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Abstract
With rising temperatures and energy demands, there is an urgent need for sustainable cooling solutions. This

paper presents the design, fabrication, and testing of a solar-powered air cooler enhanced with phase change
material (PCM) for thermal energy storage. The system operates using solar energy during the day and utilizes
the PCM to continue cooling after sunset. The results show improved energy efficiency and a notable reduction

in indoor temperature without using conventional electricity.
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1. Introduction

Global warming and urbanization have significantly
increased the need for effective and sustainable
cooling solutions. Traditional air conditioning
systems consume a substantial amount of electricity,
leading to higher carbon emissions and operational
costs. Developing countries, including India, face a
growing energy crisis with the rising demand for
cooling in residential and commercial sectors. Solar
energy presents an abundant, renewable, and eco-
friendly source of energy that can be harnessed for
cooling applications. Solar-powered air cooling
systems offer an alternative to grid-dependent
devices, reducing the load on electricity grids
especially during peak hours Phase Change
Materials (PCMs) are substances that absorb and
release thermal energy during the process of melting
and solidifying, enabling thermal energy storage.
Integrating PCMs with air coolers allows for
extended cooling hours, even after sunset, by
utilizing stored latent heat. Combining solar power
and PCM technology can create a highly efficient,
off-grid cooling system suitable for both urban and
rural applications. Mild steel and aluminum were
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chosen for the frame and body respectively to ensure
structural strength, corrosion resistance, and better
thermal performance. The primary aim of this project
is to design, fabricate, and test a sustainable air
cooler that operates predominantly on renewable
energy. Performance evaluation includes measuring
temperature  drop, battery  backup, PCM
effectiveness, and overall energy savings. The
project supports Sustainable Development Goals
(SDGs), particularly goals related to affordable and
clean energy, sustainable cities, and climate action.
[1]
1.1.Background
Global warming and urbanization have significantly
increased the need for effective and sustainable
cooling solutions. Traditional air conditioning
systems consume a substantial amount of electricity,
leading to higher carbon emissions and operational
costs.
1.2.Problem Statement

Developing countries, including India, face a
growing energy crisis with the rising demand for
cooling in residential and commercial sectors. There
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is a need for low-energy, eco-friendly cooling
systems.

1.3. Role of Solar Energy
Solar energy presents an abundant, renewable, and
eco-friendly source of energy that can be harnessed
for cooling applications. Solar-powered systems
reduce the dependency on conventional electricity
grids.

1.4.Concept of Phase Change Materials

(PCMs)

Phase Change Materials (PCMs) are substances that
absorb and release thermal energy during the process
of melting and solidifying, enabling thermal energy
storage. They help maintain cooling even after
sunset.

1.5.Integration of Solar Energy and PCMs
Combining solar power and PCM technology creates
a highly efficient, off-grid cooling system suitable
for both urban and rural applications. [2]

1.6.Material Selection
Mild steel and aluminum were chosen for the frame
and body respectively to ensure structural strength,
corrosion  resistance, and  better thermal
performance.

1.7.0Dbjectives of the Project
The primary aim of this project is to design,
fabricate, and test a sustainable air cooler that
operates predominantly on renewable energy.

1.8.Performance Evaluation
Performance  evaluation includes measuring
temperature  drop, battery  backup, PCM
effectiveness, and overall energy savings achieved
by the system. [3]

1.9.Environmental Impact
The use of renewable energy and PCMs significantly
reduces greenhouse gas emissions and supports
environmental conservation efforts.

1.10. Sustainable Development Goals
The project aligns with Sustainable Development
Goals (SDGs), promoting affordable clean energy,
sustainable cities, and climate action initiatives.

