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Abstract - Current scenario concerns include increasing 

world power consumptions and raising greenhouse heat 

emission posing serious considerations. Thermoelectric energy 

conversion incorporates direct energy conversion from heat 

sources to electric energy conservation. It incorporates direct 

energy conversion from heat sources to electric energy 

conservation and the underlying physical into rapid effect has 

been well recovered in this past century. The thermoelectric 

effect is that the use of temperature differences to electric 

voltage creation and vice versa. A considerable amount of 

primary fuels could be stored if some of the waste heat 

generated from Ovens, Kilns, Boilers, Furnaces, IC engines 

etc. are recovered through waste heat generating system. In a 

diesel engine, substantial energy (10 to 30%) is lost through 

the engine exhaust gas as waste heat. It means a large fraction 

of the fuel energy remains untapped and gain of energy from 

waste heat is appreciable. This waste heat can be used for 

generating the thermoelectric power by using thermoelectric 

materials. Recently, the "nanoparticle-in- nanocomposite" is 

formulated to enhance thermoelectric characteristics which 

augment the interface scattering of photons for reducing the 

lattice as well as bipolar thermal conductivities. The high-

energy ball-milling is an effective methodology to produce 

thermoelectric nanocomposites in large scale. The desirable 

characteristics of the thermoelectric materials are high Seebeck 

coefficient, high conductivity and low thermal conductivity.  
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1.INTRODUCTION  

 
In recent decades, human activities such as deforestation 

and construction have its significant impact on the atmosphere 
and the energy absorbed by the distribution market is 
increasing each year, because of the growth in the industrial 
disciplines. Although highly environmental user friendly, 
efficient and cleaner battery such as artificial recovered 
systems are used to alter the number of ways to provide latent 
heat, the consumption and reliance on electricity generated 
from coal have still increased to synchronize with the vehicle 
expansion year by year. It is allowed to pass through the 
environment without being reused for its usefulness or 
economic values. The value of the heat generated is to be 

considered rather than its amount. The mechanism to recover 
the unused heat depends on the temperature of the waste heat 
gases. Large quantities of hot flue gases are generated from 
diesel engine, boilers, kilns, ovens and furnaces. This chapter 
briefly describes various methods to extract and utilize the 
waste heat from automobile spares. While some waste heat 
losses from industrial processes are inevitable, facilities can 
reduce these losses by improving equipment efficiency or 
installing waste heat recovery technologies (Diffey 1991) year 
.of the Automobile sectors. The Indian authorities promised a 
7.1% reduction in greenhouse gasses from 2017 in keeping 
with the "Prathama green yochana system" succeeding in 
Gujarat. Preparations are made in order to reach the 
aforementioned reduction target in the legal arena, through 
such efforts as an amendment to the Energy Conservation Law. 
This legislation demands action, such as the entry of energy 
consumption reports on the part of individual industries, with 
the duties executed on company operators and franchise 
operators participated in convenience shop and dining 
businesses on a scale that surpasses a certain level, to manage 
energy consumption. 

The typical energy balance flow chart of the diesel Engine 
is given in Figure 1.1 in which considerable portion of the heat 
is lost (about 36 %) as exhaust. 

Figure 1.1 Typical heat balance of diesel engine systems 

 

1.2. NEED FOR WASTE HEAT RECOVERY 

SYSTEM 

 
The waste heat can be generated from fuel combustion or 

chemical reaction, and then deserted into the surroundings as it 
is not reusable again. The hot flue gases are generated from 
Ovens, Kilns, Boilers, Furnaces, IC engines etc. If some of the 
waste heat could be regained thereby the considerable amount 
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of primary fuels could be stored. The waste heat can't be fully 
recovered. However, a considerable amount of the heat could 
be recovered through waste heat generating system. 

 

1.3. BENEFITS OF WASTE HEAT RECOVERY 

SYSTEM 

 
The uses of waste heat include generating electricity, 

preheating combustion air, preheating furnace loads, 
absorption cooling and space heating. The direct and indirect 
benefits of the waste heat recovery are given below, 

It is also necessary to evaluate the selected waste heat 
recovery system on the basis of financial analysis such as 
investment, depreciation, payback period, the rate of return etc. 

