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ABSTRACT

The Internet of Things (IoT) is used for all types of applications, including intelligent
energy monitoring as well as industrial automation. Smart Grids is an implementation of smart
grid from which IoT devices are actively used at different processes to track and control grid
parameters to provide reliable and efficient power supply. The integration of [oT into the Smart
Grid infrastructure has many advantages, but problems related to the integration of [ocT—SG are
also addressed for the improvement of grid performance. This paper discusses a broad overview
of Smart Grids and IoT based Smart Grids systems, particularly an IoT — enabled power
monitoring system that is designed to measure and analyse key electrical parameters in cases
such as voltage, current, active power as well as energy consumption for connected loads.
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1. INTRODUCTION

The rapid development of the Internet of things (IoT) has radically changed several
sectors such as energy management and industrial automation. In Smart Grids (SG), loT plays
an important role in real time monitoring and control of electrical parameters to ensure efficient
and reliable power distribution. As Smart Grid Systems take integration of IoT with SG,
utilities can optimize its consumption of energy, improve grid stability and fault detection
mechanisms. In this presentation, a discussion is made about smart Grids and IoT — enabled
power monitoring systems which play an important role in collecting critical parameters such
as voltage, current, active power and energy consumption. More than that, challenges in
Internet of things — SG integration are discussed along with possible solutions to improving the
grid performance.

1. Real time monitoring: Monitors energy flow / system performance via IoT sensors.
2. Predictive Maintenance: Anticipates equipment failures, reducing downtime.
3.Remote Control: Allows remote operation and automation of grid components.

4. Renewable Integration: Supports solar and wind energy integration.

5. Data Analytics: Analyze data for smarter energy management decisions.
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2. OBJECTIVE
In resolving the issues posed by classical power grids, traditional power grid monitoring
systems based on IoT technology employ smart technologies for real-time tracking, data
harvesting, and control automation. Automated control. Such systems aim at achieving optimal
reliability, functionality, and security in power distribution by the continuous tracking of a
multitude of parameters including voltage, current, frequency, and power quality. This system,
utilizing IoT sensors and communications technologies, can efficiently ensure early detection
of faults, power outages, and abnormal conditions which will allow prompt response and
reduction of downtime. Predictive maintenance may also be enabled for these systems through
the analysis of accumulated data to forecast equipment failures beforehand. Moreover, remote
access and control permit utility providers to manage and optimize the grid remotely from one
central console thereby increasing energy efficiency, lowering operation costs, and improving

the overall resiliency of the power system infrastructure.
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Fig.2 Connection Diagram

It is collectively to improve the reliability & efficiency. It starts with a power supply
that supplies electricity into the grid for distribution. There are also Voltage and Current sensors
available that ensure accurate measurements of real — time parameters like voltage, current and
power consumption, monitoring the grid performance. A microcontroller development board
processes the data, functioning as the system's brain, allowing it to analyse and manage the
information captured. After processing, the data is then sent to cloud storge because it requires
safekeeping, and can later be accessed for further analytics purposes or monitoring during real
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— time. The system comes with an interface on a smartphone that allows critical metrics such
as voltage and current levels to be pulled out and displayed, allowing users monitor grid
utilization and energy consumption conveniently. The system also caters to the Loads which
are the different appliances or equipment that use electricity within the grid. All these
components work hand in hand in enabling predictive maintenance, remote controlling, and
renewable energy resource integration, thus optimising the power grid and making it smarter.

3. HARDWARE COMPONENTS

The following components are the Hardware Requirements of the proposed paper.
3.1 Hardware Requirements

1.Arduino UNO
2.Node MCU
3.Voltage sensor
4.Current sensor
5.Power Supply
6.LCD Display

3.1.1. Arduino Uno

The Arduino UNO, one of the frequently used microcontroller boards by beginners is
built on the chip ATmega328P. Its features consist of having 14 digital I/O pins, 6 analog input
pins, a clock speed of 16MHz, and operating at Svolts. With 32KB of flash memory, 2KB of
SRAM, and 1KB of EEPROM, the board can be used in various electronics projects.

Fig.3 Arduino UNO
The extensive capabilities of the UNO allow hobbyists to easily build industrial projects such
as robots, home automation systems, and other interactive systems. The board can easily be
programmed using Arduino IDE through a USB connection, overcoming many of the barriers
for new learners.

