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`  
Abstract: In the field of waste heat recovery, thermoelectric 

generators (TEG) are used to convert waste heat to electric power. 
This system attracts the attention of researchers to make it more 
and more efficient. The performance of thermoelectric module 
(TEM) plays a crucial role for thermoelectric system. Appropriate 
selection of thermoelectric module is one of the important criteria 
for enhancing the power output and conversion efficiency of 
thermoelectric generator. In this work, the effect of various 
operating conditions on performance of thermoelectric modules 
was experimentally investigated. Three commercial bismuth 
telluride (Bi2Te3) thermoelectric modules (TEM1, TEM2, and 
TEM3) were experimentally tested to find the best performance 
module for low-temperature waste heat. The open-circuit voltage, 
power output, and conversion efficiency were measured at various 
operating conditions. Different operating parameters such as 
water mass flow rate, heater voltage, hot and cold side temperature 
of thermoelectric module, and external load resistance were 
considered for this work. An electric heater was used as a heat 
source and water used as a cooling fluid at heat sink side. It was 
observed that the TEM1 shows maximum power output of 0.31, 
0.71 and 1.25W, for temperature ranges of 80-100, 100-150, and 
150-200 oC respectively. TEM3 achieved maximum power output 
0.81W for temperature range of 100-150 oC. TEM1, TEM2 and 
TEM3 have the maximum conversion efficiency of 1.37, 0.60, and 
1.64 % respectively. The TEM2 having less power output and 
conversion efficiency for temperature range of 80-200 oC compare 
to TEM1 and TEM3. However, the TEM1 is more appropriate for 
temperature range of 80-200 oC and the TEM3 is also suitable for 
the temperature range of 80-150 oC. 
 

Keywords: Bismuth telluride; Conversion efficiency; Open 
circuit voltage; Power output; Thermoelectric module.  

I. INTRODUCTION 

Waste heat recovery can reduce the power loss and 
environment pollution lead to dump waste heat [1]. Exhaust 
based thermoelectric generator has potential to improve the 
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fuel economy of an engine powered vehicle [2]. 
Thermoelectric generators are solid state device that are used 
to convert thermal energy to electric energy [3]. The potential 
of thermoelectric generator can be improved by increasing 
heat energy and efficiency of thermoelectric materials [4-8]. 
Thermoelectric material is heavily doped semiconductors and 
theses are categorized in three groups according temperature 
range such as bismuth telluride, lead telluride and silicon 
germanium alloy [9]. Thermoelectric module consists of 
number of thermoelectric couple of p-type and n-type legs. 
These thermocouples are enclosed by ceramic electrical 
insulator [10]. Bismuth telluride, Lead telluride and silicon 
germanium material have highest figure of merit of 3.4×10−3, 
2.0×10−3, and 0.8×10−3 K−1 for low, medium and high range 
of temperature respectively [11-15]. Bismuth telluride is best 
working material for thermoelectric generator and Peltier 
cooling devices. Bismuth telluride has low lattice thermal 
conductivity and multiple low mass conducting pockets [16]. 
The thermoelectric properties of Seebeck coefficient, thermal 
resistivity and electric conductivity should be known [17]. 
The power generation and conversion efficiency of 
thermoelectric module can be enhanced by increasing 
electrical conductivity, Seebeck coefficient, and thermal 
resistivity [18]. It is observed that number of thermoelectric 
chips, heat exchanger, and cooling system can be optimized 
the thermoelectric system and thermoelectric material has 
been cautiously determined [19]. The open circuit voltage 
increases linearly with increasing the number thermoelectric 
couples [17]. The huge temperature difference between hot 
and cold side of thermoelectric module can maximize the 
power generation and conversion efficiency of thermoelectric 
system [3]. The open circuit voltage and power generation of 
the thermoelectric system were increased at different 

