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The demand for renewable energy sources continues to escalate as a means of addressing
climate change. This study explores a novel approach to enhance the output power of
floating photovoltaic (FPV) systems by integrating innovative multi-reflector systems with
partially submerged staggered fin heat sinks. Increasing solar irradiation typically boosts
the energy output. It simultaneously raises the panels' temperature, which can detract from
overall performance. Our research employs multi-reflector designs to concentrate solar
irradiation on FPV panels while utilizing partially submerged fin heat sinks to optimize
heat dissipation. Experimental tests conducted in Surakarta, Indonesia, starting at 8§ am and
continuing until 4 pm involved three unique reflector configurations and two heat sink
designs. Results indicated a significant increase in output power by integrating a reflector
1.25 times the panel width with a partially submerged staggered fin heat sink design, with
a rise of 7.28 watts—or 17.17%—compared to a conventional floating photovoltaic.
Statistical analysis via two-way ANOVA affirmed the effectiveness of both design
variations in enhancing power output. This research represents an advancement in FPV
technology, demonstrating that the application of reflectors and advanced heat sinks can
improve energy production while maintaining lower operating temperatures, thereby
providing a sustainable solution.

1. INTRODUCTION

In today’s era, the need for energy is increasing. The supply
of fossil fuels has decreased as a result of this demand. As a
result, switching from non-renewable to renewable energy is
essential [1]. Renewable energy sources including solar, wind,
and geothermal have grown faster and the studies on the use
of renewable energy such as PV wind turbines [2, 3] continue
to develop over time. Solar energy is a far more abundant
renewable energy source, ranking third in importance for
heating and lighting. Solar energy is the most promising way
to meet the world's expanding energy needs because it is
readily available and emits no greenhouse gases [4]. The
importance of renewable energy lies in its role in ensuring
long-term energy sustainability and meeting climate goals. By
utilizing renewable energy, the energy supply can transition
from fossil fuels to more sustainable energy sources [5].
Photovoltaic panels are the most suitable technology for
capturing solar energy. In Indonesia, the average solar energy
intensity is 4.7 to 4.8 kWh/m? [6, 7]. Typically, just a small
amount of the solar irradiation is absorbed by photovoltaic
solar panels and transformed into electrical energy, the
remainder is absorbed as heat [8].

There are three generations of photovoltaic panels: Silicon
photovoltaic cells made with silicon layers, the second
generation referring to thin-film technology, and Dye
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Sensitized Solar Cell (DSSC) designed using environmentally
friendly materials such as natural dyes [9]. Silicon
photovoltaic cells are the most commonly utilized type of PV
cells. The efficiency generated is greater than that of others.
The efficiency of this monocrystalline silicon PV cell is
approximately 17% to 18%. The polycrystalline type exhibits
an efficiency ranging from approximately 12% to 14% [10].
The temperature of photovoltaic panels and sun irradiation are
two aspects that influence them. The power output of the PV
module increases in direct correlation to the solar energy it
absorbs. Higher peaks on the power output curves signify that
the photovoltaic module may generate increased electricity
with the rise in solar radiation [11].

Rahman et al. [12] determined that a rise in irradiation of
100 W/m? resulted in an enhancement of energy output by 2.94
W. A method used to enhance the absorption of solar
irradiation on photovoltaic solar panels is by integrating a
reflector [13]. Reflectors are a cost-effective optical device
technology, with expenses not surpassing 5% of the
photovoltaic module cost. They are designed to concentrate
light and enhance the sunlight exposure on photovoltaic panels
[14]. There are various types of reflectors that exist, such as
the flat plate reflectors, the parabolic reflectors, and the
polyline reflectors [15]. Reflectors are fabricated from various
reflective materials to reflect the solar beam [16], such as glass
mirrors, aluminum foil, and aluminum sheets.
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Research indicates that the implementation of a single-sided
polyline reflector can enhance solar irradiation on the collector
by 40.3% [17]. Utilizing reflectors also enhances the
electricity generation capacity of photovoltaic panels [18].
Single-sided reflectors on photovoltaic panels enhance power
output by 10-13% during winter and 11-19% in summer,
specifically in Western Himalayan climates [19]. Rachedi et al
's simulation findings reveal that the use of 4-sided reflectors
can improve the mean yearly irradiation by 64% for fixed
systems and by 111.28% for solar tracker systems. The daily
average benefit ratio of the experimental receiving solar
irradiation is measured at 1.33 and 4.25, respectively [20].

