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Abstract. At present, most aquaculture ponds get a supply of dissolved oxygen from 
pumps or aerators that use electricity. Whereas in some places, farmers still experience 
infrastructure problems such as roads, ports, and electricity. Generally, the cultivation 
pond water level is 0.3-0.5ha, which can be rectangular or square. The large surface area of 
this pond has the potential to be utilized by its solar power. The thermoelectric module 
utilizes the Seebeck effect where if there is a heat difference between the two sides there 
will be an electric potential. The sun's heat can still be raised again by using a concentrator. 
Thermoelectric modules can produce electricity due to temperature differences on both 
sides. In aquaculture ponds, there is a lot of water that can be used to cool the 
thermoelectrics. One tool that can be used to deliver heat quickly is a heat pipe. Heat pipe 
is a passive device that has excellent heat transfer properties and high efficiency. In this 
research, heat pipes will be used as heat transfer media to cool the thermoelectric cold side. 
From the testing that has been done, the maximum voltage of the thermoelectric module 
is 3.77V obtained from a temperature difference of 67.57 °C. 
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1. Introduction 
One sector that contributes to economic 

independence is the fisheries sector. Indonesia as one of 
the maritime countries has many potential fisheries. Data 
from the Ministry of Maritime Affairs and Fisheries 
shows a positive trend towards Indonesian fisheries 
exports. Exports of fishery products cannot be separated 
from the number of commodities produced. 
Contributors to the largest export value of fishery 
products are always dominated by shrimp. In 2017 the 
value of shrimp exports reached USD 1,700 [1]. 

The high shrimp export value is still not optimal 
because there are still many problems faced by shrimp 
farmers. Most shrimp are produced from freshwater 
pond culture which requires a supply of dissolved oxygen. 
At present, most aquaculture ponds get a supply of 
dissolved oxygen from pumps or aerators that use 
electricity [2]. Whereas in some places, farmers still 
experience infrastructure problems such as roads, traffic, 
and electricity [3]. In addition, 95% of 2.2 million 
Indonesians working in the fisheries sector are traditional 
workers who have limited knowledge and technology [4]. 
By increasing knowledge and technology farmers can 
increase fisheries production. Whereas an increase in 
fisheries production can increase the income of farmers 
and their communities [5]. 

Biologically, the supply of dissolved oxygen in 
aquaculture ponds is mostly from phytoplankton 
photosynthesis. More than 70% of the oxygen entering 
water comes from phytoplankton photosynthesis and 
more than 50% is consumed by phytoplankton as well [2]. 
To do phytoplankton photosynthesis, it requires light 
with a range of 400-700 nm electromagnetic spectrum or 
also called Photosynthetically Active Radiation (PAR). 
The addition of light to the phytoplankton ecosystem can 
increase photosynthetic products so that cell metabolism 
increases. With increasing cell metabolism, the growth of 
phytoplankton will be faster [6]. At night light availability 
decreases, so the supply of dissolved oxygen is also 
getting smaller. The decrease in dissolved oxygen content 
takes place from the afternoon and continues to decrease 
at night [2]. In the study of dissolved oxygen, it was 
found that the use of LED on shrimp farms could 
increase the rate of dissolved oxygen [7]. 

The cultivation pond surface area is generally 0.3-
0.5ha, which can be rectangular or square in shape [8]. 
The large surface area of this pond has the potential to 
be utilized by harvesting its solar power. One of the most 
economical renewable energy devices that can convert 
solar heat into electricity is a thermoelectric module [9]. 
The thermoelectric module utilizes the Seebeck effect 
where if there is a heat difference between the two sides 
there will be an electric potential [10]. The sun's heat can 
still be raised again by using a concentrator. 
thermoelectric modules that use concentrators can 
increase temperatures up to ten times the ambient 
temperature [11]. 

Thermoelectric modules can produce electricity 
because of differences in temperature on both sides 

[12],[13]. So that high solar heat is not only a major 
factor in generating electricity, the cold side also needs 
attention. The efficient way is to maintain heat transfer 
capacity is from the cold side [14]. Water is suitable to 
absorb heat on the cold side of the thermoelectric 
module [15]. In aquaculture ponds, there is a lot of water 
that can be used to cool thermoelectrics. The heat which 
is attached to the cold side can be easily be removed by 
cooling using water. However, the thermoelectric module 
that has an electrical system is not good if it is directly 
exposed to water. One tool that has high flux carrying 
capacity and effectivity is a heat pipe [16],[17]. Heat pipe 
is a passive device that has excellent heat transfer 
properties and high efficiency [18]. Heat pipes are widely 
used in the electronics industry, for example, batteries 
[19]. In this research, heat pipes will be used as heat 
transfer media to cool the thermoelectric cold side. 

