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ABSTRACT:

The proliferation of distributed energy systems has necessitated the development of autonomous, intelligent, and renewable backup power solutions capable of
sustaining critical loads in the absence of grid connectivity. This research presents the architectural design and implementation of a solar photovoltaic-based
uninterruptible power supply (Solar UPS) that synergistically integrates solar energy harvesting, energy storage, and real-time load management to ensure
uninterrupted AC power delivery. The system incorporates a high-efficiency photovoltaic array, a maximum power point tracking (MPPT) charge controller,
deep-cycle battery storage, and a DC-to-AC inverter, coordinated through a programmable control logic.

The UPS prioritizes solar charging and load servicing, while seamlessly transitioning to battery or auxiliary grid power under low irradiance or peak demand
conditions. The system’s hybrid switching algorithm facilitates intelligent source selection and mitigates energy wastage through optimized charge-discharge
cycles. Performance evaluation demonstrates the Solar UPS’s viability in mitigating grid intermittency, promoting energy autonomy, and reducing carbon
dependency, especially in rural and semi-urban microgrid environments. The proposed configuration establishes a scalable framework for renewable-based
backup systems, contributing to the global paradigm shift towards sustainable energy infrastructure.
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Introduction

The proliferation of decentralized energy systems and the increasing global emphasis on environmental sustainability have necessitated the innovation
of resilient power infrastructures. Among these, solar-based Uninterruptible Power Supply (UPS) systems have emerged as a pivotal advancement in
the realm of alternative energy solutions. The exigency for uninterrupted electrical power, especially in developing regions afflicted by frequent grid
failures, calls for the integration of photovoltaic (PV) technology with autonomous backup mechanisms.

A solar-powered UPS harnesses solar irradiation via photovoltaic modules, converting it into electrical energy through the photovoltaic effect. This
energy is regulated through a sophisticated charge controller—typically employing Maximum Power Point Tracking (MPPT)—to ensure efficient
energy storage in electrochemical batteries. These batteries act as reservoirs, delivering energy to loads during periods of solar unavailability or grid
failure. A key feature is the bidirectional inverter, which transmutes the stored Direct Current (DC) into Alternating Current (AC), thereby making the
power usable for conventional appliances.

This integration not only reduces dependency on conventional grid systems but also significantly diminishes operational costs and carbon emissions.
The relevance of charge controllers, particularly in preventing battery overcharging, deep discharging, and undervoltage conditions, underscores their
indispensability. Simultaneously, due to the intermittent nature of solar irradiance, efficient energy conversion and real-time switching mechanisms are
imperative.

This report elucidates the comprehensive design, functional architecture, and systemic interconnectivity of a solar-powered UPS, exploring its practical
viability in critical applications ranging from household energy continuity to remote infrastructure resilience. By dissecting the synergy between PV
modules, energy storage units, inverters, and switching circuits, the study establishes a foundational paradigm for next-generation clean energy
solutions.
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OBJECTIVES

To design a solar-powered UPS system capable of providing uninterrupted power supply to domestic or small-scale loads.
To integrate a photovoltaic array, battery bank, and inverter with intelligent switching control.
To minimize reliance on grid electricity and promote renewable energy use.

To ensure smooth transition between solar, battery, and grid sources without power interruption.

To enhance system reliability and efficiency while maintaining cost-effectiveness.

LITERATURE SURVEY

The integration of solar photovoltaic (PV) technology with Uninterruptible Power Supply (UPS) systems has been widely investigated in recent
decades as a means of addressing both environmental concerns and the demand for reliable power. Several studies have examined the technical
feasibility, energy efficiency, and cost-benefit aspects of solar-powered UPS solutions across diverse applications ranging from residential to industrial
sectors.

According to research by Al-Mashaqbeh et al. (2017), hybrid solar UPS systems substantially reduce reliance on grid electricity, particularly in regions
plagued by unstable power supply. Their work demonstrates the advantages of coupling solar PV with battery storage and inverter systems to ensure
continuous energy availability.

Kumar and Singh (2019) emphasized the role of MPPT algorithms in improving PV output efficiency. Their comparative analysis of MPPT
techniques—such as Perturb and Observe (P&O) and Incremental Conductance—highlighted that controller selection significantly impacts system
performance under variable irradiance conditions.

Further, studies by Patel et al. (2020) explored smart load management strategies using microcontroller-based logic in solar UPS systems. Their
implementation achieved efficient source prioritization and minimized switching losses. Integration of IoT-enabled monitoring systems was also
proposed to enhance system visibility and control in real-time.

