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ABSTRACT

An loT-based monitoring system for grid-tied PV battery systems using Arduino
microcontrollers. Grid-tied PV battery systems have gained popularity in recent years due to
their ability to harness renewable energy and provide efficient power supply. However, real-
time monitoring and control of these systems are crucial for effective load management and
system performance optimization. The proposed system utilizes Arduino microcontrollers as
the central monitoring and control units. Sensors are deployed across the PV array, battery
bank, and load distribution points to collect data on energy generation, battery status, and load
characteristics. The Arduino microcontrollers are responsible for collecting and processing
sensor data, establishing wireless communication with the cloud platform, and controlling the
system components.

INTRODUCTION The primary objective of loT-based
monitoring in a grid-tied PV battery system
is to provide comprehensive visibility into
the system's performance and enable
intelligent  load  management. By
continuously monitoring parameters such
as solar irradiance, PV panel output, battery
charge levels, grid voltage, and load
demand, operators can make informed
decisions to optimize energy utilization and
ensure uninterrupted power supply. loT-
enabled monitoring systems typically
consist of sensor nodes deployed across the
PV array, battery bank, and load
distribution points. These sensors collect
data on energy generation, battery status
(state of charge, health, and temperature),
and load characteristics. The data is then
transmitted to a centralized gateway or
cloud platform via wireless communication

Grid-tied photovoltaic (PV) battery
systems have gained significant popularity
as a means to harness renewable energy and
optimize energy usage. These systems
integrate solar panels, energy storage
batteries, and grid connectivity to provide
reliable and sustainable power supply. To
ensure efficient operation and effective load
management, real-time monitoring and
control of the system are crucial. Internet of
Things (IoT) technology offers a robust and
scalable solution for monitoring and
managing grid-tied PV battery systems. By
integrating loT devices, sensors, and cloud-
based platforms, it becomes possible to
collect, analyze, and act upon valuable data
pertaining to energy generation, battery
status, and load consumption.
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protocols such as Wi-Fi, Zigbee, or cellular
networks.

Once the data is aggregated in the
cloud, advanced analytics algorithms and
machine learning techniques can be applied
to derive valuable insights. These insights
can include real-time power generation,
energy  consumption  patterns, load
forecasting, and anomaly detection.
Through intuitive dashboards and remote
monitoring interfaces, system operators can
visualize the data and make data-driven
decisions to optimize load management
strategies.

Real-time monitoring of load
demand and energy generation allows for
intelligent load scheduling and energy
optimization, ensuring efficient use of
available solar power and stored energy.
Continuous monitoring of PV panel output,
battery health, and performance parameters
helps identify potential issues, enabling
proactive maintenance and maximizing
system efficiency. By monitoring grid
voltage and frequency, the 10T system can
respond to grid fluctuations and adjust the
operation of the PV battery system
accordingly, contributing to grid stability
and resilience. With IoT-based monitoring,
system operators can remotely access and
control the PV battery system, facilitating
system configuration, software updates,
and troubleshooting. [oT platforms provide
actionable insights based on real-time data
analysis, empowering operators to optimize
energy management strategies, predict
system behavior, and plan for future
expansions. loT-based monitoring of grid-
tied PV battery systems for load offers a
powerful toolset for optimizing energy
utilization, ensuring system performance,
and enabling intelligent load management.
By leveraging the capabilities of IoT
technology, operators can achieve greater
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control, improved efficiency, and enhanced
sustainability in their grid-tied PV battery
systems.

LITERATURE SURVEY

Grid-tied PV battery systems,
combined with IoT-based monitoring, have
gained significant attention for their ability
to optimize energy utilization and ensure
efficient load management. This literature
survey aims to explore existing research
and publications related to IoT-based
monitoring of grid-tied PV battery systems
using Arduino microcontrollers.

"loT-based Remote Monitoring and
Control of PV Systems for Efficient Energy
Management" by Singh et al. (2018) This
study presents an [oT-based monitoring and
control framework for grid-tied PV
systems. It focuses on remote monitoring of
energy generation, battery status, and load
demand using Arduino-based sensor nodes.
The authors demonstrate the effectiveness
of the system in optimizing energy
utilization and achieving efficient load
management.

"Wireless Sensor Network for
Monitoring and Control of Grid-Tied PV
Systems" by Das et al. (2019) This paper
proposes a wireless sensor network (WSN)
architecture for real-time monitoring and
control of grid-tied PV systems. Arduino
microcontrollers are used as the central
units to collect data on energy generation,
battery status, and load demand. The study
evaluates the system's performance in terms
of data accuracy, latency, and reliability.

"An loT-based Monitoring and
Control System for Grid-Tied PV Battery
Systems" by Li et al. (2020) Li et al. present
an JoT-based monitoring and control
system using Arduino and MQTT protocol
for grid-tied PV battery systems. The study
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focuses on the integration of multiple
sensors and cloud-based data analysis. The
authors highlight the system's ability to
optimize load management and enhance
energy utilization efficiency.

"loT-based Energy Management
and Monitoring System for Grid-Tied PV
Systems" by Gupta et al. (2021) This
research work proposes an IoT-based
energy management and monitoring system
for grid-tied PV systems. Arduino
microcontrollers are utilized for real-time
data acquisition and wireless
communication. The study emphasizes the
system's effectiveness in load forecasting,
energy optimization, and predictive
maintenance.

"Intelligent Monitoring and Control
of Grid-Tied PV Systems using IoT and
Machine Learning" by Kumar et al. (2022)
Kumar et al. propose an intelligent
monitoring and control system for grid-tied
PV systems using Arduino and IoT
technology. The system incorporates
machine learning algorithms for load
forecasting and optimization. The study
demonstrates the benefits of the system in
terms of improved energy utilization and
load management efficiency.

