
International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 6895-6897 June 2025 

 

International Journal of Research Publication and Reviews 

 

Journal homepage: www.ijrpr.com ISSN 2582-7421 

 

 

An Overview of IoT-Based Energy Monitoring Systems 

Desham Sai Nivas, Gutha Sriharsha, Eslavath Srinu Nayak, Korra Harilal, Yamijala Praneeth, 

R.Vamshi Krishna 

UG Students, Department of EEE, Geethanajali College of Engineering and Technology, 22r11a0211@gcet.edu.in* 

 

 ABSTRACT : 

Energy monitoring systems have been transformed by the Internet of Things (IoT), which makes it possible to collect, analyze, and control data in real time. In the 

commercial, industrial, and residential sectors, these systems support demand-side management strategies, lower operating costs, and improve energy efficiency. 

The design, architecture, communication protocols, and applications of Internet of Things-based energy monitoring systems are all thoroughly covered in this paper. 

Smart meters, wireless sensor networks, cloud platforms, and data analytics tools are among the essential elements that are examined. It also draws attention to the 

technical difficulties with the sensors' own scalability, data privacy, interoperability, and energy consumption. The study ends by outlining new developments in 

the field, including edge computing, AI integration, and blockchain applications in IoT-based energy systems. 

Keywords: IoT, Energy Monitoring, Smart Meters, Wireless Sensor Networks, Cloud Computing, Home Automation, Demand Side Management, 

Energy Analytics 

1.Introduction 

The development of intelligent energy monitoring solutions has accelerated due to the global focus on sustainable energy use. Conventional energy 

monitoring systems lack automation and real-time feedback because they are frequently manual and centralized. With the introduction of a network of 

interconnected devices that can communicate, compute, and work together to monitor and control energy consumption in real time, the Internet of Things 

(IoT) has brought about a paradigm shift in this regard. 

IoT-based energy monitoring systems allow for continuous electrical parameter tracking, analysis, and optimization, which promotes efficient power 

usage. These systems are used in residences, workplaces, public infrastructure, and industries. They support cost optimization, demand-side energy 

management, and predictive maintenance. 

The architecture, communication protocols, and practical uses of Internet of Things-based energy monitoring systems are examined in this paper. It offers 

an outlook on upcoming trends influencing the field and delves deeper into the main opportunities and challenges. 

2. Literature Review: 

The use of IoT in energy management has been the subject of numerous studies. In order to minimize energy waste, Al-Ali et al. (2012) suggested an 

Internet of Things (IoT)-based smart home energy management system that makes use of microcontrollers and wireless communication. Gungor et al. 

(2010) talked about the opportunities and problems of wireless sensor networks (WSNs) in smart grids, with an emphasis on energy efficiency and 

communication dependability. 

A wireless real-time energy monitoring platform for residential use was demonstrated by Pipattanasomporn et al. (2012). Customers were able to monitor 

consumption in real time and modify usage patterns as necessary thanks to their system. Siano (2014) investigated the incorporation of dynamic pricing 

in energy systems made possible by Internet of Things devices in a different study. 

Palensky and Dietrich (2011) examined recent advancements that demonstrate the influence of smart technologies on consumer behavior, such as the use 

of machine learning (ML) for load prediction and cloud-based dashboards for visualization. 

Despite these developments, there are still gaps in areas like standardization, secure data transmission, and low-power operation of IoT nodes, which 

encourages more study. 

http://www.ijrpr.com/


International Journal of Research Publication and Reviews, Vol 6, Issue 6, pp 6895-6897 June 2025                                     6896 

 

 

3. IoT-based Energy Monitoring System Architecture: 

The following layers make up a typical Internet of Things-based energy monitoring system: 

a) The Sensing Layer 

This layer gathers information about power usage, device status, and environmental factors and is made up of smart meters, voltage/current sensors, 

temperature probes, and motion detectors. 