temperatures when thermal greases were applied at 
interfacing of thermoelectric module and heat exchanger 
surface [20]. The thermoelectric performance can be 
decreased by Thomson effect at low temperature difference 
and high Seebeck coefficient [21]. The conversion efficiency 
is not thoughtful matter because waste heat can be obtained at 
very low cost or no cost resources [5]. In the current work, the 
commercial thermoelectric modules of bismuth telluride 
(Bi2Te3) were selected for experimentation. The 
thermoelectric module was sandwiched between heat source 
and heat sink of the thermal system. The heater was used as a 
heat source as an alternative of waste heat and water was used 
as a cooling fluid on the cold side of the thermoelectric 
module. An experimental investigation was done on different 
operating conditions such as water flow rate, heater voltage 
and external load resistance.  
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During experimentation, open circuit voltage and power 
generation of the thermoelectric module were measured. The 
objective of this work is to find effect of different operating 
conditions on the performance of thermoelectric module for 
selection of appropriate thermoelectric module. 

II.  THERMOELECTRIC GENERATOR (TEG) 

There are many waste heat recovery devices existing, 
which are generating useful energy from waste heat energy. 
Thermoelectric generator is one of these, which is more 
suitable to convert waste heat energy to electric energy. The 
thermoelectric system has no moving parts and silence in 
operation [22]. Thermoelectric module included number of 
P-type and N-type thermocouples which are connected 
electrically in series and thermally in parallel. If hot side and 
cold side of the thermoelectric module maintain high and low 
temperature respectively, electric power will be generated to 
an external load resistance [11]. The basic principle behind 
thermoelectricity is the temperature differences set the charge 
carriers in motion. Mostly the Seebeck effect and Peltier 
effect are the main physical phenomena are relative to 
thermoelectricity [23]. Thermoelectric performance is 
measured by the figure of merit (Z), is given below: 

2

Z
k




=                                                                                     (1) 

Where,  represents Seebeck coefficient ( 1VK − ), 
 represents electrical resistivity ( m ) and k  represents 

thermal conductivity ( /W mK ). High figure of merit shows 
better performance in power generation. The figure of merit 
is multiplied by average temperature, is become 
dimensionless figure of merit   ( ZT ). The average 
temperature is given below: 

2
h cT T

T
+

=                                                                                (2) 

Where, 
hT and 

cT  are the temperature at hot and cold side 

of the thermoelectric module respectively. The rate of heat 
supply and heat rejection can be determined at the hot and 
cold side of the thermoelectric module respectively, is as 
given below [24]: 

20.5 ( )h h h cQ T I I R K T T= − + −                                          

(3) 
20.5 ( )c c h cQ T I I R K T T= + + −                                        (4) 

The above equations are also called ideal equations of 
thermoelectric study. Where, 

hQ  and 
cQ  are the rate of heat 

transfer at the hot and cold sides of thermoelectric generator 
respectively. I , R and K are represent  current, internal 
resistance and conductance. The first term of equation 3 and 4 
( TI ) is Seebeck/Peltier effect (reversible process), the 
second term ( 20.5I R ) is Joule heating (irreversible process) 
and last term ( ( )h cK T T−  is thermal conduction (irreversible 

process). The thermoelectric generator analogous with heat 
engine (first law of thermodynamic), states that the 
summation of all entering energies is equal to summation of 
all exiting energies plus work done. 

h cQ Q W= +                                                                              (5) 

h cW Q Q= −                                                                          (6) 
2( )h cW I T T I R= − −                                                               (7) 

The output power ( W ) can be determined by using 
external load resistance instead of internal resistance of the 
thermoelectric material.

 
2

LW I R VI= =                                                                         (8) 

Where, V represents voltage across the load 
resistance

LR and V can be determined by using following 

equation:
  

( )L h c

W
V IR T T RI

I
= = = + −                                              (9) 

The current generated in the system is as follow: 

( )

( )
h c

L

T T
I

R R

 +
=

+
                                                                       (10) 

The thermoelectric efficiency ( ) is the ratio of power 

output to the power input to the system, is given by following 
equation:

 
2

2( ) (0.5 ) ( ( )
L

h h h c

R IW

Q T I I R K T T



= =

− + −
                            

(11) 
The ratio of applied external load resistance to the internal 

resistance of thermoelectric material is an importance factor 
for designing of thermoelectric generator. 

