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ABSTRACT

Solar energy is one of the fastest-growing renewable energy sources in the world.
Traditional solar panels generally use a protective glass layer to allow sunlight to
reach photovoltaic (PV) cells. However, modern research has shown that replacing or
combining glass with optical lenses can significantly increase the amount of sunlight
concentrated onto solar cells, thereby improving electrical power generation. This
technology is known as Concentrated Photovoltaic (CPV) technology.

Although lens-based solar panels offer higher efficiency, they also create a major
challenge: overheating. Excessive heat can reduce efficiency, damage solar cells, and
even burn the panel if proper cooling methods are not used. This article explains the
working principle, advantages, efficiency improvements, overheating problems, and

protection methods used in lens-based solar panels.
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1. INTRODUCTION

The increasing demand for electricity and
the depletion of fossil fuels have encouraged
scientists and engineers to develop efficient
renewable energy systems. Solar energy is
considered one of the cleanest and most
sustainable energy sources because sunlight
is freely available and environmentally
friendly.

Conventional solar panels convert sunlight
directly into electricity using photovoltaic
cells. However, the efficiency of standard
solar panels is limited because only a

portion of sunlight is effectively converted
into electrical energy.

To improve efficiency, optical lenses such
as convex lenses and Fresnel lenses are used
to concentrate sunlight onto smaller but
highly  efficient  solar cells.  This
concentration increases the intensity of light
and boosts electrical output.

Fresnel Lens is widely used in concentrated
solar systems due to its lightweight design
and strong focusing capability.
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2. CONCEPT OF LENS-BASED SOLAR This technology is called:

PANELS o Concentrated Photovoltaic (CPV)

A lens-based solar panel is a photovoltaic o Solar Concentrator Technology
system in which optical lenses are used to The concentrated light produces more
focus sunlight onto solar cells. Instead of electrical current because a larger amount of
spreading sunlight evenly over the panel solar radiation reaches the photovoltaic
surface, the lens concentrates sunlight into a material.

smaller area.

3. TYPES OF LENSES USED
All lenses shown below utilize refraction on the lens surface.
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(a) Convex lens (b) Concave lens
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Light sensor

AFSC

Support frame

Recerver

Low cost
High concentration capability
Easy installation

3.1 CONVEX LENS

A convex lens bends sunlight toward a focal
point. It is simple and commonly used in
laboratory experiments and educational
projects.

Fresnel lens array

3.2 FRESNEL LENS

A Fresnel lens is a thin, lightweight lens that
can focus a large amount of sunlight
efficiently.

Advantages:
o Lightweight

4. WORKING PRINCIPLE OF LENS-
BASED SOLAR PANELS

The main principle behind lens-based solar
panels is light concentration. -
A lens collects sunlight from a large surface area and focuses it onto a small photovoltaic cell. As
the intensity of light increases, more electrons are excited inside the semiconductor material,
producing more electricity.

The generated power depends on light intensity and area:
P=IA
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Where:
e P =Power produced
e | =Solar light intensity

o A = Effective area receiving light
When the lens increases light intensity, the output power also increases.

5. EFFICIENCY IMPROVEMENT

5.1 Higher Light Intensity

The concentrated sunlight increases photon density, improving electron excitation inside the
solar cell.

5.2 Better Energy Output

Lens-based systems can produce more electricity than traditional panels of the same cell size.
5.3 Reduced Semiconductor Material

Since light is concentrated onto a smaller area, fewer solar cells are required, reducing material
costs.

5.4 Improved Performance in Strong Sunlight

These systems perform especially well in areas with high solar radiation.

The efficiency relation with temperature is:

n=mnref [ 1-f ( T-Tref) ]
Where:
o 1 = Efficiency at temperature T
o nref = Reference efficiency at reference temperature
e [ = Temperature coefficient (per °C)
e T= Operating temperature of the solar panel
o Tref = Reference temperature (usually 25C1C)