The purpose of this research was to determine the 
electrical energy produced by the thermoelectric module, 
the temperature that occurs in the heat pipe and the 
efficiency of the thermoelectric module. 
 

2. Methodology 
Testing is done using a laboratory-scale model. 

Instead of using heat from sunlight, a heater is used to 
provide heat to the heat side of the thermoelectric 
module [16]. The heater power source is obtained from 
the DC Power supply. The heat will flow due to the 
temperature difference on each side of the thermoelectric 
module and generate potential difference [20]. To obtain 
a temperature variation on the heat side of the 
thermoelectric module, a voltage variation from the DC 
power supply is used. Voltage variations on DC power 
supply are used 4 V, 8 V, 12 V, 16 V, 20 V, and 24 V. 
The thermoelectric module used is type SP1848-27145 
SA with the Seebeck coefficient value of 0.09 V/K. Two 
thermoelectric modules are connected in series. Each 
thermoelectric module is connected with two heat pipes 
on the cold side. The test circuit was then isolated using 
polyurethane to reduce heat loss. The heat pipe used is 
an L-shape with dimensions of 15 cm x 19 cm and a 
copper pipe diameter of 5 mm. The heat pipe functions 
as a thermoelectric module heat exchanger. The part of 
the heat pipe attached to the cold side of the 
thermoelectric module functions as an evaporator. While 
the other end functions as a condenser. The condenser 
side of the heat pipe is dipped in the tub as a substitute 
for the open cultivation pond. The tub contains water 
circulating the Circulating Thermostatic Bath (CTB). The 
water temperature is made stable at 20°C. The research 
body is made of Styrofoam to prevent heat from going 
out into the environment. The experimental setup can be 
seen in Fig. 1. 

Data acquisition is done by using NI cDAQ-9174 
data acquisition tool with additional module 9219 for 
voltage and current measurement, and module 9213 for 
temperature measurement. Sensor K-type thermocouples 
are used which are then positioned on several 
measurement points and can be seen in Fig. 2 and Fig. 3. 
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Some temperature measurement points are placed in 
the thermoelectric module on the hot side (T5 and T6), 
the cold side (T3 and T4) which is also the point of the 
evaporator of the heat pipe, and condenser point (T1 and 
T2). To get the power value generated by a thermocouple 
module an external load is required. A resistor of 210 Ω, 
182 Ω, and 144 Ω is arranged in series with the NI 9219 
module as an external load.  

To determine the voltage output [V] generated by 
the thermoelectric module, Eq. (1) is used. Where α is a 
Seebeck coefficient [V/°C], Th and Tc are the 
temperature of the hot side and cold side thermoelectric 
module [°C]. For electric current (I) is given by Eq. (2). 
Where Ri and RL is internal resistant and external load in 
Ω. 
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Because of the temperature difference on both sides 
of the thermoelectric module, heat transfer occurs. 
Where the heat transfer rate is Qh [Watt], and K is the 
thermal conductivity of the thermoelectric module 
[Watt/°C]. The thermoelectric module heat transfer rate 
can be formulated as follows in Eq. (3) [12]. The amount 
of power (P) generated in the thermoelectric module is 
formulated in Eq. (4). Whereas to know the efficiency (η) 
of the thermoelectric module, Eq. (5) can be used [21]. 
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3. Result and Discussion 
Tests are carried out using voltage variations on the 

heater using a DC power supply. Variations in the heater 
input voltage are 4 V, 8 V, 12 V, 16 V, 20 V, and 24 V. 
By measuring the electric current through the heater, the 
electric power used by the heater can be obtained. The 
amount of power in each variation can be seen in Table 1. 

 
 

Fig. 1. Schematic of experimental setup of thermoelectric 
generator testing. 

 
 

Fig. 2. Schematic of measurement point. 

 
 

Fig. 3. Installation of measurement sensor. 
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Table 1 can be seen as in variations in the input 

voltage used to produce different power. The variation is 
0.8 W, 4.0 W, 10.8 W, 19.2 W, 30.0 W, and 43.2 W. This 
power difference is then used as an experimental 
variation on this paper 

Acquisition data in each variation is carried out until 
the heater temperature reaches a stable value. Thus the 
value of the voltage measurement is stable for each 
variation. The results of voltage measurements at 210 Ω 
loads on each variation can be seen in Fig. 4. The graph 
of Fig. 4 is the voltage output of the thermoelectric 
module compared to time. 

