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Abstract: Solar energy resources have been widely harvested through the use of photovoltaic cells.
Nevertheless, its effectiveness is still tricky because the Sun’s heat is rarely considered. This study
examined the performance of a photovoltaic-coupled thermoelectric generator. Temperature and
light sensors were put in the photovoltaic system and linked to a data-collecting system. The result
demonstrates that adding a thermoelectric generator lowers the photovoltaic temperature, increasing
the combined solar and thermoelectric generator’s power and efficiency. The endeavor aims to create
a more efficient solar system by improving its design.
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1. Introduction

Modern civilizations have used enormous amounts of energy [1]. Fossil fuels, such as
coal, oil, and gas, continue to be the primary sources of energy [2]. Despite rising energy
use and demand, there remains a finite supply of fossil fuels. Furthermore, using them
results in greenhouse gas emissions, exacerbating global warming [3]. Because of this,
renewable energy sources—such as geothermal, solar, wind, and ocean tidal waves—are
becoming increasingly critical to ensuring ongoing energy production and a safe planet for
future generations [4].

The most environmentally friendly energy source for reducing the consumption of
fossil fuels is solar energy [5]. Photovoltaic (PV) cells provide an attractive opportunity
for effectively harnessing solar energy among the many solar energy technologies [6]. The
benefits of the photovoltaic cell, which include creating pure, green energy without any
mechanically rotating elements and providing accessibility to a sizable amount of energy
input, have sparked much interest in the power production business. There is a certain
degree of linear correlation between solar power and the electrical power generated by
photovoltaic equipment. However, the photovoltaic module heats up when exposed to
intense sun radiation, which reduces PV efficiency [7].

The amount of input energy the PV gains must still be raised. The energy provided
by light is the only power source the PV produces. Heat energy is not exploited to its full
potential. Recently, many hybrid solar and heat recovery systems have been developed
to address this issue [8]. The first systems that integrated light and heat energy into a
single module are hybrid PV-thermal systems [9]. Direct conversion of thermal energy to
electrical power is most easily accomplished with a thermoelectric generator (TEG). By
generating charge carriers due to a temperature differential between the TEG sides, the
Seebeck effect allows the TEG to convert heat into electrical energy instantaneously [10-12].
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Hybrid PV-TEG systems combine PV and thermal systems that use a TEG module [13,14].
Usually, the TEG is installed directly on the rear of the PV in a combined PV-TEG system.
These integrated systems are more efficient than standalone PV systems claimed Babu and
Ponnambalam [15], and such integrated systems are more efficient than standalone PV
systems. Numerous examples of research, including that of Khan et al. [16], Gao et al. [17],
and Sahari et al. [8], have reported on the performance of PV-TEG systems.

PV cells have been the subject of several investigations using hybrid techniques. Every
approach has benefits and drawbacks, such as expense- and power-related issues. An
inexpensive way to increase PV power is with a primary hybrid photovoltaic cell that
uses thermoelectric gain (TEG). In this paper, PV and PV+TEG system performance are
examined. A collective measurement is conducted to give comprehensive data, including
power, PV temperature, and solar radiation. Furthermore, the PV efficiency is computed.
The understanding of solar power extraction is anticipated to increase with the research of
PV cells.

2. Experimental Methods
2.1. Experimental Tools

The solar cell and a hybrid photovoltaic cell with a thermoelectric generator were
made possible by constructing two fixed panels. Figure 1a,b depicts a picture and schematic
diagram of the panels that make up the two systems. Figure 2 describes some primary
instruments mounted on the PV panel. Tables 1 and 2 enumerate the PV and TEG require-
ments. The temperature of the PV surface was measured using a K-type thermocouple. The
data logger, controlled using an Arduino Mega 2560 microcontroller, receives the signal
from the thermocouple using a temperature sensor type MAX6675. Using an MAX471 elec-
trical sensor, the PV output, which consists of voltage, current, and power, was measured.
The sun radiation was measured using a light intensity sensor (model BH1750). To convert
the solar radiation unit to an irradiance unit in W/m?2, see [18]. Finally, the PV cell circuit’s
load was a 4 V/4 Ah battery. Before collecting experimental data, every piece of equipment
was calibrated.
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Figure 1. Experiemntal tool set-up: (a) photograph and (b) scheamtic diagram.
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Figure 2. (a) Photovoltaic cell. (b) Thermoelectric generator. (¢) TEG heat exchanger. (d) Arduino
MEGA 2560. (e) Light intensity sensor type BH175. (f) Electrical output sensor type MAX471.
(g) Temperature sensor type MAX6675.

Table 1. The PV specifications.

Parameters Specification
Type of PV HY1-49
Material of PV Monocrystalline
Max. voltage 5 Volt

Max. current 200 mA

Table 2. The TEG specifications.

