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Abstract

The purpose of this study is to evaluate the loT function of Arduino within the framework of the
Smart Grid system in the electric power grid. A major advantage of this function is the
automatic connection of the entire energy infrastructure in the transition period to the smart
grid, which integrates technologies to increase the efficiency and management of the electric
grid. There are several options for monitoring, controlling and sophisticated automation of
traditional energy generation operations with the Arduino system, an open hardware and
software platform. Identification of Arduino functions related to the collection of sensor data
for temperature, voltage, energy consumption, and other relevant variables will be the main
focus of this study. Benefits and disadvantages of automation and control of electric grid devices
with Arduino and the integrated grid with renewable energy. The findings of the study will help
in understanding the potential and integrity issues of Arduino in the electrical industry. They
will provide recommendations for its successful future implementation in this sustainable
environment.

Keywords: [loT Function, Energy Transition, Grid Integration, Energy Conservation,
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1 INTRODUCTION

The demand for electricity in Kosovo is
increasing dramatically due to technological
developments that have swept the globe.
Traditional fossil-fired energy has made it
difficult to integrate with the automation
system and its distribution. Numerous
studies by several authors have shown
variants of optimal solutions for different
energy sources, including software ideas and
proposals (Dasic et al., 2008, 2011,
Damnjanovic et al., 2010, Serifi et al., 2010,
Sofiu et al., 2011).

Due to this growing demand and the
qualifying  transition to  sustainable
development, the impact of computer
networks on the design of the SMART
automation network is becoming more
complex due to the need to increase security,
efficiency, and reliability and consider
environmental and energy sustainability
issues (Sofiu. V, 2017). These characteristics
of an electrical grid led to its ultimate
intelligence, which is now called the "Smart
Grid". This is a conceptual approach that
includes all intelligent elements to make the
electrical distribution system more stable,
reliable and efficient. An overview of "smart
grids", including their features and the
different effects on the electricity
distribution  business with  qualifying
traditional energy approaches, is given in
this paper (Chibuike Peter Ohanu, Salihu
Ahmed Rufai, Ugbe Christiana Oluchi,
2024). An advanced system of generation
network connections for all types of
generation with the automatic system
increases communication reliability and
significantly improves the service and
quality of electricity consumption. The
intelligent ~ network  with  wireless
infrastructure that regulates and improves
the frequency infrastructure of networks
with a common connection to the electricity
distribution network with the Smart Grid
system (Zahoor Hussain, 2016). The
efficiency, security and sustainability of the
power grid are enhanced by the sophisticated
and controllable environment that is created
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when information and communication
technology is integrated with the
conventional power system. This idea
encompasses everything from the generation
and distribution of electricity to the end user,
including automation, real-time monitoring
and the use of renewable resources (Chen,
Z., Amani, A. M., Yu, X., & Jalili, M, 2023).
Information and communication technology
combined with the conventional power grid
produces a sophisticated and controllable
environment that increases the stability,
security and efficiency of the grid. This idea
encompasses everything from the generation
and distribution of electricity to the end user,
including automation, real-time monitoring
and the use of renewable energy sources
(Madani Abdu Alomar, 2023). A smart grid
that connects state-of-the-art networks with
various industrial processes can be
considered an energy ecosystem that
improves energy management in a smart and
effective way. A network with smart grid
intersections can create an integrated
network that uses comprehensive data to
monitor and manage the electrical grid using
modern devices and technologies connected
to the Internet of Things (IoT) (Sunawar
khan, Tehseen Mazhar, Tariq Shahzad,
Muhammad Amir khan, Ateeq Ur Rehman,
Habib Hamam, 2024). Arduino is an open
hardware and software platform with a broad
and sophisticated architecture that enables
the electrical grid system to function with the
Smart Grid network system. Accurate real-
time communication, automation of the
operation process and the use of artificial
intelligence are key factors to improve the
operation of the electrical system in just a
few steps using the applications that Arduino
offers for the development of devices and
technology related to the Internet of Things
(IoT) (Monk, Simon, 2016). Through this
research work, we hope to advance
knowledge about the application of Arduino
to Smart Grid system problems and its
potential application in building a smart and
sustainable electricity grid of the future
(Pradeep K. Khatua, Vigna
K.Ramachandaramurthy, Padmanathan
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Kasinathan, Jia Ying Yong, Jaga, 2020). A
recent and comprehensive advancement in
electrical infrastructure, the Smart Grid
system seeks to increase the sustainability,
security and efficiency of the grid through
the use of information and technology. The
Smart Grid creates an integrated and
interconnected grid using information and
communication technology, in contrast to
the conventional electrical grid (Schmidt,
2015). Process automation, energy
management systems, internet-connected
sensors and devices, and the wuse of
renewable resources are all essential
components of a Smart Grid system. One of
the key features is the capacity for
sophisticated real-time grid monitoring and
control, which enables grid operators to act
quickly and adapt to the demands of today's
energy producers and consumers (Tanveer
Ahmad, Dongdong Zhang, 2021"). Global
technological advances such as the Internet
of Things (IoT) offer a wide range of
applications in the energy sector, such as
transmission and distribution, power supply,
power  generation, renewable energy
integration, demand-side management, and
environmentally sustainable development
(Kabeyi, M. J. B., & Olanrewaju, O. A,
2023). To ensure the efficiency of the
electricity grid with communication
capabilities with all possible generations,
including the characteristics of the
generations with the IoT system, a fair
approach is required to seamlessly integrate
renewable energy sources with traditional
energy and to achieve sustainable
development  with the smart grid
(Muhammad Khalid, 2025).

