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Asbtract. Research on thermoelectric as a power generator known as a thermoelectric generator
(TEG) shows a positive trend. The current constraint is the relatively low efficiency, especially if it
is used to abElb direct sunlight energy. To increase the output power of TEG, it is endeaffired to
increase the temperature of the hot side by placing the absorber plate on the hot side §Bthat the
temperature difference between the hot and cold side (AT) will also increase. This study was
conducted to determine the magnitude of the increase in electrical energy generated from the TEG
module using several variations of absorber plates such as aluminum, iron, and copper compared to
without absorber plates. The results showed that the intensity of solar radiation greatly affects the
temperature diffe§nce obtained from both sides of the TEG module so that it can produce an increase
in the difference in output power voltage and efficiency. The power and efficiency of Copper, Iron,
Aluminum and without plates were obtained: 0.0023 Watt and 1.831 %, 0.0019 Watt and 1.301 %,
0.0004 Watt and 0.628 %, and 7.14x10% Watt and 0.1014 %. It can be seen that there is an increase
in output power using Al, Fe, and Cu plates by 5.6,26.6, and 32.2 times, respectively, and an increase
in efficiency by 6.2, 12.8,and 18.1 times.

Introduction

In everyday life, we cannot be detached from the use of energy, both on a small and large scale.
The need for energy will continue to increase along with technological developments. Most of the
energy sources currently used are non-renewable, such as oil and coal. They are classified as fossil
energy and will run out due to their use in everyday life [1]. Therefore, it is necessary to find and
utilize new renewable energy sources. Currently, the use of renewable energy is still in a relatively
small percentage but is expected to be able to supply energy needs in the future. Alternative energy
sources such as wind, sunlight, temperature differences in the sea, geothermal, river flows, and other
sources, can be used to §jduce electrical energy [2].

The development of the use of new Ed renewable energy (EBT) has received support from the
Government of Indonesia through the regulation of the minister of energy and mineral resources
number 39 of 2017 concerning the implementation of physical activities using new and renewable
energy and energy conservation. Through these official regulations, it is expected that the wider
community will be willing and able to utilize EBT in order to ensure the availability of electrical
energy [3].

In Indonesia, one of the renewable energy sources that can be utilized is sunlight. Bsed on solar
radiation data collected from various locations in Indonesia, it shows that the potential in the western
region of Indonesia is 4.5 kWh/m2 day with a monthly variation of about 10%, and the eastern region
of IndonfBia is 5.1 kWh/m2.day with a monthly variation. around 9% with an average Indonesian
value of 4.8 kWh/m2 day with a monthly variation of around 9%. This energy potential is equivalent
to 112 thousand GWp. However, currently, only about 4 9MWp of solar energy has been utilized.
This means that the potential for solar energy that has been utilized is still far from 1% [4].




As a form of support in the @Z§elopment of alternative energy sources, we offer the use of a
thermoelectric generator (TEG). In this study, the source of heat energy is obtained from sunlight
which is then absorbed by an absorbent plate that functions to increase the absorption of solar energy
which is then converted into electrical energy

Literature Review

In 1821 a German researcher Thomas Johann Seebeck discovered a device that could convert heat

energy into electrical energy [5-9]. Thermoelectric Generator (TEG) is a power generating device
that uses the principle of the Seebeck effect [5-8]. The principle of the Seebeck effect itself is: when
two metal rods or wires which are generally semiconductors are connected where one end is heated
and the other end is kept cold, it will produce a voltage difference or electromotive force [ 10-13].
In Figure 1, the structure of the thermoelectric generator (TEG) consists of an arrangement of
elements of n-type (electron-excess material) and p-type (electron-deficient material). Heat enters on
one side and is discharged on the other. The difference in temperature between the two sides causes
diffusion of the material to receive the hot side which is actively moving and has a higher flow
velocity to the cold side [11]. As a result of this diffusion creates an electric field. The number of
elect@hs on the hot side of the metal is more tenuous when compared to the cold side which is denser
[12]. The amount of voltage generated is proportional to the temperature difference [13].
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Fig. 1 Thermoelectric Generator Structure [13]

Thermoelectric technology is a solid-state technology that is unmoving and environmentally
friendly [12,14]. In addition, this technology is one of the alternative energy sources in overcoming
the energy crisis from year to year [15]. The advantages of this thermoelectric technology are that it
is safe for the environment, small in size, silent, does not require complicated and light maintenance
[13, 16].

In addition to having advantages, thermoelectric generators also have disadvantages, namely, the
efficiency value is still low. This is something that always gets attention to be improved, among
others, by optimizing the performance of the components in the thermoelectric generator, or
developing thermoelectric materials and improving the manufacturing quality of the thermoelectric
generator itself [13].

The efficiency value of the thermoelectric module can be increased by lowering the temperature
on the@fjld side by using a heatsink, fan, water jacket, or by providing a low ambient temperature
above the cold side of the thermoelectric to keep the temperature difference high [17].

Another way to increase the efficiency offered here is to attach the absorber plate to the hot side
surface of the thermoelectric.

In analyzing the performance of the thermoelectric module, the Seebeck coefficient which
describes voltage (electromotive force) arising due to temperature differences becomes very
important. Seebeck coefficient can be expressed by the following equation [5,12]:




AV

*= @0 M
where AV is Voltage difference (Volt), o is Seebeck Coefficient (V/°C), Th is Hot side temperature
(°C) and T. is Cold side temperature (°C).