Parameters Specification
Type SP1848 27145 SA
Semiconductor material BiyTes

Number of semiconductor 220

Working temperature 0-150 °C

2.2. Experimental Procedures

The experiment was carried out in Indonesia at S57°34'36.83" latitude and E111°25'55.56"
longitude. The study day was characterized by bright, cloudless skies with an average
humidity of 79.4%. Setting up the constructed panels was the first step of the experiment.
A tilt angle of 66 for the fixed panel was used throughout the panel preparation process.
With a 66 degree tilt angle toward the south, the PV cells were oriented with their faces
facing upward perpendicularly. In Western Indonesia Time, the panels were operational
from 5:00 a.m. to 6:00 p.m. However, data collecting may start once sunlight enters the PV
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and is recorded in a data logger. Light intensity, temperature, and electrical output were
the three variables that were measured. Temperature, light intensity, and electrical power
measurement instruments were calibrated for this study’s experiment data collection. With
the aid of a conventional thermometer, the temperature of water was measured from a cold,
ice-like state to a boiling point to calibrate the MAX6675 sensor. A temperature error of
0.625 °C was averaged. A 12 V DC 2 A light charged by an LW-301KDS DC power supply
power source was utilized to calibrate the MAX471 sensor, which measured the electrical
power, using a WH5000 multimeter, and 0.125 W was the power’s average uncertainty. The
BH1750 sensor’s light intensity readings were adjusted with an AS803 light intensity meter.
The light intensity uncertainty was 1.98 W/m? on average. With Microsoft Excel, a typical
error formula was utilized to compute the uncertainty analysis of the measurement data.

3. Results and Discussion
3.1. Light Intensity

The WH1750 sensor detected the sun’s radiation intensity, as shown in Figure 3. The
data from the calculator web [19] was used for comparison. The outcome demonstrates
that the panel’s solar radiation intensity rose with dawn, peaked at 11:55 a.m., and then
fell. Except for a variance in time, the calculated data resembled the current experimental
results in terms of curve trends. This result occurred because the calculation considered
just the altitude angle, ignoring the geographic latitude and longitude angles, which
caused a discrepancy in the Sun’s orbit. The panel’s maximum intensity was 989.16 W/m?.
Nonetheless, the computation’s data revealed that around 11:00 am, the maximum light
intensity value—1129.70 W/m2—occurred. The current work’s measurement of solar
radiation intensity is consistent with previous research findings [20,21].
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Figure 3. Solar light intensity.

3.2. Temperature

The temperature profile observed on the surface of PV, PV+TEG, the TEG’s hot side,
and the TEG’s cool side is displayed in Figure 4. A thermocouple attached to an MAX6675
sensor was used to conduct the measurement. The whole temperature showed a rise begin-
ning at 5:00 am at 24 °C, peaking at 11:55 am, and then falling to 28 °C by 6:00 p.m. Because
of the fitted thermoelectric module beneath the PV, which absorbs heat, the temperature of
the PV was higher than that of the PV+TEG. The current outcome is consistent with Khan
et al’s [22] findings. Since the TEG was installed at the bottom of the PV, the temperature
on the hot side of the TEG was nearly identical to that of the PV. Owing to heat dissipation
via the thermal pad and heatsink, the temperature of the TEG cold side was significantly
lower than that of the TEG’s hot side.
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Figure 4. Temperature profile of the PV, PV+TEG, and TEG systems.

3.3. Power Output

The output powers produced by the PV, PV+TEG, and TEG systems are displayed
in Figure 5. Every system indicated that the power started at zero at around 6:00 a.m.,
peaked at that time, and then dropped to zero around 6:00 p.m. This curve indicates that
sunlight generates power during the day. The PV+TEG system’s power output surpassed
that of the PV cell. Furthermore, compared with PV systems, the TEG power was far lower.
The PV, PV+TEG, and TEG systems had maximum powers of 0.66 W, 0.77 W, and 0.09 W,
respectively. This finding is consistent with that of Fathabadi [23], showing that the TEG
installment added to the PV cell’s improved power.
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Figure 5. Output power of the PV, PV+TEG, and TEG systems.

3.4. Efficiency

The PV and PV+TEG systems’ maximum efficiencies are shown in Figure 6. The
outcome demonstrates that the PV+TEG system had a greater efficiency than PV. The
efficiency ratings of the PV and PV+TEG systems were 7.7% and 10.6%, respectively. As
shown in Figure 4, the drop in temperature in the PV+TEG system was responsible for
the improvement in efficiency. Even though the examined PV systems use various cooling
approaches, the current study’s loss in PV efficiency at lower temperatures is consistent
with earlier research on PV applications by Sutanto et al. [24] and Dida et al. [21].
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Figure 6. Efficiency of the PV and PV+TEG systems.

4. Conclusions

PV and PV+TEG system performance was examined in this paper. A datalogger
programmed with an Arduino board was used to measure and record the temperature
and intensity of solar radiation on the PV cell. The outcome demonstrates that the TEG
installation might lower the PV temperature. Compared with PV systems, the PV+TEG
system had more power and efficiency. The highest powers of the PV, PV+TEG, and TEG
systems were 0.66 W, 0.77 W, and 0.09 W, respectively. The PV and PV+TEG systems had
efficiency ratings of 7.7% and 10.6%, respectively. The results of this study demonstrate
that the TEG module enhances the PV cell’s performance.
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