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Abstract: The shortcomings of traditional energy meters—lack of remote access, precise billing, and
realtime monitoring—have been emphasized by the growing demand for effective energy management.
loT-based smart energy meters offer a contemporary solution through data storage, remote control, and
ongoing monitoring of energy use, improving efficiency for utility companies and users alike.

This project suggests developing and implementing a smart energy meter with Internet of Things (IoT)
technology to measure electricity usage in real time and send the data to a cloud platform for monitoring
and analysis. The setup features an LCD screen, sensors for current and voltage, along with a
microprocessor (ESP8266/ESP32) for on-site monitoring. An application, whether mobile or web-based,
can access energy usage data remotely via Internet of Things technologies. To improve energy
management, extra functionalities include examining historical usage and alerts for unusual energy
consumption.

The primary goal of this project is to provide an affordable, dependable, and user-friendly platform that
emphasizes the combination of cloud analytics, embedded systems, and Internet of Things connectivity.
Possible uses for the technology could include integrating it with renewable energy sources, smart grid
systems, and Al-powered energy management forecasts..

Keywords: Smart Energy Meter, Internet of Things, Real-Time Monitoring, Embedded Technologies,
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I. INTRODUCTION
The rapid expansion of the Internet of Things (IoT) has completely transformed the way devices interact, manage, and
regulate resources. Energy management is one of the most vital IoT applications, as smart systems are key to effectively
monitoring, regulating, and improving energy consumption. Energy wastage, incorrect billing, and lack of adequate
real-time monitoring are some issues that customers and utility providers encounter due to the rising demand for
electricity and its escalating costs.
Conventional energy meters do not allow for remote observation or instantaneous evaluations; they solely record total
usage and need manual readings. Due to this, users have difficulty monitoring their everyday energy consumption and
recognizing unusual trends. Smart energy meters powered by IoT provide a practical solution by integrating embedded
technologies with wireless communication, enabling continuous monitoring, automated invoicing, and rapid
notifications.
To assess energy consumption, the suggested system utilizes an ESP8266/ESP32 microcontroller paired with voltage
and current sensors. The information is simultaneously uploaded to a cloud platform and shown locally on an LCD,
enabling customers to reach it via a web application or mobile device. The system additionally allows alerts for atypical
usage, ensuring enhanced energy efficiency and cost savings.
Two important elements of this project are remote connectivity via IoT platforms and real-time energy monitoring. The
system is cost-effective, simple to set up, and adaptable for bigger uses. It can be used in homes, schools, workplaces,
and organizations. In the future, the platform might grow to integrate artificial intelligence for predicting energy
management, smart grids, and renewable energy sources.
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In addition to addressing the constraints of traditional meters, this intelligent energy meter offers a contemporary,
accessible method for sustainable energy management by incorporating embedded technology with the Internet of
Things.

II. LITERATURE SURVEY

Recent research in Internet of Things energy monitoring emphasizes the significance of remote access, energy
efficiency, and real-time data collection. Sharma and Lee [2] (2024) developed a smart metering system employing
multi-sensor fusion to monitor voltage and current metrics, improving accuracy in dynamic load conditions. Chen [3]
(2023) introduced an energy management system powered by the Internet of Things that uses ESP32 and cloud
platforms, allowing for real-time monitoring and access via a mobile app.
Kumar et al. [4] (2023) created an intelligent energy meter that includes Wi-Fi connectivity to enable remote usage
monitoring and send notifications for excessive power consumption. Concentrating on cloud storage and intuitive
dashboards, Garcia and Martinez [5] (2023) investigated the integration of Raspberry Pi with IoT for analyzing home
energy.
Singh and Agarwal [7] (2022) created a low-cost power monitoring system utilizing the Internet of Things with
Arduino and sensors, showing efficient operation in small homes. In 2022, Tanaka et al. [8] created a smart plug with
IoT capabilities, enabling remote load control and energy usage monitoring at the appliance level. To facilitate load
balancing and data-driven decision-making, Fernandez [9] (2021) suggested an industrial energy management system
that leverages cloud services and IoT.
Ibrahim et al. [10] (2021) aimed at developing a meter with GSM and Internet of Things functionalities for rural
applications, providing access in regions with poor connectivity. Nguyen [11] (2020) examined the effectiveness of
Bluetooth, Zigbee, and Wi-Fi as wireless communication protocols in Internet of Things energy systems and found that
Wi-Fi was the most dependable for continuous monitoring. Although their scalability is limited, Okafor and Eze [12]
(2020) investigated DTMF- and GSM-based options for IoT smart meters.

