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Abstract

The increasing demand for reliable and sustainable energy has created a strong need for intelligent
energy management systems capable of improving resource utilization across modern infrastructure.
Conventional energy-management approaches frequently depend on static operating schedules and
limited monitoring capabilities, making them less effective in environments characterized by variable
energy demand, distributed generation, and increasingly complex infrastructure networks. Intelligent
energy management systems integrate sensing technologies, Internet of Things platforms, artificial
intelligence, predictive analytics, automation, energy storage, and renewable energy resources to support
dynamic energy optimization. This paper examines the role of intelligent energy management systems in
developing sustainable infrastructure and evaluates their contributions to energy efficiency, demand
management, renewable energy integration, operational reliability, and environmental performance. A
conceptual literature-based methodology is adopted to identify major technological components and
evaluate their relationships with sustainable infrastructure outcomes.

The analysis indicates that real-time monitoring improves energy visibility, while predictive
analytics enables more accurate demand forecasting and proactive energy optimization. Artificial
intelligence can support automated decision-making by identifying consumption patterns and selecting
efficient operating conditions. Integration with renewable energy and storage technologies further
improves the flexibility of infrastructure systems and reduces dependence on conventional energy
sources. However, implementation remains constrained by high deployment costs, interoperability
challenges, cybersecurity risks, data-quality limitations, and shortages of specialized technical skills.
The study argues that intelligent energy management should be implemented as an integrated
infrastructure strategy rather than as an isolated technological intervention. Effective integration of
digital intelligence, renewable energy, storage, demand response, and automated control can support
infrastructure systems that are more efficient, resilient, adaptive, and environmentally sustainable. The
findings provide a conceptual foundation for organizations and infrastructure planners seeking to
improve long-term energy performance through intelligent engineering technologies.

Keywords: Intelligent energy management; sustainable infrastructure; energy efficiency; smart
infrastructure; artificial intelligence; Internet of Things; renewable energy; energy storage; demand
response; intelligent control

1. Introduction
Energy represents one of the most important operational resources supporting modern infrastructure.
Buildings, transportation systems, industrial facilities, water networks, communication infrastructure,

IJETD Website: www.ijetd.com Email: editor@ijetd.com 46


http://www.ijetd.com/

International Journal of Engineering & Tech Development

Volume 1, Issue 4 — September-October - 2025 e E-ISSN: 3067-672X P-ISSN: 3067-669X

and public services depend on continuous and reliable energy availability. Increasing urbanization,
industrialization, digitalization, and population growth have contributed to rising energy requirements.
At the same time, environmental concerns associated with conventional energy production have
increased the pressure on infrastructure planners to improve energy efficiency and reduce carbon-
intensive energy consumption. These developments have created demand for more intelligent
approaches to infrastructure energy management.

Traditional energy-management systems often rely on predetermined schedules, historical
consumption patterns, and manual control mechanisms. Such approaches can be ineffective when energy
demand changes rapidly because of weather conditions, occupancy, industrial activities, renewable
generation, or unexpected operational events. Intelligent energy management addresses this limitation by
combining real-time sensing, communication networks, computational analytics, and automated control.
These capabilities allow infrastructure systems to continuously observe energy conditions and
dynamically adjust operations according to current and predicted requirements.

The development of the Internet of Things has significantly strengthened intelligent energy
management. Connected sensors can collect information about electricity consumption, temperature,
equipment conditions, occupancy, voltage, and other operational parameters. Cloud and edge computing
platforms can process these data streams and support rapid decision-making. Artificial intelligence and
machine learning algorithms can identify consumption patterns, forecast demand, detect anomalies, and
recommend optimized operating conditions. Consequently, infrastructure systems can transition from
reactive energy management toward predictive and adaptive energy control.

Renewable energy integration represents another important dimension of intelligent energy
management. Solar photovoltaic systems, wind generation, biomass, and other renewable technologies
can reduce dependence on conventional energy sources, but their variable generation characteristics
create additional management challenges. Intelligent energy systems can coordinate renewable
generation with energy storage, demand response, and flexible loads. Such coordination can improve
renewable utilization while maintaining system stability and reliability.

Sustainable infrastructure therefore requires a comprehensive energy-management approach that
combines technological intelligence with engineering planning. Intelligent systems can contribute to
lower energy consumption, improved operational efficiency, reduced environmental impacts, and
enhanced infrastructure resilience. This study examines the technological foundations, resource-
efficiency contributions, implementation challenges, and future research opportunities associated with
intelligent energy management systems for sustainable infrastructure.

