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Abstract

Increasing demand for electrical energy and efficient utilization of energy have led to the
development of intelligent metering systems. This paper, therefore, presents the design and
implementation of a smart energy meter based on an ESP32 microcontroller integrated with
current and voltage sensors for real-time measurement of electrical parameters. This proposed
system continuously monitors voltage, current, power, and energy consumption and transmits
the data wirelessly using Wi-Fi. Measured parameters are visualized through the Blynk loT
platform, allowing their remote monitoring and analysis through a smartphone interface.
Besides, this incorporated Telegram bot issues instant notifications, alerts, and on-demand
energy usage information under different user-defined commands. This approach provides
various access to user without the use of specialized hardware devices. Hence the smart energy
meter is a low-cost, scalable and reliable output for residential and small commercial energy
monitoring and cost utilization for the required applications. This increases energy consumption
cost and energy utilization awareness, hence enabling cost reduction and proper utilization of

power to meet the required cost control.
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1. Introduction

Traditional energy meters have limited functionality because they are not automatic in reading,
do not have the capability for real-time monitoring, and are incapable of data analysis. These
factors make it difficult for consumers to understand their electrical energy usage and for the
implementation of efficient management of the same. Internet of Things (IoT) has been
identified as a vital enabler for next generation energy networks since it makes it possible for
physical devices to communicate, monitor, and exchange data through the internet. Smart
energy meters based on 10T technology are going to make conventional energy meters more
effective by allowing real-time measurement of electrical variables such as voltage, current,
power, and energy. The 10T technology enables users to check and control data from anywhere
in the world using a cellphone or computer through a web browser. This project created a
wireless-powered smart electric meter that is powered by a microcontroller (Esp32) and utilized
sensors to measure voltage and current. The Esp32 microcontroller offers the following benefits
in the area of measuring energy: it operates on low voltage and consumes very little power, and
has the capability to provide high-speed processing. A graphical depiction of the data received
from the electric meter is sent over wireless channels via the Blynk 10T app, which provides a
simple and easy-to-use graphical interface for monitoring and analyzing energy consumption.
A Telegram bot can also be used with this system to provide real-time notification about your
energy consumption and provide you with access to data whenever you’d like. This system will
help provide low-cost, efficient ways to monitor energy use in residential and small business
settings. By constantly monitoring energy use and sending alerts, this system is intended to help

improve awareness of energy usage and develop smart management systems.

Recent research in smart energy metering systems has focused on the integration of loT
technologies to surpass the drawbacks of traditional meters. The traditional meters rely on
manually collected data and lack real-time monitoring; as such, they allow for poor efficiency
management and lower user awareness. Different works have proposed I0T-based smart energy
meters using the microcontrollers Arduino, Raspberry Pi, and ESP32 integrated with voltage
and current sensors. Various researchers have demonstrated that ESP32-based systems provide
reliable real-time monitoring due to the presence of Wi-Fi connectivity inside and very low

power consumption. Data visualization and remote access via cloud platforms using Blynk and
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web dashboards have also been applied. Some have incorporated theft detection and abnormal
consumption analysis in their attempts, with a view towards energy security and power losses
reduction. Alert mechanisms, making use of SMS or email notifications, have also been reported
in literature to improve responsiveness by the user. However, the majority of the existing
systems make use of a single monitoring system with limited user interaction. The concept of
implementing instant messaging apps for energy monitoring and alerts has still not been
thoroughly investigated. The proposed system works on the objective to make use of the Blynk
system and the Telegram Bot to enable real-time monitoring, immediate alerts, and on-demand

energy consumption data.

2. Layered Architecture Of Smart Energy Meter

Sensing layer

|

Processing layer

h 4

Communication layer

Y

Application layer

Figure.1l. Layer architecture of smart energy meter
2.1. Sensing Layer
The role of the sensing layer is to sense the electrical parameters from the load or power supply
line. This is achieved by a voltage sensor and current sensor module integrated with the
electrical system. Voltage Sensor calculates the reading of the line voltage by either a voltage
divider sensor or an isolation sensor. Current Sensor senses the value in the form of a current
transformer, calculates the load current without making any physical contact with the powers
supply wires. These sensors produce analog output reading based on proportion to voltage and
current that the load or device consumed.
2.2. Processing Layer
The processing layer is equipped with a microcontroller, the microcontroller used is ESP32.