The performance of photovoltaic solar panels is negatively
affected by high temperatures [21], while increased solar
radiation boosts energy output. Therefore, it is crucial to keep
the temperature of the photovoltaic solar panels low and to
maximize solar radiation absorption [22]. Advancements in
photovoltaic cooling methods have been persistently pursued.
Cooling is accomplished through the use of fluids directed at
the PV system, either directly, like water spray [23] and
floating methods [24], or indirectly by heat sink system [25]
and photovoltaic thermal collectors [26]. An increase in
temperature leads to a decrease in the voltage produced by
photovoltaic panels. With each degree Celsius increase in
temperature, the voltage of the PV panel decreases by
approximately 2.2 mV, leading to a reduction in power output
of around 0.5% [11, 27].

Research indicates that floating photovoltaics can achieve a
cooling effect on the panel's surface temperature of 2-4% and
generate more power than non-floating photovoltaics [28].
Floating photovoltaics utilizing PV panels in direct contact
with the membrane in the water body provide 5-7% greater
electricity compared to those without direct touch [29]. A
natural convection cooling system for floating photovoltaics
has been proposed, demonstrating that a thermosiphon system
achieves greater efficiency compared to floating photovoltaics
without cooling mechanisms [30]. Adjusting the water
reservoir height to 750 mm achieved an efficiency increase of
17.84% [31]. Floating photovoltaics, where the panel area is
partially submerged in a body of water, have the ability to
enhance electricity production [32]. By adding fin heatsinks
on the panel's back surface, the temperature can be lowered by
19.07%, power output can be increased by 24.02%, and
efficiency can be increased by 22.24% [33]. Meanwhile, using
forced convection cooling, it was found that adding fin heat
sinks to the photovoltaic panel that are partially submerged in
the water body may cut operating temperatures by 33.31% and
boost productivity by 22.77% [34].

According to earlier studies, conventional FPV exhibit
elevated operating temperatures and reduced efficiency
compared to FPV equipped with cooling systems. There are
limitations to PV panel cooling technology that involves
directly immersing the panels in water, as this can cause algae
growth on the panel surface in the long term. At present, the
use of fin heatsink technology for natural cooling, without the
immersion of panels in floating photovoltaic systems, yields
low enhancements in power output. The integration of multi-
reflectors is advantageous for increasing solar radiation
absorption and can enhance power productivity.

Based on the previously mentioned study, there is a notable
research gap that presents an opportunity for novelty,
specifically the integration of multi-reflectors as irradiation
concentrators alongside partially submerged fin heat sinks as
cooling mechanisms in floating photovoltaic systems.
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Reflectors are expected to increase the absorption of solar
irradiation, and the heatsink cooling mechanism is expected to
optimise heat dissipation to mitigate the harmful impacts of
the panel's excessive heat. Moreover, it is expected that this
technology will improve the performance of photovoltaic
panels.

This document is structured into multiple sections. The
initial section presents the study and delineates its aims. The
second section outlines the methodology employed in the
study, encompassing the tools utilized and the analytical
techniques applied. The third section outlines the experimental
outcomes for each variation, accompanied by a discussion
informed by ANOVA analysis. In conclusion, the paper
provides a summary of the findings employing the multi-
reflector designs to concentrate solar radiation on FPV panels
and utilizing partially submerged fin heat sinks to optimize
heat dissipation based on experimental investigation and
outlines recommendations for future investigations.

2. EXPERIMENTAL METHOD

2.1 Experimental setup

This study examines the potential to enhance the output
power of solar panels. Additionally, in relation to
environmental concerns, solar energy and renewable energy
sourced directly or indirectly from the sun may be considered.
Subsequent research involved an addition of reflectors to
amplify solar irradiation intensity and the installation of a
partially submerged fin heat sink aluminum plate on the rear
of the solar panel for improved cooling, therefore mitigating
the impacts of the added reflectors. The three analyzed
geometric shapes of the reflectors were 0.75, 1, and 1.25 times
the width of the photovoltaic panel, arranged in a top-bottom
configuration, with each side comprising two combined
reflectors. These variations are designated as reflector
variation 1, reflector variation 2, and reflector variation 3. The
installation of the reflector establishes a 120-degree angle,
identified as the optimal angle according to research
conducted by Manosroi et al. [35]. The reflector is constructed
from aluminum due to its lightweight properties and possesses
a reflectance rating of around 0.950-0.980 [36]. Figure 1
illustrates the reflectors employed in this investigation for each
geometric design.