III. EXPERIMENTAL SETUP 

A. Thermoelectric Modules 

The properties of thermoelectric modules such as Seebeck 
coefficient, internal resistance and thermal conductance are 
required for performance evaluation of thermoelectric 
module. These properties are not provided to users or not 
available commercially. If geometric data is available, the 
material properties of thermoelectric module can be 
calculated. The geometric data included the number of 
thermocouples, elements cross-sectional area and elements 
length. Thermoelectric module selection is mostly depending 
on available hot side temperature of the module.  

The figure of merit (Z) is a function of operating 
temperature of the system. Bismuth Telluride (Bi2Te3) is 
suitable for law to room temperature applications and easily 
available, has low cost [3]. The value of Bi2Te3 is typically 
one or less than one. Lead Telluride (PbTe) material is 
suitable for high temperature applications and Silicon 
Germanium (SiGe) is used for extremely high operating 
temperature.  
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Figure 1 Photographic View of thermoelectric modules (A) TEM1- TEP1-1264-1.5 (B) TEM2- TE-MOD-22W7V-56 

(C) TEM3- TEG-SP1848-27145 
 

Table 1 Summary of thermoelectric material and module size used in low temperature thermoelectric generator 
 

Ref. No. Author Name Thermoelectric Module 
Material Type Module Size 

(mm2) 
[05] Cheng-Ting Hsu et al. Bi2Te3 - 
[26] Shengqiang Bai et al. Bi2Te3 - 
[27] Calil Amaral et al. Bi2Te3 40×40×4.3 
[28] Zhiqiang Niu et al. Bi2Te3 41×26×3.5 
[29] Xing Niu et al. Bi2Te3 40×40×4.2 
[30] Dan Dai et al. Bi2Te3 50×50×3.8 
[31] Tongcai Wang et al. Bi2Te3 - 

 
Table 2 Specification of the thermoelectric module 1(TEM1) 

 
Model Model Size (mm) Description Value 

TEP1-1264-1.5 40 x 40 x 3.7 Hot Side Temperature (˚C) 300 
  Cold Side Temperature (˚C) 30 
  Open Circuit Voltage (V) 9.40 
  Matched Load Resistance (ohms) 2.80 
  Matched load output voltage (V) 4.70 
  Matched load output current (A) 1.56 
  Matched load output power (W) 7.30 

 
Table 3 Specification of the thermoelectric module 2 (TEM2) 

 
Model Model Size (mm) Description Value 

TE-MOD-22W7V-56 56 x 56 x 5 Hot Side Temperature (˚C) 300 
  Cold Side Temperature (˚C) 30 
  Open Circuit Voltage (V) 14.4 
  Matched Load Resistance (ohms) 2.40 
  Matched load output voltage (V) 7.20 
  Matched load output current (A) 3.00 
  Matched load output power (W) 21.6 

 
Table 4 Specification of the thermoelectric module 3(TEM3) 

 
Model Model Size 

(mm) 
Description Value 

TEG-SP1848-27145 40 x 40 x 3.7 Temperature Difference, ∆T, 
(°C) 

20 40 60 80 100 

  Voltage, Volt (V) 0.97 1.8 2.4 3.6 4.8 
  Current, I (mA) 225 368 469 558 669 
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Figure 2 Experimental setup (A) Block diagram (B) Photographic view 

Table 5 Factors and levels used in experimental work 

Sr. No. Factors Levels 

  1 2 3 4 … 20 21 … 29 

1 Thermoelectric module ( TEM)  TEM1 TEM2 TEM3     
 

 
2 Heater voltage (H or h), (Volt) 150 190 230     

 
 