6. OVERHEATING PROBLEM
6.1 Cause of Overheating
The major disadvantage of concentrated solar systems is excessive heat generation. When
sunlight is focused onto a small region, thermal energy also becomes concentrated.
As aresult:
e Solar cells become extremely hot
o Efficiency decreases
e Electrical components may fail
o Panel surface may crack
e Cells may burn permanently
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6.2 Effects of High Temperature
High temperature can cause:

e Reduced voltage output

o Faster material degradation

e Solder joint damage

o Delamination of solar cells

o Firerisk in extreme conditions

7. METHODS FOR OVERHEATING Advantages:
PROTECTION « Simple design

e Low maintenance
7.1 Heat Sink Cooling » Passive cooling

Heat sinks made of aluminum or copper are
attached behind the solar panel to dissipate
heat into the surrounding air.
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7.2 Air Cooling Using Fans e Low cost
DC cooling fans continuously circulate air o Easy installation
around the panel surface to reduce Disadvantages:
temperature. e Requires electricity
Advantages: e Mechanical wear over time
e Fast cooling
Sun rays Concentrating

\ photovoltaic cells

High power condenser Heat Exchanger

LB

Sun tracking device Hot water outlet
Waterpump | r’f
b= "~___ Hot water

storage tank
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8. WATER COOLING SYSTEM 1. Water is circulated through pipes
Water cooling is one of the most effective behind or above the panel.

methods for controlling solar panel 2. Water absorbs thermal energy from
temperature. the panel.

In this method:
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3. Heated water moves into a storage Advantages:
tank. o Safe design
4. Cool water recirculates back into the » No direct water contact with solar
system. cells
Heat absorption principle: o Effective heat transfer
Q=mcAT B. Surface Water Cooling
Where: A thin layer of water flows over the panel
e Q = Heat absorbed surface.
e m = Mass of water Advantages:
e ¢ = Specific heat capacity e Rapid cooling
e AT = Temperature change o Dust cleaning effect
Disadvantages:
8.1 Types of Water Cooling e Water consumption
A. Backside Water Cooling e Mineral deposition

Water pipes are attached to the rear side of
the solar panel.
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Stand alone photovoltaic panel without any cooling

PV glass surface

PV Cell

Cold water in

Hot nanofluid / water

Heat exchanger

Hot water out

Standalone PV system with thermal collector with cooling system

9. AUTOMATIC TEMPERATURE
CONTROL SYSTEM
Modern systems use sensors and
microcontrollers for automatic protection.
Common components include:

e Arduino UNO

e LM35 Temperature Sensor

e Relay Module

o Water Pump

e DC Cooling Fan
Working:

o If temperature exceeds a preset

value, cooling starts automatically.
o When temperature decreases, cooling

stops.
This improves:
o Safety

o Energy efficiency
o System reliability

10. MPPT CHARGE CONTROLLER

An MPPT Solar Charge Controller is
commonly used in advanced solar systems.
Functions:

o Maximizes power extraction
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o Protects batteries
e Improves charging efficiency
o Stabilizes output voltage

11. APPLICATIONS OF LENS-BASED
SOLAR PANELS

Lens-based solar systems are used in:

e Space technology
High-efficiency power plants
Solar research laboratories
Industrial solar systems
Smart renewable energy systems

12. ADVANTAGES AND
DISADVANTAGES
Advantages
« Higher efficiency
e More power generation
e Reduced photovoltaic material
o Compact design
o Suitable for advanced energy
systems
Disadvantages
e Overheating problems
« Higher cooling requirement
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e Increased system complexity reliability and commercial use of
o Higher maintenance cost lens-based solar panels.
o Dependence on direct sunlight Scientists are also working on hybrid
systems that combine:
13. FUTURE SCOPE e Solar concentration
Future developments in: e Automatic tracking
e Smart cooling systems e Water cooling
o Nanotechnology coatings o Energy storage
o Al-based temperature control to create highly efficient renewable power
o Advanced photovoltaic materials systems.

may significantly improve the
14. CONCLUSION

Lens-based solar panels represent an advanced approach to solar energy generation. By
concentrating sunlight onto photovoltaic cells, these systems can significantly improve electrical
output and overall efficiency. However, the increase in light concentration also causes severe
overheating, which can damage or destroy solar panels if not controlled properly.

To overcome this problem, various cooling and protection techniques such as heat sinks, cooling
fans, water cooling systems, temperature sensors, and automatic control circuits are used. Among
these methods, water cooling is considered one of the most effective solutions for maintaining
safe operating temperatures.

With continuous technological advancements, lens-based solar panels have the potential to
become an important part of future renewable energy systems, offering higher efficiency, better
performance, and sustainable power generation.
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