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An experimental investigation to know the effect of 
temperatures and the electrical circuit was performed.  
Three identical thermoelectric generators model TE-
MOD-5W5V-35S were used in this investigation. To 
generate different high temperatures the motorcycle was 
run at 1600 rpm, 2100 rpm, 3100 rpm. The circuits 
examined were series, parallel and combination of the 
two. The loads used in the current measurements were a 
thermoelectric cooler module model SP1848 and a fan 
with a voltage of 12 V and a current of 0.13 A. Those two 
loads were installed in a parallel circuit. The results 
showed that the tests without load produce the highest 
voltage, while the tests with the load result in the highest 
power. Increasing the temperature difference increased 
the power, and the parallel circuit resulted in the biggest 
power but the lowest voltage. The highest voltage of 3.3 
V was attained using the series circuit, while the highest 
power of 0.133 W was obtained using a parallel circuit.  
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1. INTRODUCTION 

The need for energy consumption from time to time increases, especially the need for electrical 
energy. Technological advances in the utilization of semiconductor components produce renewable 
energy, i.e. electricity. One of the semiconductor technology is heat conversion technology into 
electricity using a thermoelectric generator. The thermoelectric generator can convert waste heat into 
DC electrical energy, Ding et al. (2017), Tang et al. (2017), Remeli et al. (2015). This technology is 
one of the green technologies needed as an alternative energy source for the future. In addition, this 
technology has several advantages: reliable durability, no sound when operated, easy maintenance, 
simple, compact and safe, lightweight, environmentally friendly, and a source of flexible energy. The 
basic principle of a thermoelectric generator is to utilize a temperature difference between the cold 
side and the hot side. 

Thermoelectric generator researches utilizing waste hate have been developed rapidly. Ding et 
al. (2017) performed an investigation of generating electrical power using waste heat from the use of 
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natural gas water heater. They used 60 TECs and hot water as the heat source. The hot water 
temperatures employed were 50°C to 100°C. They found the output maximum power of 42.4 W. 
Previously; Remeli et al. (2015) used waste hate to generate power. However, they used heaters and 
fans for their experiments to generate and flow the heat. Furthermore, to transfer the heat they used 
heat pipes and the thermoelectric was placed between the two heat pipes. Using eight TEG 
(thermoelectric generator) modules generated the maximum power of approximately 6.9 W. If this 
result is compared to that of Ding et al. (2017), this result is higher. However, the method used by 
Remeli et al. (2015) is more complicated. Recently, Tang et al. (2017) used waste heat from 
automotive mobility. They employed 6 TEG modules and they found the maximum power of 15.86 W 
at the rotation of 3200 rpm. This is much higher power compared to that of Ding et al. (2017) and 
Remeli et al. (2015). However, in this research, they used temperature up to 350°C. The cold side of 
the TEG was cooled using water from the engine cooling system with a temperature of around 90°C 
when the engine was running. 

Another waste of hate that can be utilized is heat from asphalt. Aprianus et al. (2011) 
performed research on alternative electric harvest by utilizing thermoelectric technology mounted on 
road asphalt. Because the absorption of solar energy is quite effective, asphalt has a high temperature 
as well. This high temperature can be used to generate electricity using TEG. They obtained that in 
the period of 1 hour, the thermoelectric could generate a voltage of about 3.51 volt with a temperature 
difference between asphalt and soil ranging from 26.9 ⁰C to 38.0 ⁰C. Sugiyanto and Siswantoro (2014) 
examined the utilization of heat on LPG gas stoves for power generation using thermoelectric 
generators. Maximum current and voltage obtained were 4.17 V and 0.48 A or 2 W. Sugiyanto et al. 
(2015) conducted a study on the design of TEG construction on motorcycle exhaust for independent 
power generation. The thermoelectrics was installed right on the head pipe so they could get high 
temperature. However, the resulting voltage was only about 0.67 V. The lower voltage can be due to 
the small temperature difference. Usually, when the hot side is attached to the high-temperature 
source, the cold side temperature also increases sharply due to the insufficient cooling system on the 
cold side. Therefore, in this current study, the thermoelectric is installed far down to the end of the 
exhaust pipe and the cold side of the TEG is cooled using a heat sink fin-fan. With this method, 
converting waste hate from the motorcycle exhaust pipe to be electrical power increases. This method 
also indicates a new thing in the field of studies. 
 
