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ABSTRACT 

Power system management is changing as a result of IoT incorporation into smart grids, which is providing 

new levels of efficiency and dependability. The IoT facilitates smooth communication between platforms and 

components, enabling real-time grid maintenance tracking and management. Improved load distribution, 

faster problem detection, and improved energy management are all results of this increased connectedness. 

Predictive maintenance is further supported by IoT-driven analytics, which lowers the possibility of unplanned 

outages and raises stability of the grid overall. IoT is essential in helping SGs become more resilient and 

demand-adaptive by maximizing energy flow and minimizing losses. This study examines how the IoT is 

essential to improving the dependability and effectiveness of SGs, emphasizing significant advancements and 

useful uses. 
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1. INTRODUCTION 

By leveraging contemporary technology for communication and information, the smart grid design 

overcomes energy demand and conventional grid problems such as centralized generation, bidirectional 

transmission, and a lack of autonomous incident assessment [1]. IoT has gained attention recently and has 

been considered to be the fourth wave of industrialization. IoT is a term that stresses creating links among 

objects and people rather than just a technology [2, 3]. Ref. [4] highlighted the difficulties presented by large-

scale systems, goes into extensive detail on present and upcoming trends and issues with IoT decision-making. 

Since globalization connections are not limited to electricity, they enhance use throughout all energy 

sources, contributing to ecological conservation and mitigating climate change [5]. Numerous studies have 

examined the IoT function and associated issues in various social domains in the past few years. The findings 

in [6] have shown that only a few nations possess the capability, while, it is necessary to enhance and 

implement new technologies in communication sections too. 

Three essential components make up the IoT system: intelligent processing, dependable transmission, and 

extensive sense [7]. The lack of standardized protocols and interoperability between different IoT devices and 

platforms hampers seamless integration and scalability of smart grids. In [8], focused concept of IoT in 

distribution grids, frameworks of IoT approaches, such as SST, and ICT to enhance grids efficiency in different 

sections, like communication. SGs improve convenience, safety, and savings on energy with digitization, 

monitors, and wireless controls, so IoT’s capacity to connect numerous sensors, data can be collected and 

analyzed in real time, resulting in more creative and straightforward users’ structures [9]. Another aspect 

which can be helpful for safety of power system is implementing alarms devices for detection and identification 

of faults. 

mailto:alirezazabihii73@gmail.com


 

 

 

https://mee.cdsts.ir Page 2 

 

The HEMS-IoT smart energy management system uses information and ML to maximize consumption of 

energy, spot patterns in behavioral patterns, and guarantee building occupant satisfaction [10]. Industries and 

professions could be impacted by AI and IoT. Because AI approximates human brain activity and makes 

judgments, it secures networks, systems, and IoT gadgets [11], while authorities, and governments 

internationally can recognize IoT guidelines to play important role in application of it in sectors [12]. There 

are numerous studies that discussed different resources, like PV in power systems [13], PV, WT, PHEV [14], 

hydropower [15], so IoT in power generation enhances real-time monitoring, predictive maintenance, and 

efficient energy management for systems like PV, WT, PHEV, and hydropower, leading to improved reliability 

and optimization of resources. However, challenges include data security vulnerabilities, integration 

complexities, and the need for robust infrastructure to handle vast data streams. 

It is evident based on examined documents that no thorough investigation has been conducted into the 

issues and difficulties surrounding SGs based on IoT. Therefore, the goal of this thorough study is to examine 

the state, prospects, and difficulties that SG's applications for IoT currently encounter. 

2. SG's FRAMEWORK 

High power capacity, reliability, efficacy, adaptability, and minimal ecological effect are requirements for 

advanced power systems. These demands are too great for conventional structures, which has sparked an 

upward trend in distributed generation and SG technology [16]. Using software packages for administration, 

maintenance, execution, and servicing, the seven parts that make up the conceptual framework of SG comprise 

generation, transmission, distribution, consumer, marketplace, administrator, and provider of services [17]. 

It is clear that to enhance each approach the researchers, and engineers should consider applications, and 

hardware. Fig. 1 presents different parts in SGs. Application of IoT in smart buildings are presented in Fig. 2. 

 

 
Fig. 1. Variety sections in SGs 

 

 
Fig. 2. IoT in smart buildings in SGs 
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Fig. 3. Automated energy management system 

 

An automated energy management system, or smart grid, is represented by information and control in 

Figure 3. Smart devices and sensors are the first to collect statistics from the electrical markets. After having 

been processed by ICT infrastructure, the data is sent to a data center for processing. After analysis, the data 

is utilized for automation, which may involve making real-time adjustments to procedures. A continuous loop 

of data collection, analysis, and control for the best possible energy management is created by the system 

feeding back into itself. 

 

3. CHALLENGES & ADVANTAGES OF SG-IoT  

IoT adoption in SGs has several benefits, such as improved energy effectiveness and communication, which 

save money and time for households and electricity alike. Additionally, it improves the standard of living by 

facilitating smooth integration between RESs and ESUs and offering improved management and oversight. 

