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Abstract—The increasing demand for electricity and the
need for efficient energy management have led to the
development of intelligent monitoring systems.
Traditional energy meters only measure electricity
consumption and do not provide real-time analysis or
predictive capabilities. This research presents an Al-
Based Smart Energy Meter with Load Prediction and
Optimization that integrates Artificial Intelligence (AI),
Internet of Things (IoT), and cloud computing
technologies for smart energy management. The
proposed system monitors electrical parameters such as
voltage, current, power, and energy consumption using
sensors connected to a microcontroller. The collected
data is transmitted to a cloud platform through a Wi-Fi
module for remote monitoring and analysis. AI and
machine learning algorithms analyze historical energy
usage patterns to predict future load demand and
optimize energy consumption. The system helps reduce
electricity wastage, improve energy efficiency, and lower
electricity bills through intelligent load management. It
also provides real-time monitoring, cloud-based
accessibility, and predictive analytics for users. The
proposed smart energy meter can be applied in
residential homes, industries, commercial buildings, and
smart grid systems. This research demonstrates that
integrating Al and IoT technologies into smart metering
systems improves energy monitoring, forecasting
accuracy, and overall power management, contributing
to sustainable and intelligent energy utilization.

Index Terms—Artificial Intelligence (AI), Smart Energy
Meter, Load Prediction, Breadboard, Jumper wires,
Potentiometer, Resistors, Energy Optimization, Internet
of Things (IoT), Machine Learning, Smart Grid, Energy
Monitoring, Power Consumption Forecasting, Cloud
Computing.

I. INTRODUCTION
The increasing demand for electricity and the rapid

growth of modern technologies have created the need
for efficient energy management systems. Traditional
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energy meters only measure electricity consumption
and do not provide intelligent monitoring, prediction,
or optimization features. This limitation leads to
energy wastage, higher electricity bills, and inefficient
power utilization.

Artificial Intelligence plays a significant role in
improving the functionality of smart energy systems.
Al-based algorithms can analyze historical energy
consumption data, identify usage patterns, and predict
future electricity demand. This process, known as load
prediction or load forecasting, helps users and utility
providers manage energy resources more efficiently.
Accurate forecasting enables better load balancing,
reduction of peak demand, prevention of overload
conditions, and improved energy efficiency.

Recent advancements in Artificial Intelligence (Al),
Internet of Things (IoT), and embedded systems have
enabled the development of smart energy monitoring
solutions. Smart energy meters can monitor real-time
electrical parameters such as voltage, current, power,
and energy consumption while providing remote
access and cloud-based monitoring.

This research presents an Al-Based Smart Energy
Meter with Load Prediction and Optimization that
integrates sensors,
communication, and machine learning algorithms for
intelligent energy management. The system collects
real-time energy data, analyzes historical consumption
patterns, and predicts future electrical load demand
using Al techniques. Based on the prediction results,
the system can optimize energy usage and reduce

microcontrollers, Wi-Fi

unnecessary power consumption.

The proposed system helps improve energy efficiency,
reduce electricity bills, and support sustainable energy
management. It can be applied in residential homes,
industries, commercial buildings, and smart grid
systems for intelligent and efficient power monitoring.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6121



© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

II. OVERVIEW

The Al-Based Smart Energy Meter with Load
Prediction and Optimization is an intelligent energy
management system designed to monitor, analyze, and
optimize electricity consumption. The system
combines Artificial Intelligence (Al), Internet of
Things (IoT), sensors, and cloud computing
technologies to provide real-time energy monitoring
and predictive analytics.

The system measures important electrical parameters
such as voltage, current, power, and total energy
consumption using voltage and current sensors
connected to a microcontroller like Arduino Uno. The
collected data is processed and displayed on an LCD
screen while also being transmitted to a cloud platform
through the ESP8266 Wi-Fi module for remote
monitoring.

A major feature of the system is Al-based load
prediction, where machine learning algorithms
analyze historical energy usage patterns to forecast
future electricity demand. Based on these predictions,
the system can optimize power consumption by
reducing unnecessary energy usage and managing
loads efficiently.

The smart energy meter provides several advantages
such as real-time monitoring, remote accessibility,
energy optimization, reduced electricity bills, and
improved energy efficiency. It can be used in homes,
industries, commercial buildings, renewable energy
systems, and smart grid applications.

III. METHODOLOGIES

The methodology of the Al-Based Smart Energy
Meter with Load Prediction and Optimization involves
the integration of hardware components, IoT
communication, and Artificial Intelligence (Al)
techniques to monitor and optimize energy
consumption efficiently. The complete methodology
is divided into several stages.

1. Data Collection

e Voltage and current sensors measure real-time
electrical parameters.

e ACS712 Current Sensor measures current
consumption.
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ZMPT101B Voltage Sensor Module measures
supply voltage.
Sensor data is continuously collected from the
connected electrical load.

