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Abstract.This review explores the growing impact of the Internet of
Things (IoT) on the energy sector, particularly in the context of renewable
energy generation and electric drive systems. IoT technology has rapidly
expanded into various sectors, including energy, smart cities, and industrial
automation, revolutionizing monitoring, control, and management
processes. In this paper, we examine the existing literature on IoT
applications in energy systems, with a focus on smart grids. We also delve
into the core IoT technologies, such as cloud computing and data analysis
platforms, that underpin these innovations. Additionally, we address
challenges associated with IoT implementation in the energy sector,
notably privacy and security concerns, and suggest potential solutions,
such as blockchain technology. Our findings provide valuable insights for
energy policy-makers, economists, and managers, offering a
comprehensive overview of how IoT can optimize energy systems.
Furthermore, we highlight IoT's expanding role in renewable energy and
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electric drive applications, enhancing performance monitoring,
management, and energy savings while also advancing research and
education in engineering.

1 Introduction

The history of industrial revolutions is characterized by significant shifts in energy
utilization, driving societal progress. In the first industrial revolution, newfound energy
sources like coal and steam power plants powered early industrialization. The second
revolution marked the era of mass production and electricity generation, with large-scale
factories and assembly line manufacturing taking center stage. The third revolution ushered
in computing and initial communication technologies, revolutionizing supply chains
through automation.

Today, we are on the brink of the fourth industrial revolution, driven by contemporary
technologies like 5G communication systems, intelligent robotics, and the Internet of
Things (IoT). IoT, in particular, stands as a transformative force, seamlessly
interconnecting devices, data, processes, and people, enabling quantifiability and
measurability across diverse domains. Among its many applications, [oT is poised to
reshape the energy sector, a critical component of modern life.

Recent years have seen a significant spike in global energy demand, resulting in record-
high carbon emissions from the energy sector. The looming threat of global warming, with
temperatures nearing the critical 1.5°C threshold, poses a grave concern for the planet and
its inhabitants. Addressing environmental issues, such as global warming, local air
pollution, and the depletion of fossil energy resources, necessitates a shift towards more
efficient energy use and widespread integration of renewable energy sources (RESs).

Energy efficiency, aligned with the United Nations Sustainable Development Goals agenda,
emerges as a cornerstone of sustainable development and long-term economic benefits.
Efficient real-time data analysis within the energy supply chain, encompassing resource
extraction, transformation, and end-user consumption, plays a pivotal role. IoT, equipped
with sensors and communication technologies, empowers this data-driven transformation,
enabling swift computations and informed decision-making. Furthermore, IoT facilitates
the transition from centralized to distributed, smart, and integrated energy systems—an
essential step for harnessing local, renewable energy sources like wind and solar power.

While previous research has often explored specific subsectors or IoT technologies within
the energy sector, our review takes a broader perspective, covering energy generation,
transmission, distribution, and the demand side. Our objective is to provide policymakers,
economists, energy experts, and managers with a comprehensive overview of [oT's
potential contributions and the challenges it poses across the entire energy landscape. To
achieve this, we begin by introducing the IoT framework and its enabling technologies,
setting the stage for a detailed exploration of IoT's role in the energy sector.

This paper subsequently delves into IoT's applications in energy systems, examines the
opportunities and challenges associated with IoT deployment, and offers insights into future
trends. Through this comprehensive review, we aim to illuminate how IoT-driven
innovations are shaping the landscape of renewable energy generation and electric drive
systems, providing a holistic perspective on the evolving energy sector.
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2 Review and discussion

In a study by Hossein et al. (2020), the role of IoT in the energy sector is discussed
comprehensively, focusing on various aspects of its applications, challenges, and future
trends [1][19]. The review article encompasses several sections, each highlighting specific
aspects of IoT's impact on the energy sector. Key findings of the study are as follows [3-
81[171:

Energy Generation:

o Automating Industrial Processes: In the 1990s, industrial processes in the power
sector began to incorporate IoT technologies, enhancing operational efficiency and
reducing the risk of production losses or blackouts.

o Challenges in Old Power Plants: Aging equipment and poor maintenance in the
power sector result in energy losses and unreliability. IoT sensors can detect
failures, abnormal decreases in energy efficiency, and the need for maintenance,
improving reliability and efficiency while reducing maintenance costs.

o Cost Savings: IoT-based power plants can save significant amounts of money
during their lifetime, and even existing plants can achieve substantial savings
when equipped with [oT platforms.

o Integration of Renewable Energy Sources (RESs): IoT systems help address the
intermittency challenge posed by weather-dependent renewable energy sources
like wind and solar. IoT enables balancing energy generation with demand,
optimizing the use of energy, and integrating various supply and demand
technologies.

o Artificial Intelligence (AI): Machine-learning algorithms, powered by IoT data,
optimize the balance of supply and demand technologies. For example, Al can
balance the output of thermal power plants with small-scale solar PV panels.

o Reduction of Fossil Fuel Use: IoT facilitates a more efficient use of energy
resources, reducing the need for fossil fuels.