1.4. Thermoelectric Generators 
 

Generally, it consists of many N-type and P-type 
semiconductors which are connected thermally in parallel and 
electrically in series (Figure 1.2). A voltage is generated when 
one side of the TEG is cooled and the other side is heated. 

Figure 1.2 Typical Single-Stage Thermoelectric Power 
Generator 

It generates electrical energy from any temperature 
difference and their efficiency depends on the temperature 
difference. Generally the efficiency of TEG system is less than 
3%. Another factor which can be used to compare the 
efficiencies of different TEGs which are operating at same 
temperatures is their electric figure of merit (ZT). 

 

1.5. THERMOELECTRICITY 
 

The thermoelectric effect is a phenomenon in which either 
temperature variation produces an electric energy, and vice 
versa. It is specifically known as the Seebeck effect. The 
electric energy is generated due to the temperature difference 
between the junctions. And its proportionality constant is 
known as the Seebeck coefficient, is also known as the 
thermoelectric power. The desirable characteristics of the 
thermoelectric materials are huge Seebeck co-efficient, squat 
thermal conductivity and high electrical conductivity. The 
Seebeck voltage does not contingent on the supply of 
temperatures across the metals and between the junctions. 

 

 

 

Figure 1.3 Thermoelectric Generator 

 

The electric energy is generated due to the temperature 
difference between the junctions and its proportionality 
constant is known as the Seebeck coefficient or thermoelectric 
power or thermoelectricity (Kim and Choi 2008). The first 
commercial Thermo Electric generator has been launched in 
1925 in the name "Thermattaix" and it is shown in Figure 1.3  

The thermoelectric generator comprises p-type semi-
conductors combined metal plate. If the junctions of b and a 
are maintained at different temperatures T1 and T2 at which 
T1> T2,an open-circuit electromotive force (emf) is induced in 
the circuit. The figure of merit is proportional to the efficacy of 
the device. Values of ZT=1 are deemed great, and worth of ZT 
is about 3-4 which would be considered for further 
applications. 

 

1.6. COMMERCIAL TEG SYSTEMS 
 

Some of the commercially available TEG systems of 
automobile are given below, 

The BMW uses a 750W energy capacity shell and tube 
type of TEG heat exchanger. 

The Ford uses many small parallel channels lined heat 
exchanger with thermoelectric material at the exhaust gas flow 
regimes that produces approximately 400W power. 

The Renault uses a counter flow heat exchanger 
arrangement, using liquid cooling in a diesel truck engine. 

The Honda uses thin flat rectangular TEGs with the liquid 
cooling system that produced a maximum energy of about 
500W. The claimed fuel consumption reduction is less than 
3%. 

In this study, thermoelectric generator is placed over the 
automobile catalytic converter and its thermoelectric power 
production capability is experimentally investigated. 
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1.7. CATALYTIC CONVERTER OF THE DIESEL 

ENGINE 

Figure 1.4 Automobile Catalytic Converter 

 

A catalytic converter is a vehicle emissions control system 
which converts toxic by-products of an internal combustion 
engine into less toxic substances by way of catalyzed chemical 
reactions. The catalytic converter 

assembly consists of inlet/outlet pipes/flanges, steel 
housing, insulation material, seals, inlet/outlet cones, 
substrate(s), coating and sensor boss (Figure 1.4). 

 

1.8. Oxidation Catalyst 
 

The oxidation catalyst is the second stage of the catalytic 
converter. It reduces the unburned hydrocarbons and carbon 
monoxide by burning (oxidizing) them over a platinum and 
palladium catalyst. This catalyst aids the reaction of the CO 
and Hydrocarbons with the remaining oxygen present in the 
exhaust gas (Equation 1.2) and also Oxidation of hydrocarbons 
into carbon dioxide and water (Equation 1.3). 

2CO + O2  2CO2 (1.2) 

CxH4x + 2xO2 → xCO2 + 2xH2O (1.3) 

In this study, thermoelectric generator is placed over the 
automobile catalytic converter and its thermoelectric power 
production capability is experimentally investigated. 

