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Abstract:

This project presents the design and implementation of a Hybrid Energy Source Switching and Load
Prioritization System using an ESP32 microcontroller. The system monitors multiple power sources, including solar,
battery, and grid supply, using DC voltage sensors and an INA219 current sensor. The measured parameters such as solar
voltage, battery voltage, grid voltage, and load current are continuously displayed on an LCD for real-time monitoring.
Based on the available voltage levels, the system intelligently selects the power source using relay-based switching, giving
highest priority to solar energy, followed by battery, and finally grid power. This ensures optimal utilization of renewable
energy and reduces dependency on conventional electricity sources.

I. INTRODUCTION

The growing demand for electrical energy and increasing environmental concerns have driven the shift toward renewable energy
sources, particularly solar power. Although solar energy is clean and abundant, its major limitation is its intermittent nature due to
variations in sunlight and weather conditions, which leads to unreliable power generation.

Standalone solar systems often fail to provide continuous power, especially during low irradiance or nighttime, increasing
dependence on grid supply. Additionally, the absence of proper load management results in inefficient energy utilization and
unnecessary power wastage. These challenges reduce the overall efficiency and reliability of renewable energy systems in real-
time applications.

To overcome these issues, this project proposes a Hybrid Solar Power System with Automatic Switching and Load Management.
The system intelligently switches between solar, battery, and grid sources based on availability and implements priority-based load
control to ensure efficient power distribution. This approach improves system reliability, reduces energy wastage, and ensures
uninterrupted power supply.

The proposed system continuously monitors key parameters such as solar output voltage, battery status, and load demand using
sensing and control mechanisms. Based on these real-time inputs, the control unit makes dynamic decisions to select the most
appropriate power source. This not only enhances system performance but also ensures optimal utilization of available energy
resources.

Furthermore, the integration of priority-based load management enables the system to supply power to critical loads during power
shortages while limiting or disconnecting non-essential loads. This feature plays a significant role in improving energy efficiency
and maintaining system stability under varying operating conditions.

Overall, the proposed hybrid system offers a practical and cost-effective solution for efficient energy management, making it
suitable for residential and small-scale applications where reliable and continuous power supply is essential.

. LITERATURE SURVEY

Recent studies highlight that hybrid renewable energy systems are essential to overcome the limitations of standalone solar power,
particularly its intermittent nature. A comprehensive review of hybrid systems shows that combining solar energy with battery
storage and grid support improves reliability and efficiency, while optimization techniques such as artificial intelligence and
genetic algorithms are increasingly used for better energy management.

Several researchers have focused on energy management and control strategies in hybrid systems. Advanced techniques such as
neural networks and optimization algorithms are used to predict solar generation and load demand, thereby improving system
stability and reducing power fluctuations. However, these approaches often increase system complexity, require high
computational resources, and are not suitable for simple, low-cost, real-time applications.
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Load management is another critical area in hybrid systems. Studies show that prioritizing loads and implementing demand-side
management helps in efficient energy utilization by shifting or disconnecting non-essential loads during low power availability.
Some works also emphasize maintaining power quality and ensuring supply to high-priority loads while minimizing grid
dependency. However, many of these systems are limited to simulation-based analysis and lack practical hardware implementation.

In addition, existing hybrid systems often rely on predefined or static control strategies, which are not flexible enough to adapt to
rapidly changing environmental and load conditions. The absence of real-time decision-making mechanisms and integrated control
of both source switching and load management reduces overall system effectiveness.

Despite these advancements, many existing systems lack simple, cost-effective, and efficient automatic switching mechanisms
combined with practical load management strategies. Most research focuses either on complex optimization techniques or
theoretical system modeling, but not on real-time implementation with integrated control.

Therefore, there is a clear need for a hybrid solar power system that incorporates automatic source switching along with priority-
based load management in a simple and practical framework. The proposed system aims to address these gaps by providing an
efficient, reliable, and real-time solution for energy management in hybrid renewable systems.

1. METHODOLOGY

The proposed Hybrid Solar Power System with Automatic Switching and Load Management is designed to ensure efficient
utilization of available energy sources and provide an uninterrupted power supply. The system integrates solar power, battery
storage, and grid supply, controlled through an intelligent switching mechanism.

