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Abstract: The Internet of Things (IoT) has revolutionized various domains, including energy management, by enabling smart
monitoring and automation. This paper presents an lo0T-based energy metering and billing system designed to improve efficiency,
accuracy, and real-time monitoring of power consumption. Traditional metering and billing methods are prone to human errors,
delays, and inefficiencies. Our proposed system integrates smart meters with 0T connectivity to provide real-time energy usage
data, automated billing, and remote control capabilities. The methodology involves deploying smart meters with embedded sensors
and wireless communication modules to transmit data to a cloud-based platform. Users can access their energy consumption data
through a mobile application, ensuring transparency and timely bill payments. This approach enhances energy management for
consumers and utility providers while reducing operational costs. The paper also discusses the hardware components, real-time
challenges such as network security, data accuracy, and system reliability, and provides a conclusive evaluation of the system’s

effectiveness.
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I. INTRODUCTION

Energy metering and billing have traditionally relied on
manual or semi-automated systems that often lead to
inaccuracies, delays, and inefficiencies in power distribution.
The rapid growth of 10T has provided an opportunity to enhance
energy monitoring through smart metering systems. loT-enabled
energy meters allow seamless data transmission, remote
monitoring, and automated billing, reducing dependency on
human intervention.

The primary objective of an loT-based energy metering
system is to provide real-time energy consumption tracking and
improve billing accuracy. Unlike conventional meters, smart
meters embedded with 10T capabilities continuously record and
transmit power usage data to a centralized system. This data is
processed using cloud-based analytics, ensuring that consumers
receive timely and accurate bills. The system also helps in
demand-side management, reducing energy wastage by
providing users with insights into their consumption patterns.

One of the key benefits of 10T in energy metering is its
ability to detect anomalies such as unauthorized energy usage or
meter tampering. Utility companies can leverage this technology
to identify theft, automate disconnection/reconnection processes,
and optimize grid performance. Additionally, consumers benefit

from greater transparency and control over their electricity
consumption, allowing them to make informed decisions on
energy usage.
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Figure 1: Block diagram of proposed system

This paper proposes a comprehensive loT-based energy
metering and billing system, detailing its hardware
implementation, data communication strategies, and practical
challenges. It aims to address real-time issues such as data
security, system scalability, energy distribution networks. The
methodology outlines the technical aspects of smart meters,
communication protocols, and the software framework needed to
support seamless data processing and billing.
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1. BIBLIOGRAPHICAL OVERVIEW

[1] This research developed a residential energy
management system that integrates a wireless smart plug, a home
gateway, a user interface, and the Internet of Things (10T). The
smart plug features a Zighee communication module for
connectivity with the home gateway. It monitors the parameters
of the connected devices and transmits this data to the home
gateway, which then relays control messages to the relevant
outlets through a remote cloud server. The system offers four
distinct control modes: peak control, energy control, automated
control, and user control. Implementation results indicate that
certain household appliances achieved a 43.4% reduction in
energy consumption over the course of one week.

[2] This study examined the energy control system
implemented in residential settings. A practical example of an
loT-based smart energy meter was evaluated. To facilitate
understanding, a propagation model was employed to assess
household energy consumption and calculate the energy unit
value, thereby minimizing energy waste and enhancing
efficiency. Recent literature was reviewed to explore the various
characteristics of 10T systems. The primary focus of this research
is a GPRS-based 10T data acquisition and energy management
system, centered around the Internet of Things (10T).

[3]This project utilizes related technologies, including
smart meters, GPRS gateways, GPRS communication networks,
web software, and databases. The 10T architecture is constructed
using GPRS gateways, the .NET Framework, and MySQL
databases. Users can access all cloud-stored data through an
Android application, requiring login credentials for security
purposes to retrieve information about their registered accounts.

1. METHODOLOGY PROPOSAL

The proposed loT-based energy metering system consists
of three key components:

1. Smart Metering Hardware — A microcontroller-based energy
meter with sensors for measuring voltage, current, and power
consumption.

2. Communication Module — loT connectivity using Wi-Fi,
LoRa, or GSM to transmit data securely to a cloud platform.

3. Cloud-Based Platform — A server that collects, processes, and
stores real-time energy consumption data for billing and
analytics.
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Figure 2: Embedded System Automation Circuit
Working Principle:

1. The smart meter continuously measures energy usage and
transmits data at predefined intervals.

2. The cloud platform processes the data and generates real-time
billing.

3. Consumers can access their energy consumption details
through a mobile app or web portal.

4. Alerts and notifications are sent for abnormal power usage,
bill due dates, or disconnection warnings.

System Architecture Diagram:

I will generate a diagram showing the 10T energy metering
system architecture.