Figure 1. The reflector geometri with ratio 0.75; 1; 1.25
times wide of pv panel



(a) Solid heatsink
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(b) Staggered perforated heatsink
Figure 2. The heatsink geometry for each shape

Two distinct fin heatsink geometries, each consisting of 12
fins, were utilized to attain optimal cooling performance in the
photovoltaic system. The geometric forms of the fin heatsink
analyzed consist of a solid heatsink, referred to as heatsink
variation 1, and a staggered perforated heatsink, designated as
heatsink variation 2. The height of each fin heatsink is set at
50 mm, a specification derived from the optimal performance
range of 50-100 mm, as indicated in the research conducted by
Nizeti¢ et al. [37]. The fin heatsinks were constructed from
aluminum, selected for its lightweight properties, high thermal
conductivity, and cost-effectiveness. Figure 2 illustrates the fin
heatsinks utilized in this study corresponding to each
geometric configuration. The research was carried out on a
floating photovoltaic system. Tarpaulin was used to construct
a tube water basin with a diameter of 2 meters and a water
depth of 1.1 meters. The purpose of this basin was to simulate

Reflector

Floating PV module

Heat sink <

(a)

a body of water in which the FPV modules act as a natural sink,
allowing the modules to expel any excess heat that they
generate through the use of extended submerged fins.

The increase in solar irradiation intensity incident on the
solar panel is achieved while maintaining the panel
temperature at a reduced level, which subsequently enhances
the power output of the photovoltaic panel.

This experiment was conducted atop the UNS INN Building
at Sebelas Maret University, Central Java, Indonesia. The
panel was oriented northward at a 12-degree angle for the tests
conducted from 8:00 am to 4:00 pm. Reflectors are attached to
both the top and bottom sides of the photovoltaic (PV) system,
while finned heat sinks have been included into the back panel.
This study used a 50Wp polycrystalline photovoltaic panel
manufactured by Jolywood Suzhou Sunwatt Co. Ltd. The
specifications of the utilized photovoltaic panels are detailed
in Table 1.

Table 1. SunWatt SOWp specifications photovoltaic panel

Specifications Information

Type Polycrystalline

Voc 21.24V

Isc 3.1 A

Pmax 50 W

Efficiency 17.6 %

Operating temperature -40°C s/d 85°C
Dimensions in mm 670x530%30 (4,23kg)

K-type thermocouple sensors were used to measure the
temperature, and a LabJack U6 data logger was used to store
the data. Nine temperature sensors were affixed to the panel's
surface. Solar irradiation was quantified with a Lutron SPM-
1116SD solar meter. A Heles UX838-TR multimeter was used
to measure the output power, which was made up of voltage
and current from the solar panel. A rheostat was used to apply
a load. Figure 3 illustrates the design of FPV and the
experimental figure, encompassing the arrangement of
instruments. Table 2 presents the specs and accuracy of the
measuring instruments utilized.

Table 2. Specs and accuracy of the measuring instruments

[38]
Instruments Model Specifications
Multimeter Heles Accuracy: £3% for DC current
UX838-TR and +0.5% for DC voltage
Accuracy: = 2.2°C
Thermocouples  K-Type Range: 270 to 1260°C
Solar power Lutron SPM Accuracy: £5%
meter 1116SD Range: 0-2000 W/m?

(b)

Figure 3. (a) The FPV design, (b) Experimental setup
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2.2 Work parameter analysis

This study evaluates the solar panel's performance
throughout several combinations of reflector and fin heatsink
installations. Data on temperature and solar irradiation for
each test were collected at nine points, and the mean value was
computed to elucidate each variation. The power output
performance of the PV panel is generally depicted as a
correlation between current and voltage in the format of an I-
V graph. A rheostat was utilized to produce changes in
resistance to achieve this graph. The characterization of
photovoltaic panels through the measurement of I-V graphs
seeks to yield various parameters, such as Voc, Isc, fill factor
(FF), and efficiency (). The open circuit voltage (Voc)
represents the maximum voltage attained in the absence of
current flow within the circuit. The short circuit current (Isc)
represents the maximum current achieved when no resistance
exists. The maximum power point (Puypp) is a point on the I-V
curve that yields the highest product of current and voltage in
the circuit. The fill factor (FF) is the ratio of the Py, to the
product of Voc and Isc on the I-V graph. The correlation
between all these parameters is outlined in Eq. (1) below [38].

