
International Journal of Industrial 
Engineering and Management

[1]	 M. Patterson, P. Singh, and H. Cho, “The current state of the industrial energy assessment and its impacts on the manufacturing 
industry,” Energy Rep., vol. 8, pp. 7297–7311, 2022, doi: 10.1016/j.egyr.2022.05.242.

[2]	 J. Wang and W. Azam, “Natural resource scarcity, fossil fuel energy consumption, and total greenhouse gas emissions in top 
emitting countries,” Geosci. Front., vol. 15, no. 2, p. 101757, 2024, doi: 10.1016/j.gsf.2023.101757.

[3]	 T. Igogo, K. Awuah-Offei, A. Newman, T. Lowder, and J. Engel-Cox, “Integrating renewable energy into mining 
operations: Opportunities, challenges, and enabling approaches,” Appl. Energy, vol. 300, p. 117375, 2021, doi: 10.1016/j.
apenergy.2021.117375.

[4]	 B. R. Salami and O. B. Omonigho, “Energy efficiency in sustainable manufacturing: Best practices and technological innovations,” 
in Proc. Triple Helix Nigeria SciBiz Annu. Conf. 2024, E. O. Nwaichi, T. I. Egbe, and A. Halilu, Eds. Cham, Switzerland: 
Springer, 2025, pp. 343–362, doi: 10.1007/978-3-031-81619-2_21.

[5]	 R. Shabaneh and J. F. Braun, “Saudi Arabia’s clean hydrogen journey: Past, present, and future,” in The Clean Hydrogen Economy 
and Saudi Arabia. London, U.K.: Routledge, 2024, pp. 33–62, doi: 10.4324/9781003294290-3.

[6]	 A. M. AlQahtani, “A comprehensive assessment of wind energy potential and wind farm design in a coastal industrial city,” World 
J. Eng., vol. 22, no. 3, pp. 529–539, 2025, doi: 10.1108/WJE-11-2023-0468.

[7]	 J.-L. Hu, Y. Li, and J.-C. Chew, “Industry 5.0 and human-centered energy system: A comprehensive review with socio-economic 
viewpoints,” Energies, vol. 18, no. 9, p. 2345, 2025, doi: 10.3390/en18092345.

[8]	 Q. Sun et al., “Advanced design and manufacturing approaches for structures with enhanced thermal management performance: 
A review,” Adv. Mater. Technol., vol. 9, no. 15, p. 2400263, Aug. 2024, doi: 10.1002/admt.202400263.

[9]	 H. Liu, M. Wen, H. Yang, Z. Yue, and M. Yao, “A review of thermal management system and control strategy for automotive 
engines,” J. Energy Eng., vol. 147, no. 2, p. 03121001, 2021, doi: 10.1061/(ASCE)EY.1943-7897.0000743.

[10]	 A. M. Abed, A. Mukhtar, S. Madaminov, A. Azamatov, A. Abduvokhidov, and M. Sharifpur, “Thermal–hydraulic performance 
and enhancement mechanisms of a novel asymmetric truncated airfoil fin heat exchanger,” J. Therm. Anal. Calorim., vol. 150, 
pp. 12865–12894, 2025, doi: 10.1007/s10973-025-14535-8.

[11]	 Z. QiaoYing and S. Jiaming, “Adaptive control algorithms for aerospace electromechanical systems and their applications in flight 
safety,” Int. J. High Speed Electron. Syst., p. 2540763, 2025, doi: 10.1142/S0129156425407636.

[12]	 S. O. Oyedepo and B. A. Fakeye, “Waste heat recovery technologies: Pathway to sustainable energy development,” J. Therm. 
Eng., vol. 7, no. 1, pp. 324–348, 2021, doi: 10.18186/thermal.850796.