2. Objectives

The primary objective of this study is to examine the role of intelligent energy management systems in
improving the efficiency, reliability, and sustainability of modern infrastructure. The study evaluates
how digital technologies, intelligent analytics, renewable energy, storage, and automated control can
contribute to optimized energy utilization.

2.1 Evaluation of Intelligent Energy Technologies

The first objective is to identify and evaluate the major technologies supporting intelligent energy
management. These include loT-based monitoring, artificial intelligence, machine learning, predictive
analytics, smart meters, automated control, energy storage, and renewable energy integration.
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The study further examines how these technologies improve energy visibility and operational decision-
making. Particular attention is given to demand forecasting, anomaly detection, automated optimization,
and real-time control because these functions can significantly influence infrastructure energy
performance.

2.2 Assessment of Sustainable Infrastructure Outcomes

The second objective is to examine the contribution of intelligent energy management to sustainable
infrastructure development. The analysis considers energy efficiency, renewable energy utilization,
operational resilience, environmental performance, and long-term infrastructure reliability.

The study also identifies major barriers affecting implementation. Financial requirements,
interoperability, cybersecurity, data management, workforce capabilities, and organizational readiness
are considered important factors that determine whether intelligent energy-management solutions can
deliver their expected sustainability benefits.

3. Literature Review

3.1 Intelligent Energy Management and Smart Infrastructure

Intelligent energy management has evolved from conventional monitoring systems into interconnected
platforms capable of analyzing and controlling energy resources dynamically. Smart meters, distributed
sensors, supervisory control systems, and communication networks provide continuous information
about infrastructure energy conditions. This information enables operators to identify inefficiencies and
implement corrective actions.

Smart infrastructure extends these capabilities by integrating energy systems with other
infrastructure functions. Buildings, transportation networks, water systems, and industrial facilities can
exchange information and coordinate energy demand. Such integration can improve overall system
efficiency because energy decisions can consider operational conditions across interconnected
infrastructure components.

3.2 Artificial Intelligence and Predictive Energy Optimization

Artificial intelligence has become increasingly relevant to energy management because energy demand
and supply are influenced by numerous variables. Machine learning algorithms can analyze historical
energy consumption, weather conditions, occupancy levels, production schedules, and equipment
performance to develop demand forecasts.

Predictive models can support energy scheduling and load optimization before demand peaks
occur. Al-based anomaly detection can also identify unusual consumption patterns that may indicate
equipment degradation or inefficient operation. These capabilities allow infrastructure operators to
respond proactively rather than waiting for energy inefficiencies to become visible through conventional
monitoring.

3.3 Renewable Energy, Storage, and Demand Response

The integration of renewable energy introduces variability into energy systems because renewable
generation depends on environmental conditions. Intelligent management platforms can coordinate
renewable generation with storage and flexible energy loads. Battery energy storage can absorb excess
renewable energy and release it during periods of high demand.
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Demand-response technologies can further improve flexibility by adjusting selected loads according to
energy availability and system conditions. Intelligent control systems can determine which loads can be
shifted, reduced, or temporarily delayed without significantly affecting infrastructure services. This
creates opportunities for more efficient use of renewable energy while maintaining service reliability.

4. Methodology

4.1 Research Design

This study adopts a conceptual literature-based research design to examine intelligent energy
management systems within sustainable infrastructure environments. Relevant research on smart grids,
energy efficiency, loT-enabled monitoring, artificial intelligence, renewable energy, energy storage,
demand response, and intelligent infrastructure was considered to establish the conceptual foundation of
the study.

The research design focuses on relationships between technological capabilities and
infrastructure outcomes. Intelligent energy management is examined as a coordinated system involving
sensing, communication, analytics, prediction, optimization, and control. This approach allows the study
to evaluate both individual technologies and their combined contribution to sustainable infrastructure.

4.2 ldentification of Intelligent Energy Technologies

The technology identification process focused on systems capable of monitoring, predicting, optimizing,
or controlling infrastructure energy consumption. Technologies were grouped into digital monitoring,
intelligent analytics, automated control, renewable energy integration, energy storage, and demand-
response categories.

The classification considers both technological function and sustainability contribution. For
example, smart meters primarily improve energy visibility, while machine learning contributes to
prediction and optimization. Energy storage supports renewable-energy integration and demand
flexibility. This classification provides a structured basis for examining how different technologies
contribute to intelligent energy management.

