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Abstract

Recent advancements in solar power generation have increasingly focused on optimizing solar panel
design through the integration of light reflector arrangements, enhancing efficiency beyond traditional
methods like maximum power point tracking (MPPT). While existing MPPT techniques primarily aim
to adjust the solar panel to the sun's position dynamically for improved solar cell performance, they
tend to reach only maximum or near-maximum efficiency levels. In contrast, the innovative design of
solar panels equipped with light reflectors demonstrates superior efficiency gains even with a static
operational approach. The use of reflective elements not only boosts solar cell performance but also
reduces maintenance costs by eliminating the need for movable parts. However, a notable challenge
with this reflective design is the aging of solar panels due to the concentrated heat generated, which
affects the temperature coefficient of the cells. To address this issue, alternative design modifications
are proposed to mitigate heat build-up, enhancing the durability and efficiency of the solar panels.
This paper seeks to explore innovative methodologies for improving solar cell efficiency through a
light reflection approach. It aims to present design modifications that alleviate aging problems and
significantly enhance overall solar panel performance. Additionally, the paper summarizes the
research and findings related to the concept of solar panels with light reflector arrangements,
highlighting their benefits and outcomes.
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INTRODUCTION

The manufacturing quality of a solar panel influences its performance, but its
output is also significantly affected by its alignment with the Sun. Optimal
performance is achieved when the panel's surface is oriented at a 90-degree angle
to the Sun's rays. To maximize the amount of sunlight captured, solar panels need
to track the Sun’s movement across the sky. Various solar trackers are used to
follow the Sun’'s trajectory, guided by the azimuth and zenith angles. The azimuth
represents the Sun's compass direction as it moves from east to west throughout
the day. A dual-axis tracker with Maximum Power Point Tracking (MPPT) and
specular reflection, as well as a non-reflective path, can be used in solar cells
[1,2]. As the temperature of a photovoltaic (PV) panel rises, some energy is lost as
heat, leading to reduced efficiency during peak sunlight hours. Consequently,
reducing the number of mirrors in a parabolic reflector solar tracker by two can
help improve the efficiency of the solar panel.

Solar Tracking System
Single Axis Solar Tracking System

In a single-axis solar tracking system, the solar panel follows the Sun’s path
from east to west by rotating around a single midpoint. There are three types of
single-axis tracking systems: horizontal single-axis tracking, vertical single-axis
tracking, and tilted single-axis tracking. In a horizontal system, the panels are
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aligned parallel to the rotational axis, which remains
horizontal regardless of the ground. In a tilted system, the
panel surface is set at an angle to the rotational axis, which
is vertical to the ground. In a vertical system, similar to the
horizontal type, the rotational axis is horizontal relative to
the ground, and the panel surface is aligned parallel to the
rotational axis [3,4].The main limitation of a single-axis
tracking system is that it can only track the Sun’s daily
movement from east to west, not its seasonal changes. On
cloudy days, the system's efficiency is reduced because it
can only track the Sun's movement in four general
directions. The setup of a single-axis solar tracking system
is typically shown in a figurel.

' sINGLE-axiS
> TRACKING ON A
VERTICAL AXIS

SINGLE-AXIS
TRACKING ON A
HORIZONTAL AXIS

Figurel. Single axis solar tracking system

Dual Axis Solar Tracking System

To address the limitations of a single-axis monitoring
system, a dual-axis tracking system was developed and
implemented. By following the Sun's movement in all four
cardinal directions, this system maximizes the capture of
solar energy. Unlike single-axis trackers that only measure
the Sun's east-west motion; the dual-axis system also tracks
the Sun's angular elevation in the sky [5]. This allows it to
measure both horizontal and vertical axes, making it more
comprehensive than its single-axis counterpart. A diagram
of the dual-axis solar tracking system is provided in the
figure2.

