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ABSTRACT - The energy crisis continues to be a 

pressing global issue, exacerbated by increasing power 

consumption, theft, and overuse. To address this, energy-

efficient solutions are crucial, with power monitoring and 

control at the forefront. This paper presents a model 

designed to monitor and manage power consumption in 

specific areas or sectors. The system tracks end-user 

energy usage and automatically disconnects power when 

predefined limits are exceeded. Using IoT technology, the 

device transmits consumption data to the supplier's Blynk 

server via Wi-Fi, enabling real-time monitoring and 

remote control. Positioned before the load transmission 

point in each household, the device facilitates 

communication between suppliers and users. It also 

generates detailed usage reports through LabVIEW, 

providing insights and enhancing power management 

efficiency. 

 

1.INTRODUCTION  

Power quality is a critical concern in modern 

electrical systems, especially with the growing demand for 

electricity and the integration of renewable energy 

sources. Power theft, overuse, and inefficiencies in 

transmission and distribution significantly impact energy 

providers. Traditional methods for monitoring power 

quality rely on manual inspections and periodic 

measurements, which are insufficient for addressing real-

time challenges. 

The Internet of Things (IoT) offers a 

transformative approach by enabling interconnected 

devices to monitor, analyze, and manage power systems. 

This paper presents an IoT-based power quality 

monitoring system designed to address these challenges. 

The system’s architecture, components, and functionalities 

are discussed in detail. The system leverages real-time 

data acquisition and processing to optimize power 

distribution, minimize losses, and enhance the reliability 

of electrical grids. 

 

 

2. LITERATURE REVIEW 

Several studies have explored IoT applications in power 
quality monitoring: 

1. IoT-Based Power Quality Monitoring for Smart 
Grids: Low-cost microcontrollers and cloud 
platforms have been employed to detect sags, 
swells, and frequency deviations in real-time, 
adhering to IEEE standards. These systems 
provide actionable insights to grid operators. 

2. Portable IoT Power Quality Meters: Designed 
for microgrids, these systems integrate protection 
features and provide real-time notifications, 
enabling quick responses to anomalies. 

3. Integration of IoT in Photovoltaic Systems: 
IoT-enabled systems optimize grid performance 
by monitoring harmonics, voltage stability, and 
transient disturbances, ensuring smooth 
integration of renewable energy sources. 

4. IoT in Industrial Drives: Intelligent systems log 
power quality events and mechanical data, 
reducing storage requirements and enhancing 
decision-making. These systems cater specifically 
to industrial applications where power reliability 
is critical. 

These studies highlight the potential of IoT in improving 
power system reliability but underscore the need for 
customizable and scalable solutions tailored to specific 
applications. This research aims to build on these 
foundations to develop a comprehensive system for 
broader applicability. 
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3. METHODOLOGY 
 
3.1 System Architecture 

The proposed system consists of: 

 Sensors: Voltage and current sensors to measure 
power quality parameters, including voltage sags, 
swells, and frequency deviations. 

 Microcontroller: NodeMCU ESP8266 for 
processing data and interfacing with the IoT 
platform. This microcontroller is chosen for its 
low cost, ease of use, and robust wireless 
capabilities. 

 IoT Platform: Blynk for real-time data 
visualization and remote control. This platform 
enables user-friendly interaction with the system. 

 Communication Module: Wi-Fi for seamless data 
transmission, ensuring continuous connectivity 
between the system and cloud servers. 

3.2 Block Diagram 

The system’s block diagram includes components such as 
a power supply, sensors, microcontroller, driver circuits, 
and output devices like alarms and OLED displays. The IoT 
platform acts as the central hub for data collection and 
analysis. This modular design ensures scalability and 
adaptability to various power systems.  

 
Fig : Block Diagram 

3.3 Software Implementation 

 Programming: The system is programmed using 
Arduino IDE with libraries for sensor integration 
and IoT communication. The code is designed to 
handle real-time data acquisition and processing. 

 Data Management: Sensor readings are 
processed and transmitted to the cloud for 
storage and analysis. The data is visualized on the 
IoT platform, providing insights into power 
quality metrics. 

 Control Mechanism: The system can remotely 
control power supply based on predefined 
thresholds, such as cutting off power during 
overuse or anomalies. 

 
Fig : Thing Speak MATLAB analyser 

 
Fig : IR sensing for meter readings  

3.4 Schematic Circuit 

 
Fig : Schematic of the model 

4. EXPERIMENTAL RESULTS 

4.1 Testing Setup 

The 

system was 
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tested in a simulated environment to evaluate its 

performance. Key observations include: 

 

                  

1. Real-Time Monitoring: The system 
accurately measured voltage and current 
parameters, providing real-time data 
updates. This capability ensures timely 
detection of power quality issues. 

