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Abstract—

The efficiency of photovoltaic (PV) systems is significantly influenced by operating temperature. Elevated
temperatures reduce power output and overall system performance. This paper presents a comprehensive
study on modern PV cooling technologies with a focus on improving energy efficiency and sustainability.
Various cooling techniques, including passive, active, and hybrid methods, are reviewed. Additionally, a
conceptual experimental setup for a hybrid PV cooling system is proposed. The findings highlight the
importance of thermal management in solar energy systems and demonstrate the potential of emerging
cooling technologies in enhancing PV efficiency.

Keywords— Photovoltaic systems, cooling techniques, renewable energy, thermal management, solar
efficiency, hybrid cooling.

I. INTRODUCTION

The growing demand for clean and sustainable energy has accelerated the adoption of photovoltaic (PV)
systems worldwide. Solar energy is one of the most abundant renewable resources; however, its
conversion efficiency remains a critical challenge. One of the primary factors affecting PV performance
is temperature. As the temperature of PV panels increases, their electrical efficiency decreases
significantly.

Typically, PV modules operate at temperatures much higher than ambient conditions, especially in regions
with high solar irradiance. Studies show that for every 1°C increase in temperature, PV efficiency drops
by approximately 0.4-0.5%. Therefore, effective cooling techniques are essential to maintain optimal
performance.

This paper explores recent advancements in PV cooling technologies and presents a detailed analysis of
their effectiveness, feasibility, and future scope.
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II. LITERATURE REVIEW

Recent research has focused on improving PV efficiency through innovative cooling strategies. Cooling
methods are broadly categorized into:

A. Passive Cooling Techniques
Passive cooling methods do not require external energy input. Common approaches include:

e Heat sinks
e Natural air convection
o Phase change materials (PCM)

Phase change materials absorb excess heat during phase transition, thereby stabilizing PV temperature.
Researchers have reported efficiency improvements of up to 10% using PCM-based cooling.

B. Active Cooling Techniques
Active cooling involves external energy input, such as:

e Water cooling systems
e Forced air cooling
e Liquid immersion cooling

Water cooling is one of the most effective methods, reducing panel temperature by 15-20°C and
improving efficiency significantly.

C. Hybrid Cooling Techniques
Hybrid systems combine passive and active methods. Examples include:

o PCM + water cooling
e Heat sink + forced air

These systems offer higher efficiency but may involve increased complexity and cost.

III. PROBLEM STATEMENT
Despite the availability of multiple cooling techniques, challenges remain:
o High installation and maintenance costs
e Energy consumption in active cooling systems
o Lack of scalability for large solar farms
o Limited research on integrated hybrid solutions

There is a need for cost-effective, energy-efficient, and scalable cooling systems that can be easily
integrated into existing PV installations.
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IV. PROPOSED METHODOLOGY

This paper proposes a hybrid PV cooling system combining water cooling and phase change material
(PCM).

A. System Design
The proposed system includes:

e APV panel mounted with a PCM layer at the back

e Water circulation pipes attached to the rear surface

e A small pump powered by a fraction of PV output
B. Working Principle

1. During peak sunlight, PV temperature rises.

2. PCM absorbs heat and undergoes phase change.

3. Water circulation removes excess heat continuously.

4. The combined effect maintains lower panel temperature.
C. Mathematical Model
The efficiency of a PV panel can be expressed as:

N =Nrer[1 = BT — Trep)]

Where:

o 7= Efficiency at temperature T

e Nyref= Reference efficiency

e [f=Temperature coefficient

e T= Operating temperature

o Tie = Reference temperature

V. EXPERIMENTAL SETUP
A prototype system is designed with the following components:
e 100W PV module
o Paraffin-based PCM
e Copper tubing for water flow
e DC water pump

o Temperature sensors

IJCRT2603712 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ f943


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882

Procedure:
1. Measure baseline PV performance without cooling.
2. Apply PCM layer and record temperature and output.
3. Activate water cooling and observe changes.
4. Compare results across all conditions.

VI. RESULTS AND DISCUSSION

The expected outcomes are:

Cooling Method Temperature Reduction Efficiency Improvement

No Cooling — —

PCM Only 5-8°C 4-6%

Water Cooling  10-15°C 8-12%

Hybrid System 15-20°C 12-18%

The hybrid system demonstrates superior performance due to combined thermal absorption and heat
removal.

Advantages:

Improved efficiency
Reduced thermal stress

Extended PV lifespan

Limitations:

Initial setup cost

Maintenance requirements

VII. APPLICATIONS

The proposed cooling system can be applied in:

Large-scale solar farms
Rooftop PV installations
Industrial solar systems

Smart grid integration
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VIII. FUTURE SCOPE
Future research directions include:
e Integration with IoT for smart cooling control
e Use of nanofluids for enhanced heat transfer
e Development of self-sustaining cooling systems

e Al-based optimization of cooling cycles

IX. CONCLUSION

Temperature control is crucial for maximizing PV system performance. This paper highlights the
importance of cooling technologies and presents a hybrid solution combining PCM and water cooling.
The proposed system offers a promising approach to improving efficiency while maintaining
sustainability. With further optimization and cost reduction, such technologies can play a vital role in the
future of renewable energy systems.
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