While the electric current generated is given by the following equation [5]:

[ = 6T _ o(Th—Te) )

Ri+Rp Ri+Rp

In this equation, | is Current (Ampere), Ri is Internal Resistance (Q2), RL is External resistance and
AT is Temperatur difference (Th-Te).

The heat transfer rate (Qn) from the heat source on the hot side surface to the cold side surface is
as follows [12]:

Qn = (< I'Ty) + k(T —To) )

where k is the thermal conductivity of the module. The output power (P) generated to resist external
loads [Ry] and efficiency (1) thermoelectric generator is as follows [5] :

P=1I%R, (4)
- F
n= (5)
Research Method

The design of the equipment used in this study can be seen in Figure 2 below. The absorber plate
has a thickness of 2 mm in a rectangular shape, placed on top of the thermoelectric. The
thermoelectric bottom surface uses a heatsink-fan cooling system. Three variations of absorber
materials are used, namely Aluminum (Al), Iron (Fe), and Copper (Cu) plates. Measurements were
carried out simultaneously for the 3 variations of the absorber plate and without the absorber plate.
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Fig.2 Testing Installation Schematic




The measurements of the temperature of the hot side (Th), the cold side (Tc), and the voltage
(AV) using the National Instrument and carried out with an interval of 15 minutes for 8 hours, starting
from 9.00 a.m to 17.00 p.m . Measurement data recording using LabVIEW software.

Results and Discussion

In this paper the testing param@ers are focused on the temperature difference (AT), voltage
difference (AV), heat absorbed (Qn) output power (P) and etficiency (1)). The results of measurements
and calculations are displayed in graphical fggm.

Figure 3 shows the characteristics of the temperature difference between the hot and cold sides of
the thermoelectric T and the voltage V generated during data collection. It appears that the pEtern of
temperature differences is identical to the resulting stress pattern. This is in accordance with the
principle of the Seebeck effect. At first, there was an increase in temperature and voltage differences
along with the increasing intensity of sunlight and was at a high condition between 10.30 a.m and
13.00 p.m. After that, there was a decrease as the intensity of the sun decreased in the afternoon. The
difference in temperature and the highest voltage for each absorber plate is as follows: for copper
(Cu) plates, it produces T and V of 4.767 °C and 0.871 Volts; iron plate (Fe), T and V of 6.295 °C
and 0.805 Volts; aluminum plate (Al), T and V of 2,996 °C and 0.369 Volts;
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Fig. 3 Characteristics of Temperature (AT) and Voltage Differences (V) to Time (t)

Figure 4 shows the characteristics of the temperature difference with the heat absorbed by the
thermoelectric module. The characteristic patterns that occur are very identical to each other where
the increase and decrease in heat absorbed also depends on the intensity of sunlight. The measurement
values obtained are: for copper (Cu) plates, T and Qh are 4.767 °C and 0.127 Watt; iron plate (Fe), T
and Qh of 6.295 °C and 0.155 Watt; aluminum plate (Al), T and Qh 0f2,996 °C and 0.0722 Watt and
for non-plate produce T and Qh of 3.295 °C and 0.0744 Watt. It also appears that the heat absorbed
is highly dependent on the absorber material used. For aluminum material, the rate of heat absorption
is not too influential compared to iron and copper materials.
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Fig. 4 Characteristics of Temperature Difference (AT) and Absorbed Heat (Qn) to Time (t)

Figure 5 shows the characteristics of the output power and the heat absorbed. The ability to convert
the output power from the absorbed heat is relatively low for aluminum which is shown by the graph
gap which is relatively large compared to iron and copper. In addition, the use of absorber plates
shows an increase in the output power produced. The results are shown for copper (Cu), accounted
for 0.0023 Watt for power and heat absorbed 0.1271 Watt; iron (Fe), produces a power of 0.0019
Watt and absorbed heat of 0.1550 Watt; aluminum (Al), produces a power of 0.0004 Watt and
absorbed heat of 0.0722 Watt and for non-plate produces a power of 0.00007 Watt and absorbed heat
of 0.0744 Watt. The intensity of the sun also shows a great influence on the output power produced.
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Fig. 5 Relationship between Power (P) and Absorbed Heat (Qn) to Time

Figure 6 shows output power chafjeristics and thermoelectric efficiency which is resulted from
measurements on the absorber plate. It can be seen that the output power and efficiency will increase
with the use of absorber plates where the absorber plates that provide the best output power and
efficiency are descending from copper, iron, and aluminum. The power and efficiency values
produced are copper plate (Cu), producing P and 1 of 0.0023 Watt and 1.831 %; iron plate (Fe),
producing P and 1 of 0.0019 Watt and 1.3014 %, aluminum plate (Al), producing P and 1 of 0.0004
Watt and 0.6287 % as well as for without-plate produces P and 1 of 0.00007 Watt and 0.1014 %.
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Fig. 6 Relationship of Power (P) and Efficiency (1)) to Time

Summary

The characteristics of the output power and thermoelectric efficiency indicate that the use of

absorbent plates will have a positive impact on the thermoelectric performance. The power and
efficiency of Copper, Iron, Aluminum and without plates were obtained: 0.0023 Watt and 1.831 %,
0.0019 Watt and 1.301 %, 0.0004 Watt and 0.628 %, and 7.14x10”° Watt and 0.1014 %. It can be
seen that there is an increase in output power using Al, Fe, and Cu plates by 5.6, 26.6, and 32.2
times, respectively, and an increase in efficiency by 6.2, 12.8, and 18.1 times.
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