 
 

 
 

The thermoelectric module output voltage takes a 
certain amount of time to reach stability. The time is 
different in each voltage variation. The greater the 
voltage, the more time needed to achieve stability. Same 
as voltage output at the 210 Ω, the voltage output of 182 
Ω and 144 Ω also requires a certain amount of time to 
reach stability (Fig. 6, and Fig. 8). The greater voltage 
generated the more time needed to reach stability. Fig. 5, 
Fig. 7, and Fig. 9 presented the current output of the 
thermoelectric module at each load of 210 Ω, 182 Ω, and 
144 Ω. Not much different from the output voltage, the 
current output also requires time to achieve stability. The 
higher the current produced, the longer the time to 
achieve stability.  

Stability is needed in this experiment to maintain the 
consistency of the measurement so that no measurement 
error occurs. The average stability is achieved in the 
fifteen minutes so that the highest values of voltage and 
current for each variation on this paper are recorded at 
that time. 

 

Table 1. Experimental variation. 
 

Vin 
(Volt) 

Iin 

(Ampere) 
Pin 

(Watt) 

4 0.2 0.8 
8 0.5 4.0 
12 0.9 10.8 
16 1.2 19.2 
20 1.5 30.0 
24 1.8 43.2 

 
  

 
 

Fig. 4. Thermoelectric module voltage output at 210 Ω 
load. 
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Fig. 5. Thermoelectric module current output at 210 Ω 
load. 
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Fig. 6. Thermoelectric module voltage output at 182 Ω 
load. 
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Fig. 7. Thermoelectric module current output at 182 Ω 
load. 
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Each variation produces different voltage and 

current output at each load. In Table 2, we can see the 
voltage and current outputs at load 210 Ω. At 0.8 Watt 
variation of power, the maximum output voltage is 0.11 
V, and the maximum current is 0.49 mA. Whereas the 
43.2 Watt power variation produces a maximum output 
voltage of 3.77 V and a maximum current of 15.08 mA. 
The higher the power input, the higher the output 
voltage and current generated of the thermoelectricNot 
much different from the load of 210 Ω, the load of 182 
Ω and 144 Ω also has the same characteristic and voltage 
output. However, the current value of load 182 Ω and 
144 Ω is different from the load of 210 Ω. At the load of 
182 Ω presented at Table 3, the value of the resulting 
current is a maximum of 19.23 mA in variations 43.2 
Watt, and at 0.8 Watt variation, the current generated is 
0.62 mA. While at the 144 Ω loads, the maximum 
current generated is 21.22 mA at 43.2 Watt variation, and 
the lowest is 0.66 mA at the 0.8 Watt variation (Table 4).  

 

 

 
The difference in output voltage and current flowing 

in the circuit is influenced by temperature difference that 
occurs at the sides of the thermoelectric module [20]. Fig. 
10 presented a graph of the increase in temperature when 
the heater voltage variation is carried out in stages. When 
the heater temperature increases, the temperature on the 
cold side of the thermoelectric module will also increase. 
This is because the process of heat transfer occurs from 
the hot side of the thermoelectric module to the cold 
side of the thermoelectric module [22]. The cold side of 
the thermoelectric module is cooled by the evaporator 
section of the heat pipe. The evaporator temperature can 
be assumed to be the same as the cold side temperature 
of the thermoelectric module because of its attached 
position. The evaporator temperature rise is not 
proportional to the heater temperature rise. This causes 
an increase in temperature difference in each variation. 
The highest temperature difference is 67.57 °C. The 
value obtained from the heater temperature is 102.09 °C 
and the evaporator temperature is 34.52 °C. 

 
 

Fig. 8. Thermoelectric module voltage output at 144 Ω 
load. 
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Fig. 9. Thermoelectric module current output at 144 Ω 
load. 
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Table 2. Thermoelectric module output value 
compared to power input at 210 Ω load. 
 

Pin 
(Watt) 

Vout  
(Volt) 

Iout  

(mA) 
0.8 0.11 0.49 
4.0 0.42 1.74 
10.8 0.92 3.77 
19.2 1.65 6.62 
30.0 2.64 10.64 
43.2 3.77 15.08 

 

 

Table 3. Thermoelectric module output value 
compared to power input at 182 Ω load. 
 

Pin 
(Watt) 

Vout  
(Volt) 

Iout  

(mA) 
0.8 0.11 0.62 
4.0 0.42 2.18 
10.8 0.92 4.80 
19.2 1.64 8.53 
30.0 2.57 13.39 
43.2 3.69 19.23 

 

 

Table 4. Thermoelectric module output value 
compared to power input at 144 Ω load. 
 