3 Mass flow rate of water (MFRW), (Kg/s) 0.006 0.010 0.016       
4 Applied load  resistance, (RL), (Ohm) 0 1 1.5 2 … 10 20 … 100 

 
The atoms of Bi and Te are joined with strong 

ionic-covalent bonds. Bi2Te3 has layered structure, which 
shows anisotropic properties. In addition, Bi2Te3 is easy for 
making P-type and N-type which is suitable for fabricating 
thermoelectric devices [25]. Table 1 shows that most of the 
researchers were selected Bi2Te3 thermoelectric module for 
power generation. 

The main focus of this work was selection of appropriate 
thermoelectric module for low temperature (150-200oC) to 
generate the maximum thermoelectric power. Three 
commercial Bi2Te3 thermoelectric modules were selected for 
this experimental work, namely TEP1-1264-1.5 (TEM1), 
TE-MOD-22W7V-56 (TEM2), and TEG-SP1848-27145 
(TEM3).  The specification of the thermoelectric module 
TEM1, TEM2, and TEM3 are shown in table 2, 3, and 4 
respectively. Figure 1 (A), (B), and (C) show the photograph 
of the thermoelectric modules TEM1, TEM2 and TEM3 
respectively. The hot side temperature limit of TEM1, TEM2, 
and TEM3 are 300, 300, and 150 oC respectively. It means 
that the TEM1 and TEM2 can be used up to 300 oC but TEM3 
has some restriction, it is used up to 150 oC. 

B. Experimental System 

The layout and actual experimental setup of thermoelectric 
generator are shown in figure 2 (A) and (B) respectively. The 
experimental set up is broadly divided in to three parts, heat 
sink, heat source and thermoelectric module.  The geometric 
dimension or size of heat sink was 80 mm × 80 mm × 20 mm, 
length, width and height respectively. The heat sink has 
internal cavity of 45 mm × 45 mm × 10 mm with baffle 
plates. The baffles produce zigzag motion of the cooling fluid 
for keeping constant low temperature and increasing heat 

transfer rate. Heat sink has inlet and outlet port for cooling 
fluid flow. Water was used as a cold fluid to carry heat from 
the cold side of the thermoelectric module. An electric heater 
having 100 W capacity and 40 mm × 40 mm × 5 mm size was 
fixed at lower side of press plate 80 mm × 80 mm × 10 mm 
size, the combination of the heater and press plate acts as a 
heat source.  The heat source and heat sink were fabricated of 
an aluminum material due to high thermal conductivity. In 
this work, three different kinds of bismuth telluride (Bi2Te3) 
thermoelectric modules were used such as TEM1, TEM2 and 
TEM3.  

The thermoelectric module was interfaced between heat 
sink and heat source by clamping with fasteners. The heater 
was connected to single phase alternating current supply and 
dimmer stat was used to control the heater voltage. The 
thermal grease was applied on the interfacing sides of 
thermoelectric module to minimize the thermal contact 
resistance and increase the heat transfer rate. Thermocouples 
(K-type) were used to measure temperature of hot and cold 
side of the thermoelectric module, and water temperature at 
inlet and outlet. The digital temperature indicator was 
connected to all the thermocouples to show temperature in 
digital form. A measuring flask was used to measure mass 
flow rate of cooling water.  

When the thermoelectric system achieved steady state, the 
voltage and power output of the thermoelectric system was 
measured with help of voltmeter or multi-meter. An electric 
rheostat was used to applied external load resistance to the 
thermoelectric system. 