Hardware Description

The loT-based energy meter is built using the following key
hardware components:

1. Microcontroller (ESP32/Arduino/Raspberry Pi) — Controls the
energy meter and processes sensor data.

2. Energy Meter Sensor (ACS712/HLW8012) — Measures
voltage, current, and power consumption.

3. Communication Module (Wi-Fi/GSM/LoRa) — Enables real-
time data transmission to the cloud.

4. LCD/OLED Display — Shows energy consumption details
locally.
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5. Relay Module — Allows remote disconnection of power in
case of non-payment or abnormal usage.

6. Power Supply Unit — Ensures stable operation of the smart
meter.

Figure 3: Hardware design and prototype of proposed system

The integration of these components allows seamless
energy monitoring and transmission to a cloud server for further
analysis and billing.

IV. REAL-TIME CHALLENGES

While loT-based energy metering offers numerous
benefits, several challenges must be addressed for successful
implementation:

1. Data Security and Privacy — Energy usage data is sensitive and
must be protected from unauthorized access or cyber threats.
Secure encryption and authentication mechanisms are necessary.

2. Network Reliability — 10T meters rely on wireless
communication, which may face connectivity issues in remote
areas. Redundant communication protocols can help mitigate
this.

3. Power Consumption of loT Devices — Smart meters should be
designed for low power consumption to ensure long-term
operation without frequent maintenance.

4. Scalability Issues — Deploying a large number of 10T meters
requires an efficient cloud architecture to handle massive
amounts of real-time data.

5. Regulatory Compliance — Different regions have specific
metering standards and regulatory requirements that must be
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6. Integration with Existing Systems — Utility providers need
seamless integration of loT-based meters with their existing
billing and distribution infrastructure.
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Figure 4: 10T Smart Meter with Load Control

Addressing these challenges requires a combination of
advanced hardware design, robust software algorithms, and
secure communication protocols.

V. CONCLUSION

The adoption of 10T in energy metering and billing has the
potential to transform power distribution systems by improving
accuracy, efficiency, and real-time monitoring. This paper
highlights the advantages of smart metering systems, including
automated billing, fraud detection, and energy consumption
analytics. The proposed methodology outlines a structured
approach to implementing an loT-based metering system,
covering both hardware and communication aspects.

Despite the challenges, advancements in loT security,
network reliability, and cloud computing make this technology
viable for large-scale deployment. Future research should focus
on improving data security, optimizing network efficiency, and
integrating  Al-driven analytics for predictive energy
management. By leveraging loT, both consumers and utility
providers can achieve better energy efficiency, cost savings, and
enhanced user experience.

REFERENCES

[11 Ramani, U., Santhoshkumar, T., & Thilagaraj, M. (2019).
loT Based Energy Management for Smart Home. Paper
presented at the 2019 2nd International Conference on

Copyright © 2025 CJESR All Rights Reserved


https://doi.org/10.47001/CJESR/2025.203001
https://www.cjesr.com/

=4

CJESR

JOURNAL

[3]

[5]

[6]

[10]

[11]

[12]

[13]

Power and Embedded Drive Control (ICPEDC).

Rathee, S., Goyal, A., & Shukla, A. (2020). Designing
Prepaid Smart Energy Meter and Deployment in a
Network. Paper presented at the 2020 IEEE 4th
Information Technology, Networking, Electronic and
Automation Control Conference (ITNEC).

Saavedra, E., Del Campo, G., & Santamaria, A. (2020).
Smart Metering for Challenging Scenarios: A Low-Cost,
Self-Powered and Non-Intrusive loT Device. Sensors,
20(24), 7133.

Saha, S., Mondal, S., Saha, A., & Purkait, P. (2018).
Design and implementation of loT based smart energy
meter. Paper presented at the 2018 IEEE Applied Signal
Processing Conference (ASPCON).

Sahana, M., Anjana, S., Ankith, S., Natarajan, K.,
Shobha, K., & Paventhan, A. (2015). Home energy
management leveraging open loT protocol stack. Paper
presented at the 2015 IEEE Recent Advances in
Intelligent Computational Systems (RAICS).

Gungor, V. C., et al. (2011). "Smart Grid Technologies:
Communication Technologies and Standards." IEEE
Transactions on Industrial Informatics, 7(4), 529-539.
Somashekhar Swamy and P K Kulkarni Realization of
Energy Management System, Impendent on its path in
India. International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering
Volume 9, Issue 5, May 2020.