4.3 Analytical Framework

The analytical framework evaluates intelligent energy management according to four major
dimensions:

o Energy efficiency: reduction of unnecessary energy consumption.

« Demand optimization: balancing energy demand with available resources.

o System reliability: maintaining stable and dependable infrastructure operation.

« Environmental sustainability: reducing dependence on carbon-intensive energy sources.

These dimensions provide a basis for examining the broader infrastructure impacts of intelligent energy
technologies. The framework recognizes that the same technology may contribute to multiple
sustainability outcomes. For example, predictive analytics can improve demand forecasting while also
supporting equipment maintenance and reducing unnecessary energy use.

4.4 Evaluation Approach
The study uses comparative conceptual analysis to evaluate intelligent energy management technologies
according to their functional capabilities and sustainability contributions. Rather than assigning fixed
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performance values, the approach identifies relative strengths, implementation requirements, and
potential infrastructure applications.

The evaluation emphasizes system integration because intelligent energy management depends
on interactions between sensors, communication networks, analytics platforms, control systems,
renewable generation, and storage. An integrated architecture can provide greater value than isolated
technologies because it enables continuous feedback between energy conditions and infrastructure
operations.

5. Analysis

5.1 Core Components of Intelligent Energy Management

Intelligent energy management systems consist of multiple interconnected technological components.
Smart sensors and meters establish the data layer by capturing energy consumption and infrastructure
conditions. Communication networks transfer these data to centralized or distributed processing
environments. Al and analytical platforms transform raw information into forecasts, anomaly alerts, and
optimization recommendations.

Automated control systems provide the operational layer through which energy decisions are
implemented. These systems can adjust equipment operation, load schedules, storage behavior, and
renewable-energy utilization. When combined effectively, these components create a continuous cycle
of monitoring, analysis, prediction, decision-making, and control.

Table 1: Core Technologies and Functions of Intelligent Energy Management Systems

Technology Primary Function Infrastructure Contribution
Smart Meters Energy measurement Improved consumption visibility

loT Sensors Real-time monitoring Continuous infrastructure data
Machine Learning Demand prediction Improved energy forecasting
Al Optimization Decision support Efficient resource allocation
Digital Twins System simulation Scenario-based optimization

Automated Controls Operational adjustment Real-time energy management

Battery Storage Energy balancing Improved flexibility
Renewable Generation Clean energy supply Reduced conventional energy dependence

Interpretation: Table 1 shows that intelligent energy management depends on a combination of
technologies rather than a single technological component. Monitoring technologies provide the
information required for intelligent decisions, while Al and machine learning transform data into
predictive insights.

Automated controls implement decisions, and renewable generation and storage provide
additional flexibility. The integration of these functions enables infrastructure systems to respond
dynamically to changing energy conditions.
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5.2 Al-Based Demand Forecasting and Optimization

Energy demand forecasting is a critical function because infrastructure energy requirements can vary
according to time, weather, occupancy, industrial activity, and operational schedules. Machine learning
models can identify relationships among these variables and generate short-term or medium-term
demand forecasts.

Al-based optimization can use these forecasts to determine efficient energy schedules. For
example, flexible loads can be shifted away from peak-demand periods, storage can be charged when
energy is more available, and renewable generation can be prioritized when conditions permit. This
reduces unnecessary energy consumption while improving the utilization of available resources.

5.3 Comparative Sustainability Contributions

Different intelligent energy technologies provide different benefits to infrastructure systems. Monitoring

technologies primarily improve visibility, whereas predictive analytics support proactive decisions.
Renewable generation reduces conventional energy dependence, while storage and demand

response improve flexibility.

Table 2: Comparative Contributions of Intelligent Energy Management Approaches

Approach Energy Efficiency | Demand Flexibility | Reliability | Sustainability

Smart Monitoring High Medium High High
Al Forecasting High High Medium High
Predictive Maintenance High Medium Very High High
Automated Control Very High High High High

Renewable Integration High Medium Medium Very High

Energy Storage Medium Very High High Very High
Demand Response High Very High High High

Interpretation: Table 2 indicates that intelligent energy technologies provide complementary
sustainability benefits. Automated control offers strong energy-efficiency improvements, while storage
and demand response provide significant flexibility.