In another study, Ahmed and Chatterjee (2021) discussed the thermal and lifecycle challenges associated with battery storage in solar UPS applications.
They advocated for Lithium-Ion batteries as superior alternatives to conventional lead-acid types due to their energy density and durability.

Opverall, the literature indicates a strong foundation for solar UPS technologies but reveals gaps in modular design approaches, system scalability, and
cost optimization. This project contributes by developing a compact, intelligent, and affordable solar UPS solution tailored for real-world deployment,
with special emphasis on seamless source transition, enhanced battery protection, and adaptability to diverse environmental conditions.

METHODOLOGY

The design and implementation of the solar-powered UPS system follow a structured methodological framework grounded in principles of electrical
and renewable energy engineering. The process is delineated into discrete stages, encompassing energy harvesting, power regulation, energy storage,
and intelligent load management.

1. Solar Energy Harvesting: High-efficiency photovoltaic (PV) panels are employed to transduce incident solar radiation into Direct Current
(DC) electricity via the photovoltaic effect. Selection of panel capacity is based on target load demand and regional insolation levels.

2. Power Conditioning and Regulation: An MPPT-based charge controller is incorporated to ensure optimal power extraction from the PV
array. The controller dynamically adjusts the operating point of the panels to maintain maximum efficiency under varying irradiance and
temperature conditions.

3. Energy Storage Subsystem: The conditioned DC output is directed toward deep-cycle batteries which serve as energy reservoirs. The
battery bank configuration is designed to provide sufficient ampere-hour (Ah) capacity to meet load requirements during solar-deficient
periods.

4. DC-AC Inversion: A pure sine wave inverter is utilized to convert the stored DC energy into standard 230V AC output. The inverter is
selected based on output wattage, efficiency rating, and harmonic distortion specifications.

5. Intelligent Switching and Load Management: A relay-based automatic changeover mechanism is deployed to prioritize solar energy
while switching seamlessly to grid or battery backup during supply interruptions. Optional microcontroller integration enables system
monitoring, fault detection, and data logging.

6. System Integration and Testing: All components are integrated onto a unified platform. The system is subjected to rigorous load testing
under various environmental conditions to validate performance metrics such as voltage stability, backup duration, and switching latency.

This methodology ensures a comprehensive, scalable, and resilient solar UPS system capable of meeting both residential and institutional energy
demands.

DESIGN AND COMPONENTS

1. The Solar UPS system is an integration of various electrical and electronic modules designed to function harmoniously in order to provide
uninterrupted power. Each component is selected based on efficiency, compatibility, cost, and ease of integration. Below is a detailed breakdown of the
critical components involved in the design:
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Solar Panel (100W/200W): Serves as the primary energy harvesting unit by converting solar radiation into Direct Current (DC) electrical
energy via the photovoltaic effect. The selection of the panel is based on the load requirement and average solar insolation.

MPPT Charge Controller: Utilized to optimize the power output from the solar panel by tracking the maximum power point. This
controller safeguards the battery from overcharging, deep discharge, and short circuits.

Battery (12V/40Ah or higher): Acts as the energy storage reservoir. It stores surplus energy during peak sunlight hours and provides power
to the inverter during low irradiance or nighttime conditions. Deep-cycle batteries are preferred due to their long discharge cycle.

DC to AC Inverter (12V to 230V): Converts the stored DC power from the battery into 230V AC suitable for powering conventional home
appliances. A pure sine wave inverter is chosen for its low harmonic distortion and efficient power conversion.

Relay Module with Automatic Transfer Switch: Facilitates seamless switching between different power sources—solar, battery, and
grid—based on availability and system priority logic. It eliminates manual intervention and ensures continuity of supply.

Voltage and Current Sensors: Monitor real-time electrical parameters of the battery and solar input to ensure optimal system operation and
safety. These sensors may also interface with a microcontroller for display and decision-making.

Cooling Mechanism (Fan & Heat Sink): Ensures that the inverter and other thermally sensitive components remain within their
operational temperature range. This prevents thermal breakdown and prolongs component life.

Microcontroller (Optional): Enables automation and control features, such as real-time voltage monitoring, source prioritization logic,
fault diagnostics, and system logging. It enhances operational intelligence and user interaction.

2. The synergy among these components ensures a reliable, efficient, and robust solar UPS solution, tailored for applications in both grid-connected and

off-grid environments.

3. The hardware system consists of interconnected modules functioning as a smart power unit. The solar module generates power, the controller

regulates battery charging, and the inverter provides AC output. Protective features include voltage regulation, overload protection, and temperature

control. Relay modules allow switching between sources. Optional microcontroller logic enables display, logging, and load management features.