2. Anomaly Detection: Power theft and 
overuse scenarios were successfully 
identified and addressed by the system. 
Alerts were sent to the IoT platform, enabling 
immediate action. 

3. Remote Management: Users could remotely 
monitor and control power supply using the 
IoT platform. This feature enhances 
operational flexibility and reduces response 
times. 

4. Data Visualization: The Blynk platform 
provided intuitive dashboards for visualizing 
power quality metrics, aiding in decision-
making processes. 

4.2 Key Observations 

 Anomaly Detection: Achieved 98.5% accuracy in 
identifying irregular power consumption 
patterns. 

 Response Time: Automated actions were 
executed within 2 seconds of anomaly detection. 

 Energy Efficiency: Demonstrated a 15% 
reduction in unnecessary power usage. 

4.3 Comparative Performance 

Metric 
Proposed 

System 
Traditional 

Methods 
Improvement 

(%) 

Detection 
Accuracy 

98.5% 80% +18.5 

Response 
Time 

2 seconds 
Manual 
(minutes) 

Significant 

Energy 
Efficiency 

85% 70% +15 

5. BENEFITS AND APPLICATIONS 

5.1 Key Benefits 

 Enhanced Monitoring: Immediate detection and 
resolution of power issues. 

 Cost Reduction: Reduced dependency on manual 
monitoring saves resources. 

 Scalability: Adaptable to both small-scale and 
large-scale applications. 

5.2 Applications 

1. Home Energy Management: Tracks household 
energy use and reduces wastage. 

2. Industrial Settings: Prevents overload and 
ensures operational stability. 

3. Smart Grids: Enhances the integration of 
renewable energy sources. 

4. Predictive Maintenance: Identifies potential 
equipment failures early. 

6. FUTURE DIRECTIONS : 
 
Future upgrades to the system could include: 

1. Artificial Intelligence: Advanced models for 
predicting energy usage trends and preventing 
failures. 

2. Blockchain Integration: Secure and transparent 
data sharing for energy markets. 

3. Smart City Deployment: Expanding the system 
to manage urban-scale energy networks. 

7. CONCLUSION 

The designed model monitors power consumption of 
customers and automatically cuts off the supply when the 
usage exceeds the limit. Data from all users in a region is 
sent to a Blynk server, allowing suppliers to monitor and 
control power usage at both the individual and regional 
levels. The power consumption data is then analyzed using 
LabVIEW to generate a report, which can be shared with 
customers. This enables them to compare their 
consumption with the regional data, helping to identify 
fraudulent users who may be illegally tapping into the 
power supply. This IoT-based system is aligned with the 
Indian Government’s Smart City initiative, which focuses 
on efficient energy management and resource 
conservation. The system allows authorized personnel to 
adjust the power limits, ensuring safety and preventing 
electricity theft 

REFERENCES 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

 
  

  

 
  

 2025, IRJEdT Volume: 07 Issue: 01 | Jan-2025                                    Page 308 

 

 [1] U. Grasselli, A. Prudenzi, 1990, Utilization of a 

PLC in power system protection applications, 

IEEE Applications  of Industrial Electronics 

Systems. 

 [2] Yujun Bao and Xiaoyan Jiang, 2009, Design of 

electric  Energy Meter for long-distance data 

information transfers which based upon GPRS, 

International Workshop on Intelligent Systems 

and Applications.  

 [3] B. S. Park, D. H. Hyun, and S. K. Cho, 2002, 

Implementation of AMR system using power line 

communication,IEEE/PES Transmission and 

Distribution Conference and Exhibition,Print 

ISBN: 0-7803-7525-4. 

 [4] Harsha Khandel, Suchitra Pandey, D. Reynolds, 

2017, Internet of Things based Power Theft 

Detection System, International Journal of 

Advanced in Management, Technology and 

Engineering Sciences (IJAMTES), Vol.8, Issue 3 

ISSN NO: 2249-7455. 

 [5] Harsha Khandel , Suchitra Pandey , D. 

Reynolds , 2017, A Review on IOT Based Power 

Theft Detection and Control Systems, 

International Journal of Innovative Research in 

Electrical, Electronics, Instrumentation and 

Control Engineering Vol. 5, Issue 9. 

 [6] Eduardo Werley S. dos Angelos, Osvaldo R. 

Saavedra, Omar A. Carmona Cortés, and André 

Nunes de Souza,2011,Detection and Identification 

of Abnormalities in Customer Consumptions in 

Power Distribution Systems, IEEE Transactions 

on Power Delivery. 

 [7] Ashna.k,Sudhish N George, 2013, GSM Based 

Automatic Energy Meter Reading System with 

Instant Billing, IEEE Automation, Computing, 

Communication, Control and Compressed Sensing 

(iMac4s), Electronic ISBN: 978-1-4673-5090-7. 