SIMPLE DUAL-AXIS

DUAL-AXIS
IN A FRAME

*Y buaL-axis
TRACKING ON A
ROTATING AXIS

Figure2. Dual axis solar tracking system

Reflector Mirror

Mirrors don't directly boost the efficiency of a PV panel
in terms of its ability to convert solar energy into
electricity. The panel's conversion efficiency remains
unchanged. However, integrating mirrors or lenses into a
PV system can enhance both efficiency and output power.
This approach, even when applied to high-cost solar panels
with triple junctions and high light concentration, is still
more economical and simpler to implement compared to
installing additional PV panels. Some lens-based systems
nearly became cost-effective, but the rapid decline in panel
prices made them less competitive. Figure3 illustrates a
dual-axis solar tracking system with mirrors [6,7].

- Mirror

—— Solar panel

___— Solar reference cell

Figure3. Reflector mirror
Maximum Power Point Tracking System

Maximum Power Point Tracking (MPPT) is a crucial
technology in solar power a system that optimizes the
efficiency of photovoltaic (PV) panels. Solar panels
convert sunlight into electricity, but the amount of power
they can produce varies with changing environmental
conditions like sunlight intensity, temperature andshading.
To ensure that the solar panels operate at their peak
efficiency, MPPT systems are employed to continuously
adjust the operating point of the panels to extract the
maximum possible power.The power output from a solar
panel is a product of its voltage and current. However, the
relationship between these two variables is non-linear, and
there is a specific point, known as the Maximum Power
Point (MPP), where the product of current and voltage is at
its maximum. This point varies with changing sunlight and
temperature conditions [8,9].An MPPT system uses an
algorithm to continuously track the MPP by adjusting the
load seen by the solar panel, typically through a DC-DC
converter as shown in figure4. By dynamically adjusting
the operating voltage and current, the MPPT ensures that
the solar panel always operates at its most efficient point,
maximizing the energy harvest.
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Vv | Dc/De
Boost Controller

PV Panel T l
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Table2: Stationary Solar Panel

Time Volt | Curren | Power | Irradianc | Efficienc
(Hrs) age t e y
8:00 8.45 | 2.57 21.71 189 9.76
9:00 10.5 | 3.45 36.39 283 10.94
5
10:00 125 | 4.78 60.08 383 13.33
7
11:00 13.9 | 5.37 74.91 431 14.77
5
12:00 16.5 | 6.95 114.81 519 18.82
2
1:00 19.7 | 7.25 143.11 635 19.15
4
2:00 195 | 7.20 140.76 630 18.40
5
3:00 17.2 | 6.15 105.96 580 15.52
3
4:00 15.2 | 5.36 81.47 538 12.89
0
5:00 128 | 45 58.02 432 11.40
9
6:00 9.58 | 3.1 29.72 245 10.31

->| MPPT Controller [ f;::: ]
Figure4. Maximum power point tracking system
Table 1: Specifications of Static Solar Panel

S.No. Parameters Rating

1 Rated Efficiency 19.9%

2 Type of cell Polycrystalline

3 Maximum Power 200W

4 | Voltage at Maximum Power 17.4Vv

5 Current at  Maximum 8.6A

Power

6 Short Circuit Current 10.41V

7 Open Circuit Voltage 22.5V

8 | MaximumSystem Voltage 1000V (DC)

9 Irradiation at STC 1000W/m?

Tablel shows the specifications of static solar panel of
power rating of 200Wp, which is consider for experimental
purpose. The rated efficiency of this panel is19.9% and by
using some methods (Dual trackers, Mirrors and MPPT),
then the efficiency of this panel increased from 19.9% to
40.2% [10].

Experimental Analysis

The experimental setup was established using a 200W
polycrystalline solar panel paired with two identical
mirrors and a Maximum Power Point Tracker (MPPT). The
solar panel, along with the mirrors, was manually adjusted
for dual-axis tracking. To evaluate the performance, the
output power and efficiency of the solar panel were
compared based on experimental data, which included
readings and graphs obtained from four distinct methods.