Challenges in Energy Generation:

o Energy Consumption: [oT systems require a considerable amount of energy to
transmit data from massive numbers of devices. To address this, energy-efficient
communication protocols, radio optimization, and routing techniques are being
explored.

o Integration of IoT with Legacy Systems: Integrating IoT into existing energy
systems can be challenging due to variations in sensor technologies and data
communication methods across subsystems.

o User Privacy: Privacy concerns arise when gathering and sharing data about
energy consumption. Implementing user consent mechanisms and trusted privacy
management systems is essential.

o Security: The integration of IoT into energy systems increases the risk of
cyberattacks. Encryption schemes and distributed control systems are being
developed to enhance security.

o ToT Standards: The inconsistency in IoT device standards presents
interoperability challenges. Developing open information models and protocols is
crucial to address this issue.

o Architecture Design: IoT-enabled systems are complex and decentralized,
requiring heterogeneous reference architectures to accommodate different
applications and communication needs.
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Future Trends in Energy Generation:

o Blockchain and IoT: Blockchain technology offers decentralized and secure
solutions for IoT systems, addressing issues related to data privacy and security.
Blockchain can also facilitate software updates and energy trading in smart grids.

o Green IoT (G-IoT): Green IoT focuses on energy-efficient IoT designs and
practices throughout the life cycle, reducing energy consumption and electronic
waste. It includes strategies like sleep modes for devices, efficient communication
protocols, and optimization techniques.

Smart Cities:

o Urbanization Challenges: Urbanization and overpopulation bring concerns like air
and water pollution, energy access, and environmental issues.

o IoT Solutions: Smart cities leverage loT-based solutions to address these
challenges, connecting various components like smart factories, smart homes,
power plants, and farms.

o Data Monitoring: IoT helps gather data on energy consumption, enabling optimal
energy management by reallocating energy resources as needed to balance the
system efficiently.

o Energy-Efficient Street Lighting: IoT-connected vehicles enable control of street
lights, optimizing energy usage.

o Informed Decision-Making: Authorities can access [oT data to make informed
decisions on transportation choices and energy demand management.

o Energy-Efficient Transportation: Smart transportation systems powered by IoT
offer efficient and flexible options, reducing energy consumption and emissions.

Challenges in Smart Cities:

o Energy Consumption: [oT systems in smart cities require significant energy
resources to maintain connectivity. Implementing energy-efficient communication
networks and devices is essential.

o Data Integration: Integrating data from various smart city subsystems can be
complex due to differences in sensor technologies and data formats.

o User Privacy: Protecting the privacy of citizens' data in smart city applications is
critical. Consent mechanisms and robust privacy management systems are needed.

o Security: The interconnected nature of smart city components increases the
vulnerability to cyberattacks. Robust security measures, including encryption and
intrusion detection, are crucial.

o IoT Standards: The lack of uniform IoT standards can hinder interoperability
between smart city components.

o Architecture Design: Smart city systems are highly heterogeneous, requiring
adaptable reference architectures to accommodate various subsystems.

Future Trends in Smart Cities:

o Blockchain and IoT: Blockchain can enhance the security and privacy of data in
smart city applications, providing decentralized and trust-based solutions.

o Green IoT (G-IoT): Implementing energy-efficient IoT devices and
communication networks is crucial to reduce the overall energy consumption of
smart city systems.

Smart Grids:

o Modernization of Grids: Smart grids deploy secure and dependable ICT
technology to control and optimize energy generation, transmission, distribution,
and end usage.

o  Multi-Directional Data Flow: Smart grids enable multi-directional data flow,
allowing for optimal system management and efficient energy distribution.
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o IoT Applications: IoT plays a crucial role in various subsectors of the energy
system, including energy generation, buildings, transportation, and more.

o Real-Time Monitoring: 10T helps detect and alert operators to potential problems,
allowing for real-time adjustments in energy distribution and consumption.

o Reduction of Transmission Losses: Smart grids reduce losses in transmission and
distribution networks through active voltage management and smart meters.

o Collaborative Impact: loT-based smart grids enable collaborative communication
between different sectors, enhancing system reliability and energy efficiency.

