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10T, Energy Energy conservation is a crucial aspect in both residential and industrial sectors. The rising energy demand
Management, ESP32, necessitates smart monitoring and optimization of power consumption. This paper presents the development
Current Sensor, of an loT-based energy management system utilizing an ESP32 (Node MCU) microcontroller, current and
Voltage Sensor, voltage sensors, and an 12C display module. The system efficiently calculates and monitors electrical
Blynk, Smart parameters such as voltage, current, power, and watts of various household and industrial appliances like
Monitoring, Power  fans, light bulbs, and mixer grinders. The collected real-time data is displayed on an 12C LCD module and
Consumption. remotely monitored via the Blynk loT platform on mobile and system interfaces. The primary goal of this

project is to identify high- energy-consuming appliances and optimize their usage for better energy
efficiency. The system provides real-time insights to help users take appropriate measures to reduce
unnecessary energy consumption and promote cost-effective power utilization.

1. Introduction

The rapid increase in global electricity consumption, coupled with the depletion of fossil fuels, has
created an urgent need for efficient energy management. Wastage of electricity not only leads to higher
costs but also contributes to environmental degradation. Conventional energy monitoring systems
often lack real-time data processing and remote accessibility, making it difficult to optimize energy
usage. With advancements in the Internet of Things (loT) technology, smart energy management
systems have become feasible. 10T-based solutions enable real-time monitoring of power consumption
and help identify appliances that consume excessive energy. This project focuses on developing an
Efficient Energy Management System that integrates ESP32, voltage and current sensors, an 12C LCD
module, and the Blynk loT platform. The system aims to provide real-time monitoring, remote access,
and efficient energy utilization by allowing users to track and control their energy consumption
remotely. The proposed system calculates the power consumed by appliances, displays real-time
readings on an LCD screen and a mobile and web interface, and allows users to take corrective
measures to minimize energy wastage. By implementing this system, energy consumption can be
optimized at household and industrial levels, contributing to energy conservation and cost reduction.

2. Literature Review

Over the years, researchers have explored various energy management strategies to reduce energy
wastage and enhance efficiency. Traditional systems relied on manual meter readings, which lacked
real-time accessibility and often led to inefficient energy utilization. With advancements in technology,
automated smart energy monitoring systems have emerged as a promising solution. Several studies
have focused on loT-based smart energy management using microcontrollers like Arduino, Raspberry
Pi, and ESP8266. While these systems improved monitoring capabilities, they lacked cost efficiency,
real-time remote control, and easy accessibility. Recent studies highlight the advantages of using
ESP32, which offers built-in Wi-Fi, Bluetooth, and low-power consumption, making it ideal for 10T
applications. Furthermore, 10T platforms such as Blynk, Thing Speak, and Firebase have been explored
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for remote monitoring. Among them, Blynk stands out as an efficient and user-friendly solution for
real-time energy tracking and remote control via smartphones and web applications. This paper builds
upon existing research by implementing a cost-effective, real-time energy monitoring system using
ESP32, current and voltage sensors, and the Blynk loT platform to enhance energy efficiency and
optimize power consumption.

3. System Architecture

The proposed energy management system consists of hardware and software components working
together to monitor, analyze, and display real-time power consumption data.
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Fig. 1. EEMS Block Diagram

A. ESP32 (Node MCU)

Acts as the central processing unit, collecting sensor data, processing calculations, and transmitting
information to the display and IoT platform.

Fig. 2. Node MCU

B. Current Sensor
Measures the real-time current consumed by the connected appliances.

Fig. 3. Current Sensor

C. Voltage Sensor
Captures the voltage levels of the loads and helps in calculating power consumption.

Fig. 4. Voltage Sensor
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D. 12C Display Module
Displays the measured electrical parameters on the hardware unit for local monitoring.

Fig. 5. 12C Display Module
E. Blynk 10T Platform

Enables remote monitoring and control of energy consumption data via a mobile app and web- based
interface.

Fig. 6. Blynk Software
F. Arduino IDE
Used for programming the ESP32 microcontroller and integrating the sensors with the Blynk platform.

ARDUINO

Fig. 7. Arduino Software
4. Working Principle

The Efficient Energy Management System operates by continuously monitoring the power
consumption of electrical appliances and providing real-time feedback to users. The ESP32
microcontroller serves as the central processing unit, receiving data from voltage and current sensors
connected to the electrical circuit. These sensors measure the voltage and current levels in real-time
and send the data to the ESP32. Using the collected values, the microcontroller calculates power
consumption (Watts) using the formula

Power(W) = Voltage(V) x Current(l)
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Fig. 8. EEMS Circuit Diagram

The processed data is then displayed on an 12C LCD screen, giving users instant insights into their
energy usage. Additionally, the system transmits this data to the Blynk IoT platform over Wi-Fi,
enabling remote monitoring via a mobile application or web dashboard. Users can track energy
consumption trends, analyze historical data, and identify appliances that consume excessive power.
This real-time monitoring helps allows users make informed decisions, such as turning off inefficient
devices or optimizing energy usage, promoting energy conservation and reducing electricity costs.
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Fig. 9. Monthly Energy Demand
5. IMPLEMENTATION AND TESTING

The implementation of the Efficient Energy Management System involves integrating hardware and
software components to accurately measure and monitor power consumption. The hardware setup
includes connecting the ESP32 microcontroller with current and voltage sensors, an 12C LCD display,
and other circuit components. The ESP32 is programmed using Arduino IDE, enabling it to process
sensor readings and transmit data to the Blynk 10T platform via Wi-Fi. Once the hardware assembly
is complete, the software configuration is performed to ensure seamless data transmission and remote
accessibility.
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Fig. 10. EEMS Working Model

The testing phase involves verifying the system’s accuracy and responsiveness by measuring real-time
power consumption of different household appliances such as lights, fans, and mixers. The system’s
results are compared against standard power ratings to validate the precision of the calculations.
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Performance evaluation considers response time, data accuracy, and effectiveness in detecting high-
energy-consuming appliances. The test results confirm that the system efficiently identifies power-
hungry devices and provides reliable real-time monitoring. The successful implementation of this
project ensures optimized energy usage, cost reduction, and improved energy conservation efforts for
both household and industrial applications.
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Fig. 11. Energy Usage in 10T Sector
6. Result and Discussion

The proposed energy management system was successfully implemented and tested to evaluate its
efficiency in real-time power monitoring. The system effectively measured voltage, current, and power
consumption of various household and industrial appliances, providing accurate readings on both the
local display and the Blynk 10T platform. During testing, the system demonstrated high accuracy in
detecting power consumption patterns, allowing users to identify high-energy-consuming appliances.
The integration of 10T enabled seamless data transmission, ensuring remote accessibility and real-time
monitoring. Additionally, the ability to store historical data facilitated energy trend analysis, helping
users make informed decisions regarding energy conservation. The system’s response time was
minimal, ensuring near-instantaneous data updates. Overall, the results indicate that the system
provides a reliable, cost-effective, and efficient solution for energy management, enabling users to
optimize power consumption and reduce electricity costs.
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Fig. 12. Efficiency in lIoT
7. Conclusion

This loT-based Efficient Energy Management System provides a cost-effective, user-friendly solution
for real-time energy monitoring. The system integrates ESP32 with sensors and the Blynk loT
platform, allowing users to track and optimize their energy consumption effectively. The ability to
monitor data remotely ensures better energy conservation practices, reducing waste and lowering
electricity costs. Future enhancements could include artificial intelligence integration for predictive
energy analysis and automation, further improving energy efficiency and management.
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