Renewable integration produces particularly strong environmental benefits by reducing
dependence on conventional energy sources. Al forecasting and predictive maintenance support
proactive management and improve the overall reliability of infrastructure systems.

6. Discussion

6.1 Digital Intelligence for Energy Efficiency

Intelligent energy systems improve infrastructure management by converting continuous operational
data into actionable information. Traditional systems may identify energy consumption only after
significant inefficiencies have occurred, whereas intelligent platforms can detect deviations in real time.
This enables operators to intervene before inefficient conditions become persistent.
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The combination of Al and automated control further strengthens this capability. Predictive models can
identify future demand conditions, while control systems can automatically adjust infrastructure
operations. This reduces dependence on manual intervention and enables faster responses to changing
energy requirements. However, automated decisions should remain subject to appropriate engineering
constraints and human oversight.

6.2 Renewable Energy Integration

Intelligent energy management can significantly improve the utilization of distributed renewable energy
resources. Renewable generation is inherently variable, making coordination with infrastructure demand
essential. Intelligent platforms can predict generation patterns and determine appropriate times for
storage charging, flexible-load operation, or renewable-energy consumption.

This integration can improve the economic and environmental value of renewable energy.
Instead of treating renewable generation as an independent energy source, intelligent systems can
coordinate it with infrastructure demand. Such coordination can reduce curtailment, improve renewable
utilization, and strengthen energy-system flexibility.

6.3 Infrastructure Resilience and Sustainability

Energy resilience is increasingly important for infrastructure systems because disruptions can affect
essential services. Intelligent energy management can contribute to resilience by monitoring equipment
conditions, identifying anomalies, coordinating distributed energy resources, and supporting rapid
response to changing conditions.

Sustainability and resilience can therefore be addressed together. Efficient energy consumption
reduces resource requirements, while distributed renewable generation and storage can provide
additional operational flexibility. Infrastructure planners should consequently consider intelligent energy
management as both an energy-efficiency strategy and a resilience-enhancement mechanism.

7. Challenges

7.1 High Initial Investment

Intelligent energy management requires investment in sensors, communication infrastructure, computing
platforms, software, renewable generation, storage, and automated control systems. These initial costs
can create adoption barriers, particularly for smaller infrastructure operators. Long-term savings may
justify the investment, but organizations often face difficulties evaluating benefits that emerge over
extended periods.

7.2 Interoperability and System Integration

Infrastructure environments frequently contain equipment from different manufacturers and generations.
Integrating these systems can be difficult when communication standards and data structures are
incompatible. Lack of interoperability can increase implementation complexity and prevent intelligent
energy platforms from accessing complete operational information.

7.3 Cybersecurity and Data Privacy
Greater connectivity increases the potential exposure of infrastructure energy systems to cyber threats.
Unauthorized access, data manipulation, and system disruption could affect critical infrastructure
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operations. Intelligent energy management therefore requires strong cybersecurity architectures, secure
communication protocols, access controls, and continuous monitoring.

8. Future Research

8.1 Advanced Al for Autonomous Energy Management

Future research should investigate Al systems capable of coordinating energy generation, storage,
demand, and infrastructure operations with limited human intervention. Reinforcement learning and
adaptive optimization could allow systems to learn from changing operating conditions and continuously
improve energy-management decisions.

Research should also focus on explainable and trustworthy Al for infrastructure applications.
Energy decisions can affect essential services, making transparency and accountability important. Future
intelligent systems should therefore provide understandable explanations for optimization decisions and
maintain appropriate human oversight.

8.2 Digital Twins for Sustainable Infrastructure
Digital twins offer significant potential for future intelligent energy management because they can
represent physical infrastructure systems in virtual environments. Future research should develop
energy-focused digital twins capable of modeling demand, generation, storage, equipment performance,
and environmental conditions simultaneously.

Such models could enable infrastructure planners to test alternative energy strategies before
implementation. Future studies should also investigate scalable digital-twin solutions suitable for smaller
infrastructure systems where computational and financial resources may be limited.

8.3 Integrated Smart Energy Ecosystems

Future research should examine integrated energy ecosystems in which buildings, transportation
systems, industrial facilities, renewable resources, and storage systems communicate with one another.
Such integration could improve energy balancing across infrastructure networks and create new
opportunities for demand flexibility.

Research should also establish standardized sustainability indicators for evaluating intelligent
energy-management systems. Common indicators could support comparison across infrastructure
projects and help organizations assess energy savings, emissions reduction, resilience improvements,
lifecycle costs, and technological performance.