3.1.2. Node MCU
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Fig.4 Node MCU

This board is tailored to suit projects aimed at the Internet of Things (IoT). The
integration of a low power Wi-Fi module and 32-bit microcontroller allows the board to
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intuitively link multiple devices to the internet. Like other IDEs, The Node MCU features GP1O
and ADCs which enable programming making it very simple to use. Due to its compact
dimensions, affordable pricing, ease of handling, and elevated user friendliness, Node MCU is
now considered one of the top selections for smart appliances and home automation
technologies.

3.1.3. Voltage Sensor

A voltage sensor should more accurately be referred to as a device that measures an
electrical circuit's voltage abstraction since it provides an output which is usually in analog or
digital signal form.

Fig.5 Voltage Sensor

Apart from connecting it to other sensors, the measured voltage can be useful when applied
with other electronics such as microcontrollers like Arduino or Node MCU for various
electronic projects. Most of these devices are used for monitoring power systems, performing
battery management, and circuit protection from battery over-voltage.

3.1.4. Current Sensor

The appliances that measure the value of current flowing in a complete or closed circuit are
recognized as current sensors. As Sensors achieve this goal through accomplishing either one
of the following tasks: detecting the magnetic field caused by the electric current or measuring
the voltage across a resistor which is placed into the circuit. Current sensors are highly effective
for energy monitoring in management systems with batteries such as in overcurrent protection
circuits and many other fields. Using current sensors with Node MCU and Arduino enables
monitoring, control and management of the current on devices using microcontrollers or
Arduinos.

Fig.6 Current Sensor

3.1.5. Power Supply

5V power supply is a very reliable source of direct current power in electronics. With
a voltage output of 5 volts, it is possible to power microcontrollers such as Arduino Uno and
Nedelcu, sensors, communication modules and even LEDs.
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Fig. 7 Power Supply

The 5V power supply is compact and light in weight thus making it suitable for projects where
space is a restriction. It also provides energy efficiency along with protection from overvoltage,
over current, and short circuits. Thus, it protects delicate electronic components. Furthermore,
a wide range of electrical devices can be powered using a 5V power supply due to its versatility
and regulated output which can be used in both prototyping and industrial applications

3.1.6. LCD Display

Using seven segments, the multi—-LCD Digit Display is able to display almost all of the
numerical symbols. The juices that crystal displays are put to use, The 7-segment display works
with simple switches since each of the segments is” ON” or “OFF” switch. With this
technology, it is more than simple it is of low power and high performance. Best examples
would be digital watches and desk calculators, since they require versatile input.

4. WORKING OF I0T BASED POWER GRID MONITORING

A power grid monitoring system which is IoT based employs features such as Arduino
Uno, mountable sensors for voltage and current, a powering device, and a screen to monitor
the grid's performance. Current and voltage sensors capture real time electric parameters. These
parameters are processed by the Arduino Uno microcontroller. A Wi-Fi capable Node MCU
transmits the information to cloud storage where it can be accessed remotely, as well as
visualized. Locally, the display module projects the data so that it can easily be referred to. All
component's functions are ensured by a constant power supply. This setup improves efficiency
and reliability of a power grid as real time monitoring, fault identification, and corrective
actions that are either automated or manual, can be undertaken.

Fig.8 Hardware of IOT based Power Grid Monitoring
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5. CONCLUSION

Energy management is changing due to [oT — based power grid monitoring because it
collects data and evaluates the power systems automatically, increasing grid reliability, and
reducing downtimes and energy waste through smart grid attributes. By means of sensors and
communication technologies, it allows for advanced fault detection, proactive load balancing,
and demand-response management which lowers costs and decreases the carbon footprint. In
any case, integration, cybersecurity issues, and lack of qualified workforce are constant
headaches to deal with. Even with these challenges, IoT based monitoring has enormous
potential to create smarter, more sustainable power grids.

6. FUTURE SCOPE OF THE PROJECT

An IoT based power grid monitoring system includes scope in its design,
development and implementation methodologies of a smart system to monitor and manage a
power grid on a continuous basis. The project aims to integrate IoT technologies such as
sensors, microcontrollers, and communication interface modules to monitor and capture critical
volumetric parameters like voltage, current, power factor, and frequency at different sections
of the grid in real time. It will make the data remotely accessible over mobile/web applications
or cloud platforms and enable utility providers to troubleshoot, distribute load, and maintain
the system proactively. In addition, the project will develop notification systems for conditions
such as abnormal power surges, outages, abnormal durations of power supply, and equipment
malfunction. The system can also be extended to cover larger areas of the grid or combined
with renewable energy sources, which makes it highly modular. Attention to details for
ensuring security of the data, reliability, and low latency in the communication to enable
quicker response for timely decision making for efficient energy usage is also included within
the scope.
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