Buer— _ Lypp XVigpp

FF = =
IscxVoc IscxVoc

(1

Energy efficiency (7) is the ratio of the maximum power
point to the energy from solar radiation that solar PV captures
(Ziighz). The maximum power point (Pyy,) is calculated by
multiplying the open-circuit voltage, short-circuit current, and
fill factor. The calculation of solar radiant power (lign)
involves multiplying the intensity of solar irradiation (/.4) by
the area (4) of the active region of the solar cell. The panel's
efficiency can be determined using Eq. (6) [38].

n= Bpp _ Bp _ IscxVocx FF @
Ilight Imd x A Irad X A

2.3 Research stage

This study employs statistical analysis, as illustrated in
Figure 4, to assess the significance of the results and evaluate
the influence of the two dependent variables on the
independent variable. For statistical analysis, this study used a
two-way ANOVA without replication. The choice of ANOVA
is grounded in the observation that the data consists of a
singular dataset comprising values from two groups of
dependent variable data, namely the geometric shape of the
reflector and the geometric shape of the fin heatsink. ANOVA
offers insights into the significance level of the differences
among the data groups under examination. Establishing the
initial hypothesis and the significance value to be assessed is
essential in the preliminary preparation; a significance level of
0.05 is employed to determine the differences in data.

The independent variable in this study is the enhancement
of output power. The hypothesis determination involves
analyzing the impact of the reflector's geometric shape and the
fin heat sink's geometric shape on output power enhancement.
The null hypothesis (Ho) and alternative hypothesis (H:) for
each variable in this study are defined as follows:

2.3.1 Independent variable: Output power
Ho: There is no significant effect of the reflector's geometric

1259

shape on the output power of the photovoltaic panel.

Hi: The reflector's geometric shape significantly affects the
output power of the photovoltaic panel.

Ho: There is no significant effect of the fin heat sink's
geometric shape on the output power of the photovoltaic panel.

Hi: The fin heat sink's geometric shape significantly affects
the output power of the photovoltaic panel.

Start

Literature Study

v

Experimental setup

:

Reflector and Heatsink geometry

/ Collecting data /L—

:

Analysis
(Temperature, Output power,
ANOVA)

Figure 4. Research flowchart [39]

- Temperature (°C)
- Current (A)
- Voltage (V)

3. RESULT AND DISCUSSION

3.1 The effect of adding reflectors on increasing the
intensity of solar radiation

The amount of sunlight absorbed by photovoltaic panels
affects their performance. It is necessary to have a high
intensity of sun irradiation to guarantee that photovoltaic
panels will work at their best [39]. The addition of reflectors
to the photovoltaic panel is one method that may be utilized to
increase the intensity of solar irradiation. Figure 5 illustrates
that the addition of reflectors onto the photovoltaic panel can
enhance the intensity of solar irradiation received. At noon, the
solar irradiation intensity on the photovoltaic panel without a
reflector was 948.9 W/m?, whereas reflector 1 recorded 1331.3
W/m?, reflector 2 recorded 1360.7 W/m2, and reflector 3
recorded 1367.3 W/m?. There is a rise in irradiation levels of
40.30%, 43.40%, and 44.10%, consistent with the study [17],
which indicates a 40.30% increase in solar irradiation. The
increase in solar irradiation at 08:00 and 16:00 is insignificant
due to the reflection of solar irradiation not striking the surface
of the photovoltaic panel.