Key functions include:
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e Analog-to-Digital Convertor (ADC)
e« RMS Voltage and Current
o Energy Consumption (kWh)

2.3. Communication Layer

The communication layer allows transfer of data to remote areas using 10T connectivity. The
microcontroller unit adopts Wi-Fi technology transmit processed data to the cloud server. APIs
are utilized in the communication layer to ensure efficient and secured data transfer. Data
packets carry voltage, current, power, and energy values. This layer makes remote meter reading
unnecessary because continuous monitoring is made possible.

2.4. Cloud and Application Layer

The cloud layer stores and analysis the received energy data.

2.4.1. Key components

o Cloud database for historical data storage
o Data analytics engine for usage trend analysis
e Visualization dashboard accessible via mobile or web applications

2.5. Overall System Operation

1. Real-time measurement of electrical properties is done using voltage and current sensors.

2. The microcontroller is able to process raw signals as well as calculate the related energy.

3. The calculated data is then wireless connected to the cloud server.

4. Users are able to access data in real time as well as historical data through the mobile or web
interface.

5. Alerts or analytics functionality helps optimize energy usage.

3. Technical And Implementations Of Smart Energy Meter

The design of the smart energy metering system was conducted using the ESP32
microcontroller with the inclusion of voltage and current sensors for the measurement of
electrical parameters. The data was processed using the ESP32 to determine the voltage, current,
power, power factor, and energy consumptions. The processed information was transmitted to
the Blynk cloud platform using Wi-Fi connectivity. At the same time, a Telegram Bot was
developed using the Telegram Bot API with the inclusion of secure authentication using the

access token. Customizable commands were developed to receive real-time data, status, and

Copyrights@IJMRT www.ijmrt.in

Page | 17



Navaneetha Krishnan L et al IJMRT: Volume (8), Issue 1, 2026

energy consumptions using Telegram. To provide solutions for smart energy meters, the system
continually extracts and transmits data to our customers and provides a seamless communication
experience for customers who want to have their questions answered instantly and efficiently.
By using cloud-based technology, we are able to eliminate any variability in the data acquisition
and communication processes associated with smart energy metering, providing the most cost-
effective and effective solutions. The system employs Telegram as a communication medium
between the customers and the system. A Telegram bot has been built into the system, which
allows the customer to receive instant messages from the system, thus enhancing customer
satisfaction and generating customer loyalty through immediate gratification. It uses Telegram's
Bot API to provide instant messaging and an authentication token has been integrated into the
ESP32 firmware, which will allow secure data transfer. Predefined commands have been added
to the system; this allows the customer to query the real-time values of voltage, current, power,
total energy, and system status via the bot. Upon receipt of these commands, the ESP32 will
send back the requested information via a Telegram message. The continuous command-driven
automation of the system will allow the customer to have real-time access to their system
without delay, providing the customer with peace of mind. This design will create a low-cost,

scalable, and effective smart energy metering experience.

4. Telegram BOT Creation

Telegram is a messaging application and web service offering an open and secure bot
application programming interface (API), creating telegram bot using Bot Father appropriate
for notification/ monitoring energy consumption information. In the smart energy metering
system, a Telegram bot is created for distant access to the energy usage information as well as
immediate notification to the user. The bot is developed using the Telegram BotFather service
are showed in (fig 1.1 & 1.2) provide by telegram application, that service provides a unique
authorization token for a secure communication link between the ESP32 controller board and
Telegram application/webpage. The authorization token is integrated into the ESP32 by the
embedded ¢ program to provide a communication between the ESP32 board and the Telegram
Bot API in the HTTPS request. Finally, the bot enables the user to control the smart energy

meter by utilizing the predefined commands.
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/start 1035 am v

I can help you create and manage Telegram bots. If you're
new to the Bot API, please see the manual.