http://www.ijeat.org/
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Figure 3 Variation of power output with external load resistance of (A) TEM1 (B) TEM2 (C) TEM3 for different mass 

flow rates of water and heater voltages 

IV. RESULT AND DISCUSSION 

The performance of the thermoelectric module is control 
by temperature difference at hot and cold side of the 
thermoelectric module, and external load resistance. The 
performance of thermoelectric module is assessed at steady 
state condition. In the current work, four parameters with mix 
levels were used. The experimentations were carried out 
according to full factorial design of experiments. The 
experimental runs were conducted for various operating 
conditions such as; different thermoelectric modules of 
TEM1, TEM2, and TEM3, the heater voltage of 150, 190, 
and 230V, water mass flow rate of 0.006, 0.010, and 0.016 
Kg/s, and external load resistance of 0 to 100 Ω with different 

steps (0.5 Ω for 0-10 Ω range and 10 Ω for 10-100 Ω range), 

shown in table 5. Water mass flow rate of 0.006, 0.010, and 
0.016 Kg/s were considered for TEM1, TEM2 and 0.060 
Kg/s for TEM3. The heater voltage of 150, 190, and 230 V 
were considered for TEM1, TEM2 and 150, and 170 V for 
TEM3. The thermoelectric power output increasing with 
increasing external load resistance then decreases with 
increasing external load resistance. At specific external load 
resistance, maximum power output was obtained. Rapid 
changes in power output were found between 0 to 10 Ω 

external load resistances, after that gradual change occurred. 
Figure 3 (A), (B), and (C) show power output variation of 

TEM1, TEM2, and TEM3 with external load resistance 
respectively.  

When external load resistance and internal material 
resistance are same, maximum power output can be 
obtained,. The thermoelectric power output increasing with 
increasing heater voltage of 150 to 230 V. High heater 
voltages generate more temperature of the heater as well as 
hot side of the module. The temperature difference between 
hot side and cold side is more, maximum power output is 
obtained. The mass flow rate of cooling water shows mix 
result of thermoelectric power output.  Generally, high mass 
flow rate of cooling fluid shows more heat transfer from cold 
side of the thermoelectric module and maintains low 
temperature, it creates more temperature difference between 
hot and cold side of the module. TEM1 shows maximum 
power output of 1.25 W at heater voltage of 230 V, water 
mass flow rate of 0.010 Kg/s and external load resistance of 
4.5 Ω. Maximum power output of 0.58 W at heater voltage of 
230 V, water mass flow rate of 0.016 Kg/s, and eternal load 
resistance of 3 Ω was achieved by TEM2. The TEM3 attained 
maximum power output of 0.81 W at heater voltage of 170 V, 
water mass flow rate of 0.006 Kg/s and external load 
resistance of 7.5 Ω. The TEM1 shows maximum power 

output than TEM2 and TEM3.  
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Figure 4 (A), (B), and (C) illustrate thermoelectric 
conversion efficiency deviations of TEM1, TEM2, and 
TEM3 with external load resistance respectively. The trend 
of the conversion efficiency curves is as same as power 
output curves. 

TEM1 shows maximum conversion efficiency of 1.37 % at 
heater voltage of 230 V, water mass flow rate of 0.010 Kg/s 
and  external load resistance of 4.5 Ω. Maximum conversion 

efficiency of 0.60 % at heater voltage of 230 V, water mass 
flow rate of 0.016 Kg/s, and eternal load resistance of 3 Ω 

was achieved by TEM2. The TEM3 attained maximum 
conversion efficiency of 1.64 % at heater voltage of 170 V, 
water mass flow rate of 0.006 Kg/s and external load 
resistance of 7.5 Ω. The TEM3 shows maximum conversion 

efficiency than TEM1 and TEM2.  
The conclusion is that the maximum power output and 

maximum conversion efficiency was obtained at the same 
water mass flow rate, heater voltage and external load 

resistance. 
The voltage output of the thermoelectric module decreases 

with increasing current and the power out increases with 
increasing current, after achieving maximum power output, it 
decreases with increasing current. The same trend was 
obtained for thermoelectric module of TEM1, TEM2, and 
TEM3 at different mass flow rates of water and heater 
voltages. The maximum voltage obtained at current of 0 
ampere and external load resistance of 0 Ω is called open 