These advantages nevertheless come with drawbacks, such as the difficulty of integrating different systems and 

the large deployment expenditure. Given that IoT devices are susceptible to cyberattacks, security and privacy 

considerations are still very important. Interoperability is further complicated by the usage of several protocols 

and standards, and handling the enormous volume of data provided presents serious difficulties. Ultimately, 

as the grid grows, scaling problems appear, necessitating detailed preparation to preserve reliability as well 

as efficiency [18-22]. Pros and cons of SG-IoT are listed in Table 1. The importance of important innovations 

in SGs are mentioned in Table 2. 

 

Table 1. Pros and cons of SG-IoT 

Advantages Challenges  

Communication Complexity 

Energy efficiency High investment 

Save money and time Security & privacy 

Life quality Diverse protocols and standards 

Enhanced monitoring and control Data management challenges 

Integration of RESs and ESUs Scalability Issues 

 

Table 2. Key technologies and their role in SGs 

Smart Gadget Approach Implementation 

AMI Smart metering, internet connections, and 

information management platforms allow 

energy and consumers to communicate in 

both directions. 

Remote metering established, on-site 

administration, and electrical safety 

control 
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PMU Continuous measurements from several 

remote sites are synchronized using a 

single-time basis, collecting between 

thirty and sixty samples each second. 

 

Utility measurement 

WAMS The information that PMUs gather is 

processed by a program host. 

 

Grid resilience 

 

SCADA Individually and automatically Surveillance and alerting 

 

In contemporary SGs, smart devices such as AMI, PMU, WAMS, and SCADA are essential components. 

Through smart metering and internet connections, AMI facilitates two-way communication between energy 

providers and users, enabling remote metering and safety control. By coordinating ongoing measurements 

and data being processed, PMUs and WAMS improve grid adaptability, while SCADA offers both automated 

and individual surveillance and alerting features for efficient grid management [23]. 

4. FUTURE SCOPE 

IoT in smart grids has a huge and developing horizon ahead of it, with an enormous opportunity to improve 

sustainability, dependability, and profitability. These advantages can be increased even more through the 

incorporation ML and AI within SGs. According to Fig. 4, the future scope of energy management focuses on 

several key advancements. These include advanced grid automation and self-healing grids, which enhance 

reliability and efficiency. Additionally, the integration of RES and DER is crucial for optimizing energy 

distribution. Improved consumer interaction and demand forecasting will further support enhanced energy 

management and dynamic pricing strategies. 

A major opportunity to improve sustainability, dependability, and profitability is presented by the 

integration of IoT into smart grids. These advantages can be improved even more by integrating AI and ML. 

Grid tracking and control, distribution automated processes, energy management systems, intelligent metering 

and AMI, and other sectors are significant domains of acceptance. The effectiveness and effectiveness of energy 

management in smart grids will be revolutionized by such innovations are shown in Fig. 5. 

 

 
Fig. 4. Future outlook of SGs-IoT 
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Fig. 5. AI and ML Incorporation 

 

The integration of IoT and ML in smart grid sections presents challenges such as data security, 

interoperability, data management, scalability, integration complexity, and skill gaps. To address these issues, 

advanced encryption, authentication, and access control measures are recommended. Common standards and 

protocols for IoT communication and middleware solutions can bridge different systems. Scalable cloud 

storage solutions and edge computing can handle large data volumes efficiently. Modular and flexible solutions 

can be adopted gradually, and specialized skills and expertise can be cultivated through training and 

development programs. This integration can enhance grid stability, reliability, and automation. 

 

5. CONCLUSION  

Traditional electricity networks must undergo substantial modifications in order to implement the IoT-SG 

concept. These modifications include the use of big data, data processing, security, and operating technologies 

like sensors and controls. The IoT-SG initiative, which increases the profitability and effectiveness in the 

electricity sector and gives users greater influence over SGs, is the result of the convergence of information 

and management capabilities. It does, however, confront difficulties with data management, grids 

management, interconnection, privacy of data, and the absence of international standards. This article 

examines these issues and advantages, some approaches, future scope for SGs based on IoT with ML, and AI 

in different parts. To reduce concerns regarding safety, upcoming advances in cloud computing, big data 

implementation, issues related to privacy, safeguards, and communication protocols should be better 

developed.  

 

Abbreviation Definition 

IoT Internet of Things 

SGs Smart Grids 

ICT Information and Communication Technology 

SST Smart Sensor Technology 

ML Machine Learning 

HEMS Home Energy Management System 

AI Artificial Intelligence 

ITs Information Technologies 

AMI Advanced Metering Infrastructure 

EMS Energy Management System 

RESs Renewable Energy Sources 

ESU Energy Storage Unit 

PMU Phasor Measurement Unit 

CAMS Comprehensive Area Monitoring System 

SCADA Supervisory Control and Data Acquisition 

DER Distributed Energy Resources 

PV Photovoltaic 
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WT Wind turbine 

PHEV Plug-in Hybrid Electric Vehicle 
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