
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 04, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1077 

Effective Utilization of Thermo-Electric Generator for Waste Heat 

Recovery 
Hardik K. Jani1 Ketan D. Panchal2 

1M.E. Student 2Assistant Professor 
1,2Department of Mechanical Engineering 

1,2Government Engineering College, Valsad, Gujarat, India
Abstract— Waste Heat recovery (WHR) with Thermo-

electric Generators (TEG) can improve energy efficiency and 

provide distributed electricity generation. New 

thermoelectric materials and material performance 

improvements motivate development of thermoelectric 

generators for numerous applications with excess exhaust 

and process heat. Diesel engine (DE) is one of the main 

consumers of petroleum resources, which above 30% of fuel 

engine become waste heat. If the waste heat can be recovered 

for utilization, the thermal efficiency of DE can be improved. 

There are many methods available that can be used in 

recovering waste heat of DE. Among them, the TEG can 

convert thermal energy directly into electric energy, which 

got more attention by many researchers. Although the TEG 

has many advantages, which makes the TEG has been used 

in recovering waste heat of DE; the low conversion 

efficiency limits the widely application. In fact, the 

conversion efficiency of TEG is mainly restricted by 

thermoelectric material. 
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I. INTRODUCTION 

Thermoelectric devices offer unique power generation 

solution because they convert thermal energy into electricity 

without requiring moving components. Thermoelectric 

generators have been proposed for waste heat recovery 

applications, and advancements in thermo-electric materials 

development have highlighted the technology's energy 

efficiency and commercial potential. To realize this 

potential and improve thermoelectric power generation 

feasibility, the gap between thermoelectric materials 

development and generator systems engineering must be 

closed. The thermoelectric generator materials 

characteristics are particularly important because it is a 

solid-state energy conversion device. Electron and thermal 

transport through multiple materials in the device is 

paramount and affects overall system performance. This 

review provides a systems-level perspective of 

thermoelectric generator development. A thermoelectric 

(TE) module consists of units, or legs, of N-type and P-type 

semiconducting materials connected electrically in series 

and thermally in parallel. A thermoelectric generator (TEG) 

is usually a more extensive system than the module. In a 

TEG, the modules are connected thermally in parallel with 

heat exchangers to facilitate the transfer of heat from the 

heat source to the module ‘shot side and away from its cold 

side. The modules are connected to an electrical load to 

close the circuit and enable electricity extraction. 

 
Fig 1: Schematic Diagram of a Thermo-Electric Generator 

Thermoelectric generators have been used to power 

space vehicles for several decades [1], [2], so the research and 

development contributions and expertise from the space 

industry are invaluable in the development of terrestrial 

waste-heat recovery TEGs. Named radioisotope 

thermoelectric generators (RTGs), the heat source in 

spacecraft TEGs comes from the nuclear decay of 

radioactive isotopes. RTGs were selected to power space 

vehicles since they are highly reliable, robust, and compact. 

They are solid-state devices without the rotating machinery 

typical of other heat engines, so RTGs do not produce noise 

or vibration. These qualities made RTGs ideal for powering 

autonomous space vehicles with long life missions. RTGs 

for space power systems have unique characteristics which 

differentiate this application from the waste-heat recovery 

applications discussed here. The heat source temperature is 

typically higher (~1000 °C) resulting in the use of 

thermoelectric materials such as silicon, germanium which 

are suitable for high temperature power generation. The 

operating environments are outer space and other planetary 

surfaces. Moreover, the cost–performance considerations 

and constraints for space vehicle development are 

significantly different than for waste-heat recovery 

applications since significant value is placed on the RTG 

primary power generation capability and unique suitability 

for the requirements of space applications. 
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Fig. 2: Schematic Diagram of a Thermo-Electric Generator 

[3] 

From electronics to industrial furnaces, numerous 

waste-heat sources at low (<250°C), mid (~250- 650 °C), 

and high (>650°C) temperatures exist. TEGs have mostly 

been proposed for waste heat recovery in mid and high 

temperature applications such as automobiles, engine and 

industrial applications with untapped exhaust and process 

heat because of the potential for appreciable power 

generation. Vehicle applications include passenger vehicles 

and large trucks, and prototypes have already been 

demonstrated. Approximate waste-heat source temperatures 

are provided for sample mid and high temperature TEG 

applications. Temperatures will vary based on TEG position 

in the system, and the temperature at the hot side of the 

thermoelectric will be lower than the heat source 

temperature. 