circuit voltage. Figure 5 (A), (B), and (C) show that the 
voltage output and power output variation of TEM1 with 
current output at water mass flow rate of 0.006, 0.010, and 
0.016 Kg/s and different heater voltages respectively. The 
figure 5 (A) illustrates, maximum voltage of 4.66 V and 
maximum power output of 1.19 W was obtained at water 
flow rate of 0.006 Kg/s and heater voltage of 230V. The 
maximum voltage of 4.69 V and maximum power output of 
1.25 W was attended at water flow rate of 0.010 Kg/s and 
heater voltage of 230V, shown by the figure 5 (B). 

 

 

Figure 4 Variation of conversion efficiency with external load resistance of (A) TEM1 (B) TEM2 (C) TEM3 for 
different mass flow rates of water and heater voltages 
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Figure 5 Variation of voltage and power output of TEM1 with current at (A) 0.006 Kg/s (B) 0.010 Kg/s (C) 0.016 Kg/s 
mass flow rate of water and different heater voltages 

 

In the same way, figure 5 (C) shows maximum voltage of 
4.5 V and maximum power output of 1.15 W was achieved at 
water flow rate of 0.016 Kg/s and heater voltage of 230V. It 
was revealed that maximum voltage was obtained at heater 
voltage of 230V and water flow rates of 0.010 and 0.016 
Kg/s. Figure 6 (A), (B), and (C) show voltage output and 
power output variation of TEM2 with current output at water 
mass flow rate of 0.006, 0.010, and 0.016 Kg/s and different 
heater voltages respectively. The figure 6 (A) illustrates, 
maximum voltage of 2.65 V and maximum power output of 
0. 55 W was obtained at water flow rate of 0.006 Kg/s and 
heater voltage of 230V. The maximum voltage of 2.69 V and 
maximum power of 0.54 W was attended at water flow rate of 
0.010 Kg/s and heater voltage of 230V, shown by the figure 6 
(B). In the same way, figure 6 (C) shows maximum voltage 
of 2.85 V and maximum power output of 0.58 W was 
achieved at water flow rate of 0.016 Kg/s and heater voltage 
of 230V. It was observed that maximum voltage was 

obtained at heater voltage of 230V and water flow rates of 
0.016 Kg/s. Figure 7 show voltage output and power output 
variation of TEM3 with current output at water mass flow 
rate of 0.006 Kg/s and different heater voltages of 150, and 
170V. The figure 7 illustrates maximum voltage of 4.20 V 
and maximum power output of 0.81 W was obtained at water 
flow rate of 0.006 Kg /s and heater voltage of 170V. The 
conclusion is that the TEM1 shows maximum voltage of 4.69 
V and maximum power output of 1.25 W, achieved at water 
mass flow rate of 0.010 Kg/s and heater voltage of 230V.  

The hot side temperature of thermoelectric modules was 
divided in to three ranges of 80-100 oC, 100-150 oC and 
150-200 oC. Figure 8 illustrates that the maximum power 
output varies with various hot side temperature of 
thermoelectric modules 
(TEM1, TEM2 and TEM3).  
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The power output of the thermoelectric module increases 
with increasing hot side temperature of the modules. The first 
range of hot side temperature, TEM1 and TEM2 show 
maximum power output of 0.32 W and 0.11 W respectively. 
The second range of hot side temperature, TEM1, TEM2, and 
TEM3 show maximum power output of 0.71, 0.28, and 0.81 
W respectively. The third range of hot side temperature, 
TEM1 and TEM2 show maximum power output of 1.25 and 
0.59W respectively. So, the conclusion is that TEM1 is 
appropriate for first range of hot side temperature. TEM1 and 
TEM3 are the most suitable for second range of hot side 
temperature. And the TEM1 is mostly applicable for third 
range of hot side temperature. 