Pin 
(Watt) 

Vout  
(Volt) 

Iout  

(mA) 
0.8 0.11 0.66 
4.0 0.40 2.34 
10.8 0.92 5.27 
19.2 1.64 9.46 
30.0 2.57 14.80 
43.2 3.69 21.22 
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The temperature that occurs in a heat pipe is called 

the operating temperature [23]. The increase in 
temperature depends on changes in experimental 
variations. Variation changes are made when the 
temperature value of each point has reached stability. 

In Fig. 10, the higher the evaporator temperature, 
the temperature of the condenser will increase as well. 
That is because there is heat transfer from the evaporator 
to the condenser. The working fluid in the evaporator 
section evaporates into the gas phase under vacuum 
condition and flows into a smaller pressure chamber that 
is in the condenser section [24]. Instead, the cooled 
working fluid in the condenser will then return to the 
evaporator section through the capillary wick. In addition, 
heat transfer also occurs in the copper walls of the heat 
pipe. It can be seen in Table 5, the highest operating 
temperature value at heater power 43.2 Watts is 34.52 °C 
on the evaporator and 22.70 °C on the condenser. 
Whereas on the heater power 0.8 Watt, there was only a 
small temperature difference of 21.19 °C in the 
evaporator and 20.60 °C in the condenser. Thus, the heat 
pipe operating temperature is influenced by the amount 
of power input applied to the heat pipe. Besides, the 
position of the heat pipe also affects. In this experiment, 
the position of the heat pipe is against gravity, and the 
evaporator is on the top while the condenser is below. 
The orientation of the heat pipe against gravity has a 
lower effective thermal conductivity compared to the 
heat pipe assisted by gravity. 

 
 

 
 

From the temperature difference that occurs then 
the value of the voltage output and current output is 
plotted into the graph. The results can be seen in Fig. 11 
and Fig. 12. Figure 11 is a graph of the voltage output 
compared to the temperature difference. There is no 
significant difference in the output voltage at each load. 
At the lowest temperature difference in 2.37 °C, the 
result of output voltage is only 0.11 V. Whereas the 
biggest temperature difference of 67.57 °C produces the 
largest output voltage from 3.69 V to 3.77 V. 

Different from the output voltage graph, the current 
output produces a different graph. The smaller the load 
used, the higher the current will be presented while a 
large load produces a low current. The most significant 
current output is generated at a load of 144 Ω, while a 
small current is generated at a load of 210 Ω. A 
comparison graph between the current output generated 
and the temperature difference can be seen in Fig. 12. 

 
 

Fig. 10. Graph of temperature Th, Tevap, and Tcond. 
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Table 5. Thermoelectric module output value 
compared to power input. 
 

Pin 
(Watt) 

Th 

(°C) 
Tevap 

(°C) 
Tcond 
(°C) 

0.8 23.56 21.19 20.60 
4.0 30.28 22.32 20.68 
10.8 41.47 24.23 20.94 
19.2 56.78 27.05 21.94 
30.0 77.90 30.53 21.97 
43.2 102.09 34.52 22.70 

 
  

 
 

Fig. 11. Thermoelectric module voltage output to 
temperature difference. 
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Fig. 12. Thermoelectric module current output to 
temperature difference. 

-10 0 10 20 30 40 50 60 70

0

5

10

15

20

25

 220 Ω

 182 Ω

 144 Ω

C
u

rr
e
n
t 
(m

A
)

∆T (°C)



DOI:10.4186/ej.2020.24.4.295 

ENGINEERING JOURNAL Volume 24 Issue 4, ISSN 0125-8281 (https://engj.org/) 301 

 

 
The graph in Fig. 13 shows the influence of 

temperature differences on the output power of the 
thermoelectric module. The power produced by the 
thermoelectric module is also increased by increasing 
temperature difference [25]. To get the amount of power, 
Eq. (4) is used with the value of RL is the value of the 
external load. The amount of power produced in each 
variation can be seen in Table 6. The greater the 
temperature difference on the thermoelectric module the 
greater the power produced. The lowest temperature 
difference is 2.37 °C while the highest temperature 
difference is 67.57 °C. At load 210 Ω, the highest power 
produced is 56.81 mW, and the lowest is only 0.05 mW. 
While at load 182 Ω, the highest power produced is 
71.12 mW, and the lowest is 0.07 mW. At load 144 Ω, 
the highest power produce is 78.41 mW, and the lowest 
is 0.07 mW. 

