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Abstract: The utilization of solar energy is commonly achieved through solar panels; however, heat dissipation from the
panels often reduces their overall efficiency. A hybrid system combining solar panels and thermoelectric generators (TEGs) offers
a potential solution to this issue. To enhance the temperature difference (AT) across the TEG, a metal plate can be added to the
hot side, while a heatsink is applied to the cold side. This study investigates the performance of three prototype configurations:
a 2.4 Wp monocrystalline solar panel integrated with a TEG module, with variations in the addition of a copper plate, an
aluminum plate, and no plate on the TEG hot side. Experimental results demonstrate that the prototype with a copper plate
yielded the highest average values, with a AT of 8.63 °C, voltage of 11.57 V, current of 0.17 A, and power output of 2.02 W. In
comparison, the aluminum plate prototype achieved a AT of 6.11 °C, voltage of 11.57 V, current of 0.16 A, and power output of
1.71 W, while the prototype without any plate produced a AT of 5.80 °C, voltage of 10.79 V, current of 0.15 A, and power output
of 1.63 W. Among all tested configurations, the copper plate prototype exhibited superior performance, attributed to the high
thermal conductivity of copper, which significantly enhances the AT across the TEG, thereby increasing electrical output.
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1. Introduction

development of environmentally friendly and sustainable
alternative energy sources has become an urgent necessity

In the context of modern society, electrical energy has
emerged as a vital necessity, comparable in importance to

essential resources like food and water. The growing demand
for electricity is closely linked to rapid technological
developments, given that the majority of contemporary
technological devices depend on a stable and continuous
power supply to operate efficiently [1]. In line with society's
growing dependence on electrical energy, the search for and
development of alternative electricity sources continues to
gain momentum. Indonesia possesses abundant energy
resources; however, energy utilization is still largely
dominated by fossil fuels and coal, which may cause long-
term environmental degradation [2] [3]. Consequently, the

[4].

Solar energy is one of the most promising renewable
energy sources due to its abundance and widespread
availability in regions exposed to sunlight [5]. The most
common method of utilizing solar energy is through
photovoltaic (PV) technology in solar panels, which convert
sunlight and radiation into electrical energy [6] [7].
According to data from Indonesia's Ministry of Energy and
Mineral Resources, the use of solar panels has shown a
significant upward trend as of May 2021.
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Figure 1. Prototype design 1.

However, the energy conversion efficiency of solar panels
remains limited, typically ranging between 12—-19% [8].
Meanwhile, solar thermal energy is often used separately,
such as in household or industrial water heating systems, by
utilizing copper plates as heat transfer media [9].
Thermoelectric generators (TEGs) convert heat directly into
electricity based on the Seebeck effect, utilizing a
temperature difference across two materials. With
advantages such as silent operation and low maintenance,
TEGs can be integrated with solar panels in a hybrid system.
This allows the system to utilize both solar radiation and
waste heat, thereby improving overall energy conversion
efficiency.

Previous studies have developed hybrid systems
combining solar panels and TEGs to harness solar light,
radiation, and heat simultaneously [10]. In such systems, the
solar panel converts light and radiation into electricity, while
the thermal energy is transferred via an aluminum plate to the
hot side of the TEG module [11]. The TEG module operates
based on the temperature difference between the hot side and
the cold side, generating voltage and current [12]. In this
configuration, the hot side of the TEG is placed beneath the
solar panel, and the cold side is combined with a heatsink to
facilitate heat dissipation.

In this study, an innovation is introduced by replacing the
aluminum plate with a 2 mm-thick copper plate on the TEG's
hot side. The use of a copper plate aims to enhance heat
transfer from the underside of the solar panel to the TEG
module, considering copper's superior thermal conductivity
compared to other metals [13]. The increased temperature on
the TEG’s hot side is expected to amplify the temperature
difference between the two sides of the module, thereby
improving power output.

2. Methods

In this research, an experimental methodology was adopted
for the design and development of a solar panel integrated with
a thermoelectric generator (TEG), as well as for the systematic
collection of performance data.