Table 1: Comparative Review of Smart Power Consumption Meter
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III. PROPOSED METHODOLOGY

The development of the Smart Energy Meter involves integrating hardware, communication elements, and software to
create an accurate and instant energy monitoring system. The main objective of this project is to precisely track
electrical energy consumption, display the readings on-site, and transmit data wirelessly for evaluation and remote
observation. The system is designed to be user-friendly, efficient, and capable of future enhancements.

The NodeMCU microcontroller acts as the main processing unit at the heart of the system. It collects data from the
PZEM-004T energy meter module, which evaluates voltage, current, power, and overall energy consumption. The
NodeMCU obtains these measurements via a serial interface, handles the data, and controls the local display along with
the communication modules. The 16x2 or 20x4 LCD provides instant feedback on voltage, current, power, and total
energy consumed, enabling fast visualization of energy usage.

16x2 LCD
(Local Display)

Energy Measurement DataRequistion l
Sensor (PZEM004)

G Cloud-based

. |OT Dashboard /
Data Acquiisition Display Sen,ger"—/
AC Power Source = —
(Mains)
@]

Fig:-IoT-Based Smart Energy Meter
To enhance usability and safety, the system can incorporate a buzzer or LED indicators that alert users when energy
consumption exceeds established limits or when a problem occurs in the electrical supply. For wireless monitoring, the
NodeMCU employs its built-in WiFi capability to transmit energy data to a mobile application or cloud server. This
allows users to monitor energy consumption remotely in real-time, receive notifications, and access historical usage
data.
The mobile application, developed using platforms like MIT App Inventor or different Android IDEs, provides a user-
friendly interface that allows users to track energy metrics, analyze trends, and optionally control connected devices
from a distance. The NodeMCU firmware, created in Arduino C/C++ using the Arduino IDE, employs an organized
structure to efficiently handle regular operations, alerts, and data transmission.
The system is adaptable and highly scalable. It can be improved to monitor multiple circuits or devices independently,
integrated with cloud-based systems for advanced analytics, or augmented with automated control features for energy
efficiency. Combining NodeMCU, PZEM-004T, and LCD creates a small, cost-effective, and versatile solution perfect
for energy monitoring in home, business, or industrial environments.
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IV. RESULT
The Smart Energy Meter equipped with IoT technology successfully enables real-time monitoring and management of
electricity consumption. The system precisely measures energy usage and presents the data on a local LCD display
while simultaneously transmitting it to a cloud platform or mobile application for remote monitoring. This allows users
to observe consumption trends, recognize peak usage periods, and make informed decisions to optimize energy use and
reduce wastage.
By leveraging IoT, the system automates data collection, eliminating the need for manual readings and minimizing
billing errors. Real-time notifications, such as alerts for unusually high energy consumption, enhance user interaction
and awareness. Additionally, the system is scalable, allowing multiple meters to be monitored collectively through a
centralized platform, which is particularly useful for residential complexes or industrial facilities.
Overall, this project demonstrates significant improvements in efficiency, accuracy, and transparency compared to
traditional energy meters. Users benefit from better control over their energy consumption, potential cost savings, and a
reliable foundation for implementing smart energy management strategies. The results indicate that IoT-based energy
monitoring is a practical and effective solution for modern electricity management systems.

V. CONCLUSION
The IoT technology-based Smart Energy Meter project demonstrates how modern innovations improve energy tracking
and control. By incorporating IoT functionalities, the system enables real-time tracking of electricity consumption,
allowing users to make informed decisions and reduce waste.
The meter provides accurate measurements and instant data access through a user-friendly interface, making it suitable
for both residential and commercial applications. The ability for remote monitoring provides convenience, while
automated alerts and usage data help improve energy efficiency.
To sum up, this endeavor offers an affordable, practical, and scalable method for intelligent
energy administration. Its modular design supports future enhancements, such as the integration of sophisticated
analytics, forecasting billing, or interaction with renewable energy sources, making it highly relevant in the current
energy-conscious landscape.
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