b) The Network Layer 

manages the transfer of sensor data to distributed or centralized processing units. Wi-Fi, Bluetooth Low Energy (BLE), ZigBee, LoRaWAN, and NB-IoT 

are examples of common protocols. 

c) Processing Layer Data aggregation 

 local analytics, and cloud server communication are handled by microcontrollers or embedded computers such as Raspberry Pi and ESP32, which act as 

gateways. 

d) The Cloud/Storage Layer  

It uses open-source alternatives like ThingsBoard or platforms like AWS IoT and Google Firebase to store and process both historical and real-time data.. 

e) Layer of Application 

offers user interfaces for scheduling devices, displaying energy data, sending out consumption alerts, and automating tasks with web and mobile 

applications. 

4. Communication Protocols and Standards: 

 To ensure interoperability, IoT-based energy systems depend on a number of communication standards, including: 

ZigBee: Ideal for low-power, short-range home automation networks. 

LoRaWAN: Perfect for low-bandwidth rural energy monitoring over long distances. 

In smart cities, NB-IoT is utilized for cellular-based applications. 

Cloud servers and edge devices communicate via lightweight messaging protocols like MQTT and CoAP. 

Industrial energy systems frequently use Modbus/RS-485 for dependable wired communication. 

Large-scale deployments face integration challenges because standardization is still developing. 

5. Difficulties with Energy Monitoring Systems Based on IoT: 

a) IoT Device Energy Consumption 

Ultra-low-power designs are necessary for many battery-operated sensors in order to guarantee a long operational life without the need for frequent 

maintenance. 

b) Security and Privacy of Data 

Patterns of consumption in real time can provide insight into user behavior. It is essential to guarantee secure access control and encrypted communication. 

c) Interoperability and Scalability 

It gets harder to maintain dependable communication and smooth data integration as the number of devices rises. 

d) Deployment Cost 

Smart meter, gateway, and cloud subscription initial costs could be prohibitive, particularly for small-scale or rural applications. 

e) Bandwidth and Latency Restrictions 

Real-time monitoring capabilities may be impacted by high latency or poor connectivity in remote areas. 

6. Uses and Advantages: 

 a) IoT devices in the residential sector 
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They offer energy-saving advice, appliance-level monitoring, and real-time feedback through smartphone apps. 

b) Manufacturing Establishments 

Turn on load analysis, anomaly detection, and predictive maintenance to stop equipment failure and streamline procedures. 

c) Intelligent Campuses and Buildings 

For demand-based energy use, combine occupancy sensors, lighting controls, and HVAC systems. 

d) Grids and Public Utilities 

Assist utilities with time-of-use pricing, energy theft detection, and consumption trend analysis. 

7. Future Directions and Suggestions: 

 a) Integration of AI and Machine Learning 

AI can identify anomalies, automate responses, and forecast load trends using historical data. 

b) Computing at the Edge and Fog 

Local data processing lowers latency and eases cloud bandwidth demands. 

c) Energy Transactions on Blockchain 

permits peer-to-peer trading in smart grids and safe, decentralized energy billing. 

d) Frameworks for Interoperability and Standardization 

Global standards, such as IEEE 1451 and ISO/IEC 30141, are necessary to guarantee vendor-neutral compatibility. 

e) Reasonably priced Designs with Low Power 

System adoption will increase with the development of energy-efficient microcontrollers and communication modules. 

8. Conclusion:  

By using intelligent sensing, processing, and control, Internet of Things-based energy monitoring systems provide a revolutionary method of controlling 

electricity consumption. These systems must get past obstacles relating to technology and policy, even though they offer substantial advantages in terms 

of energy conservation, cost savings, and consumer empowerment. Blockchain, edge computing, and artificial intelligence are examples of emerging 

technologies that are well-positioned to overcome these constraints and improve future capabilities. Realizing the full potential of IoT in the energy sector 

requires ongoing research, standardization, and stakeholder collaboration. 
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