO ‘LAJAK O‘QITUVCHILARDA UITIMOIY
INTELLEKTNI RIVOJLANTIRISHDA TANQIDIY FIKRLASHNING ROLI. In Partner
conferences of the International Scientific Journal Research Focus (Vol. 1, No. 1, pp. 1129-1134).
26. Abdullayev, D. Y. O., & Usmonalieva, O. N. Q. (2026, May). PEDAGOGICAL
OPPORTUNITIES FOR DEVELOPING ACTIVE CITIZENSHIP IN STUDENTS. In International
Conference Platform (Vol. 2, No. 5, pp. 64-68).

27. A6aymnnaes, [I. 10. V. (2025). IOkopu cuud ykyBummapuma Gpaon (GpyKapoiHK MO3HIMSICHHMI
PHUBOKJIAHTUPHUIIHUHT NIEIaroTUK Ba MCUXOJIOTUK xycycusiiapu. Science and Education, 6(2), 441-
452.

28. Abdullayev, D. Y. O. (2026, April). IN STUDENTS DEVELOPING SOCIAL AND CIVIC
COMPETENCES THROUGH DIGITAL TECHNOLOGIES ANALYSIS. In International
Conference Platform (No. 4, pp. 17-22).

29. Uktamov, M. M. O. (2026). TECHNOLOGIES FOR EDUCATING STUDENTS USING
ARTIFICIAL INTELLIGENCE. European Review of Contemporary Arts and Humanities, 2(4), 40-
43,

30. Isroilova, N. A. (2023). Using the heuristic method—An effective way of organizing research and
educational activities of pupils of preschool educational organizations. European Journal of
Innovation in Nonformal Education, 3(5), 173-175.

10 June 2026 138



Volume 2 Issue 6 Technical Science Integrated Research | ISSN 3051-3855

31. Isroilova, N. (2025). EVRISTIK METODLAR BO‘LAJAK TARBIYACHILARNING KASBIY
KOMPETENTLIGINI BELGILOVCHI OMIL SIFATIDA. YauBepcaibHasi UHIEKCHasi Ou0InoTeKa
«Ilemaroruka v rCUX0JIOTUSI B COBPEMEHHOM MHUPE: TEOPETHUSCKHE U MPAKTUICCKUE UCCIICTOBAHUS,
4(17), 140-142.

32. Israilova, N. (2023). DEVELOPING PROFESSIONAL COMPETENCE OF TEACHERS
THROUGH THE HEURISTIC METHOD. Science and innovation, 2(B9), 204-205.

33. Qizi, I. N. A. (2024). BO’LAJAK MAKTABGACHA TA’LIM TASHKILOTI
TARBIYACHILARINING KASBIY KOMPETENSIYASINI RIVOJLANTIRISHDA
INNOVATSION TA’LIMNING AHAMIYATI. Bectauk maructparypsl, (6-1 (153)), 38-39.

34. Isroilova, N. A., & Abduxakimova, T. B. (2024). MAKTABGACHA TA’LIM TASHKILOTI
TARBIYACHILARIDA 1JODIY SIFATLARNI SHAKILLANTIRISHDA ZAMONAVIY
TA’LIM. Bectuuk maructpatypsl, 40.

35. AbdulxamiDovna, I. N., & QiZi, A. T. B. (2023). MAKTABGACHA TA’LIM
TARBIYALANUVCHILARDA INTELLEKTUAL QOBILIYAT VA KREATIV FIKRLASHNI
RIVOJLANTIRISH. Bectauk maructparypsl, (5-3 (140)), 73-74.

36. AbdulxamiDovna, I. N., & QiZi, A. T. B. (2023). MAKTABGACHA YOSHDAGI
BOLALARNING XARAKAT KO’NIKMALARINI RIVOJLANTIRISH. BectHuk Maructparypsl,
(5-3 (140)), 75-76.

37. Isroilova, N. A. (2022). MAKTABGACHA TA'LIM TIZIMIDA ZAMONAVIY PSIXOLOGIK
XIZMAT KO'RSATISHNING O'ZIGA XOS MEXANIZMLARI. Bectauk maructpatypsl, (1-2
(124)), 78-80.

38. Isroilova, N. A., & Nurmuhammadova, S. O. (2024). MAKTABGACHA YOSHDAGI
BOLALARDA KOGNITIV FAOLI-YATNI RIVOJLANTIRISHDA ZAMONAVIY TA’LIMNING
AHAMIYATI. BectHuk maructpatypsl, 35.

10 June 2026 139