2. RESERACH METHOD 

The schematic diagram of the experimental apparatus is shown in figure 1, while the 
construction of the TEG is indicated in figure 2. The test rig (figure 1a) consists of three TEGs model 
TE-MOD-5W5V-35S with specifications shown in table 1, an exhaust pipe, one TEC model SP1848 as 
a load, fan 12 v - 0.13 A as a load, three fans for cooling the cold side of the TEG. The TEGS were 
arranged in parallel, series and mix circuits, while the motor was run at 1600 rpm, 2100 rpm, 3100 
rpm. Additional tests were also conducted to have higher experimental hot side temperatures. The 
additional tests were performed using a heater with the maximum temperature applied or set of 165°C. 
All temperatures were measured using calibrated K-type thermocouples with an uncertainty of ± 
0.5°C. The current and voltage were assessed using a digital multitester (model Professional Vichy 
Vc8145 ). The circuits employed were parallel, series and mix as shown in figure 3. 

The TEG installation in this study is different from that of Sugiyanto et al. (2015). In this study, 
the TEGs were installed at the end of the exhaust pipe, while that of Sugiyanto et al. (2015) was 
installed exactly at the exhaust head pipe. Moreover, for additional tests using a heater, the circuits 
used were the same but the tests were not conducted on the motorcycle. All TEGs were placed on the 
top of an aluminum plate with a thickness of 10 mm. The heater was inserted into a hole in the 
aluminum plate with a diameter of 7 mm. The heater power used was approximately 250 W, and the 
heater temperature was controlled using a PID. 
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Figure 1. Experimental facility: (a) schematic diagram, (b) TEG assembly photograph, TEG stands for 
thermoelectric generator 
 
 

 
Figure 2. TEG construction and conduction box dimension 
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To increase the temperature of the exhaust pipe, the rotation of the engine was elevated. The 
rotations of engine employed were 1600 rpm, 2100 rpm, and 3100 rpm. Meanwhile, the temperature 
of the aluminum plate for the experiments without an engine was adjusted using PID. The 
temperatures set were 65, 80, 110, 145, and 165°C. However, to resist the increase in temperature of 
the cold side of the TEG, heat sinks with fans were installed. 

 

 
 

Figure 3. Circuits used in the study: (a) parallel, (b) series, and (c) mix 
 

 
3. RESULTS AND DISCUSSION 

Temperatures recorded at the cold and hot sides as well as at the exhaust pipe are presented in 
Figure 4. Increasing the engine rotation increases the cold side, hot side, and exhaust pipe 
temperatures. This finding was also found by Tang et al. (2017). However, they detected the 
increased temperature of exhaust gas. Increasing engine rotation increased the exhaust gas 
temperature. Nevertheless, in the current study, the cold side temperature was not able to be kept at 
the same value (constant) for all engine rotations. Figure 4(b) shows temperatures obtained from 
experiments using a heater. Similarly, the cold side temperatures were also not constant. Increasing 
the PID temperature setting increases the hot and cold side temperatures. This indicates that the 
cooling system (heat sink and fans) is insufficient to remove the heat from the cold side. Increasing the 
hot side temperature of the TEG elevates the conduction heat transfer from the hot side to the cold 
side. Meanwhile, the heat sink and fans have achieved the maximum heat that can be removed, 
consequently the cold side temperature increases. This also agrees with the thermal equilibrium for 
TEG, Jugsujinda et al. (2011). 

 

h c
Q Q P= +            (1) 

 
Qh is the heat given to the hot side (W). To increase Qh, Th should be increased. Th is the hot side 
temperature (°C). Qc is the heat that should be removed from the cold side (W). Qc corresponds to Tc. 
Tc is the cold side temperature (°C). When Qc is low, then Tc increases and vice versa. P is the 
electrical DC power that resulted in the TEG (W). This power can be estimated using equation (2), 
however, this power depends on the temperature difference between the cold and hot sides of the 
TEG. In a cooling system, Qh is the heat that should be pumped away from the thermoelectric, while 
Qc is the heat that is absorbed by the cold side of the thermoelectric. Therefore, for this study, the 
direction of the heat flow is different from that in the cooling system. Equation (1) was also used by 
several previous researchers, especially for cooling system researchers, e.g. Jugsujinda et al. (2011), 
Ananta et al. (2017), Mirmanto et al. (2018). They all used the equation (1) for cooling system studies 
though. 
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P VI=             (2) 

 
V is the voltage coming out from the TEG (V) and I is the current flowing out from the TEG (A). In a 
cooling system, P is the DC electrical power given to the TEC (thermoelectric cooling). The equation 
(2) was taken from Jugsujinda et al. (2011), Ananta et al. (2017), Mirmanto et al. (2018) for their 
cooling system researches. 
 