Application 
Heat Source 

Temperature 

Automotive exhaust 400 – 700 °C 

Diesel generator exhaust ~ 500 °C 

Primary aluminium Hall–

Heroult cells 
700 – 900 °C 

Glass melting regenerative 

furnace 
~ 450 °C 

Table 1: Source Temperatures of Various Applications [4], [5], 

[6], [7] 

As in space applications, key advantages of TEGs 

for waste-heat recovery are their simplicity, minimal 

maintenance requirements, and reliability since there is no 

rotating machinery in the system. Disadvantages include 

low efficiencies, high costs, and systems integration 

barriers. The assessment for TEG waste-heat recovery 

potential often focuses on the heat source temperature where 

high-temperature processes are favorable. Government-

initiated studies and funding for TEGs reflect the interest in 

these promising, high-temperature industrial process 

applications.  

II. THERMO ELECTRIC GENERATOR MODEL 

The TEG modules are composed by a specified number of 

thermocouple corresponding to two elements, namely p and 

n leg, encapsulated in ceramic boards. The thermocouples 

are electronically and thermally connected in series and 

parallel, respectively. The structure of the single TEG 

couple is shown in Fig. 3. 

 
Fig. 3: The structure of the single TEG couple[8] 

 
Fig. 4: The TEG Waste Heat Recovery Diagram[8] 

The TEG model is applied at each module 

connected in series, ensuring the same voltage for all 

modules[8]. The model inputs are the mass flow rate and 

temperature of the exhaust gas and incoming coolant. The 

recovered electric power and efficiency are calculated as: 

𝑃 = 𝐼2𝑅 
Where, P = Power (W) 

             R = Resistance of Load (Ω) 

𝜂𝑇𝐸𝐺 =
𝑃

𝑄𝐻
 

Where, 𝜂𝑇𝐸𝐺 = Efficiency of Thermoelectric Generation 

 𝑄𝐻  = Heat Transfer Rate (W/s) 

 The power generated by the thermoelectric 

modules will be used to supply the auxiliaries. For a single 

module total internal resistance, voltage and current are 

estimated through the equations described in [8].The heat 

flow related to hot and cold side, respectively, is evaluated 

by the energy balance [8] and correlates the temperatures of 

the hot and cold side plates of the TEG module to the hot 

and cold fluid temperatures. When the external load is set to 

match the TEG module internal resistance, the TEG system 

produces the maximum output power [8]. 

 Typically the TEGs are placed on the exhaust pipe 

surface (shaped as a rectangle, hexagon, etc.) and they are 

cooled with cold blocks using engine coolant. Examples of a 

rectangular shaped and hexagonal shaped heat exchanger 

can be seen in Figs. 6[9]. This technology has not yet been 

installed in present production cars and is still in the concept 

stages. 
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Fig. 5: Hexagonal Exhaust Heat Exchanger [9] 

III. FUTURE SCOPE 

TEG can be used for waste heat recovery from the 

Automobile engines, the steam power plants and every 

thermal applications having heat as the undesired energy 

extraction. However TEGs are also useful in generation 

electrical energy from Radioisotopes’ Radiative heat 

emission specifically for long run space applications. 

IV. CONCLUSION 

Investigations have found that an appropriate way of 

improving the overall efficiency of the fuel use in a car is to 

recover some of the wasted heat. Two technologies 

identified to be of use for waste heat recovery are TEGs and 

heat pipes. It was found that TEGs are solid state, passive, 

silent, scalable and durable. Heat pipes can be used for 

temperature regulation of the TEGs. TEGs have demerits 

such as low efficiency and maximum surface temperatures. 

A completely passive and solid state exhaust heat recovery 

system can be developed using TEGs. 
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