The difference in output power of the thermoelectric 
module is influenced by the voltage and current flowing 
in the circuit [20]. As seen in Fig. 13, each load has a 
different graph and forms a curve. This is because power 
is a quadratic function of current (Eq. (4)). The higher 
the current flowing, the greater the power generated by 
the thermoelectric module. The largest current will be 
occurring by the smallest load because the resistance 
through which the current will be lower.  

 

 
Figure 14 shows a graph of the efficiency of the 

thermoelectric module on temperature differences. 
Efficiency value is obtained by using Eq. (5). In the 
graph (Fig. 14), it can be seen that there is an increase in 
efficiency at each increase in temperature difference. 
However, for each change in variation, the efficiency test 
will go down first before then rising again. This is due to 
the time needed by the heater to raise the temperature of 
the heater until it is stable when heater changes are made. 
The time needed by the heater to be stable then causes a 
decrease in efficiency because the increase in evaporator 
temperature is not proportional to the heater 
temperature. The highest efficiency is obtained at 43.2 
Watt input power which is equal to 0.13%. This value is 
obtained at a temperature difference of 67.57 °C. While 
the average efficiency obtained is 0.04%. While the 
lowest efficiency is in the variation 0.8 Watt which is 
equal to 0.007% with a temperature difference of 2.37 °C. 
The maximum efficiency obtained is quite small; this is 
because the thermoelectric module used is the 
thermoelectric module commonly used for heat recovery 
that is easily obtained by anyone. Theoretically, the 
efficiency of the thermoelectric module will increase with 
increasing temperature difference [26]. However, the 
efficiency of thermoelectric modules has a maximum 
limit due to heat transfer laws and the power output 
characteristic [27]. Besides, efficiency is also influenced 
by the temperature-dependent figure of the merit of the 
thermoelectric material [28]. 

 
 

Fig. 13. Thermoelectric module power output compared 
to temperature difference. 
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Table 6. Thermoelectric module power output value in 
each load compared to temperature difference. 
 

Pin 
(Watt) 

∆Tmax 

(°C) 

Pout  
210 Ω 
(mW) 

Pout  
182 Ω 
(mW) 

Pout  
144 Ω 
(mW) 

0.8 2.37 0.05 0.07 0.07 
4.0 7.96 0.73 0.91 0.96 
10.8 17.24 3.49 4.43 4.85 
19.2 29.73 10.92 14.02 15.60 
30.0 47.37 28.08 34.50 38.16 
43.2 67.57 56.81 71.12 78.41 

  

 
 

Fig. 14. Graph of efficiency by temperature difference. 
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Table 7. Thermoelectric module efficiency value 
compared to temperature difference. 
 

Pin 
(Watt) 

∆Tmax 

(°C) 
η 

(%) 

0.8 2.37 0.007 
4.0 7.96 0.019 
10.8 17.24 0.033 
19.2 29.73 0.057 
30.0 47.37 0.093 
43.2 67.57 0.130 
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Another performance to note is the ability of the 

thermoelectric module to generate voltage. In Fig. 15 can 
be seen the module performance between the actual 
voltage generated with the specification pitch that should 
be generated. The Vspecification line is the specification 
voltage that should be produced by the thermoelectric 
module, while the Vout points are the actual voltage 
generated by the thermoelectric module. Vspecification is 
obtained from the Seebeck coefficient of the 
thermoelectric module that is equal to 0.09 V/K. The 
average thermoelectric module performance is 59.30%. 
The highest performance is 62.00% obtained from a 
temperature difference of 67.57 °C while the lowest 
performance is 52.38% obtained from a temperature 
difference of 2.37 °C. The performance can be caused by 
voltage losses on the cable, module quality, or heat losses 
in the experimental circuit. 
 

4. Conclusion 
Based on the results of data processing and analysis 

that has been done, this research can be concluded. The 
maximum voltage obtained from testing the experiment 
is 3.77 V, which is obtained from the thermoelectric 
module temperature difference of 67.57°C. The 
temperature difference is found in the experimental 
water temperature conditions of 20°C and the heater 
temperature of 102,09°C. The highest heat pipe cooling 
ability in this study was to produce a temperature 

difference in the thermoelectric module of 67.57°C. 
When the heater temperature reached 102.09°C, the heat 
pipe was able to reduce thermoelectric module 
temperature until it reached 34.52 °C. The highest 
efficiency is 0.13% it was obtained with a temperature 
difference of 67.57 °C. The average efficiency of the 
thermoelectric module is 0.04% and the average 
thermoelectric module performance is 59.30% 
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Table 8. Performance of the thermoelectric module. 
 

Pin 
(Watt) 

∆Tmax 
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