2 RESEARCH METHODOLOGY

Arduino is an open hardware and software
platform that has significant potential to
enhance the functioning of the Smart Grid
system in various ways. Utilizing Arduino in
this context offers a wide range of
possibilities for monitoring, automation, and
efficient control of the electrical grid. This
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research focuses on the current landscape of
traditional energy generation and the impact
of  renewable energy generation,
emphasizing the role of Arduino in the smart
grid, which includes: - Sensors and data
collection - Process automation - Real-time
monitoring and reliable information -
Utilization of electric machines - Safety and
risk management - Interaction with
consumers Generation flexibility is a crucial
aspect of communication within the
electricity sector, allowing for an increase in
the share of renewable energy capacities. In
recent years, the percentage of renewable
energy sources (RES) in Kosovo's energy
mix has seen a modest increase. According
to European directives, Kosovo has achieved
a strategic objective of 25% participation in
RES, in line with the goals set in its energy
strategy. However, there are significant
disparities in how RES are utilized across
different industries, with uneven integration
of various RES technologies. Therefore,
efforts are underway to seek the integration
of the SMART market, ensuring that the
digital approach is harmonized in real time.
Arduino devices can facilitate automatic
communication with wireless access for
information collection. Multiple sensors,
capable of tracking network conditions such
as voltage, energy consumption,
temperature, and other relevant data, can be
connected to an Arduino. The collection and
interpretation of real-time data from these
Arduino devices enable an accurate
assessment of network  performance
(Schmidt, 2015). Process of automation
Arduino provides the capability to develop
applications for process automation. Its
advanced power management features allow
Arduino to control and communicate with
devices on the network through specific
programming. By efficiently allocating
resources and optimizing their usage,
automation can lead to a significant
reduction in energy consumption.

With Arduino, it is possible to build a
continuous real-time monitoring system for
the power grid, complete with robust data
collection and real-time oversight. This
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facilitates the rapid identification of issues
and the optimization of operational
processes. Additionally, Arduino's ability to
store data and interface with other platforms
enables the creation of a consistent and
permanent archive, which can be utilized to
analyze the long-term performance of the
grid (Um-e-Habiba, ljaz Ahmed,
Mohammed Algahtani, Muhammad Asif,
Muhammad Khalid, 2024). Arduino can be
connected to general energy systems, like
wind turbines and solar panels, promoting
the use of sustainable energy. This not only
reduces dependence on conventional sources
but also enhances the adoption of renewable
energy. When integrating Arduino into a
smart grid system, it's essential to develop
security and risk management techniques to
safeguard the system against potential
threats and issues. The integrated security
systems within Arduino enable real-time risk
identification and mitigation. Additionally,
Arduino can facilitate consumer interaction
with the electrical grid by creating
applications that allow users to monitor
energy costs, track incentives for efficient
energy use, and provide options for
managing their energy consumption. This
empowers users to make informed decisions
regarding their energy usage while
promoting overall efficiency in the grid
(Sajad Ahmad Wani and Krishna Tomar,