9. Limitations
This study is conceptual and primarily based on existing literature rather than direct empirical
measurements from operating infrastructure systems. Consequently, the identified benefits of intelligent
energy management should be interpreted as potential or comparative contributions rather than universal
performance outcomes. Actual results may vary depending on infrastructure type, climate, energy mix,
technological maturity, operational scale, and organizational capabilities.

The rapid development of Al, loT, storage, renewable energy, and digital-twin technologies also
creates limitations in maintaining a completely comprehensive technological perspective. Emerging
technologies may develop capabilities that are not fully represented in the established literature. Future
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empirical research using real-time infrastructure datasets, pilot projects, and longitudinal performance
measurements would strengthen the evidence base.

10. Conclusion

Intelligent energy management systems provide a powerful engineering pathway for improving the
sustainability, efficiency, and resilience of modern infrastructure. The integration of smart meters, loT
sensors, artificial intelligence, machine learning, predictive analytics, automated control, renewable
energy, and storage enables infrastructure systems to respond dynamically to changing energy
conditions. These capabilities can reduce unnecessary consumption, improve demand forecasting,
optimize energy resources, and support more reliable infrastructure operations.

The analysis demonstrates that individual technologies address different dimensions of energy
management. Smart monitoring improves energy visibility, Al enables prediction and optimization,
automated control facilitates real-time intervention, and renewable energy reduces dependence on
conventional energy sources. Storage and demand response provide flexibility by balancing energy
availability and consumption. The combination of these technologies can therefore produce stronger
sustainability outcomes than isolated technological deployments.

The transition toward intelligent energy infrastructure nevertheless requires coordinated
technological and organizational strategies. Investment in digital infrastructure must be accompanied by
interoperability standards, cybersecurity measures, workforce development, data governance, and long-
term planning. Future intelligent infrastructure is likely to increasingly integrate distributed renewable
energy, advanced storage, Al-based decision-making, and autonomous control. Such integrated systems
can support infrastructure development that is not only more energy efficient but also more adaptive,
resilient, and environmentally sustainable.

References

1. Huotari, M., Malhi, A., & Framling, K. (2024). Machine learning applications for smart building
energy utilization: A survey. Archives of Computational Methods in Engineering, 31, 2537-2556.
https://doi.org/10.1007/s11831-023-10054-7

2. Cespedes-Cubides, A. S., & Jradi, M. (2024). A review of building digital twins to improve energy
efficiency in  the  building operational stage. Energy Informatics, 7, 11.
https://doi.org/10.1186/s42162-024-00313-7

3. Arsecularatne, B. P., Rodrigo, N., & Chang, R. (2024). Digital twins for reducing energy
consumption in buildings: A review. Sustainability, 16(21), 9275.
https://doi.org/10.3390/su16219275

4. Yeom, S., Kim, J., Kang, H., Jung, S., & Hong, T. (2024). Digital twin (DT) and extended reality
(XR) for building energy management. Energy and Buildings, 323, 114746.
https://doi.org/10.1016/j.enbuild.2024.114746

5. Hernandez, J. L., de Miguel, 1., Vélez, F., & Vasallo, A. (2024). Challenges and opportunities in
European smart buildings energy management: A critical review. Renewable and Sustainable Energy
Reviews, 199, 114472. https://doi.org/10.1016/j.rser.2024.114472

6. Durillon, B., & Bossu, A. (2024). Environmental assessment of smart energy management systems
at distribution level—A review. Renewable and Sustainable Energy Reviews, 203, 114739.
https://doi.org/10.1016/j.rser.2024.114739

IJETD Website: www.ijetd.com Email: editor@ijetd.com 54


http://www.ijetd.com/
https://doi.org/10.3390/su16219275
https://doi.org/10.1016/j.rser.2024.114739

International Journal of Engineering & Tech Development

ll'} ] ‘ ’i.|
\l / Volume 1, Issue 4 — September-October - 2025 o E-ISSN: 3067-672X P-ISSN: 3067-669X

7. Khalid, M. (2024). Smart grids and renewable energy systems: Perspectives and grid integration
challenges. Energy Strategy Reviews, 51, 101299. https://doi.org/10.1016/].esr.2024.101299

