( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Design and Implementation of an IoT-Based Smart
Energy Meter for Real-Time Monitoring and
Automated Billing

Tathe Shubham Sunil', Savalgi Abhishek Santosh’, Thombare Amit Tanaji’, Sarak Ganesh Sanjay*
234G Students, Department of Electronics and Telecommunication Engineering
3 Assistant Professer, Department of Electronics and Telecommunication Engineering
SKN Sinhgad College of Engineering, Pandharpur, India
shubhamtathe2005@gmail.com, abhisheksavalgi601@gmail.com,
amitthombare1301@gmail.com, sarakganesh4924@gmail.com
vaishnavi.utpat@gamil.com

Abstract: With the growing demand for efficient power management, this project introduces an loT-
Based Smart Energy Meter that enables real-time monitoring, automated billing, and remote
accessibility. The proposed system continuously measures electrical parameters such as voltage and
current using precision sensors interfaced with an ESP32 microcontroller. The microcontroller
computes power consumption and transmits the data wirelessly to an 1oT cloud platform, allowing users
to visualize their energy usage through a mobile or web application. This eliminates manual meter
reading, reduces human error, and ensures accurate and transparent billing. The system is also equipped
with alert notifications that inform users of excessive power consumption, helping to encourage energy-
efficient behavior. The integration of IoT technology, sensor data acquisition, and wireless
communication provides a scalable and intelligent framework suitable for both residential and industrial
applications. Overall, the project offers a practical approach to modernizing energy metering systems
and supports the transition toward smarter and more sustainable power management solutions..
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L. INTRODUCTION

In the modern era of digital transformation, intelligent systems have become the cornerstone of efficient resource
management. Among these, electricity management plays a crucial role, as energy consumption continues to rise due to
increasing industrialization, urban development, and the widespread use of smart devices. With this growing
dependency on electrical power, the need for precise monitoring, transparent billing, and efficient energy utilization has
become more important than ever. Traditional metering systems, while reliable in the past, no longer meet the demands
of real-time analytics, user accessibility, and automation. Manual data collection and delayed billing cycles often result
in inaccuracies, inefficiencies, and a lack of consumer awareness regarding energy consumption patterns.

To overcome these challenges, the adoption of Internet of Things (IoT) technology in energy management has
emerged as a transformative approach. IoT enables the integration of sensors, microcontrollers, and cloud-based
systems to create a connected framework that can measure, analyze, and communicate data autonomously. By
leveraging IoT, energy meters can record consumption continuously and transmit readings in real time, eliminating
human intervention and reducing the scope for error. This technological advancement also empowers consumers to
track their electricity usage, manage their load efficiently, and receive automated billing information through user-
friendly digital interfaces.

The proposed IoT-Based Smart Energy Meter with Real-Time Monitoring and Automated Billing System is
designed to bridge the gap between conventional metering and intelligent energy management. The system utilizes
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voltage and current sensors interfaced with an ESP32 microcontroller to calculate instantaneous power and total
energy usage. The processed data is transmitted via Wi-Fi to an IoT platform, Blynk, where it can be accessed remotely
through a mobile or web application. This integration not only provides accurate real-time data visualization but also
automates the billing process, ensuring transparency and convenience for both consumers and energy providers.
Beyond its immediate functionality, the system contributes to broader sustainability goals by encouraging responsible
consumption and supporting the development of smart grid infrastructure. The project demonstrates the practical
implementation of embedded systems, IoT communication, and cloud-based analytics to create a scalable and cost-
effective solution for modern energy management. Ultimately, this innovation represents a step forward in building
intelligent power systems that combine automation, efficiency, and environmental consciousness to meet the evolving
demands of the digital age.

II. LITERATURE SURVEY

Several studies have focused on the development and implementation of IoT-based smart energy meters to enhance
energy monitoring, management, and efficiency. Ramesh et al. [1] proposed a cloud-connected energy meter using
ESP32 and current sensors, enabling real-time monitoring and data logging through a mobile application. Kumar et al.
[2] developed a low-cost IoT energy meter integrating voltage and current measurement with MQTT protocol for
seamless data transmission to cloud platforms. Singh et al. [3] implemented a smart energy monitoring system with
automated billing, highlighting reduced human errors and improved billing transparency. Patel et al. [4] designed a Wi-
Fi-enabled energy meter for residential and commercial use, allowing remote monitoring and consumption analysis
through an Android application. Mehta et al. [5] focused on predictive energy consumption using historical data from
IoT meters, helping users optimize usage and reduce wastage. Verma et al. [6] presented a secure IoT framework for
smart meters, employing encryption and authentication techniques to ensure data privacy and prevent unauthorized
access. Reddy et al. [7] demonstrated an energy monitoring system integrated with cloud analytics, offering real-time
alerts for abnormal usage and supporting load management. Sharma et al. [8] implemented an ESP8266-based energy
meter that provides web-based visualization of power consumption along with remote control features. Gupta et al. [9]
explored the use of IoT meters in smart grids, enabling better energy distribution, efficient load balancing, and remote
diagnostics. Finally, Sagar Dadhe et al. [10] developed an IoT-enabled smart energy meter that improves monitoring,
enhances billing accuracy, and supports real-time consumption tracking for both domestic and industrial applications.