2022). The connectivity and communication
capabilities of Arduino can be smoothly
integrated with various Internet of Things
(IoT) devices, creating a comprehensive
ecosystem that enhances the monitoring and
management of the electrical grid. With real-
time data tracking, both users and grid
operators can quickly respond to unexpected
changes and make informed decisions. This
functionality allows for effective energy
efficiency management by evaluating and
improving energy use. Renewable energy
technologies, such as wind turbines and solar
panels, can be interconnected to promote the
utilization of sustainable energy sources. It is
essential to develop robust security and risk
management strategies to protect the Smart
Grid system from potential threats, and
Arduino plays a crucial role in this effort. By
leveraging its features to identify and
address security threats swiftly, the overall
security of the grid is strengthened.
Additionally, applications designed with
Arduino can empower users to track and
manage their energy  consumption
effectively. These tools not only enhance
energy efficiency but also raise awareness by
providing personalized options and fostering
direct communication with customers (Sajad
Ahmad Wani and Krishna Tomar, 2022).
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Figure 1 Managing the energy network through a smart energy system
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Arduino can be effectively utilized for real-
time energy monitoring and control in Smart
Grid systems by incorporating several
essential components and features. To gather
various energy-related data, Arduino can be
connected to different sensors, such as
temperature, voltage, and current sensors.
These sensors are connected to the Arduino's
ports and pins to provide comprehensive
data on the network's performance. For
control purposes, devices and actuators can
be connected to Arduino to manage
processes within the network. When a quick
response is necessary to adjust network
operations, these devices activate. For
instance, relays can be employed as control
devices to communicate with other
equipment, allowing for the isolation of
specific segments of the network during
emergencies. Additionally, Arduino
facilitates communication with  other
platforms, including computers, mobile
devices, and other systems connected to the
Internet of Things (IoT). Through various
communication protocols such as Wi-Fi,
Bluetooth, and network connections, users
can remotely monitor and control their
energy usage. Furthermore, applications
designed with Arduino empower users to
effectively track and manage their energy
consumption. These tools not only enhance
energy efficiency but also increase
awareness by offering personalized options
and fostering direct communication with
customers (Witt, Peter, 2016). Automatic
load balancing: An artificial intelligence
system can be created with Arduino to
identify times when energy consumption is
highest and optimize its distribution.
Automatic control systems programmed
with Arduino are able to respond to changes
in energy usage and make adjustments in
real time to maintain grid -efficiency.
Renewable resource monitoring: Solar and
wind power generation are two examples of
renewable resources whose performance can
be tracked using Arduino. Depending on the
availability of renewable resources, this data
can be used to communicate with the grid
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and modify energy distribution (Monk,
Simon, 2016). Automatic Load Balancing:
An artificial intelligence system can be
created with Arduino to identify times when
energy consumption is highest and optimize
its distribution. Automatic control systems
programmed with Arduino are able to
respond to changes in energy usage and
make adjustments in real time to maintain
grid efficiency. Renewable Resource
Monitoring: Solar and wind power
generation are two examples of renewable
resources whose performance can be tracked
using  Arduino. Depending on the
availability of renewable resources, this data
can be used to communicate with the grid
and modify energy distribution (Monk,
Simon, 2016). In the context of a smart grid,
Arduino can be used with a variety of
sensors and devices to collect data related to
temperature, voltage levels, energy usage,
and other relevant information. Custom
sensors can be attached to the Arduino to
track power usage across different segments
of the network or individual devices. The
purpose of voltage sensors is to keep an eye
on voltage levels across the entire network.
The voltage levels can be read and
transmitted for further analysis using an
Arduino Figure 2. By using this data to
determine locations with high or low
voltage, power distribution can be optimized
and risk can be reduced.