Challenges in Smart Grids:

o Energy Consumption: IoT systems in smart grids demand significant energy
resources for data transmission. Energy-efficient communication protocols and
device optimizations are needed.

o Integration of IoT with Subsystems: Integrating IoT into diverse subsystems of
the energy sector poses challenges due to variations in sensor technologies and
data communication methods.

o User Privacy: Protecting user data and ensuring privacy when gathering
information on energy consumption is essential.

o Security Challenge: The interconnected nature of smart grids increases the
vulnerability to cyberattacks. Encryption schemes and distributed control systems
can mitigate security risks.

o IoT Standards: Inconsistent [oT standards create interoperability challenges.
Developing open standards and information models is vital.

o  Architecture Design: Smart grids require adaptable architectures to accommodate
various applications and communication needs, given their complexity.

Future Trends in Smart Grids:

o Blockchain and IoT: Integrating blockchain technology can enhance security,
privacy, and data sharing in smart grids, enabling secure peer-to-peer energy
transactions.

o Green IoT (G-IoT): Implementing energy-efficient IoT devices and
communication networks is crucial to reduce overall energy consumption in smart
grids.

The study by Hossein et al. (2020) underscores the transformative potential of IoT in the
energy sector, ranging from improving energy generation and distribution to making cities
more energy-efficient and enhancing grid reliability [2][18]. It also highlights the
challenges associated with IoT adoption, including energy consumption, integration with
existing systems, user privacy, security, and standardization. Finally, the article introduces
future trends like blockchain integration and green IoT as potential solutions to address
these challenges and promote sustainable energy practices.

Another study by loannides et al. (2021) delves into the integration of Internet of Things
(IoT) technologies with renewable energy generation, with a specific focus on wind energy
generating units and electric drives. The relevance of this study to our review article lies in
its exploration of IoT's role in the energy sector, particularly in smart grids for energy
systems like wind and solar power stations. It was presented at the 19th International
Conference on Renewable Energies and Power Quality. Here's a summary of the study's
key points in bullet points [9-12]:

IoT Integration in Renewable Energy:
e The study explores how IoT technologies can be integrated into renewable energy
systems, with a specific focus on wind energy generators and electric drives.
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e [oT is recognised for its rapid development in monitoring, control, and
management across various sectors, including Smart Cities, Energy, Environment,
and Transport.

e The authors highlight the emergence of new sectors within renewable energy
systems, industrial motion drives, sensors, and actuators.

e Specific IoT applications are designed and developed for wind energy generating
units and electric drives, aiming to enhance monitoring and management of
performance.

e The study suggests that incorporating IoT technologies into control systems,
particularly in motor drives and wind energy systems, can lead to potential energy
savings.

IoT in Smart Grids:

e The role of IoT in the energy sector, especially in smart grids of energy systems
like wind and solar power stations, is underscored.

e These systems are considered parts of the Industrial Internet of Things (IloT),
focusing on monitoring and managing equipment, including electric generators
and motors.

e IIoT contributes to efficiency improvement and real-time decision-making by
monitoring subsystems, preventing failures, and enhancing overall performance.

Educational Implications:

e The authors discuss the educational implications of IoT advancements,
emphasising the need to update educational laboratory infrastructure.

e [oT's integration in electrical machines and the automation of drive systems is
highlighted.

e The study presents two experimental configurations developed in their Laboratory
of Electric Drives: one involving the control of a 3-phase induction motor over the
Internet, and the other focusing on a 3-phase double output induction generator
driven by an external prime mover, such as a wind turbine.

Conclusion:

o Joannides et al. (2021) showcase the potential of IoT in revolutionising the
renewable energy sector, particularly in wind energy generation and electric
drives.

e The integration of IoT not only promises improved efficiency and performance but
also offers new avenues for research and education in the field of energy
engineering.

This study by loannides et al. (2021) aligns with our review article's exploration of IoT's
significance in the energy sector, particularly its applications in renewable energy systems,
further emphasising the transformative potential of IoT technologies.

