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Abstract. Thermoelectric material can convert waste heat from the combustion
gas into electrical energy. The objective of this work was to study the effect of fan
power on the electrical output of a thermoelectric generator used in the combus-
tion of wood charcoal. The side wall of the combustion stove has thermoelectric
modules mounted on it. The cold side of the thermoelectric module is fitted with a
water block with water flowing water. The temperature and power sensors are con-
trolled using amicrocontroller. The fan power was varied using 0.4, 0.6, and 0.8W
to blow the outdoor air into the chamber. The results showed that an increased
power fan increases the temperature difference of the TEG hot-cold sides, which
results in the TEG’s power increase. The efficiency, however, decreases with an
increase in fan power. The present work is expected to improve the design of the
chamber for harvesting the energy released by charcoal combustion.

Keywords: Thermoelectric generator · wood charcoal · fan powers · TEG
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1 Introduction

Environmental pollution originating from pollutant exhaust gases from burning fossil
energy, such as in power plants, and the increase in costs for the use of electrical energy
are significant problems faced in today’s modern era [1]. As a result of the increase in
pollutants that cause global warming, people need to reduce pollutants using renew-
able energy [2]. One of the considerations for replacing fossil energy is using new or
renewable energy [3]. Efforts to reduce energy consumption and pollutants have been
carried out in various studies, such as using waste heat energy, comfort building, and
alternative heat sources [4–8]. The recovery of the wasted heat energy can encourage
energy and fuel savings [9]. Thermoelectric generators (TEG) can use waste heat for
electrical power [10, 11]. The thermoelectric generator system offers the advantage of
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the temperature difference on both TEG sides so that it can generate electrical energy
directly without moving parts [12]. TEG operates without noise, has a light mass, and
takes minimummaintenance [13]. The Seebeck effect takes a conversion of temperature
differences into electrical energy [14].

Thermoelectric modules on stoves can produce electrical energy by utilizing heat so
that temperature differences occur [15, 16]. Champier et al. [17] conducted research by
applying a thermoelectric generator to a biomass stove as a power generator to turn on
a fan and lighting. Using TEG on a biomass stove can generate 6 W of electrical power.
Mal et al. [18] designed and tested thermoelectric modules applied to biomass stoves.
The generated electrical energy turns on DC fans, and the excess power is stored in the
battery. The results of measuring the temperature difference are directly proportional
to the electrical power generated by the TEG. Lertsatitthanakorn [19] researched ther-
moelectric modules that are applied to combustion furnaces by installing thermoelectric
modules on the side walls of the combustion furnace. The wall side of the stove is used
as the hot side of the TEG module, and a fin-type heat sink is used as the cold side of
the TEG module. Research on the TEG module in this combustion furnace reveals that
the output power and efficiency depend on the temperature difference between the hot
side and the cold side of the TEG module. Although several reports have been found
regarding the use of TEG in stoves, studies on the effect of air velocity on burning char-
coal as a fuel on the output of TEG still need to be made available. This study aimed
to determine the impact of fan power with 0.4, 0.6, and 0.8 W on the TEG output in
wood charcoal burning. The result of this study is expected to improve the design of the
combustion chamber used in a household.

2 Theoretical Considerations

If a TEG is heated on one side and simultaneously cooled on the other, then the electrons
on the hot side have more kinetic energy than those on the cold side. Electrons moving
on the hot side become positively charged, while electrons on the cold side are negatively
charged [20]. In such a condition, the conductance boundary lies between a hot and cold
temperature source. The n-type material can deliver electrons to the conduction area
called a donor. In contrast, the p-type functions as an electron acceptor [21]. Figure 1
explains the working principle of a thermoelectric generator by describing the transfer of
electrons from the hot side to the cold side. The thermoelectric generator module works
with the Seebeck effect, where the temperature difference between the hot and cold sides
of the TEG module is converted into electrical energy [22]. Electric current through two
materials can absorb heat or release heat per unit of time as the stability of the chemical
structure of the two materials is known as the Peltier Effect. The Peltier effect occurs
because the energy on electrons participates in the transfer of electric currents from
different materials as conductors [20].