III. PROPOSED METHODOLOGY
The development and execution of the Smart Temperature Controlled Fan System adhere to a structured approach that
combines embedded hardware, sensor technologies, and communication components to create an affordable and
intelligent solution. Figure 1 shows block diagram of proposed methodology
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The illustration depicts an loT-based smart energy meter system that monitors real-time electricity consumption,
supports automated billing, and enables remote access via a mobile application. This system incorporates sensors, a
microcontroller, and communication technology to provide accurate energy tracking and efficient energy management.
The process starts with the current and voltage sensors, such as the ACS712 and ZMPT101B modules, which
continuously measure the electrical parameters of the connected load. The current sensor (ACS712) detects the flow of
electrical current, while the voltage sensor (ZMPT101B) measures the voltage across the load. These sensors convert
the analog electrical signals into data that can be processed by the microcontroller. Accurate measurement of these
parameters is vital for calculating real-time energy consumption, power factor, and overall electricity usage.

The sensors send this information to the ESP32 microcontroller, a powerful IoT-enabled controller with built-in Wi-Fi
and Bluetooth. The ESP32 collects the data from the sensors, processes it, and calculates instantaneous power,
cumulative energy consumption, and other key metrics. The microcontroller then prepares this information for storage
and transmission to a cloud platform or mobile application.

Using the processed data, the ESP32 communicates with a cloud platform such as Blynk or ThingSpeak. This enables
real-time visualization of electricity consumption, historical data tracking, and remote monitoring. Additionally, the
system supports automated billing by calculating energy usage over a defined period and generating cost estimates
based on tariff rates. Notifications or alerts can be sent to the user if abnormal consumption patterns or over-usage is
detected, promoting energy efficiency.

Moreover, the system includes a mobile application interface that connects to the ESP32 via Wi-Fi or Internet
connectivity. Through the app, users can view real-time energy usage, monitor trends, receive consumption alerts, and
manage billing details. This interactive interface enhances user convenience and enables remote management of
electricity consumption, making it suitable for households, commercial establishments, and industrial setups.

The IoT-Based Smart Energy Meter effectively integrates sensor technology, microcontroller intelligence, cloud
connectivity, and mobile applications. It provides precise energy measurement, automated billing, and energy usage
insights while reducing human error and improving monitoring efficiency. Such systems are increasingly relevant in
smart homes, industrial automation, and energy management programs, where monitoring and optimizing electricity
consumption can lead to cost savings and environmental benefits.

IV. RESULTS
The IoT-Based Smart Energy Meter system was tested under different load conditions to evaluate its performance,
accuracy, and real-time monitoring capabilities.
Real-Time Energy Monitoring
The system successfully measured current, voltage, and power in real time. The readings were transmitted to the cloud
platform and displayed on the mobile application without noticeable delays. Users could see instantaneous power,
cumulative energy consumption, and historical data for better energy management.
Accuracy Testing
The smart energy meter readings were compared with a standard digital energy meter. Results showed that the system
had an accuracy of +1-2%, making it reliable for domestic and small commercial applications.
Automated Billing
Using the consumption data and predefined tariff rates, the system generated automated bills. The calculated costs
closely matched the actual consumption, minimizing manual errors in billing. Users could view daily, weekly, and
monthly energy usage directly from the mobile application.
Alerts and Notifications
The system successfully triggered notifications for abnormal energy consumption or overloading conditions. For
example, when a connected appliance consumed more energy than usual, the user received an instant alert via the app.
Remote Monitoring and Control
The mobile application allowed users to access energy data remotely from anywhere. Users could track consumption
trends, analyze peak load times, and make informed decisions to reduce electricity usage.
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Energy Efficiency Insights
Data analysis from the cloud enabled identification of high-energy-consuming devices, promoting energy-saving

measures. Users could optimize appliance usage, reducing electricity costs and enhancing sustainability.
Sample Data Table:

‘Load (W)HVoltage (V)”Current (A)HPower (W)”Energy Consumed (kWh)”Mobile App Display (kWh)‘

\50 H230 ||0.22 Hso.s ||0.05 ||0.051 \

\100 H230 ||0.44 H101.2 ||0.10 ||0.101 \

\200 H230 ||0.87 HZOO.I ||0.20 ||0.198 \
Observation:

The system consistently provided accurate readings, real-time updates, and automated billing. The combination of
ESP32, sensors, cloud integration, and mobile interface demonstrated effective monitoring and control of electricity
consumption, making it suitable for smart home and industrial applications.

V. CONCLUSION

The literature reviewed highlights the significant advancements in IoT-based smart energy metering systems. Studies
[1-24] collectively demonstrate that the integration of IoT, cloud platforms, and microcontroller technologies has
enabled real-time monitoring, automated billing, and energy consumption analytics. These systems enhance
billing accuracy, reduce human errors, and allow remote monitoring, making energy management more efficient
for both residential and industrial applications. Several works also focus on security and privacy aspects,
incorporating encryption, authentication, and data aggregation techniques to protect user information [10, 21].
Additionally, predictive analysis and load management features [5, 7, 24] help in optimizing energy usage and
reducing wastage, while applications in renewable energy integration [22] show the adaptability of IoT smart meters to
modern energy systems. Overall, IoT-based smart energy meters offer a comprehensive solution for efficient energy
monitoring, improved consumer awareness, and smarter energy management, indicating a strong potential for
wider adoption in smart homes, industries, and smart grids.
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