3 Future Scope of Research

In the realm of future research opportunities, the integration of Internet of Things (IoT)
with renewable energy systems presents a promising path. Here's an introductory paragraph
followed by pointers for future scope of research:

As our exploration of the study by loannides et al. (2021) has demonstrated, IoT holds
immense potential in revolutionising the renewable energy sector, particularly in the
context of wind energy generation and electric drives. Building on this foundation, future
research can further explore and expand the horizons of IoT applications in the energy
domain. The following points outline the potential avenues for future research:
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e Advanced IoT Integration: Investigate more advanced methods and technologies
for seamlessly integrating IoT into various aspects of renewable energy systems,
such as solar power stations and hydroelectric plants.

e Energy Storage Solutions: Explore IoT-driven solutions for efficient energy
storage and management, addressing the intermittency challenge associated with
renewable energy sources.

e Grid Resilience: Research on enhancing the resilience and reliability of smart
grids through IoT, especially in regions prone to extreme weather events and
natural disasters.

e Machine Learning Integration: Study the integration of machine learning and
artificial intelligence with IoT in energy systems to enable predictive maintenance
and optimal energy distribution.

e Cybersecurity in Energy IoT: Focus on developing robust cybersecurity
measures to safeguard IoT-enabled energy systems from potential cyber threats
and vulnerabilities.

4 Knowledge Gaps

In the pursuit of advancing our understanding of [oT's role in the energy sector, it's essential
to identify the existing knowledge gaps. Here's an introductory paragraph followed by
pointers highlighting these gaps:

While IoT's potential in the energy sector is becoming increasingly evident, it's crucial to
acknowledge the existing gaps in our knowledge and research. Identifying these gaps is
vital for directing future studies and ensuring a comprehensive grasp of the subject matter.
The following points outline some of the notable knowledge gaps:

e IoT Standardisation: The standardisation of IoT technologies and protocols in
the context of energy systems remains a challenge, and further research is needed
to establish unified standards.

e Energy Consumption Monitoring: There is room for research in developing
more accurate and efficient methods for monitoring and reducing energy
consumption within IoT devices and networks.

e Privacy Concerns: The study by loannides et al. (2021) touches on privacy
concerns but does not delve deeply into potential solutions. Research into effective
privacy-preserving mechanisms for IoT in energy systems is essential.

e Economic Viability: While the potential for energy savings is acknowledged,
further studies are needed to assess the economic viability and return on
investment of implementing IoT in energy infrastructure.

o Interdisciplinary Collaboration: Exploring the interdisciplinary collaboration
between energy engineering and loT technology development could uncover
innovative solutions and methodologies for sustainable energy systems.

These identified knowledge gaps pave the way for future research to address critical issues
and contribute to the effective integration of IoT in the energy sector.

5 Conclusion

In our exploration of the integration of Internet of Things (IoT) technology in the energy
sector, we have unearthed several key findings that shed light on the transformative
potential of this convergence. These findings not only validate the relevance of our research
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but also pave the way for a more sustainable and efficient energy landscape. Here are the
six key findings:

1. IoT's Expansive Role: I10T's applications in the energy sector extend far beyond
mere monitoring and control; it permeates every facet of the energy ecosystem,
from generation and distribution to end-user consumption.

2. Renewable Energy Revolution: IoT is poised to play a pivotal role in
accelerating the transition to renewable energy sources. Studies by Hossein et al.
(2020) and Ioannides et al. (2021) showcase its significance in increasing the
efficiency and reliability of wind, solar, and other renewable power generation
units.

3. Smart Grid Advancements: The emergence of smart grids, as highlighted by
Hossein et al. (2020), underscores the importance of IoT in enhancing energy
distribution and management. These grids can respond in real-time to fluctuations
in energy supply and demand, ensuring a stable and resilient energy infrastructure.

4. Energy Efficiency and Savings: Both studies emphasise the potential for
significant energy savings through the implementation of IoT. By detecting
inefficiencies, predicting maintenance needs, and optimizing energy consumption,
IoT contributes to a more sustainable energy future.

5. Challenges and Knowledge Gaps: Our exploration has also revealed critical
challenges, including standardisation, privacy concerns, and energy consumption
monitoring. Addressing these challenges, as outlined in our knowledge gaps
section, is essential for the successful integration of IoT in the energy sector.

6. Interdisciplinary Synergy: The research by loannides et al. (2021) underscores
the need for interdisciplinary collaboration, bridging the domains of energy
engineering and IoT technology development. This synergy promises innovative
solutions and methodologies for a sustainable energy ecosystem.

As we reflect on these findings, we reaffirm the significance of our research in contributing
to the growing body of knowledge surrounding IoT in the energy sector. Our abstract,
penned earlier, succinctly captures the essence of our study, emphasising the critical role of
IoT in shaping a more efficient, sustainable, and interconnected energy landscape. In an era
where energy efficiency and sustainability are paramount, our research stands as a
testament to the potential of [oT to drive transformative change in the energy sector.
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