(a) Static Solar Mirror

(b) Dual Axis Solar Tracker
(c) With Mirrors Reflector
(d) with MPPT

Data from Stationary Solar Panel

Table 2 shows the data of voltage, current, power,
efficiency and irradiations receivedfrom static solar
panel for a day. For stationary solar panel, maximum
voltage, current,power, irradiation and panel efficiency
is 19.74v, 725 A, 143.11W, 635W/m? and
19.15%respectively. The power output and efficiency
varies from 21.71W to 143.11W and 9.76
%t019.15%respectively.

Table3: Dual Axis Solar Tracker without Mirror

Reflector
Time(Hrs) | Voltage | Current | Power | Irradiance | Efficiency
8:00 12.47 5.25 65.46 454 12.25
9:00 13.55 5.52 74.79 456 14.08
10:00 15.24 5.68 86.56 470 15.65
11:00 16.43 6.5 101.86 492 17.59
12:00 18.56 7.30 | 135.49 554 20.78
1:00 20.91 7.42 | 155.15 615 21.44
2:00 20.50 7.25 | 148.62 610 20.37
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Table 5: Comparison Analysis for Power Output

3:00 18.95 6.50 | 123.17 572 18.30
4:00 17.56 5.78 65.46 554 15.57
5:00 16.67 5.62 74.79 533 14.30
6:00 13.5 4.49 86.56 398 12.94

Table 3 presents the data collected from a dual-axis solar
tracker without the use of a mirror reflector. The maximum
values recorded include a voltage of 20.91V, a current of
7.42A, a power output of 155.15W, solar irradiation of
615W/m2, and a panel efficiency of 21.44%. Throughout
the day, the power output fluctuated between 60.62W and
155.15W, while the efficiency ranged from 12.25% to
21.44%. These variations in power output and efficiency
are directly linked to changes in solar irradiation over
different time intervals during the experiment.

Table 4: Dual Axis Solar Tracker with Mirror

Reflector
Data from Dual Axis Solar Tracker with Mirror reflector

Table4 shows the data received from Dual axis solar
tracker with mirror reflector of maximum voltage,
current, power, irradiation and panel efficiency is
22.36V,10.52A,235.23W,622W/m?and32.14%respective
ly. Thepoweroutputandefficiencyvariesfrom81.73Wt023
5.23Wand15.20 % t032.14%respectively.

It shows that dual axis solar tracker with and without
mirror reflector is able to receive more sunlight and
consequently generate more power as compared to
stationary solar panel.

Dual-axis trackers significantly improve solar panel
efficiency by keeping them aligned with the Sun, whether
with or without mirrors. The choice between using mirrors
depends on the specific application, cost considerations,
and the solar insolation characteristics of the installation
site.

Suitable for high-efficiency solar farms or industrial
installations where maximizing output per square meter is
crucial. However, it requires precise alignment and high-
quality mirrors, increasing complexity and cost.

Time Power for | PowerfromDual Power from
Stationary | AxisSolarTrack | Dual Axis Solar
Solar er Tracker with
Panel(W) withoutMirror( Mirrorre
W) flection(W)
8:00 21.71 65.46 84.58
9:00 36.39 74.79 112.47
10:00 60.08 86.56 157.44
11:00 74.91 101.86 185.89
12:00 11481 135.49 227.7
1:00 143.11 155.15 235.23
2:00 140.76 148.62 232.89
3:00 105.96 123.17 190.17
4:00 81.47 101.49 160.03
5:00 58.02 93.68 117.74
6:00 29.72 60.62 81.73

As per table 5 at 10:00am, because of low irradiation in
the morning then the poweroutput of static solar panel
with dual axis solar tracker, dual axis solar tracker with
mirrorand MPPT is 21.71W, 65.46W, 84.58W and
93.79W respectively