 
Figure 4. Temperatures recorded obtained from (a) experiments using a motorcycle exhaust pipe, (b) 
experiments using a heater 

 
The voltage and current resulted in the TEG depend on the temperature difference, Suryanto et 

al. (2017). The experimental temperature differences are presented in figure 5. Increasing the rotation 
of the engine increases the hot side temperature, consequently the temperature difference increases. 
Similarly, the temperature differences obtained for the additional tests also increases with the 
increased PID temperature setting. The hot side temperature increases, the cold side temperature 
also increases, however, the increased cold side temperature is not linear with the increased hot side 
temperature. Consequently, the temperature difference increases. At every different engine rotation 
results in the different hot side and cold side temperatures, surely, the temperature difference is also 
various. 

Due to temperature differences, the TEG produces voltages and currents. When there is no 
load, the TEG just produces voltages, but not currents. Increasing the temperature difference elevates 
the voltage and the current productions. This was also found by Paraskevas and Koutroulis (2016), 
Suryanto et al. (2017).   
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Figure 5. Temperature differences obtained from experiments using; (a) motorcycle exhaust pipe, (b) 

heater 
 

As mentioned in the previous paragraph, the harvested DC power depends on the temperature, 
especially the temperature difference between the cold side and hot side of the TEG. Increasing the 
temperature difference elevates the output voltage as shown in figure 6. This is due to the relationship 
between the cold side and hot side temperatures as indicated by equation (3), which can be found in 
the previously published study, e.g. Sugiyanto and Siswantoro (2015), Monteccuco et al. (2014).  

 

( )h c
V T Tα= −           (3) 

 
V is the voltage (V), α indicates the Seebeck effect (V/°C), while Th and Tc are the hot and cold side 
temperatures. Meanwhile, Th - Tc is the temperature difference (°C). 

Similarly, the current increases with the temperature difference as presented in figure 7(a). As 
the voltage and the current increase with the temperature difference, so that the power also raises 
with the temperature difference. This relationship is shown in Figure 7(b). Note that the power in figure 
7(b) is calculated using equation (2), while the current and the voltage are measured directly in the 
experiments. 
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One of the objectives of the study is to know the effect of the electrical circuit on the TEG power 
obtained. As shown in figure 3, there are three different circuits that are used: parallel, series and mix. 
Based on the theory, the series circuit generates higher voltages as the total voltage is equal to the 
sum of all prevailing voltages, as written in equation (4). 

 

 
Figure 6. Relationship of voltage and temperature difference obtained from experiments using 
motorcycle exhaust pipe; (a) no-load, (b) with loads. 

  

1 2 3V V V V= + +           (4) 

 
V1, V2, and V3 are voltages resulted from each TEG, see figure 3(b). However, I1, I2, and I3 are the 
same in the series circuit. Due to the series circuit, the voltage obtained is always higher than the 
other two circuits, e.g. parallel, mix, see figure 6. In contrast, the parallel circuit results in the lowest 
voltage. While the mixing circuit produces voltage values between the series and parallel circuits. For 
the parallel circuit, the voltage can be estimated as 
 

1 2 3V V V V= = =           (5) 

 
For the mixing circuit, the equation that can be used is 
 

1 3   orV V V= +  

2 3V V V= +            (6) 

 
Nevertheless, in this study, the measured voltage is the total voltage and the measured current is the 
total current. Equations (4) to (6) were taken from Ramdhani (2005). The total voltage and current are 
measured directly.  

Opposite to the voltage, the current value of the series circuit is the lowest one, while the 
parallel circuit results in the biggest current. The mixing circuit produces current values between the 
parallel and the series circuits as shown in figure 7. However, increasing the current of voltage does 
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not always increase power. The power obtained using the parallel is higher than that of the two other 
circuits. This is due to the increase in the voltage and the decrease in the current. The mix circuit 
results in the lowest power. Similarly, the voltage, current, and power obtained from experiments using 
heater show the same phenomena, as shown in figure 8. However, in figure 8, the additional 
experiment is also presented and the temperature tested reaches 157.4°C (hot side temperature) 
resulting in 3.3 V without loads. The experimental currents and power obtained from experiments 
using a heater are given in figure 9. 
 
 

 
Figure 7. Relationship of current, power and 
temperature difference between three different 
circuits; (a) current, (b) power. These data are 
obtained from the motorcycle exhaust pipe with 
loads. 
 

 

 
Figure 8. Relationship of temperature difference 
and voltages obtained from experiments using a 
heater; (a) no-load, (b) with loads 
 
 
 

Similar to the results obtained using exhaust pipe, experiments using the heater also results in 
the increased voltage and current with the temperature differences. While the effect of the circuit on 
the voltage, current, and power is also clear. The voltages produced by the parallel circuit seem lower 
than those obtained by the two other circuits. However, the currents produced using the parallel circuit 
is higher than that of the two other circuits, as shown in figure 9. The last parameter examined is 
power. The power increases with the temperature difference as mentioned in the previous paragraph, 
but the trend of the power lines is not linear. The power follows the power trend line that can be 
constructed using Excel software. However, the power trends presented in figure 7 are close to the 
linear lines. This can be due to the insufficient point to construct the lines.  