Figure 2 Integrated voltage sensor

A series of temperature sensors can be
attached to an Arduino to track the
temperature in areas where network
equipment is located. Accurate temperature
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readings are provided by sensors such as the
DS18B20. These sensors can be used to
detect hot spots, which can affect power
dissipation and the performance of electrical
equipment. Arduino-connected sensors and
devices are critical in improving energy
monitoring and management in the Smart
Grid. These devices provide necessary
information and enable smart decisions for
the efficiency, security, and sustainability of
the electrical grid.

3 DISCUTION OF RESULTS

Voltage and current sensors enable
monitoring of grid load and detection of high
voltage or overload locations. This data is
used by Arduino to optimize power
distribution, ensuring that each grid
component uses energy most economically
and efficiently possible. A comprehensive
view of real-time energy usage is provided
by energy consumption sensors. This data
can be examined using Arduino to determine
peak demand times and reduce energy costs
and losses. Smart Grid reduces costs for both
the supplier and the end user through energy
efficiency = management.  Light and
temperature sensors are essential for keeping
an eye on the operation of renewable energy
sources such as wind turbines and solar
panels. The power adjustment and
integration of these sources into the grid are
coordinated by Arduino. Arduino can
automate grid load control using relays,
voltage and current sensors. The electronic
system can intervene in the automatic
approach by isolating specific segments of
the network or using other techniques to
manage the loads when the sensors are
interrupted to detect high load points.
Temperature sensors help detect emergency
conditions, such as excessive temperatures
or gas leaks. This technology has made it
possible to create automated systems and
applications for managing and monitoring
energy in real-time. Scheduled automatic
actions are events with specific conditions
that can be created by IoT software to enable
the Arduino to intervene when there is a
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power outage at a certain time. The Arduino
connects to temperature, voltage, current and
other sensors to track the state of the network
in real-time. It then uses this data to
automatically modify network activities.
The Arduino is configured to recognize
emergencies, such as sudden temperature
fluctuations, high voltage or unexpected
usage. To address these circumstances, the
automated  system can immediately
intervene and isolate specific segments of
the network, use different resources, or
modify processes to reduce risk. The
resilience and efficiency of the network can
be increased by using this data for additional
analysis and  decision-making. By
connecting to sensors for temperature,
voltage, current, and other variables, the
Arduino continuously assesses the state of
the network and wuses this data to
automatically modify network operations.
The Arduino is configured to recognize
emergencies, such as sudden temperature
fluctuations, high voltage, or unexpected
usage. The automated system can
immediately intervene and isolate specific
segments of the network using different
resources or modify processes to reduce risk.
Monitoring and reporting collects, tracks,
and reports a variety of network performance
metrics. The resilience and efficiency of the
network can be increased by using this data
for additional analysis and decision-making.

CONCLUSIONS

Arduino offers significant potential for
automating processes and managing devices
within a smart grid system due to its high
flexibility, scalability, and capacity to
support a wide range of applications. One of
its applications is automating load control in
the grid by monitoring energy usage and
responding with predefined actions. To
minimize the risk of voltage drops, Arduino
can be programmed to turn off non-essential
devices when power demand becomes
excessively high. Moreover, Arduino can
facilitate the monitoring and regulation of
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renewable energy sources, such as wind
turbines and solar panels. When the solar
panel system generates a surplus of energy,
Arduino can prioritize its use in the grid
effectively. By connecting to sensors that
measure voltage, current, and other
variables, the grid's operations can be
tracked in real-time, allowing for immediate
reporting of any issues or irregularities. For
example, if voltage levels drop in a particular
area, Arduino can activate specific devices to
boost voltage and stabilize the power supply.
Power consumption patterns can be analyzed
using Arduino, enabling adjustments in
power distribution to align with current
demands. Based on predicted energy needs,
Arduino can effectively intervene to either
increase or decrease the power supply. In
terms of emergency response, Arduino can
be configured to detect and respond to critical
situations, such as gas leaks or voltage
surges. The automated system can
immediately isolate affected segments of the
network, reducing risks to wusers and
infrastructure.
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