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ABSTRACT: The usage of the renewable energy such as solar and wind has increased drastically in the recent years.
Integrating this energy into modern power system create problem like unstable power, insufficient usage and power
wastage. This work proposes an Al-driven adaptive power management for hybrid renewable energy systems integrated
with a Battery Energy Storage System (BESS).

It uses an Al to control and manage the power to make the system efficient. An intelligent control approach, referred to
as HybridVolt Al, is employed to dynamically manage power flow by selecting the most appropriate energy source
based on real-time generation conditions and system requirements. A Battery management system is used to
continuously monitor the voltage and the current level to prevent the battery from overcharging and to ensure safe
operation of the system.

The system further enhances reliability through automatic protection mechanisms that isolate the load under abnormal
conditions. In addition to that it also had loT-enabled monitoring facilities for remote access to operational data. The
proposed framework demonstrates improved energy efficiency, enhanced system reliability, and effective utilization of
renewable resources. By integrating intelligent decision-making with hybrid energy systems, the approach provides a
scalable and practical solution for advanced power management in modern energy infrastructures.

KEYWORDS: Atrtificial Intelligence, Hybrid Renewable Energy System, Battery Energy Storage System (BESS),
Power Management, Solar Energy, Wind Energy, Internet of Things (IoT), Embedded Systems, Smart Grid.

I. INTRODUCTION

The demand for electricity is increasing day by day, and at the same time, there is a strong push towards using cleaner
energy sources. Solar and wind energy are good alternatives, but they are not always available due to changing weather
conditions. Because of this, maintaining a steady power supply becomes difficult.

To handle this problem, hybrid systems are used where more than one energy source is combined. While this improves
reliability to some extent, managing these sources properly is not easy. Many existing systems still follow fixed control
methods, which do not adapt well to changing conditions. This often leads to energy loss or inefficient usage.

Battery Energy Storage Systems (BESS) are commonly used to store extra energy and supply it when needed. However,
if the battery is not monitored correctly, it can get damaged or lose efficiency over time.

In this work, an Al-based approach is used to make the system more flexible and responsive. The proposed system can
monitor conditions in real time and choose the best available energy source. It also includes battery protection and loT
monitoring, making the system more practical for real-world use.
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Il. LITERATURE REVIEW

The use of renewable energy sources along with intelligent control systems has increased in recent years due to the need
for efficient and reliable power management. Since sources like solar and wind are not always consistent, many
approaches have been developed to improve the performance of hybrid energy systems.

Artificial Intelligence-based methods are commonly used to manage power flow between different energy sources and
storage systems. These approaches help in improving efficiency by adjusting power usage based on real-time conditions.
However, many of these systems mainly focus on optimization and do not fully address safety or protection issues.

Battery Energy Storage Systems are also widely used to balance energy supply and demand. They help in storing excess
energy and supplying it when needed, which improves system stability. Still, in many cases, there is no proper
mechanism to intelligently select the best available energy source.

Fuzzy logic-based techniques have been applied to handle variations in renewable energy generation. While they
improve system stability, they depend on fixed rules and cannot adapt to changing conditions.

Recent developments combine Al with 10T technologies to enable real-time monitoring and control. Even though these
systems provide better visibility and control, many of them do not offer a complete solution that integrates control,
protection, and monitoring together.

Overall, there is a need for a more integrated approach that can handle all these aspects in a single system, which is the
focus of this work.

I11. RESEARCH METHODOLOGY

The proposed system is designed by combining solar and wind energy sources along with a Battery Energy Storage
System to ensure a continuous and efficient power supply. The main objective is to use an Al-based control strategy to
manage power flow intelligently based on real-time conditions.

An Arduino-based controller is used as the core of the system, where the Al-based decision logic (HybridVolt Al) is
implemented. The system continuously collects data such as voltage and current from solar panels, wind turbines, and
the battery using sensors. This real-time data is used as input for decision-making.

The Al logic works by comparing the availability and efficiency of each energy source. Based on this analysis, the
system automatically selects the most suitable source. For example, if solar energy is strong, it is given priority. If solar
power is low, the system switches to wind energy, and when both are insufficient, the battery is used as a backup. This
adaptive decision-making helps in improving overall efficiency.