 [8] Sridhar S, Bharath H, Vishvesh V,2013, 

Gowtham K V, IoT based-Transformer power theft 

detection and protection, International Journal of 

Engineering Research Volume No.5 Issue: Special 

4, ISSN: 2319-6890) (online), 2347-5013(print) 

pp: 992-1128. 

 [9] G. L. Prashanthi, K. V. Prasad, 2014, Wireless 

power meter monitoring with power theft 

detection and intimation system using GSM and 

Zigbee networks, IOSR Journal of Electronics and 

Communication Engineering (IOSR-JECE) e-ISSN: 

2278-2834,p- ISSN: 2278-8735.Volume 9, Issue 6, 

Ver. I (Nov - Dec. 2014), PP 04-08. 

 [10] Zanella A, 2014, Internet of Things for Smart 

Cities, IEEE IOT-J, Vol 1,Issue 1, ISSN: 2327-4662. 

 [11] Shivaji G. Shinde, Bhagyashri G. Jaind, 2016, 

IOT framework for energy efficient smart 

building, International Journal of Application or 

Innovation in Engineering & Management 

(IJAIEM) Volume 5, Issue 4, ISSN 2319 – 4847.  

 [12] Maninder Kaur and Dr. Sheetal Kalra, 2016, A 

Review on IOT Based Smart Grid, International 

Journal of Energy, Information and 

Communications Vol.7, Issue 3, pp.11-22. 

 [13] World electricity distribution losses, 

International Energy Annual 2006, U.S. Energy 

Information Administration,  

 [14] World electricity distribution losses, 

International Energy Annual 2015, U.S. Energy 

Information Administration,  

 [15] Electricity sector in India [online].Available: 

https://en.wikipedia.org/wiki/Electricity_sector_i

n_India. 

 [16] B.Saikiran, R.Hariharan, 2014, Review of 

methods of power theft in Power System, 

International Journal of Scientific & Engineering 

Research (IJSER), Volume 5, Issue 11, 276 ISSN 

2229-5518.  

 [17] Ajeeba A A, Anna Thomas, Risa Rasheed, 

2017, IOT Based Energy Meter Reading, Theft 

Detection and Disconnection, International 

Research Journal of Engineering and Technology 

(IRJET) e-ISSN: 2395 -0056 Volume: 04, Issue: 04, 

p-ISSN: 2395-0072. 

 [18] Xi Chen, Jianming Liu, Xiangzhen Li, Limin 

Sun, Yan Zhen, 2011, IET International Conference 

https://www.irjweb.com/current_issue.php


International Research Journal of Education and Technology 

Peer Reviewed Journal 

ISSN 2581-7795 

 
  

  

 
  

 2025, IRJEdT Volume: 07 Issue: 01 | Jan-2025                                    Page 309 

 

on Communication Technology and Application 

(ICCTA), Electronic ISBN: 978-84919-470-9. 

 [19] Nabil Mohammad, Anomadarshi Barua and 

Muhammad Abdullah Arafat,2013, 2013 

International Conference on Power, Energy and 

Control (ICPEC).  

 [20] Jianhua Wang, Jianxiang Huang, Weihai Chen, 

Jingmeng Liu∗, Dong Xu,2016, Design of IoT-based 

Energy Efficiency Management System for 

Building Ceramics Production Line, IEEE 11th 

conference on Industrial Electronics and 

Application (ICIEA). 

 [21] Karthikeya S, Bhuvaneswari P.T.V, 2017, IoT 

Based Real-Time Residential Energy Meter 

Monitoring System, IEEE Trends in Industrial 

Measurement and Automation (TIMA). 

 [22] Arango, L.G., Deccache, E., Bonatto, B. D., 

Arango, H., Ribeiro, P.F., Silveira, P. M., 2016, 

Impact of Electricity Theft on Power Quality, IEEE 

17th International conference on Harmonics and 

Quality of Power (ICHQP), electronic ISSN: 2164-

0610. 

 [23] Sridhar S, Bharath H, Vishvesh V, Gowtham K 

V, 2016, IoT based-Transformer power theft 

detection and protection, International Journal of 

Engineering Research(IJER), Volume No.5 Issue: 

Special 4,ISSN: 2319-6890 (online), 2347-5013 

pp: 992-1128. 

 [24] Jawad Nagi, Keem Siah Yap, Sieh Kiong Tiong, 

Syed Khaleel Ahmed and Malik Mohamad,2010, 

IEEE Transactions on power delivery. 

 [25] Soma Shekara Srenadh Reddy Depuru, 

Lingfeng Wang, Vijay Devabhaktuni,2011, 

Electricity Theft: Overview, issues, Prevention and 

a Smart Meter Based Approach to Control Theft, 

Elsevier, Energy Policy 39 1007-1015. 

https://www.irjweb.com/current_issue.php