The literature survey highlights the
growing interest in loT-based monitoring of
grid-tied PV battery systems using Arduino
microcontrollers. The studies reviewed
showcase the effectiveness of such systems
in optimizing energy utilization, enhancing
load management, and achieving efficient
grid integration. The use of Arduino
microcontrollers enables cost-effective and
scalable implementation of IoT-based
monitoring systems. However, further
research is needed to address challenges
related to system scalability, cybersecurity,
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and  interoperability in  real-world
deployments.

PROPOSED SYSTEM
CONFIGURATION

"The proposed system aims to
monitor and manage grid-tied PV battery
systems using Arduino microcontrollers in
conjunction with IoT technology. The
system  integrates  sensors, wireless
communication, and cloud-based platforms
to enable real-time monitoring, data
analysis, and control of the PV battery
system. The system incorporates various
sensors to collect data on key parameters
such as solar irradiance, PV panel output,
battery charge level, battery health, grid
voltage, and load demand. These sensors
are strategically deployed across the PV
array, battery bank, and load distribution
points.

Arduino microcontrollers act as the
central monitoring units of the system.
They are responsible for collecting,
processing, and transmitting the sensor
data. The Arduino boards are programmed
to interface with the sensors and acquire the
necessary data accurately and efficiently.
The Arduino microcontrollers establish
wireless communication with a cloud-based
platform using protocols like Wi-Fj,
Zigbee, or cellular networks. This enables
seamless transmission of the collected data
from the microcontrollers to the cloud
platform for further analysis and
visualization.

The collected data is sent to a cloud-
based platform, where it is stored, analyzed,
and visualized in real-time. Advanced
analytics algorithms and machine learning
techniques can be employed to derive
valuable insights from the data. Intuitive
dashboards and wuser interfaces allow
system operators to monitor and interpret
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the data effectively. Based on the real-time
data analysis and insights, the system
enables intelligent load management and
control. It facilitates load scheduling and
optimization, ensuring efficient utilization
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of the available solar power and stored
energy. Additionally, the system can

implement control strategies to regulate the
system's operation and respond to grid
fluctuations.

Fig 1 proposed prototype configuration

The proposed system supports
remote monitoring and configuration
capabilities. System operators can access
and control the PV battery system from any
location through web-based interfaces or
mobile applications. This allows for remote
troubleshooting, software updates, and
configuration  adjustments, enhancing
operational convenience. The system can
be configured to generate alerts and
notifications in case of critical events or
deviations from predefined thresholds. This
ensures that system operators are promptly
informed about any anomalies, enabling
them to take immediate actions to rectify
issues and ensure system reliability.

The proposed loT-based monitoring
system using Arduino microcontrollers

management strategies, and improve
overall system efficiency. The flexibility
and scalability of Arduino boards make the
system suitable for various grid-tied PV
battery applications and enable cost-
effective deployment.

IoT-based monitoring system for
grid-tied PV battery systems using Arduino
microcontrollers. Grid-tied PV battery
systems have gained popularity in recent
years due to their ability to harness
renewable energy and provide efficient
power supply. However, real-time
monitoring and control of these systems are
crucial for effective load management and
system performance optimization. The
proposed  system  utilizes  Arduino
microcontrollers as the central monitoring

offers several advantages, including and control units. Sensors are deployed
improved energy management, enhanced across the PV array, battery bank, and load
system  performance, and  remote distribution points to collect data on energy
accessibility. It empowers operators to generation, Dbattery status, and load
make data-driven decisions, optimize load characteristics. The Arduino
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microcontrollers are responsible for
collecting and processing sensor data,
establishing wireless communication with
the cloud platform, and controlling the
system components.

The collected data is transmitted to a cloud-
based platform using wireless
communication protocols such as Wi-Fi or
cellular networks. In the cloud, the data is
analyzed and visualized through intuitive
dashboards, providing system operators
with real-time insights into energy
generation, load consumption, battery
health, and system performance. The
Arduino-based IoT monitoring system
offers several benefits. It enables operators
to optimize energy consumption by
intelligently scheduling load based on real-
time data. The system also enhances system
performance through proactive
maintenance and identification of potential
1ssues. Furthermore, it facilitates remote
management, allowing operators to
configure and troubleshoot the system from
a centralized location.

The use of Arduino
microcontrollers as the central monitoring
units offers a cost-effective and scalable
solution for grid-tied PV battery systems.
The flexibility and programmability of
Arduino  boards allow for easy
customization and integration with various
sensors and communication modules. In
conclusion, the IoT-based monitoring
system for grid-tied PV battery systems
using Arduino microcontrollers provides an
efficient and reliable solution for load
monitoring and control. The system enables
real-time  data  analysis,  proactive
maintenance, remote management, and
optimization of energy utilization. It holds
the potential to enhance the performance
and sustainability of grid-tied PV battery
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systems, contributing to the widespread
adoption of renewable energy sources.

CONCLUSION

IoT-based monitoring system for
grid-tied PV battery systems using Arduino
microcontrollers offers significant
advantages in terms of energy optimization,
load management, and remote accessibility.
With its potential to contribute to
sustainable energy utilization and grid
stability, this system paves the way for the
widespread adoption of renewable energy
sources and a more efficient and reliable
power supply. The IoT-based monitoring
system for grid-tied PV battery systems
using Arduino microcontrollers holds great
promise in optimizing energy utilization,
enhancing load management, and
improving system performance. By
integrating sensors, wireless
communication, and cloud-based
platforms, the proposed system enables
real-time monitoring, data analysis, and
control of the PV battery system.
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