A comparative analysis of power output for dual-axis
solar trackers with and without mirrors reveals significant
differences in performance. Dual-axis solar trackers, which
adjust both azimuth and elevation angles, typically provide
superior energy capture compared to fixed panels by
maintaining optimal alignment with the sun throughout the
day and across seasons. This can lead to a substantial
increase in power output, often ranging from 20% to 40%
more compared to fixed systems.When mirrors are
incorporated into the system, the potential for increased
energy capture is further amplified. Mirrors, used to
redirect additional sunlight onto the solar panels, can
enhance the incident solar radiation, particularly during off-
peak hours or in less optimal conditions. This addition can
lead to a dramatic improvement in power output. Studies
suggest that mirrors can boost the efficiency of solar
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trackers by up to 50% in some cases, although this figure
can vary based on the quality and placement of the mirrors,
as well as environmental factors.

Table 6: Comparison analysis of efficiency

thereby extending the effective operating hours of the solar
panels and improving their energy yield.

Table7: Comparison Analysis of Maximum Power
Output and Efficiency

Parameters Stationary Dual Axis Dual
Solar Panel Solar AxiSolar

Tracker Tracker
without with Mirror
Mirror

Maximum 143.11 155.15 235.23

Power(W)

Efficiency 19.15 21.44 32.14

(%)

improvement
Time Efficiency Efficiency of Efficiency of
of DualAxisSolar | DualAxisSolarTr
Stationary Tracker acker with
SolarPanel | withoutMirro | Mirrorreflection(
(W) r(w) W)

8:00 9.76 12.25 15.49

9:00 10.94 14.08 19.71

10:00 13.33 15.65 25.24

11:00 14.77 17.59 28.46

12:00 18.82 20.78 31.21

1:00 19.15 21.44 32.14

2:00 18.40 20.37 31.62

3:00 15.52 18.30 27.67

4:00 12.89 15.57 24.29

5:00 11.40 14.30 19.03

6:00 10.12 12.94 15.20

A dual-axis solar tracker is designed to maximize solar
energy capture by orienting photovoltaic panels towards
the sun throughout the day. Incorporating mirrors into the
system can significantly enhance its efficiency. Without
mirrors, a dual-axis tracker adjusts the panels' orientation to
maintain optimal angles relative to the sun’s position,
thereby maximizing direct sunlight exposure. This
configuration already offers substantial improvement over
fixed-panel systems, as it effectively increases the energy
yield by ensuring the panels are perpendicular to the sun’s
rays for most of the day.Adding mirrors to the system
introduces an additional dimension of efficiency
enhancement. Mirrors can redirect sunlight onto the panels,
increasing the amount of light that reaches them even when
the direct sunlight is limited or at low angles. This
supplemental light can be particularly valuable during
morning and late afternoon hours when the sun is lower in
the sky. As a result, mirrors can boost overall energy
capture by allowing the tracker to utilize indirect sunlight,

The results of the experiment show the improvement
of power output and efficiency in the stationary solar
panel. The combination of stationary solar panel with
dual tracker with and without mirror and MPPT are
extremely efficient methods for efficiency improvement
of the solar panel.

APPLICATIONS OF SOLAR PANEL

1. Bifacial Solar Panels

Bifacial solar panels capture sunlight on both sides of
the panel, allowing them to generate more electricity from
reflected light on the ground or surrounding surfaces [11].

Applications:

e Urban Environments: Install bifacial panels on
rooftops and vertical surfaces to leverage reflections
from surrounding buildings and infrastructure.

e Solar Farms: Utilize bifacial panels in solar farms
with reflective surfaces like white gravel or water
bodies underneath to maximize energy capture.

e Vehicle Integration: Implement bifacial panels on
vehicles or mobile platforms to use reflections from
roads and other surfaces.

2. Transparent Solar Panels

Transparent solar panels can be used on windows,
facades, or other transparent surfaces, generating electricity
without obstructing light or visibility.