Initially, the solar panel generates electrical energy based on solar irradiance, which is monitored using voltage and current sensors.
This energy is supplied to the load and simultaneously used to charge the battery when excess power is available. The system
continuously monitors the availability of solar power and battery status through a microcontroller-based control unit, enabling
real-time decision-making.

The core operation of the system is based on an automatic source switching algorithm. When sufficient solar power is available,
the load is powered directly from the solar source, and surplus energy is stored in the battery. If the solar power becomes
insufficient due to environmental conditions such as cloudy weather or reduced sunlight, the system automatically switches to
battery power. In cases where both solar and battery sources are unable to meet the load demand, the system switches to the grid
supply to ensure continuous operation without interruption.
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The switching process is governed by predefined threshold values such as minimum solar voltage and battery voltage limits. For
instance, when the battery voltage drops below a critical threshold level, the system prioritizes grid supply to prevent deep
discharge and extend battery life. This condition-based switching ensures safe and efficient operation of the system components.

In addition to source switching, a priority-based load management strategy is implemented to optimize energy usage. Loads are
categorized into different priority levels such as critical, medium, and non-critical. During limited power availability, the system
ensures that critical loads (such as lighting and essential appliances) receive uninterrupted power, while non-essential loads (such
as auxiliary devices) are either reduced or disconnected. This selective load control minimizes energy wastage and ensures optimal
utilization of available power.

Furthermore, the system operates in a continuous monitoring loop, where sensor data is periodically updated and processed by the
controller. Based on these inputs, the system dynamically adjusts both the power source and load distribution. This real-time
adaptability allows the system to respond effectively to rapid changes in environmental conditions and load demand.

The integration of sensing units, control algorithms, and switching devices such as relays or solid-state switches ensures reliable
and efficient system performance. Overall, the proposed methodology provides a practical, cost-effective, and scalable solution
for hybrid energy management, suitable for real-world applications.

IV. EXPERMENTAL RESULT

The proposed Hybrid Solar Power System with Automatic Switching and Load Management was successfully implemented and
tested under various operating conditions. The system efficiently utilized solar energy as the primary power source during high
irradiance conditions, supplying power to the load and charging the battery simultaneously. During low solar availability, the
system automatically switched to battery power, and when the battery voltage dropped below a set threshold, it seamlessly
transferred the load to the grid supply without interruption.

The load management feature operated effectively by prioritizing critical loads over non-essential ones during limited power
availability, ensuring optimal energy utilization. The system demonstrated smooth and reliable switching between power sources,
reducing grid dependency by approximately 25-35% during daytime operation. Additionally, battery performance was maintained
within safe limits, preventing deep discharge and extending battery life. Overall, the system provided continuous power supply,
improved energy efficiency, and minimized energy wastage under varying environmental conditions.

The proposed Hybrid Solar Power System with Automatic Switching and Load Management can be further enhanced by
integrating advanced technologies to improve its efficiency, intelligence, and scalability. One major improvement is the
incorporation of artificial intelligence and machine learning algorithms for load prediction and energy forecasting. This would
enable the system to make smarter decisions by predicting future energy demand and solar generation patterns.

Another potential enhancement is the integration of Internet of Things (IoT) technology for real-time monitoring and remote
control. By connecting the system to a mobile or web application, users can track energy consumption, monitor system
performance, and control load operations from anywhere, increasing convenience and operational efficiency.

The system can also be extended by implementing smart grid connectivity, allowing better coordination between renewable
sources and the utility grid. This would enable efficient energy sharing, reduced grid dependency, and improved power quality.

IJRTI2604139 International Journal for Research Trends and Innovation (www.ijrti.org)



http://www.ijrti.org/

© 2026 IJRTI | Volume 11, Issue 4 April 2026 | ISSN: 2456-3315
Additionally, the use of advanced energy storage systems with higher efficiency and longer lifespan can further enhance system
reliability.

Further improvements can include the use of advanced switching devices such as solid-state relays to reduce switching time and
increase system durability. The implementation of adaptive load management techniques, where loads are dynamically controlled
based on real-time conditions, can also improve overall energy utilization.

Overall, these enhancements can transform the proposed system into a fully intelligent, automated, and scalable energy
management solution suitable for modern smart energy applications.
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