Thomson explained that there is an indication that the current is flowing through and
unbalanced with the conductor being heated so that energy is consumed or builds up
in the metal structure. The Thomson effect shows heat loss by current passing through
a substance and heat transfer. The amount of heat absorbed or released in one ampere
of current in one second at different temperatures is called the Thomson Coefficient
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Fig. 1. Schematic diagram of thermoelectric generator

[20]. German physicist Thomas Johann Seebeck discovered a potential difference called
the Seebeck voltage that occurs at the ends of a conductor where the two ends of the
conductor have a temperature difference. The Seebeck voltage is directly proportional
to the temperature difference value, written in Eq. (1).

E = α · �T (1)

where α is the Seebeck coefficient with a unit of V/K [23].
The Seebeck coefficient needs to be as high as possible to generate power with a

high conversion rate. The electrical and thermal conductivity of semiconductor materials
expressed as the value of the figure of merit (Eq. 2) substantially impacts a TEG’s
performance [24].

Z = σα2

λ
(2)

where σ and λ stand for the semiconductor materials’ relative electrical and thermal
conductivity, respectively. Some works presume that the figure of merit, derived without
considering temperature change, is unchanged.

Equations (3) and (4) can be used to indicate the rate of heat absorption and heat loss
in a TEG’s hot and cold sides, respectively, when the TEG is exposed to a heat source
on its hot side.

QH = K(TH−TC) + (
αp − αn

)
ITH − RI2

2
(3)

QC = K(TH−TC) + (
αp − αn

)
ITC − RI2

2
(4)

where I is the current flowing through the thermoelement materials, and αp and αn are
the p- and n-type semiconductor materials’ respective Seebeck coefficients.
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Fig. 2. Experimental components (a). Charcoal, (b). TEG module, and (c) Fan

The thermoelement’s output power is expressed in Eq. (5).

W = V × I = QH − QC (5)

When a current flows through the TEG circuit, the power output is expressed in
Eq. (6).

W = (α�T)2
RL

(R + RL)
2 (6)

where Ri and RL are the internal resistance and the load resistance, respectively.
The efficiency is calculated using Eq. (7).

μTEmax = �T

TH
·

√
1 + ZT − 1√
1 + ZT + TC

TH

(7)

3 Methods

Figure 2 shows the wood charcoal, TEG module, and fan. The thermoelectric generator
was applied to indirectly absorb the heat from the combustion of wood charcoal. The
hot side of the TEG module receives the heat from the wall of the combustion chamber.
TEG uses a cooling water system with a water block on the cold side. The TEG module
used in this study uses the type SP 1848 27145 SA. Table 1 shows the specifications of
the TEG type SP 1848 27145 SA. The fan uses powers of 0.4, 0.6, and 0.8 W.

Figure 3 describes the design of the combustor used in this study. The TEG arrange-
ment is attached to the combustor wall. Air enters through the bottom channel to the
combustion chamber, as shown in Fig. 4. The hot side of the thermoelectric module uses
an aluminum plate mounted as the heat conductor. A water block is attached for the
cooling system on the cold side of the thermoelectric module. In the TEG arrangement,
thermocouples are applied to measure the hot side temperature and cold side temper-
atures of the TEG module. The data logger used to collect the data on temperature,
voltage, and electric current in this study uses the Arduino Mega 2560. The sensor that
reads the temperature uses the MAX 6675 sensor. The working sensors send signals to
the data logger. The measured data is displayed on the serial monitor.
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Table 1. The manufacturer’s specification of the thermoelectric generator