3.2 Working temperature
3.2.1 Panel working temperature in reflector variation

The proposed new reflectors are anticipated to enhance
absorbed solar irradiation. Consequently, the experimental



findings in this part encompassed the FPV module's
operational temperature contingent upon the reflector's
variation. Figure 6 presents the results of the tests conducted,
indicating a rise in the average surface temperature of the
panel corresponding to the increase in reflector variation.
However, there is a decrease in the average surface
temperature of the photovoltaic panel with each variation of
the reflector shape compared to the average surface
temperature of the reference panel; the rise in the panel's
average surface temperature results from the solar panel's
increased irradiation absorption. The reference panel's average
surface temperature at noon was 56.9°C. The average surface
temperatures of the photovoltaic panel with reflector
variations on heat sink 1 are 53.69°C, 55.14°C, and 56.77°C.
The average surface temperatures of the solar panel with
reflector variations on heat sink 2 are 52.29°C, 54.62°C, and
56.04°C. Changes in reflector geometry affect the surface
temperature of the photovoltaic panel, with larger reflector
geometries leading to increased surface temperatures.

"E BB

Figure 5. Solar radiation intensity

3.2.2 Working temperature in the fin heat sink variation

Figure 7 displays the test results, illustrating the geometric
shape of the heat sink that contributes to a reduction in the
surface temperature of the photovoltaic panel, as evidenced by
the disparity in the average surface temperature of the
photovoltaic panel relative to the reference conditions. At
noon, the surface temperature of the reference panel attained
56.9°C. The surface temperatures of the solar panel on
reflector 1 were 53.69°C and 52.29°C. A temperature
reduction of 1.4°C is seen between heatsinks 1 and 2. The
surface temperature of the panel on reflector 2 is 55.14°C and
54.62°C, indicating a temperature drop of 0.52°C between
heatsinks 1 and 2. The panel temperature on reflector variation
3 was 56.77°C and 56.04°C. The temperature reduction
between heatsinks 1 and 2 is 0.73°C. Heatsink geometry 2
demonstrates superior heat dissipation compared to heatsink
geometry 1.

The movement of air plays a crucial role in how heat is
released [34]. The existing studies show that forced convection,
affected by the intensity and direction of wind, provides
improved heat transfer in comparison to natural convection
[40, 41]. The results of the present investigation are aligned
with those of Tijani et al, which indicated that the Nusselt
number for perforated pin fins under forced heat transfer is
generally higher by as much as 4% in comparison to solid fins
[42]. At Re = ~ 2550-12,860, the Longitudinal Hole and
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Lateral & Longitudinal Hole types of pin fins demonstrate an
increase in Nu avg by 22% and 20%, respectively, when
compared to the conventional solid elliptical pin fin
configuration [43]. Consequently, significant progress was
achieved in minimizing the hot spot across the panel surface,
which could potentially result in decreased efficiency or
permanent damage, while also successfully meeting the
objective of controlling the module's operating temperature.
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3.3 Electrical analysis

3.3.1 Photovoltaic electric performance in reflector variation

As in previous research, when solar intensity escalates,
there is an increase in the maximum power produced by the
photovoltaic panel [44]. Figure 8 illustrates the power output
of solar panels with different reflector geometries. The
findings indicate that an increase in the reflector geometry
variation relates to a higher power output achieved. The
reference photovoltaic panel achieved a power output of 42.40
Watts at peak intensity during the day. In comparison, the
photovoltaic panel with reflector variations on the heat sink
recorded power outputs of 44.84 Watts, 46.20 Watts, and
47.36 Watts at the same peak intensity, reflecting increases of
5.75%, 8.96%, and 11.70% respectively. In the meantime, the
power output of the solar panel photovoltaic with reflector
variations on heat sink 2 was measured at 46.90 Watts, 48.51
Watts, and 49.68 Watts, reflecting increases in power output
0f 10.61%, 14.41%, and 17.17% respectively.