You can control me by sending these commands:

/newbhol - create a new bot
/mybots - edit your bots

Edit Bots
setname - change a bol's name
etdescription - change bot description
1houtiex! - change bot about info
userpic - change bot profile photo
etcommands - change the list of commands
etebot - delete a bot

Bot Settings
/token - gel authorization token

e - revoke bot access token

i gle inline mode

!ogg[u inline location requests
inefeed back - change inline feed back senngs
etjoingroups - can your bot be added to groups?

/setprivacy - loggle privacy mode in groups

Web Apps
/myapps - edit your web apps
/n wapp - create a new web app
apps - get a list of your web apps
ditapp - edit a web app
/deleteapp - delete an existing web app

Games
ygames - edit your games
ime - create a new game
mes - gel a list of your games
ditgame - edit a game
/deletegame - delete an existing game

/mewbol 135 4v

Alriglxl, a new bhot. How are we going to call it? Please
choose a name for your bot.

2 ©

Figure.1.1. Features of BOT
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<« ¢§ BotFather

Smart_Energy_0bot ;3. x11 o

Done! (‘ongralulalions on your new bot. You will find it at
t.me/Smarl_Energy_0bol. You can now add a de\ulpuan
about section and praf_h' picture for your bot, see /help
[or a list of commands. By the way, when you've finished
creating your cool bot, ping our Bot Support if you want

a better username for it. Just make sure the bot is fully
operational before you do this.

Use this token 1o access the HTTP API:

8428534157 : AAFDMLPKBMJ33QdbASuJymSm_wI
EHWPBW3I

Keep your token secure and store it safely, it can be
used by anyone to control your bot.

For a description of Ihu Bot 4[’1 see this page:

HM”\ //core.tele
November 3

/start 01 py o

OK. Send me a list of commands for your bol. Please use
this format:

command ] - Description
command?2 - Another description

Send /empty to keep the list empty.

/start 01 py v

OK. Send me the new description for the bot. People will
see this description when they open a chat with your bot,
in a block titled "What can this bot do?".

/81t 503 prt

Choose a bot from the list below:
@Smart_Energy_0Obot

Send me the URL that will he onened by tanning the menu

Figure. 1.2. User name for BOT

Inclusion of Telegram services upgrades the usability of the system as it enables instant

notification services, alerts for irregular consumption, as well as monitoring services at the

customer’s request. The use of Telegram services as an interface is much cheaper compared to

traditional monitoring services.

5. Telegram Integration

The flowchart below shows the sequence of operations of the Telegram bot integrated with the

smart energy meter system. The process starts with installing the Telegram application on the

smartphone of the user. Following this, the user looks for and opens the BotFather service to

create a new Telegram bot and then name it uniquely. If creation is successful, BotFather issues

an authentication token.
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‘ Start ’

Place the given
Install Telegram app Token in the energy
on user phone meter codes for Bot
access
Search and open Assign the
BotFather in the instructions for
Telegram app command
Execute the energy
Create and assign meter program with
new name to the Bot accesss Token to the
Bot
Energy meter and
Telegram Bot
waiting for user . I
comand No
Yes Yes Yes
L A A
Retrieve and display No
data of voltage, Retrieve and display Retrieve and display
current, apparent the status of the the total kwh usage
power, real power, energy meter and electricity bill
power factor and
kwh reading
No