Smart Power Meter for the IoT, M. Carratu; M. Ferro; A.
Pietrosanto; V. Paciello, 2018.

Energy theft and defective meters detection in AMI using
linear regression, SookChin Yip; Chia-Kwang Tan;
Wooi-Nee Tan; Ming-Tao Gan;Ab-Halim Abu Bakar,
IEEE 2017.

Kumar, R., & Patel, P. (2014). "A Survey on loT:
Security and Privacy Issues." International Journal of
Computer Applications, 90(11), 20-26.

Alahakoon, D., & Yu, X. (2016). "Smart Electricity Meter
Data Intelligence for Future Energy Systems." IEEE
Transactions on Industrial Informatics, 12(1), 425-436.
Wang, H.,, & Lee, J. (2020). "An loT-based Smart
Metering System for Electricity Management." Sensors,
20(6), 1543.

Abhiraj Prashant Hiwalel, Deepak Sudam Gaikwad2,
Akshay Ashok Dongare3, Prathmesh Chandrakant
Mhatre4 10T BASED SMART ENERGY
MONITORING Volume: 05 Issue: 03 | Mar-2018
www.irjet.net pISSN: 2395-0072.

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Current Journal of Engineering and Science Research

Volume 2, Issue 3, pp 1-5, March 2025

ISSN (online): 3049-1738

DOI: https://doi.org/10.47001/CIJESR/2025.203001
Available Online at https://www.cjesr.com

Md Redwanul Islaml, Supriya Sarker2, Md Shahraduan
Mazumder3, Mehnaj Rahman Ranim4 An loT based
Realtime Low Cost Smart Energy Meter Monitoring
System using Android Application International Journal
of Engineering and Techniques - Volume 5 Issue 3, June
20109.

P.Janaki** and K.Ramamoorthy?
Management System - A Survey [Janaki,
November 2016] ISSN 2348 — 8034.

Miguel Hernan Escobedo-Barajasl, Antonio del Rio de
Santiagol, Hector Alonso Guerrero Osunal and Jose
Manuel Ortiz-Rodriguezl, loT Based Smart Electrical
Meter for Smart Homes published on 23 July 2020.

D A Kirienko, P V Lunkov, V V Putrolaynen et al.
Design of loT Based Smart Energy Meter for Home
Appliances 2021 J. Phys.: Conf. Ser. 1964 052001.

Bibek Kanti Barman, Shiv NathYadav, Shivam Kumar
and SadhanGope, —IOT Based Smart Energy Meter for
Efficient Energy Utilization in Smart Gridl, IEEE
conference 2018.

Garrab, A.; Bouallegue, A.; Ben Abdallah, —A new
AMR approach for energy saving in Smart Grids using
Smart Meter and partial Power Line Communicationl,
IEEE First International Conference on Renewable
Energies and Vehicular Technology (REVET), pp. 263 —
269, March 2012.

Apoorva ,Ashwini and Nisarga B.E project report on 10T
based smart energy meter with power theft information
and automatic billing Global Academy of Technology
Bangaluru for the year 2019-20.

Prathik, M., Anitha, K., & Anitha, V. (2018). Smart
energy meter surveillance using loT. Paper presented at
the 2018 International Conference on Power, Energy,
Control and Transmission Systems (ICPECTS).

lot Based Energy
3(11):

Copyright © 2025 CJESR All Rights Reserved


https://doi.org/10.47001/CJESR/2025.203001
https://www.cjesr.com/

Current Journal of Engineering and Science Research

0 Volume 2, Issue 3, pp 1-5, March 2025

ISSN (online): 3049-1738

_— DOI: https://doi.org/10.47001/CJESR/2025.203001

C J E s R Available Online at https://www.cjesr.com
JOURNAL

Citation of this Article:

Ashwini Raghav, Sneha Anbarasan, Ramesh K, & Sowndharya S. (2025). A Real-Time Monitoring System for Smart Energy
Meters, Designed With 10T Integration to Ensure Billing Automation. Current Journal of Engineering and Science Research.
2(3), 1-5. Article DOI: https://doi.org/10.47001/CJESR/2025.203001

*** End of the Article ***

Copyright © 2025 CJESR All Rights Reserved 5


https://doi.org/10.47001/CJESR/2025.203001
https://www.cjesr.com/
https://doi.org/10.47001/CJESR/2025.203001

