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Abstract: Now a day, the world is experiencing global warming due to excessive energy into atmosphere. Today, a lot of research is 

being conducted on the ways to recover or reuse the energy losses. An experimental investigation has been carried out to identify the 

most suitable cooling system techniques to achieve a stable and sustainable power output. This paper depicts the working and efficiency 

calculation of a thermoelectric generator. The thermoelectric generator works on the Seebeck effect which is the temperature difference 

between two dissimilar electrical conductors or semiconductors producing a voltage difference between two substances. Thermoelectric 

cooler uses the heat waste from a number of sites and can generate electricity. The experiment is carried out at low cost with standard 

equipment and hence efficient in many ways. 
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1. Introduction 
 
The main purpose of thermoelectric generator is to generate 
electricity with the heat provided from the heat source. 
These thermoelectric generators are relatively low in cost 
and can be long-life when operated under safe conditions. 
However, thermoelectric generators have a lower efficiency 
compared to other heat generation techniques and devices. 
These devices can be used at different places where there is 
a wastage of heat and that heat can be used by TEC to 
generate small amount of electricity to power anything 
running at low volts. 
 
Thermoelectric devices are small in size and low in cost 
which makes it easier to experiment on their efficiency for 
power generation. The efficiency can be used to compare 
with the efficiencies of other power generation devices and 
hence the price can also be compared when there is a 
requirement for economic power generation. These devices 
work on a simple effect proposed by Seebeck and hence 
would be easy to understand by undergraduates. 
 
The purpose of interest in this paper and what makes it 
different from previous research is that this experiment costs 
very low and also the power generation and efficiency are 
more compare to previous experiments .this setup can also 
be incorporated in  undergraduate thermoelectric lab and can 
be used as a demonstration for thermoelectric lecture. 
 
2. Experimental Setup 
 
A commercial thermoelectric cooler was used named TEC 
12706 bismuth telluride with physical parameters of 40mm 
x 40mm x3.5 mm. the inner and outer looks of the device 
are as follows 
 

 
Figure 1: Inside a TEC. 

 
Figure 2: Thermoelectric cooler (TEC1-

12706) 
 

The TEC consists of 126 semi-conductors inside and the 
material is made of bismuth telluride and covered with 
Celinium. The TEC consists of hot side and cold side. 
Whenever heat is supplied to the hot side the TEC generates 
electricity. 
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The TEC was placed between the experimental setup in such 
a way that the hot side of the TEC touched the heat sink 
using a thermal paste and this heat sink was in direct contact 
with the torch of the candle which is used as the heat source. 
A heat dissipater is used to equally distribute the heat and 
keep the cold side cool. 

 
Figure 3: Heat sink attached to the hot side of TEC 

 
3. Efficiency Calculation 
 
To calculate the efficiecny of TEC or TEG, firstly, 
efficiency by which a material is capable of generating 

power (Z) need to be calculated which is found out using the 
following formulae: 

 
Then, the conversion unit is to be calculated using the below 
formulae: 

 
Finally, the ideal and optimum efficiency is found out using 
the formulae: 

 

 
 
 

 
Where, 

 = Ideal Efficiency, % 

 = Optimum Efficiency, % 

 = Electrical Conductivity for cold material, μ Ωm (12.6 μ Ωm for p-type Antimony Telluride) 
 = Electrical Conductivity for hot material, μ Ωm (12.6 μ Ωm for n-type Bismuth Telluride) 

KC = Thermal Conductivity for cold material, W/mK (1.3 W/mK forp-type Antimony Telluride) 
KH = Thermal Conductivity for hot material, W/mK (1.8 W/mK forn-type Bismuth Telluride) 
M = Conversion Unit 
SC  = Seebeck Coefficient for cold material, µv/K (185 µv/K for p-type Antimony Telluride) 
SH = Seebeck Coefficient for hot material, µv/K (-228 µv/K for n-type Bismuth Telluride) 
TC = Temperature of cold side of TEC (K) 
TH = Temperature of hot side of TEC (K) 
Z = Efficiency by which a material is capable of generating power, K-1 
 

4. Sample Calculations 
 
From the experimentaion we found: 
TH = 359.15 K 
TC = 338.15 K 
 
Hence, 

 K-1 

859.529  

 

 
Then the ideal efficiency is, 
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