Parameters Unit Remark

Dimension of TEG

a. length mm 40

b. width mm 40

c. thickness mm 3.9

d. mass g 3.6

Type of material

a. Hot Side and Cold Side – Al2O3

b. Conductor – Cu

c. Semiconductor p-leg – Bi2 Te3

d. Semiconductor n-leg – Bi2 Te3

e. Joining – Bi Sn

Dimension:

a. Hot Side and Cold Side l × w × t mm 40 × 40 × 0.75

b. Material Konduktor l × w × t mm 4 × 1.58 × 0.45

c. Semikonduktor p-leg l × w × t mm 1 × 1 × 1.4

d. Semikonduktor n-leg l × w × t mm 1 × 1 × .4

e. Joining – 0.05

Physical Parameters:

a. Number Semiconductor p-type – 110

b. Number Semiconductor n-type – 110

c. Operation Temperature °C 0–150

d. Maximum Temperature Operation °C 300

e. Seebeck Coefficient V/K 0.054

f. Internal Resistivity at �T 110 °C Ohm 33

4 Results and Discussion

Figure 5 shows the temperature profile of TEG’s hot-cold sides using a variation of fan
power. The three graphs show the temperature profile of the hot side and cold side of
the TEG against time using a power of 0.4, 0.6, and 0.8 W. The increase in temperature
on the hot side is followed by the temperature on the cold side and vice versa. In the
use of 0.4 W fan power, the highest temperature on the hot side is 176.08 ˚C, and the
temperature on the cold side is 77.33 ˚C. Using 0.6 W fan power produces the highest
hot side temperature at 179.92 ˚C and cold side temperature at 80.42 ˚C. In the 0.8 W
fan power, the maximum hot side temperature is 190 ˚C, and the cold side temperature
is 91 ˚C. This result shows that the greater the fan power, the higher the temperature on
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Fig. 3. The combustion chamber (a) schematic diagram, (b) photograph
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Fig. 4. The schematic diagram of the TEG arrangements

the hot and cold sides. Comparing the various fan powers, an increase in the fan power
increases the temperature of the TEG.

Figure 6 shows the power profile concerning temperature changes for each variation
of fan powers. Variations in the fan power with 0.4, 0.6, and 0.8 W cause differences in
airflow. The higher the energy used in the fan, the higher the fan flow rate. A higher fan
flow rate causes a higher heat flow rate so that the hot side temperature becomes higher,
which causes the temperature change between the hot side and the cold side to be higher.
The increase in fan power usage is also accompanied by increased power generated.
Using a 0.4 W fan power produces a maximum power of 2.82 W at a temperature
difference of 99.17 ˚C. the use of 0.6 W fan power is capable of producing a peak power
of 4.56 W at a temperature change point of 99.42˚C. In comparison, using a 0.8 W fan
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Fig. 5. Temperature profile of TEG’s hot-cold sides using a fan power of (a) 0.4 W, (b) 0.6 W,
and (c) 0.8 W
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Fig. 6. Maximum power generated by TEG with various fan powers

Fig. 7. Maximum efficiency of the TEG system with various fan powers

power variation has a maximum power of 6.3W at a temperature change point of 102˚C.
This result shows that the greater the fan power, the higher the energy obtained.

Figure 7 shows the TEG efficiency for each use of fan power variations of 0.4, 0.6,
and 0.8 W. The efficiency of the TEG system for differences in air velocity shows a
slight difference. In the fan power of 0.4 W, the efficiency is 0.0210%. In the 0.6 W fan
power at the highest temperature difference of 99.42 ˚C, the efficiency value is 0.0209%,
while using 0.8 W fan power variations at the highest temperature of 102˚C obtains an
efficiency of 0.0203%. This result shows that the greater the fan power variations, the
more efficiency experiences a slight decrease.

5 Conclusion

This work has successfully investigated the effect of fan power on the electrical output
and efficiency of the thermoelectric module that received heat from the combustion of
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wood charcoal. The result of the study showed that an increase in fan power produces
higher TEG power and efficiency. The investigated fan power using 0.4 W, 0.6 W, and
0.8 W has 99.17 ˚C, 99.42 ˚C, and 102 ˚C, which results in the TEG power of 2.82 W,
4.56 W, and 6.3 W, respectively. The increasing fan power decreases the efficiency of
the systems by 0.021%, 0.0209%, and 0.0203%. This work improves the understanding
of the energy conversion using thermoelectric material that is expected to enhance the
TEG’s performance in its application at various high-temperature.
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