References

Digital Twin-Enabled Thermal Energy Management 
System for Sustainable Manufacturing Process 
Optimization 

a Kimyo International University in Tashkent, Shota Rustaveli str. 156, Tashkent 100121, Uzbekistan;
b Urgench State University, Kh. Alimdjan str. 14, Urgench 220100, Uzbekistan; 
c Mamun University, Bolkhovuz Street 2, Khiva 220900, Uzbekistan; 
d University of Tashkent for Applied Sciences, Str. Gavhar 1, Tashkent 100149, Uzbekistan; 
e Refrigeration & Air-condition Department, Technical Engineering College, The Islamic University, Najaf, Iraq 

O. Mukhitdinova       0000-0002-7347-0025,  D. Jumanazarovb       0000-0002-5445-6818,

E. Khudoynazarovc       0009-0000-1210-8113,  A. Umarovd       0000-0003-2408-3624,

A. Mohsin Alsayahe,*       0009-0005-8122-8182

https://orcid.org/0000-0002-7347-0025
https://orcid.org/0000-0002-5445-6818
https://orcid.org/0009-0000-1210-8113
https://orcid.org/0000-0003-2408-3624
https://orcid.org/0009-0005-8122-8182


[13]	 W. Chen, Z. Huang, and K. J. Chua, “Sustainable energy recovery from thermal processes: A review,” Energy Sustain. Soc., vol. 
12, no. 1, p. 46, 2022, doi: 10.1186/s13705-022-00372-2.

[14]	 T. Papi Naidu, G. Balasubramanian, and B. Venkateswararao, “Optimal power flow control optimisation problem incorporating 
conventional and renewable generation sources: A review,” Int. J. Ambient Energy, vol. 44, no. 1, pp. 1119–1150, 2023, doi: 
10.1080/01430750.2022.2163287.

[15]	 A. Shadravan and H. R. Parsaei, “The paradigm shift from Industry 4.0 implementation to Industry 5.0,” Appl. Emerg. Technol., 
vol. 115, p. 1, 2023, doi: 10.54941/ahfe1004296.

[16]	 W. Yu, P. Patros, B. Young, E. Klinac, and T. G. Walmsley, “Energy digital twin technology for industrial energy management: 
Classification, challenges and future,” Renew. Sustain. Energy Rev., vol. 161, p. 112407, 2022, doi: 10.1016/j.rser.2022.112407.

[17]	 M. Bokhtiar Al Zami, S. Shaon, V. Khanh Quy and D. C. Nguyen, "Digital Twin in Industries: A Comprehensive Survey," IEEE 
Access, vol. 13, pp. 47291-47336, 2025, doi: 10.1109/ACCESS.2025.3551532.

[18]	 S. Mihai et al., “Digital Twins: A Survey on Enabling Technologies, Challenges, Trends and Future Prospects,” IEEE Commun. 
Surv. Tutor., vol. 24, no. 4, pp. 2255–2291, 2022, doi: 10.1109/COMST.2022.3208773.

[19]	 M. S. Ayubirad, S. Ataei, and M. Tajali, “Numerical Model Updating and Validation of a Truss Railway Bridge considering 
Train‐Track‐Bridge Interaction Dynamics,” Shock Vib., vol. 2024, no. 1, p. 4469500, 2024, doi: 10.1155/2024/4469500.

[20]	 X. Zhao et al., “Applications of machine learning in real-time control systems: A review,” Meas. Sci. Technol., vol. 36, p. 012003, 
2024, doi: 10.1088/1361-6501/ad8947

[21]	 A. Seyyedi, M. Bohlouli, and S. N. Oskoee, “Machine learning and physics: A survey of integrated models,” ACM Comput. Surv., 
vol. 56, no. 5, pp. 1–33, 2024, doi: 10.1145/3611383.

[22]	 M. Siahkouhi, M. Rashidi, F. Mashiri, F. Aslani, and M. S. Ayubirad, “Application of self-sensing concrete sensors for bridge 
monitoring: A review,” Measurement, vol. 245, p. 116543, 2025, doi: 10.1016/j.measurement.2024.116543.

[23]	 S. Panyaram, “Digital twins and IoT: A new era for predictive maintenance in manufacturing,” Int. J. Invent. Electron. Electr. 
Eng., vol. 10, pp. 1–9, 2024.