The graph illustrating the relationship between voltage and
current is derived from integrating multiple data results. It
demonstrates the correlation among voltage, current, and the
resulting power. The test results indicated that the peak power
output occurred at noon, which was subsequently utilized as a
measurement parameter for constructing the current-voltage
graph. Figure 9 illustrates the I-V graph of photovoltaic panels,
illustrating the effects of different reflector geometries.
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Figure 9 illustrates the correlation of the photovoltaic panel
performance parameters at noon. The reference photovoltaic
panel generates an Isc of 2.79 A, while the photovoltaic panel
with reflector variations on heat sink 1 yields Isc values of
2.85A, 2.88 A, and 2.90 A. The photovoltaic panel with
reflector variations on heat sink 2 achieves Isc values of
293 A, 3.01 A, and 3.02 A. The test results indicate that
changes in reflector geometry influence the increase in Isc
value. This aligns with the previous study [15], indicating that
the Isc value will rise as the intensity of solar irradiation
increases. Simultaneously, the reference photovoltaic panel
generates a Voc of 20.4 V. The photovoltaic panel with
reflector variations on heat sink 1 yields Voc of 20.5 V, 20.6
V, and 20.7 V, and the photovoltaic panel with reflector
variations on heat sink 2 achieves Voc of 20.6 V, 20.8 V, and
20.8 V.
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The findings regarding the efficiency calculations are
illustrated graphically in Figure 10 of this study. The
calculation of electrical efficiency for a photovoltaic panel
involves contrasting the peak power (PMPP) with the radiation
power the panel has received (/jin), as outlined in Eq. (2); the
result is displayed as a percentage. The daily electrical
efficiency is illustrated in Figure 10. At noon, the reference
photovoltaic panel was recorded to have an electrical
efficiency of 13.29%. The efficiencies measured for the



photovoltaic panel with reflector variations on heat sink 1 were
10.02%, 10.10%, and 10.30%. Conversely, the photovoltaic
panel with reflector variations on heat sink 2 showed 10.48%,
10.60%, and 10.81% efficiencies. Adding reflector variations
increases the solar irradiation received by the photovoltaic
panel, reducing efficiency with each variation.
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3.3.2 Photovoltaic electric performance in heat sink variation

Figure 11 indicates that heat sink 1 yields a lower power
output overall than heat sink 2. The reference photovoltaic
panel generates a power output of 42.40 watts at peak intensity
throughout the day. The power output of the photovoltaic
panel with variations in the heat sink on reflector 1 at peak
intensity is recorded at 44.84 Watts and 46.90 Watts,
indicating an increase in power output of 5.75% and 10.61%,
respectively. The photovoltaic panel, utilizing variations in the
heat sink on reflector 2, generates power outputs of 46.20
watts and 48.51 watts, reflecting increases of 8.96% and
14.41%, respectively. When modified with variations in the
heat sink on reflector 3, the photovoltaic panel yields power
outputs of 47.36 watts and 49.68 watts, indicating increases of
11.70% and 17.17%, respectively.

Figure 12 illustrates the correlation of the photovoltaic
panel performance parameters at noon. The data indicates that
the Isc value for heat sink 1 is consistently lower than that of
heat sink 2 across all reflector variations. In reflector variation
1, the Isc values recorded are 2.85 A and 2.93 A. In reflector
variation 2, the Isc values recorded are 2.88 A and 3.01 A,
while in reflector variation 3, the Isc values are 2.90 A and
3.02 A. The Voc value for heat sink variation 1 is consistently
lower than that of heat sink variation 2 across all tested
variations. The Voc value on the photovoltaic panel, reflector
variation 1, is recorded at 20.5 V and 20.6 V. The photovoltaic
panel with reflector variation 2 shows Voc values of 20.6 V
and 20.8 V, while the panel with reflector variation 3 displays
Voc values 0f 20.7 V and 20.8 V.

Figure 13 illustrates a graph depicting the correlation
between variations in heat sink geometry and electrical
efficiency. The graph illustrates the efficiency achieved by the
photovoltaic panel over the day. At noon, the reference
photovoltaic panel was recorded to have an electrical
efficiency of 13.29%. PV panel electricity efficiency with heat
sink variations on reflector 1 was recorded at 10.02% and
10.48%. For reflector 2, the efficiency values were 10.10%
and 10.60%. Lastly, the photovoltaic panel with heat sink
variations on reflector 3 showed 10.30% and 10.81%
efficiencies. Overall, heat sink 2 demonstrates superior
efficiency compared to heat sink 1, which is linked to its better
cooling performance, giving it an efficiency advantage.
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modifications in the heat sink's physical shape yield a p-value
of 1.48E-03, below the established threshold. The study shows
that for the geometric heat sink's dependent variable, the null
hypothesis Ho is dismissed, while the alternative hypothesis Hi
is affirmed. The variation in the reflector geometry exhibits a
p-value that falls below the essential significance threshold of
3.10E-03. The analysis reveals that for the dependent variable
of the geometric reflector, the null hypothesis Ho is dismissed,
while the alternative hypothesis H: is affirmed. The result
indicates that variations in the geometry of the heat sink and
the reflector influence the improvement of energy production
from the photovoltaic panel. The resulting p-value analysis
suggests that the heat sink's geometry exerts a more significant
influence on the photovoltaic power output than the reflector
geometry variations.