2.1. Solar Panel Configuration

The figure below illustrates the prototype design of the
system, which integrates a solar panel with a thermoelectric
generator (TEG) in a specific configuration intended to
optimize energy harvesting through the simultaneous
utilization of solar and thermal energy sources.
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Figure 2. Prototype design 2.
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Figure 3. Prototype design 3.

"~ "

N

eﬁ\- /.@

Figure 4. Design of a Combined Prototype.
2.2. Data Retrieval Scheme

In this study, data were obtained through a series of
experimental procedures designed to evaluate the performance
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of the system. The measured parameters include electrical
voltage, electric current, temperature, and light intensity. A
schematic diagram illustrating the data acquisition setup
employed in this research is provided below to depict the
and

configuration instrumentation used during the

experiments.

[ _ich]

Figure 5. Research tool schematic

The output power of each prototype is calculated by
multiplying the measured output voltage by the corresponding
output current, as expressed in the following equation (1).

Pout = Vour X Iyt (D

Where P,,; is the Output Power (Watts), V,,, is the
Output Voltage (V), and I,,,,; is the Output Current (A).

3. Result and Discussions

The three hybrid prototypes of solar panels and TEGs,
each with a configuration of adding copper plates, aluminum
plates, and without plates, were installed in an acrylic
container with an 80 cm high pole. In the first design, the solar
panels were installed directly touching the surface of the TEG
without any intermediary plate. Meanwhile, in the second and
third designs, each used a copper plate and an aluminum plate
with a thickness of 2 mm as a heat transfer medium between
the solar panels and TEGs. All prototypes used the same
assembly method, namely, the solar panels were glued to the
plate, TEG, and heatsink using thermal paste, and the edges of
the TEG were coated with hot glue for heat insulation. The
four TEG modules were arranged in series, then connected in
series to the solar panels, before finally being connected to a

load in the form of a 3-lens LED with a power of 1.5 watts.
From these three configurations, measurements will be made
of the voltage and current generated from the combination of
solar panels and TEGs, the surface temperature of the solar
panels, the temperature of the hot and cold sides of the TEGs,
and the intensity of sunlight. Furthermore, the output power of
each prototype was calculated based on the results of the
voltage and current measurements.
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Figure 6. Light Intensity Graph

Figure 6 shows a comparison graph of the average value
of sunlight intensity during the testing of the device every hour
for seven days. In the graph of Figure 6, it is shown that the
value of sunlight intensity tends to vary every hour. At 09.00
WIB-13.00 WIB, the intensity of sunlight increases, indicating
that the sky is getting brighter. The highest sunlight intensity
occurs at 13.00 WIB, amounting to 1036.01 W/m?. From
14.00 WIB to 16.00 WIB, the intensity of sunlight continues
to decrease. The decrease in sunlight intensity causes the sky
to become dimmer and even darker. This condition is usually
caused by the many clouds that block the sun.
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Figure 7. Voltage graph produced by solar panels
Figure 7 is a comparative graph of the average output

voltage value in each hour based on each prototype. Based on
Figure 7, the highest output voltage value is produced by the


https://doi.org/10.53893/ijmeas.v3i2.409

37 Bayusari et al.: Performance Evaluation of a Hybrid Solar Panel and Thermoelectric Generator (TEG) System with Copper Plate
Enhancement on the Hot Side

prototype with a copper plate of 11.57 V at 13.00 WIB. In the
graph, it can also be seen that the output voltage value
produced by the prototype with a copper plate is always higher
than the other two prototypes. The output voltage value
produced by the prototype with an aluminum plate is always
higher than the prototype without a plate. The highest output
voltage value produced by the prototype with an aluminum
plate is 10.93 V at 13.00 WIB. Meanwhile, the highest output
voltage value produced by the prototype without a plate is
10.79 V at 13.00 WIB.
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Figure 8. Graph of current generated by solar panels.