[24]	 N. C. Igbokwe, C. O. Nwamekwe, C. G. Ono, E. C. Nwabunwanne, and P. S. Aguh, “The role of digital twins in optimizing 
renewable energy utilization and energy efficiency in manufacturing,” Siber Int. J. Digit. Bus., vol. 1, no. 4, pp. 93–111, 2024.

[25]	 A. Aghazadeh Ardebili, M. Zappatore, A. I. H. A. Ramadan, A. Longo, and A. Ficarella, “Digital twins of smart energy systems: 
A systematic literature review,” Energy Inform., vol. 7, no. 1, p. 94, 2024, doi: 10.1186/s42162-024-00385-5.

[26]	 D. Allahseh, J. Böttner, M. Al-Addous, and V. Lenz, “Advancements in hybrid heating systems for residential applications,” 
Energy Explor. Exploit., vol. 43, no. 5, pp. 2221-2275, 2025, doi: 10.1177/01445987251336405.

[27]	 A. Vital-Soto, M. F. Baki, and A. Azab, “A multi-objective mathematical model and evolutionary algorithm for the dual-resource 
flexible job-shop scheduling problem,” Flex. Serv. Manuf. J., vol. 35, no. 3, pp. 626–668, 2023, doi: 10.1007/s10696-022-09446-x.

[28]	 H. R. Khan et al., “A low-cost energy monitoring system with universal compatibility and real-time visualization,” Sustainability, 
vol. 16, no. 10, p. 4137, 2024, doi: 10.3390/su16104137.

[29]	 P. P. Senna, A. H. Almeida, A. C. Barros, R. J. Bessa, and A. L. Azevedo, “Architecture model for a holistic and interoperable 
digital energy management platform,” Procedia Manuf., vol. 51, pp. 1117–1124, 2020, doi: 10.1016/j.promfg.2020.10.156.

[30]	 A. Alrabghi, “A modelling approach for asset degradation: Advancing digital twin in maintenance,” Int. J. Simul. Model., vol. 24, 
no. 1, pp. 76–86, 2025, doi: 10.2507/IJSIMM24-1-715.

[31]	 C. Urrea and J. Kern, “Recent advances and challenges in industrial robotics,” Processes, vol. 13, no. 3, p. 832, 2025, doi: 
10.3390/pr13030832.

[32]	 M. M. Hasan et al., “Harnessing solar power: A review of photovoltaic innovations,” Energies, vol. 16, no. 18, p. 6456, 2023, doi: 
10.3390/en16186456.

[33]	 V. de M. Freires, A. M. Lucas, R. H. Pereira da Silva, and E. S. de Almeida, “Development of a didactic solution for teaching 
concepts related to digital twins using educational robot,” Int. J. Ind. Eng. Manag., vol. 16, no. 4, pp. 444–458, 2025, doi: 
10.24867/IJIEM-398.

[34]	 K. Mihály and G. Kulcsár, “A new many-objective hybrid method to solve scheduling problems,” Int. J. Ind. Eng. Manag., vol. 14, 
no. 4, pp. 326–335, 2023, doi: 10.24867/IJIEM-2023-4-342.

[35]	 M. U. Haq, M. A. J. Sethi, S. Ahmad, N. Ahmad, M. S. Anwar, and A. Kutlimuratov, “A comprehensive review of face detection 
and recognition algorithms,” Comput. Mater. Continua, vol. 84, no. 1, pp. 1-24, 2025, doi: 10.32604/cmc.2025.063341.

[36]	 F. Makhmudov et al., “Analytical approach to UAV cargo delivery processes under malicious interference conditions,” 
Mathematics, vol. 13, no. 12, p. 2008, 2025, doi: 10.3390/math13122008.

[37]	 J. B. Hauge et al., “Digital twin testbed and practical applications in production logistics,” Int. J. Ind. Eng. Manag., vol. 12, no. 2, 
pp. 129–140, 2021, doi: 10.24867/IJIEM-2021-2-282.

[38]	 A. Mamadmurodov et al., “A hybrid deep learning model for early forest fire detection,” Forests, vol. 16, no. 5, p. 863, 2025, doi: 
10.3390/f16050863.