. Data Processing
Sensor data is sent to the Arduino Uno.
The microcontroller processes the input signals.
Calculates voltage, current, power, and total
energy consumption.
Converts analog sensor readings into digital
values.

. Real-Time Display
Processed electrical values are displayed on the
16x2 LCD Display.
Provides instant monitoring of energy usage.
Displays parameters such as voltage, current, and

power.

. Wireless Communication
ESP8266 sends data to a cloud server or loT
platform.
Enables remote monitoring through Wi-Fi
connectivity.
Supports  cloud-based data storage and
accessibility.
. Al-Based Load Prediction
Historical energy data is analyzed using Al
algorithms.
Machine learning models such as Linear
Regression, Random Forest, and LSTM are used.
Predicts  future electricity demand and
consumption trends.
Identifies peak load conditions and usage patterns.
. Energy Optimization
System recommends energy-saving strategies.
Relay modules can automatically control
connected appliances.
Reduces power wastage and peak energy demand.
Improves overall energy efficiency.
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7. Data Analysis and Reporting

e Stored energy data is analyzed for detailed
insights.

o Generates energy reports and usage trends.

e Helps users make informed energy management
decisions.

e Supports long-term monitoring and optimization.

8. User Notification System

e The system sends alerts and notifications for
abnormal energy usage.

e Users receive warnings during high power
consumption or overload conditions.

e Notifications can be accessed through mobile or
web applications.

IV. FINAL RESULTS

The Al-Based Smart Energy Meter with Load
Prediction and Optimization system successfully
demonstrated real-time energy monitoring, intelligent
load prediction, and efficient energy management. The
system was able to accurately measure electrical
parameters such as voltage, current, power
consumption, and total energy usage using voltage and

current sensors connected to the microcontroller.
Al Smart Energy Meter

Voltage: 3.37 V

Current: 0.07 A

Power: 0.25 W
Energy: 0.15 kWh

Predicted Energy: 0.15
kWh

The Arduino Uno processed the collected sensor data
effectively and displayed real-time values on the 16x2
LCD Display. The ESP8266 successfully transmitted
the monitored data to the cloud platform, enabling
remote access and monitoring through IoT
connectivity.

The Al-based load prediction model analyzed
historical energy consumption data and successfully
identified usage patterns and peak demand periods.
Machine learning algorithms such as Linear
Regression and LSTM provided effective forecasting
of future electricity demand. The prediction results
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helped optimize energy usage and reduce unnecessary
power consumption.

The energy optimization feature demonstrated
improved efficiency by recommending smart load
management strategies and reducing peak load
demand. The system effectively minimized energy
wastage and contributed to lower electricity
consumption.

VI. IMPLEMENTATIONS OF THE SOLUTION

The implementation of the Al-Based Smart Energy
Meter with Load Prediction and Optimization was
carried out by integrating hardware components, loT
communication, and Artificial Intelligence (AI)
techniques into a single intelligent energy
management system. The system was designed to
monitor electrical parameters in real time, transmit
data to the cloud, and predict future energy demand for
ation.

optimized power utiliz
T

The hardware implementation began with the
connection of the ACS712 Current Sensor and
ZMPT101B Voltage Sensor Module to the Arduino
Uno. The current sensor measured the load current,
while the voltage sensor monitored the supply voltage.
The analog sensor outputs were connected to the
analog input pins of the Arduino Uno for data
acquisition and processing.

The Arduino Uno was programmed using the Arduino
IDE to read sensor values, calculate voltage, current,
power, and energy consumption, and display the
results on the 16x2 LCD Display. The LCD provided
real-time monitoring of electrical parameters for local
observation.

For wireless communication, the ESP8266 was
interfaced with the Arduino Uno through serial
communication. The ESP8266 connected the system
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to a Wi-Fi network and transmitted the collected
energy data to a cloud server or IoT dashboard for
remote monitoring and storage.
The software implementation involved collecting
historical energy consumption data and applying
machine learning algorithms such as Linear
Regression and LSTM for load prediction. The Al
model analyzed energy usage patterns and forecasted
future electricity demand. Based on the prediction
results, the system provided energy optimization
recommendations and intelligent load management.
The complete system was assembled on a breadboard
using jumper wires, resistors, and a regulated 5V
power supply. A bulb and bulb holder were used as
demonstration loads to test the monitoring and
prediction  functionality.  Experimental testing
confirmed accurate energy measurement, successful
cloud communication, and effective Al-based load
prediction.
The implemented smart energy meter provided several
important outcomes, including:
e Accurate real-time monitoring of electrical
parameters.
o Successful cloud-based remote monitoring.
o Effective Al-based load prediction.
e Improved energy efficiency and optimization.
e Reduced electricity wastage and operational cost.
e Better user awareness of energy consumption
patterns.
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