8. Kiasari, M., Ghaffari, M., & Aly, H. H. (2024). A comprehensive review of the current status of
smart grid technologies for renewable energies integration and future trends: The role of machine
learning and energy storage systems. Energies, 17(16), 4128. https://doi.org/10.3390/en17164128

9. Biswal, B., Deb, S., Datta, S., Ustun, T. S., & Cali, U. (2024). Review on smart grid load forecasting
for smart energy management using machine learning and deep learning techniques. Energy Reports,
12, 3654-3670. https://doi.org/10.1016/j.eqyr.2024.09.056

10. Ghafoor, A., Aldahmashi, J., Apsley, J., Djurovi¢, S., Ma, X., & Benbouzid, M. (2024). Intelligent
integration of renewable energy resources review: Generation and grid level opportunities and
challenges. Energies, 17(17), 4399. https://doi.org/10.3390/en17174399

11. Zhou, X., Du, H., Xue, S., & Ma, Z. (2024). Recent advances in data mining and machine learning
for enhanced building energy management. Energy, 307, 132636.
https://doi.org/10.1016/j.energy.2024.132636

12. Ghanavati, F., Matias, J. C. O., & Osorio, G. J. (2024). Towards sustainable smart cities: Integration
of home energy management system for efficient energy utilization. Sustainable Cities and Society,
111, 105579. https://doi.org/10.1016/j.scs.2024.105579

13. Manjavacas, A., Campoy-Nieves, A., Jiménez-Raboso, J., Molina-Solana, M., & Gomez-Romero, J.
(2024). An experimental evaluation of deep reinforcement learning algorithms for HVAC control.
Artificial Intelligence Review, 57, 173. https://doi.org/10.1007/s10462-024-10819-x

14. Kong, J., Dong, Y., Zhang, Z., Yap, P.-S., & Zhou, Y. (2024). Advances in smart cities with system
integration and energy digitalization technologies: A state-of-the-art review. Sustainable Energy
Technologies and Assessments, 72, 104012. https://doi.org/10.1016/j.seta.2024.104012

15. Mischos, S., Dalagdi, E., & Vrakas, D. (2023). Intelligent energy management systems: A review.
Artificial Intelligence Review, 56, 11635-11674. https://doi.org/10.1007/s10462-023-10441-3

16. Himeur, Y., Elnour, M., Fadli, F., Meskin, N., Petri, I., Rezgui, Y., Bensaali, F., & Amira, A. (2023).
Al-big data analytics for building automation and management systems: A survey, actual challenges
and future perspectives. Artificial Intelligence Review, 56(6), 4929-5021.
https://doi.org/10.1007/s10462-022-10286-2

17. Chen, Z., Xiao, F., Guo, F., & Yan, J. (2023). Interpretable machine learning for building energy
management: A state-of-the-art review. Advances in Applied Energy, 9, 100123.
https://doi.org/10.1016/j.adapen.2023.100123

18. Shi, Q., Liu, C., & Xiao, C. (2022). Machine learning in building energy management: A critical
review and future directions. Frontiers of Engineering Management, 9(2), 239-256.
https://doi.org/10.1007/s42524-021-0181-1

19. Mariano-Hernandez, D., Hernandez-Callejo, L., Zorita-Lamadrid, A., Duque-Pérez, O., & Santos
Garcia, F. (2021). A review of strategies for building energy management system: Model predictive
control, demand side management, optimization, and fault detect & diagnosis. Journal of Building
Engineering, 33, 101692. https://doi.org/10.1016/j.jobe.2020.101692

20. Yu, L., Qin, S., Zhang, M., Shen, C., Jiang, T., & Guan, X. (2021). A review of deep reinforcement
learning for smart building energy management. IEEE Internet of Things Journal, 8(15), 12046—
12063. https://doi.org/10.1109/J10T.2021.3078462

IJETD Website: www.ijetd.com Email: editor@ijetd.com 55


http://www.ijetd.com/
https://doi.org/10.1016/j.esr.2024.101299?utm_source=chatgpt.com
https://doi.org/10.3390/en17164128
https://doi.org/10.1016/j.egyr.2024.09.056
https://doi.org/10.3390/en17174399
https://doi.org/10.1007/s10462-023-10441-3
https://doi.org/10.1007/s10462-022-10286-2?utm_source=chatgpt.com
https://doi.org/10.1016/j.adapen.2023.100123
https://doi.org/10.1016/j.jobe.2020.101692
https://doi.org/10.1109/JIOT.2021.3078462