Table 3. The output power of the photovoltaic panels for the
heat sink and reflector geometry
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Figure 11. The power output of FPV on heat sink geometry
variations

3.4 Statistical ANOVA analysis for each variation on the
output power of photovoltaic panels

The results of the output power for every photovoltaic test,
incorporating reflectors with various geometric configurations
and the integration of heat sinks with different geometric
designs, are summed up in Table 3. Table 4 displays the
outcomes of the ANOVA calculations, indicating that the

Summary Count Sum  Average Variance
Heat sink 1 3 1384  46.1333  1.579433
Heat sink 2 3 145.06  48.3533  1.948233
reflector 1 2 91.73 45.865 2.10125
reflector 2 2 94.71 47.355 2.62205
reflector 3 2 97.02 48.51 2.6912
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Table 4. The ANOVA results for the photovoltaic panels
regarding the output power parameters for heat sink and
reflector geometry

Source of

e SS df MS F P-value F-crit
Variation
Heatsink 7,392 1 7,392 6,75E+02 1,48E-03 18,513
Reflektor 7,033 2 3,517 3,21E+02 3,10E-03 19
Error 0,022 2 0,011
Total 14,448 5
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Figure 13. The daily electrical efficiency of FPV on heat
sink geometry variations

4. CONCLUSION

This study shows that implementing polyline reflectors can
potentially enhance the intensity of solar irradiation that
photovoltaic panels receive. An increase in irradiation levels
of 38.17%, 41.17%, and 42.01% has been observed. The rise
in irradiation levels influences the surface temperature of the
panel, with reflectors of larger geometry resulting in elevated
panel temperatures. Conversely, adding heat sinks can
mitigate the rise in panel temperature. Demonstrated at noon,
the temperature reference panel recorded 56.9°C. In reflector
1, by adding heatsink 1 and heatsink 2, the temperatures were
53.69°C and 52.29°C, respectively. In reflector 2, by adding
heatsink 1 and heatsink 2, the temperatures measured were
55.14°C and 54.62°C, respectively. In reflector 3, by adding
heatsink 1 and heatsink 2, the recorded temperatures were
56.77°C and 56.04°C, respectively. Heatsink geometry 2
demonstrates superior heat dissipation compared to heatsink
geometry 1. The staggered perforated design of the fin heat
sink enhances heat dissipation performance. This is consistent
with earlier findings [42, 43], which indicated that the Nusselt
number for perforated pin fins tends to exceed that of solid fins.

The implementation of polyline reflectors and fin heat sinks
on floating photovoltaic has demonstrated an enhancement in
the panel's power output from 5.75%, 8.96%, and 11.70%
when using heat sink 1 combined with reflector variations and
from 10.61%, 14.41%, and 17.17% with heat sink 2 paired
with reflector variations, despite a noted reduction in panel
efficiency. This demonstrates how effectively implementing
polyline reflectors and fin heat sinks on photovoltaic panel
systems enhances the panel's power output.

The results were analysed using ANOVA statistical
methods, showing that the shapes of the reflector and the fin
heat sink significantly affect the increase in output power. The
fin heat sink's geometric shape has more impact on improving
output power, as indicated by the p-value of the established
significance level. The p-values for the reflector's geometric
shape and the fin heat sink's geometric shape on output power
enhancement are 0.00148 and 0.0031, respectively.

This research was conducted over a specific period,
resulting in a lack of long-term durability testing to evaluate
the use of reflectors as solar irradiation and heat sinks as



excess heat dissipators in floating photovoltaics. Future
research may incorporate a solar tracking system on reflectors
and modify the number of reflectors to optimise solar energy
absorption.
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NOMENCLATURE

Isc short circuit current (A)

Voc open circuit voltage (V)

Typp maximum current (A)

Vurp maximum voltage (V)

PMPP maximum power (Watt)

FF fill factor

Liight power of solar radiation (Watt)

Traa the intensity of sunlight (W/m?)

A the active area of the solar cell (m?)

Greek symbols

n efficiency (%)