The thermoelectric module having more Seebeck 
coefficient shows more figure of merit. The thermoelectric 
modules with high figure of merit can generate more power 
output. Figure 9 represents the maximum Seebeck coefficient 
verses hot side temperature of thermoelectric module. The 
hot side temperature of thermoelectric module is divided in 
three zones, zone I (80-100 oC), zone II (100-150 oC), and 
zone III (150-200 oC). For zone I, the TEM 1 shows 
maximum Seebeck coefficient of 0.0409 at water mass flow 
rate of 0.016 Kg/s and hot side temperature of 88.58 oC. For 
zone II, the TEM3 shows maximum Seebeck coefficient of 
0.0440 at water mass flow rate of 0.006 Kg/s and hot side 
temperatureof138.36oC. 

 

 

Figure 6 Variation of voltage and power output of TEM2 with current at (A) 0.006 Kg/s (B) 0.010 Kg/s (C) 0.016 Kg/s 
mass flow rate of water and different heater voltages 
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Figure 7 Variation of voltage and power output of TEM3 with current at mass flow rate of water, 0.006 Kg/s and 
various heater voltage, 150, 170 V 

 

 

Figure 8 Maximum power output of TEM1, TEM2, and TEM3 with hot side temperature at different mass flow rates 
of water and heater voltages  

For zone III, the TEM 1 shows maximum Seebeck 
coefficient of 0.0351 at water mass rate of 0.016 Kg/s and hot 
side temperature of 157.41 oC. For zone I and III, the TEM 1 
is suitable for maximum power generation. For zone II TEM 
3 is more appropriate module for generation of maximum 
power output. 

Figure 10 shows the variation of maximum power output 
and conversion efficiency of thermoelectric modules with 
temperature difference. The power out and conversion 
efficiency increases with increasing the temperature 
difference. The temperature difference of the thermoelectric 

module is categorized in to two zones, zone I (50-110 oC) and 
zone II (110-170 oC).  For zone I, TEM1 and TEM3 show 
more power output and TEM3 shows more efficiency than 
TEM1 and TEM2. For zone II, TEM1 shows more power 
output as well as conversion efficiency than TEM2. In the 
zone II, the increasing rate of power output is more than 
increasing rate of conversion efficiency.  The TEM1and 
TEM3 are suitable for zone I and TEM1 is more appropriate 
for zone II. It is observed that the TEM1 is best 
thermoelectric module for maximum power generation. 
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Figure 9 Maximum Seebeck coefficients of TEM1, TEM2, and TEM3 with hot side temperature at different mass flow 

rates of water and cold side temperature 

 
Figure 10 Variation of maximum power outputs and conversion efficiency of TEM1, TEM2, and TEM3 with 

temperature difference at different mass flow rates of water and heater voltages. 

V. CONCLUSIONS 

In the current work, thermoelectric modules were tested 
for low-temperature heat recovery to find the best 
performance thermoelectric module. According to literature 
survey, bismuth telluride thermoelectric modules were used 
by the researchers for low temperature heat recovery. There 
are three commercial (low-temperature) Bismuth Telluride 
(Bi2Te3) thermoelectric modules were selected for this work 
for finding the effect of different operating conditions on 
performance of the modules. Different kinds of operating 
conditions were used for experimentation, such as heater 
voltage, mass flow rate of water, thermoelectric modules and 
external load resistance. The experimentations were carried 
out at steady state conditions. The performance of 
thermoelectric generator was measure in terms of power 
output and conversion efficiency.  

According to result and discussion of this experimentation 
work, it is observed that the TEM1 is more appropriate 

thermoelectric module for temperature range of 80-200 oC. 
The TEM3 is also suitable for the temperature range of 
80-150 oC but it can’t work for temperature more than 150 
oC. The TEM2 is not applicable for the temperature range of 
80-200 oC, It may be suitable for higher temperature range of 
250-300 oC.  In future, this work would be a support for 
selection of appropriate thermoelectric module and design of 
thermoelectric system for more power output and conversion 
efficiency.  
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