For both experiments using motorcycle and heater result in lower power. This was also found by 
Abidin et al. (2018). They explained the lower power was due to the thermoelectric module type, 
however, they stated that their experiments were visible for the future. In this study, the low power is 
due to the small temperature difference. As shown in Figure 9, the power increases following the 
power trend line. This indicates that when the temperature difference increases to higher values, the 
power obtained is high enough. This also shows that power is visible for the future as the power can 
be attained from renewable energy sources. All equations below were taken from Ramdhani (2005). 

 

1 2 3V V V V= + +           (4) 

 
V1, V2, and V3 are voltages resulted from each TEG, see figure 3(b). However, I1, I2, and I3 are the 
same in the series circuit. Due to the series circuit, the voltage obtained is always higher than the 
other two circuits, e.g. parallel, mix, see figure 6. In contrast, the parallel circuit results in the lowest 
voltage. While the mixing circuit produces voltage values between the series and parallel circuits. For 
the parallel circuit, the voltage can be estimated as 
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1 2 3V V V V= = =           (5) 

 

 
Figure 9. Relationship of the temperature difference and; (a) current, (b) power, obtained from the 
experiments using a heater 
 
For the mixing circuit, the equation that can be used is 
 

1 3   orV V V= +  

2 3V V V= +            (6) 

 
Nevertheless, in this study, the voltage and current is the total voltage and current, but not the 
individual voltage and current, hence, equations (4) to (6) were taken from Ramdhani (2005). The total 
voltage and current are measured directly.  

Opposite to the voltage, the current value of the series circuit is the lowest one, while the 
parallel circuit results in the biggest current. The mixing circuit produces current values between the 
parallel and the series circuits as shown in figure 7. However, increasing the current of voltage does 
not always increase power. The power obtained using the parallel is higher than that of the two other 
circuits. This is due to the increase in the voltage and the decrease in the current. The mix circuit 
results in the lowest power. Similarly, the voltage, current, and power obtained from experiments using 
heater show the same phenomena, as shown in figure 8. However, in figure 8, the additional 
experiment is also presented and the temperature tested reaches 157.4°C (hot side temperature) 
resulting in 3.3 V without loads. The experimental currents and power obtained from experiments 
using a heater are given in figure 9. 

 



 
Dinamika Teknik Mesin. Mirmanto et al.: Effect of motorcycle exhaust pipe temperature and electrical circuit on harvested dc 
power from thermoelectric generators  

 

https://doi.org/10.29303/dtm.v10i1.319 

50 

 

 
Figure 7. Relationship of current, power and temperature difference between three different circuits; 
(a) current, (b) power. These data are obtained from the motorcycle exhaust pipe with loads. 

 

 
Figure 8. Relationship of temperature difference and voltages obtained from experiments using a 
heater; (a) no-load, (b) with loads 

 
Similar to the results obtained using exhaust pipe, experiments using the heater also results in 

the increased voltage and current with the temperature differences. While the effect of the circuit on 
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the voltage, current, and power is also clear. The voltages produced by the parallel circuit seem lower 
than those obtained by the two other circuits. However, the currents produced using the parallel circuit 
is higher than that of the two other circuits, as shown in figure 9. The last parameter examined is 
power. The power increases with the temperature difference as mentioned in the previous paragraph, 
but the trend of the power lines is not linear. The power follows the power trend line that can be 
constructed using Excel software. However, the power trends presented in figure 7 are close to the 
linear lines.  

 

 
Figure 9. Relationship of the temperature difference and; (a) current, (b) power, obtained from the 
experiments using a heater 

 
For both experiments using motorcycle and heater result in lower power. This was also found by 

Abidin et al. (2018). They explained the lower power was due to the thermoelectric module type, 
however, they stated that their experiments were visible for the future. In this study, the low power is 
due to the small temperature difference. As shown in figure 9, the power increases following the power 
trend line. This indicates that when the temperature difference increases to higher values, the power 
obtained is high enough. This also shows that power is visible for the future as the power can be 
attained from renewable energy sources. 

 
4. CONCLUSION 

Experiments to know the effect of exhaust pipe temperature and circuit on the harvested DC 
power have been conducted and from the experimental results and discussion, some findings can be 
given as follows: 
1. The voltage, current and power increase with the increase in the temperature difference. 
2. The parallel circuit results in the highest current, but in the lowest voltage. 
3. The parallel circuit produces the highest power. 
4. It is recommended to use a parallel circuit when the power is the important variable required, while 
the series circuit is recommended when the high voltage is required. 
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