Figure.2. Flowchart of the program code
This token is integrated with the ESP32-based energy meter firmware in order to have secure
communication between the energy meter and the Telegram Bot API. Then, after setting up the
token, predefined instructions and commands are set up for the bot. After that, the program of
the energy meter starts running with enabling access to the bot. The smart energy meter and the
Telegram bot keep the system in running mode and waits for the commands through the user.
Once the command is received, the system verifies the command type. In case of Command 1,
it retrieves the electrical parameters like voltage, current, apparent power, real power, power
factor, and energy consumption in kWh. If Command 2 is received, then the operation status of
energy meter is returned. In case of selection of Command 3, system calculates and shows the
total energy consumption along with the estimated electricity bill. It goes back, after the
execution of the requested operation is performed by the system in a continuous real-time

interaction and monitoring.
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6. Hardware Implementation
All the hardware components and specification, process are explained below and represented in
the fig 3.
6.1. Current Sensor (CT):
The conductor carrying the load current is passed through the opening of the CT, where the
magnetic field produced by the current induces a proportional secondary current in the
transformer winding. In this sensor, the rated specification of 100A/50mA indicates that when
a primary current of 100 A flows through the conductor, a secondary current of 50 mA is
generated at the output. This low-level current signal is then supplied to an energy metering
module, such as the PZEMOO4T, where it is converted into usable electrical parameters like
current, power, and energy consumption.

VOLTAGE SENSOR

CURRENT SENSOR

ESP32
DEVELOPED BOARD

LOAD

Figure.3. Components

6.2. Voltage Sensor

The ZMPT101B AC Voltage Sensor is a module that can be used to safely detect high-voltage
AC mains by a microcontroller. It uses a precision transformer to detect the voltage, thereby
offering a safe interface from high voltages to low voltages, thereby safeguarding your circuit
from dangerous spikes. It steps down high voltages to a lower-level signal so that you can adjust
this signal using a built-in potentiometer to suit the requirements of a circuit like Arduino to
detect real-time voltages.

6.3. ESP32 Developer Board

The ESP32 is an advanced microcontroller with a dual-core processor and in-built Wi-Fi and
Bluetooth connectivity. This makes it ideal for real-time data acquisition and wireless
communication. The ESP32 receives electric parameter data of voltage, current, power, and
energy from the energy metering sensor module. It processes this parameter data and formats it
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for display and transmission. The ESP32 uses its in-built Wi-Fi connectivity feature and
transmits processed energy consumption data from the microcontroller to a cloud-based online
monitoring system known as Blynk.

6.4. Load

Load is anyone of electrical device or equipment that consumes electrical energy for the power
supply, such as tungsten lamp (for demo), in industrial level like blowers, fans, coolers, pumps

etc.

7. Result

The cost calculations are performed by the embedded ¢ program with the pre-defined formula
and with the measured inputs of current and voltage values. The calculated are notified through
the telegram application once the bot has been activated. The pictorial represent of notification

is attached in fig 4.
< . Smart Energy meter

bot

£ ™%
"\\Ki

Alert! Power usage cost crossed QS0.0(D

Current Cost: R53.73

Alert! Power usage cost crossed 50.00 1
Current Cost: 57.39

Figure.4. Telegram notification

The developed smart energy meter functioned perfectly for the real-time observation of electric
measurements such as voltage, current, power, power factor, and energy consumption. The
ESP32 chip enabled the transmission of the readings to the Blynk 10T cloud at a scheduled
interval, reflecting the readings on the mobile application with satisfactory precision. There was
immediate response from the Telegram bot to any commands, reflecting real-time readings of
energy, the status of the energy meter, as well as the total consumption of energy measured in

kwh. Hence the overall figure representation in fig 5.
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Figure.5. Overall setup of smart energy meter

8. Conclusion

This paper has described the design and development of a smart energy meter based on the I0T,
with the ESP32 microcontroller, along with the integration of voltage and current sensors. This
proposed method allows for uninterrupted measurements of the electric values such as voltage,
current, power, as well as energy consumption, with a wireless data transfer mechanism enabled
via Wi-Fi. Additionally, the integration of the Blynk app allows for easy viewing, along with
the Telegram bot, which offers easy access to the energy consumption data.

The proposed systems make for a low-cost and scalable solution for residential and small
business sectors. With the help of the smart energy meter, the system aims to develop an
effective energy usages solution by raising user awareness and providing facilities for the
remote reading of consumption. Future research areas with the smart energy meter can
concentrate on the connectivity to the utility companies for enhancing the scalability of the

proposed solution.
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