Figure 8 is a comparative graph of the average output
current value in each hour based on each prototype. Based on
Figure 8, it is shown that the highest output current value is
produced by the prototype with the addition of a copper plate
with a value of 0.17 A at 13.00 WIB. The output current values
produced by each prototype tend to be almost the same, but
the prototype with a copper plate produces a current that tends
to be higher. The highest output current values produced by
the prototype with an aluminum plate and without a plate are
0.16 A and 0.15 A, respectively. The very small current value
is influenced by the ability of the TEG and solar panels to
produce current according to their specifications. In addition,
the condition of the series circuit also affects the small output
current value of this prototype.

The output voltage and current generated from the
prototype will affect its output power value. Figure 9 is a
comparison graph of the average output power value per hour
based on each prototype. The shape of this graph tends to be
almost like Figure 8, which is the output current graph. Based
on Figure 9, the highest output power value generated by each
prototype, starting from without a plate, with a copper plate,
and an aluminum plate, respectively, is 1.63 Watts, 2.02 Watts,
and 1.71 Watts. The highest output power value of each
prototype was generated at 13.00 WIB when the output
voltage and current values were also at a high position,
according to Figures 8 and 9.

Figure 10 is a comparative graph of the average
temperature values of the TEG hot side and TEG cool side in

each hour based on each prototype. In the graph of Figure 10,
the hot side temperature values on each prototype tend to vary.
The highest hot side temperature value of the prototype with
the addition of a copper plate is 45.09 °C at 12.00 WIB. This
value is also the highest value of each prototype. For the
prototype with an aluminum plate, the highest hot side
temperature value is 42.93 °C at 12.00 WIB. While the
prototype without a plate has the highest hot side temperature
value is 41.54 °C at 12.00 WIB. Unlike the hot side
temperature value, the cool side temperature value tends to be
the same for each prototype. With the lowest values starting
from the prototype with copper, aluminum, and without plate,
respectively being 31.83 °C, 30.36 °C, and 30.17 °C at 16.00
WIB. Based on Figure 10, it can be seen that the placement of
the plate between the solar panel and the TEG affects the TEG
hot side temperature value. The copper plate reaches the
highest hot side temperature value because copper has a large
material conductivity value, so it has good heat conduction
ability.
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Figure 9. Power produced by solar panels
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Figure 10. Temperature graph on solar panels
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4. Conclusion

This study involved the design and evaluation of three types
of hybrid prototypes combining solar panels and
thermoelectric generators (TEGs), namely: without an
additional plate, with a copper plate, and with an aluminum
plate. Each prototype utilized identical components, including
a 2.4 Wp monocrystalline solar panel, four SP 1848-27 TEG
modules, insulation materials, and a heatsink. The main
variation among the prototypes is attributed to the selection of
conductive materials, specifically copper and aluminum,
installed between the solar panel and the TEG module.
Experimental results revealed that the prototype without a
plate produced the highest average voltage of 10.79 V, with a
current of 0.15 A and an average temperature difference of
5.80 °C. The prototype with an aluminum plate generated an
average voltage of 10.93 V, a current of 0.16 A, and a
temperature difference of 6.11 °C. In contrast, the prototype
equipped with a copper plate demonstrated the best
performance, producing the highest average voltage of 11.57
V, a current of 0.17 A, and a temperature difference of 8.63 °C.
This superior performance is attributed to copper's higher
thermal conductivity, which enhances the heat transfer to the
TEG's hot side, thereby increasing the temperature gradient
that drives voltage and current generation. In terms of output
power, the prototype without a plate yielded an average of 1.63
W, the aluminum plate prototype generated 1.71 W, while the
copper plate prototype achieved the highest output of 2.02 W.
The higher electrical output of the copper plate prototype is
directly correlated with its higher voltage and current values.
Consequently, it can be concluded that the hybrid solar panel
and TEG system incorporating a copper plate offers the most
efficient energy conversion performance among the three
configurations. These findings provide a significant
contribution to the development of more efficient renewable
hybrid energy systems and offer valuable insights for future
practical applications.
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