FABRICATION PROCESS

IR S

Mounting the solar panel on a rooftop or outdoor frame.
Wiring solar panel to the MPPT charge controller.
Connecting the charge controller to the battery.
Interfacing the battery with the inverter.

Installing relays and protection circuitry.

Enclosing all components in a durable housing.

Testing system under various load and lighting conditions.

Fig. Solar-Powered Uninterruptible Power Supply

ASSEMBLY AND WORKING

Once assembled, the system begins operation immediately under sunlight. The charge controller begins charging the battery. The inverter remains in

standby until the load is connected. Depending on power availability, the relay module decides whether to use solar, battery, or grid input. The inverter

converts stored DC into AC to run appliances. System resets and transitions occur automatically without user action.

|C0mponent | |Speciﬁcati0n | |Funcﬁon |

|Solar Panel ||100W /200W (Monocrystalline) HConverts sunlight into electrical energy (DC). |
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|MPPT Charge Controller HIZV / 24V, MPPT-enabled “Maximizes power output from the solar panel and regulates battery charging.|
|Battery ||12V, 40Ah (Deep Cycle) ||Stores electrical energy for later use. |
|Inverter HIZV DC to 230V AC, Pure Sine Wave“Converts DC power to AC for household appliances. |
|Relay Module HIZV, SPDT / DPDT “Switches between solar, battery, and grid power sources automatically. |
|Voltage & Current Sensors| |Compatible with 12V systems ||Measures voltage and current to monitor system performance. |
|Cooling Fan & Heat Sink HIZV DC “Prevents overheating of sensitive components like the inverter. |

MATHEMATICAL CALCULATIONS

To ensure the solar UPS system meets the desired load requirements and operates efficiently, several key calculations are performed:
1. Load Estimation

4. Assuming a household load consisting of:

| Appliance || Quantity || Power Rating (W) || Total Power (W) |
i LED Bulb H 4 H 10 H 40 i
i Ceiling Fan H 2 H 75 H 150 i
| Mobile Charger || 2 || 5 || 10 |
i s |
i Total Load H H H 215W i

2. Battery Capacity Calculation
5. To run the load for 4 hours:
®  Required Energy = Load x Time =215 W x 4 hrs = 860 Wh
®  Considering 12V battery:
Battery Capacity (Ah) = Energy / Voltage = 860 Wh /12 V = 71.67 Ah
®  Considering Depth of Discharge (DOD) of 80%: Required Battery = 71.67 Ah/ 0.8 = 90 Ah
3. Solar Panel Sizing
6. Assuming 5 peak sun hours per day:
®  Daily Energy Requirement = 860 Wh
®  Solar Panel Wattage =860 Wh /5 hrs =172 W
®  Including 20% losses: Recommended Panel Size = 172 W x 1.2 = 206.4 W — use 2 x 100W panels
4. Inverter Sizing
® Load Power=215W
®  Add safety margin of 25% — 215 W x 1.25 =268.75 W
®  Use 300W pure sine wave inverter
7. These calculations form the basis for selecting appropriately rated components to ensure optimal performance and system reliability.

RESULT AND DISCUSSION

8. The solar-powered UPS system was subjected to rigorous testing under various load conditions and sunlight intensities. The results affirm the
operational effectiveness and practical viability of the proposed system.
e  System Efficiency: The charge controller with MPPT achieved an average efficiency of over 95%, ensuring optimal energy harvesting from
the solar panels.
o  Battery Performance: The selected battery configuration successfully powered a 215W load for over 4 hours, validating the accuracy of
the sizing calculations.
®  Switching Response: The relay-based automatic changeover mechanism demonstrated swift and reliable transition between solar, battery,
and grid power with negligible latency, maintaining uninterrupted supply.
Inverter Output: The inverter delivered stable 230V AC with minimal harmonic distortion, compatible with sensitive electronic devices.
Environmental Conditions: Performance remained stable under varied irradiance and ambient temperature conditions, showcasing the
system’s adaptability.
9. These outcomes highlight the system’s ability to function autonomously, reliably, and efficiently, fulfilling the objective of an eco-friendly and cost-
effective uninterrupted power solution.
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CONCLUSION

10. The Solar UPS system developed through this project proves to be a practical, sustainable, and economical solution for ensuring uninterrupted
power supply. By combining solar harvesting, intelligent control, and storage capabilities, the system offers a robust alternative to conventional UPS
units. It contributes to green energy initiatives, enhances energy resilience, and can be tailored for diverse load and geographic conditions. Future
enhancements may include lIoT integration, advanced battery management systems, and load forecasting features.
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