Applications:

e Building Integrated Photovoltaics (BIPV): Integrate
transparent panels into building windows or glass
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facades to generate power while maintaining natural
light and views.

e Smart Windows: Combine transparent solar panels
with smart window technologies to control lighting
and energy efficiency in smart buildings.

e Automobiles: Apply transparent solar panels to car
windows to provide additional power for vehicle
systems without compromising aesthetics.

3. Concentrated Solar Power (CSP) Systems

CSP systems use mirrors or lenses to concentrate
sunlight onto a small area, where it is converted into heat to
generate electricity through a thermal cycle.

Applications:

e Utility-Scale Power Plants: Deploy CSP systems in
large solar farms to produce significant amounts of
electricity, especially in areas with high solar
insolation.

o Desalination Plants: Integrate CSP with desalination
processes to provide both power and freshwater in
arid regions.

Industrial Processes: Use CSP for high-temperature
industrial processes or to drive steam turbines in
manufacturing facilities.

4, Multi-Junction Solar Cells

Multi-junction solar cells use multiple layers of
semiconductor materials to capture different wavelengths
of light, enhancing [12,13] overall efficiency.

Applications:

e Space Missions: Employ multi-junction cells in
satellites and space probes where high efficiency is
crucial due to limited space and resources.

e High-Efficiency Solar Panels: Develop high-
performance panels for specialized applications
requiring maximum energy output, such as remote
sensing or high-demand installations.

e Concentrated Photovoltaics: Combine  multi-
junction cells with CSP systems for even greater
efficiency in solar farms.

increasing light absorption or enhancing charge carrier
mobility.

Applications
e Advanced Research: Use nanotechnology to develop
new materials and cell designs in research laboratories
for future commercial applications.

e Consumer Electronics: Integrate nanotechnology-
enhanced cells into small devices like portable
chargers or wearable technology.

e Building Applications: Apply nanotechnology to
improve the efficiency of conventional solar panels
used in residential and commercial buildings 14].

6. Flexible and Lightweight Solar Panels

Flexible solar panels are made from materials that can
be bent or shaped to conform to different surfaces, making
them lightweight and versatile.

Applications:

e Portable Solar Solutions: Create portable solar
chargers for outdoor activities, emergency situations,
or remote locations.

e Architectural Integration: Apply flexible panels to
irregular or curved surfaces in modern architecture,
such as on curved rooftops or building facades.

e Consumer Goods: Integrate flexible panels into
consumer products like backpacks, tents, or clothing
for personal solar power generation.

7. Solar Panel Cleaning and Maintenance Systems

Automated cleaning and maintenance systems help
maintain optimal performance by regularly removing dust,
debris, or snow from the surface of solar panels [15,16].

Applications

e Solar Farms: Implement cleaning systems in large
solar farms to ensure maximum energy output and
reduce maintenance costs.

e Rooftop Installations: Use automated systems for
residential and commercial rooftops where manual
cleaning might be challenging.

e Remote Installations: Deploy cleaning solutions in

remote or harsh environments where manual
5. Nanotechnology-Enhanced Solar Cells maintenance is difficult [17].
Nanotechnology can improve solar cell efficiency by
altering the properties of materials at the nanoscale, such as
https://ijisem.com 189
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CONCLUSION

In conclusion, this comparative study has demonstrated
that novel design techniques can significantly enhance
solar panel efficiency, each bringing its unique advantages
and addressing specific challenges [18,19]. Techniques
such as advanced materials, innovative geometries, and
integrated cooling systems have been shown to improve
light absorption, reduce energy losses, and maintain
optimal operational temperatures. Among the methods
explored, the use of bifacial panels and concentration
photovoltaics have emerged as particularly promising,
offering substantial gains in energy output. However, the
effectiveness of these techniques can vary depending on
environmental conditions and application contexts. Future
research and development should focus on optimizing these
designs for different scenarios and integrating them into
practical, cost-effective solutions. Continued advancements
in this field will be crucial for meeting growing energy
demands and achieving sustainable energy goals [20].
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