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ABSTRACT 

In the conventional method for generate electricity is converting thermal energy into mechanical energy 

then to electrical energy. In recent years, due to environmental issues like global warming, emissions, etc., 

are the limiting factor for the energy resources are required to generate electric power. Thermoelectric 

generators have emerged as a promising another green technology due to their diverse advantages. 

Thermo Electric Generator directly converts Thermal energy into Electrical energy. The application of 

this green technology in converting waste heat energy directly into electrical energy can too improve the 

overall efficiencies of energy conversion systems. In this paper we attempt to extract the waste heat energy 

from an automobile IC engine and then convert it into useful electrical energy, thus finally charging a 

battery. 

 

Keywords: Thermoelectric generator, waste-heat energy, green technology, direct energy conversion, 
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I. INTRODUCTION 

A Thermoelectric generator (TEG) is a solid state device that provides direct energy conversion from thermal 

energy into electrical energy based on “Seebeck effect”. Normally the energy conversion from thermal to 

electrical takes place by first converting the thermal energy into mechanical energy and then from the 

mechanical energy into electrical energy. But if a thermoelectric generator is used then there is a direct 

conversion from thermal energy to electrical energy is very effective [1] as shown in Fig.1. In 1821 Thomas 
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Johann Seebeck found that a circuit made from two dissimilar metals with junctions at different temperatures 

would deflect a compass magnet. Seebeck initially believed this was due to magnetism induced by the 

temperature difference. However, it was quickly realized that it was an electric current that is induced, which 

by Ampere's law deflects the magnet. More specifically, the temperature difference produces an electric 

potential (voltage) which can drive an electric current in a closed circuit. Today, this effect is known as the 

Peltier–Seebeck effect [2]. Thermoelectric materials generate power directly from heat by converting 

temperature differences into electric voltage [3]. 

 

 
Fig. 1 Thermoelectric generator 

  

Some of the properties of thermoelectric generators are, 

 Environmentally friendly: As the conversion involves no moving parts or any type of harmful 

emissions, it is environmentally friendly. 

 Utilizes waste heat: These devices utilize waste heat and converts it into other form of energy. 

 Scalability: This device can be applied to any size of heat source from a water heater to manufacturer’s 

device. 

 Reliable power source: As long as the temperature difference is maintained a constant output will be 

present. 

 Low noise operation: During its operation the noise generated is either minimal or not present. 

 Can be used as a cooler/heater: If input voltage is given then it can be used for applications of cooling 

or heating. 

 No moving elements: Due to direct conversion from thermal energy to electrical energy taking place. 

 Decrease petroleum consumption: When used in automobiles it decreases the consumption of 

petroleum to an extent. 

But there are some disadvantages of thermoelectric devices too. The initial cost of TEG’s is high. And their 

efficiency is very low (about 5% to 8%). Voltage generation takes place only if a temperature difference is 
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present, but to maintain a constant temperature difference is very difficult as due to the heat present on the 

hot side of the thermoelectric generators, even the cold side also starts heating up, thus over time if the heat 

is not removed from the cold side, there will be no temperature difference and voltage generated will be 

equal to zero. Thus maintaining a temperature difference is very important to generate an output voltage 

using a thermoelectric generator. 

 

II. OBJECTIVE  

The increasingly worldwide problem regarding rapid economy development and a relative shortage of 

energy, the internal combustion engine exhaust waste heat and environmental pollution has been more 

emphasized heavily recently. Out of the total heat supplied to the engine in the form of fuel, approximately, 

30 to 40% is converted into useful mechanical work; the remaining heat is expelled to the environment 

through exhaust gases and engine cooling systems, resulting in to entropy rise and serious environmental 

pollution, so it is required to utilized waste heat into useful work. The recovery and utilization of waste heat 

not only conserves fuel (fossil fuel) but also reduces the amount of waste heat and greenhouse gases damped 

to environment. The objective of the paper is to convert this waste heat energy into useful electrical energy 

which can further be utilized for other useful work. In the paper TEG device is used to convert this heat 

being wasted into useful electrical energy.  

III.  MATERIALS AND METHODS 

Figure 2 shows experimental setup of thermoelectric generator (TEG). It mainly consists of cooling system, 

Booster circuit, Battery, etc. 

At first the electricity was attempted to be extracted by using only TEG. The hot side of the thermoelectric 

generator was placed on the engine surface of an automobile and the cold side was let to face atmospheric 

air. The problem faced with this setup was that, both the sides of the thermoelectric generator came to the 

same temperature in a short span of time, thus a temperature difference was not present. 

 

 
Fig. 2 Experimental setup 

In the next trial a computer cooling fan was placed on the cold side of the thermoelectric generator and the 

hot side was placed on the surface of the automobile engine. The output held up longer, compared to first 
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trial but after a span of time again the thermoelectric generator heated on both the sides. Thus temperature 

difference was not present. 

In the third trial thermoelectric coolers were used. Thermoelectric coolers gave a better output, but they were 

not reliable as they stop working abruptly. 

 

In the fourth trial a liquid cooling system was built by using a DC pump and copper pipes (radiator). A 

reservoir was present to help circulation of the liquid (water). Here a constant voltage output was achieved. 

Now this voltage was boosted using a boost circuit as shown in Fig.3 and then the boosted voltage was used 

for charging of a battery. 

 

 

 
Fig. 3 Cooling system 

 

IV.  RESULTS AND DISCUSSION  

The output voltages for different temperature differences were calculated and tabulated in Table 1. 

 

Table 1 Different output voltage and current for different temperature differences. 

Trial 

No. 

Engine 

Temp 

(
o
C) 

Water 

Temp 

(
o
C) 

Output 

Voltage 

(V) 

Output 

Current 

(mA) 

1 95 75 .97 225 

2 95 55 1.8 368 

3 95 35 2.4 469 

4 95 15 3.6 558 

5 95 -5 4.8 669 
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From the above table we can see that for different temperature differences, different output voltages can be 

extracted. Now these output voltages can be boosted to required higher voltages using a booster circuit. In 

this work, 3V was boosted to 12V and this boosted voltage was used to charge a battery. 

V. CONCLUSIONS 

The heat being wasted was converted using a thermoelectric generator and then boosted using a booster 

circuit. This conversion of electricity doesn’t involve any moving parts or any chemicals being used and 

conversion is environment friendly. With the help of two or more thermoelectric generators connected in 

series if higher amount of voltage needs to be extracted without using booster circuit. This electricity can be 

used for a many number of issues in an automobile such as lighting system, to run a compressor thus 

reducing load on the engine, and music system, etc.  
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