A Battery Management System is integrated to monitor battery conditions and ensure safe charging and discharging.
The system also includes a relay-based protection mechanism that disconnects the load during abnormal conditions
such as overload or voltage fluctuations. In addition, an loT-based monitoring system is used to display real-time data
and allow remote access. This helps users to track system performance and ensures better control.

Overall, the methodology combines real-time data sensing, Al-based decision-making, and protection mechanisms to
create a reliable and efficient hybrid power management system.

IV. RESULTS AND DISCUSSION
The proposed system was tested under different operating conditions to evaluate its performance and reliability. It was
observed that the system is capable of switching smoothly between solar, wind, and battery sources based on
availability without causing interruption to the load.
During normal daytime conditions, solar energy was mainly used as the primary source since it was readily available.

When solar power decreased due to weather changes, the system automatically switched to wind energy. In situations
where both solar and wind energy were insufficient, the battery provided backup power, ensuring a continuous supply.
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The Al-based control logic helped in making quick and effective decisions by analyzing real-time data from sensors.
This improved the overall efficiency of the system and reduced unnecessary energy loss. The system was able to utilize
available resources effectively without manual intervention.

The Battery Management System played an important role in maintaining safe battery operation. It prevented
overcharging and deep discharge, which helps in extending battery life. The relay-based protection mechanism also
worked efficiently by disconnecting the load during abnormal conditions such as voltage fluctuations or overload,
thereby protecting the system components.

The loT-based monitoring system provided real-time updates of voltage, current, and power status. This made it easier
to observe system performance and ensured better control. Overall, the system showed stable operation, improved
energy utilization, and reliable performance under different conditions.

N
ﬂ?—u ] ﬁ Kejieaan s
Adaptive Al
Solar Power Wind Power ContD|
Solar ) Wind
Data J, Data
Power Monitoring ‘ Al Dec|S|on Algorlthm Power Monltormg 1
Vv, ¥ A K y L 4 —e B
Voltage & Current | L0 & ‘ ‘} L_LL Battery Data ; ke
1 A m'*ase't-.l' Hybrid Energy
Arduino I\ M”“' Source r """" < & Security
p= 6 I~ i
E : Battery Ba‘ttery TS Battery Data Cloud
==

Managemen Management Monitoring

System (BMS)! System (BMS) l*

~ e

Power Supply to Load

Battery
Storage

Al-Powered Hybrid Renewable Energy Management System

FIG: 1
V. CONCLUSION

In this work, a simple and practical hybrid power management system has been developed using an Al-based approach.
The system combines solar, wind, and battery storage to provide a continuous and stable power supply under different
conditions.

The Al-based control helps the system decide which energy source to use at the right time without manual effort. This
makes the overall system more efficient and reduces energy wastage. The Battery Management System also plays an
important role by keeping the battery safe and improving its lifespan.

The addition of 10T monitoring makes it easier to observe system performance in real time, which can be useful for
users in understanding how the system is working. The protection features further ensure that the system operates
safely even during abnormal situations.

Overall, the system works reliably and shows that combining Al with renewable energy can improve performance in a

practical way. This approach can be useful for small-scale applications now and can also be extended for larger systems
in the future.
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VI. FUTURE WORK

Future improvements in the proposed hybrid power management system can focus on enhancing its intelligence and
adaptability under different operating conditions.
1. Advanced Al Techniques: More advanced Al or machine learning algorithms can be implemented to improve
decision-making based on historical and real-time data.
2. Real-Time Learning Capability: The system can be designed to continuously learn from changing
environmental conditions and adjust its operation automatically.
3. Improved Battery Management: Further enhancement of the Battery Management System can help in better
prediction of battery health and increase overall lifespan.
4. Cloud Integration: Integrating cloud-based platforms can allow long-term data storage, analysis, and remote
monitoring from anywhere.
5. Scalability: The system can be expanded for larger applications such as smart grids, residential complexes, or
industrial power systems.
6. Fault Detection and Protection: Advanced fault detection mechanisms can be added to identify issues early
and prevent system failure.
7. Enhanced 10T Security: Improving the security of the 10T system is important to protect data and ensure safe
communication between devices.

By implementing these improvements, the system can become more efficient, reliable, and suitable for real-world
large-scale applications.
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