1.11. Scope of the Project
This system can be deployed in homes, offices, rural
areas, and regions with limited access to electricity.
temperature  drop, battery  backup, PCM
effectiveness, and overall energy savings
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1.12. Summary
This project attempts to bridge the gap between
sustainability and technological innovation by
combining solar and PCM technologies for efficient
air cooling.
2. Methodology
2.1.Problem Analysis
Identify the high energy consumption and
environmental impact of conventional cooling
systems. Recognize the need for a solar-powered,
eco-friendly alternative with energy storage
capacity.
2.2.System Design
Design an air cooler that integrates solar panels for
energy supply and PCM for thermal storage. Use
CAD tools for structural and airflow design.
Calculate energy requirements, battery size, solar
panel capacity, and cooling load.
2.3.Selection of Components
e Solar Panel: 100W monocrystalline panel
e Battery: 12V, 40Ah rechargeable battery
e Phase Change Material (PCM): Paraffin
wax with a melting point around 28°C
e Cooling Fan and Pump: Low-power DC
components
e Frame Material: Mild steel and aluminum
sheet
2.4.Fabrication Process
Construct the frame using mild steel sections. Fit the
aluminum panels, install the cooling pad, fan, water
circulation system, PCM containers, and solar panel.
Connect all electrical circuits safely.
Integration of Phase Change Material (PCM):
Encapsulate PCM in leak-proof aluminum
containers. Place them around airflow channels to
maximize cooling efficiency during and after
sunlight hours. [4]
2.5.System Assembly
Assemble all mechanical and electrical components.
Align cooling pads, fans, pipes, and PCM containers
properly. Perform leak and mechanical stability tests.
2.6.Testing Procedure
Test the cooler under various conditions. Record
ambient temperature, output air temperature, battery
voltage, and PCM phase change behavior. Compare
system performance with and without PCM.
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2.7.Performance Analysis
Analyze cooling effectiveness (temperature drop)
and energy efficiency. Evaluate battery backup time,
cooling duration after sunset, and overall
environmental benefits.
3. Results and Discussion

3.1.Result

3.2.0bservation
Without PCM, the temperature drop was 6°C, and
cooling stopped shortly after sunset. With PCM, the
temperature drops improved to 10°C, and the system
continued cooling for 2 hours after sunset. (Table 1)

Table 1 Performance Testing Results

Without .
PCM With PCM

Parameter

Ambient
Temperature 38 38
(°C)
Output Air
Temperature 32 28
(°C)
Temperature
Drop (°C)
Battery Backup
Time (hours)
Cooling
Duration after
Sunset

6 10

3 5

0.5 hours 2 hours

3.3.Discussion
3.3.1. Effectiveness  of
Integration
The solar panel effectively charged the battery
during daytime. The 100W panel was sufficient to
run the air cooler for continuous operation, provided
clear sunlight. Energy independence was achieved,

Solar  Energy

reducing reliance on conventional electricity
sources.
3.3.2. Impact of Phase Change Material

(PCM)
The integration of PCM significantly enhanced
cooling performance:

e The PCM absorbed heat during peak sunlight
and released it gradually after sunset,
maintaining the output air temperature lower
for a longer period.
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e Backup cooling after sunset was extended
from 0.5 hours to 2 hours due to the PCM
storage.

e This improves comfort levels during the
night without additional power consumption.

3.3.3. Energy Efficiency

The use of renewable solar energy and efficient PCM
storage resulted in:

e Reduction in overall energy usage by up to
60% compared to a standard electric air

cooler. [6]
e Lower operational cost and minimal carbon
footprint, making the system

environmentally sustainable.
3.3.4. Limitations
e Performance is highly dependent on sunlight
availability;  efficiency drops  during
cloudy/rainy days.
¢ Initial cost is slightly higher due to the cost
of the solar panel, battery, and PCM
materials.
3.3.5. Future Scope
e Integrate solar tracking panels to increase
efficiency.
e Use advanced PCMs with better heat storage
capacity.
e Implement a smart controller for optimal
energy management. [7]
Conclusion
In this project, a solar-powered air cooler integrated
with Phase Change Material (PCM) was successfully
designed, fabricated, and tested. The primary goal of
developing an energy-efficient and environmentally
friendly cooling system was achieved. integration of
solar energy significantly reduced the dependency on
conventional electricity, offering a sustainable
solution for cooling needs. Additionally, the use of
PCM greatly enhanced the cooling performance by
storing thermal energy during peak hours and
releasing it when solar input was not available. This
extended the cooling effect well into the evening
hours, which traditional systems cannot achieve
without additional energy consumption. Testing
results showed a notable temperature reduction of
10°C with PCM compared to 6°C without PCM, and
an extended cooling duration after sunset by up to 2
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hours. This highlights the effectiveness of thermal
energy storage in enhancing system performance.
Although the system's performance is weather-
dependent and the initial cost is slightly higher, the
long-term benefits such as reduced energy bills,

lower carbon  emissions, and improved
environmental  sustainability — outweigh these
drawbacks. Thus, the project successfully

demonstrates the potential of combining solar energy
and thermal energy storage for efficient and green
cooling solutions, especially for rural and off-grid
areas. With further developments like smart energy
management and advanced materials, this
technology could be scaled for larger commercial
and residential applications in the future. [8]
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