 

2. METHODLOGY 
 

The exhaust gas temperature of the diesel engine varies 
with speed and load where elevated load and speeds generate 
maximum temperatures. It is about 500°C to 700°C (932°F to 
1293°F) at 100% load and 200°C to 300°C (392°F to572°F) at 
no load. This waste heat can be used for generating the 
thermoelectric power by using thermoelectric materials. The 
thermoelectric generator is solid- state devices that directly 
convert thermal energy into electrical energy based on 
thermoelectric effects. Recently, the "nanoparticle-in-
nanocomposite" is formulated to enhance thermoelectric 
characteristics which augment the interface scattering of 
photons for reducing the lattice as well as bipolar thermal 
conductivities. An efficient semiconductor must be selected 

with that nanomaterials can be added to enhance their 
thermoelectric characteristics at different temperatures. The 
semiconductor having the added nanomaterials is referred as 
nanocomposite 

The predominant characteristics of the thermoelectric 
materials are huge Seebeck co-efficient, minimum thermal 
conductivity and high electrical conductivity. The efficiency of 
a nanocomposite is estimated by their thermoelectric figure of 
merit. The thermoelectric power production capabilities of the 
nanocomposite are estimated in natural convection, forced 
convection, air cooled and liquid cooled regimes. 

Further, the effectiveness of the fabricated nanocomposite 
is evaluated by using the exhaust gas temperature of the diesel 
engine. 

 

2.1. THERMOELECTRIC POWER OF AIR AND 

LIQUID COOLEDNANOCOMPOSITE HEAT 

SINK 

 
The sources of waste heat include hot combustion gases 

discharged to the atmosphere, heat exiting during industrial 
processes and heat from the surface of the hot equipment’s. 
The various studies estimated that about 10% to 30% of diesel 
engine energy consumption is discharged as waste heat. While 
some waste heat losses from industrial processes are 
inevitable, facilities can reduce these losses by improving 
equipment efficiency or installing waste heat recovery 
technologies. 

The rectangular fins added nanocomposite plate heat sink is 
only considered for the further study as it produces maximum 
thermoelectric efficiency.  

Maximum thermoelectric efficiency of 3 vol.% of TiO2 
added Bismuth Telluride/Titanium Dioxide/Graphene oxide 
nanocomposite was observed as 2.65 % (section 5.5). In this 
chapter, air as well as liquid cooling is further employed to 
enhance the thermoelectric efficiency.  

The study on the thermoelectric efficiency of the 
rectangular fins added Bismuth Telluride/Titanium 
Dioxide/Graphene oxide nanocomposite in air and water 
cooled conditions regimes are presented in this chapter. 

 

2.2. AIR COOLED HEAT SINK 

The ultimate objective of this study is to generate 
thermoelectric power from the waste heat produced by the 
diesel engine driven automobiles.The thermoelectric efficiency 
mainly depends on the temperature difference between its hot 
and cold junction in which temperature of the cold junction 
plays a vital role. The forced convective 3 vol.% of TiO2 
added Bismuth Telluride/Titanium Dioxide/Graphene Oxide 
nanocomposite heat sink is employed with an axial fan and 
temperature controller is presented in the Figure 1.5 

In this section, cool air is forced by the axial fan at the cold 
junction of the Bismuth Telluride/Titanium Dioxide/Graphene 
oxide nanocomposite plate heat sink for getting lowest 
temperature. The air is cooled by the evaporator of the 
automobile through the process such as compression, 
condensation and expansion. The mass flow rate, pressure and 
temperature of air are controlled to estimate its performance. 
By using the temperature controller, the inlet air temperature is 
adjusted in the range of 400 K to 550K by a PID controller 

http://en.wikipedia.org/wiki/Vehicle_emissions_control
http://en.wikipedia.org/wiki/Internal_combustion_engine
http://en.wikipedia.org/wiki/Internal_combustion_engine
http://en.wikipedia.org/wiki/Catalysis
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Figure 1.5 Air cooled nanocomposite heat sink 

 

2.3. WASTE HEAT HARVESTING SYSTEM 
ANALYSIS BY THERMO-ELECTRIC 
GENERATOR USED IN AUTOMOBILE 
CATALYTIC CONVERTER 

Current scenario concerns include increasing world power 
consumptions and raising greenhouse heat emission posing 
serious considerations. Thermoelectric energy conversion 
incorporates direct energy conversion from heat sources to 
electric energy conservation. Automobile thermoelectric 
energy production is one of the procedures of turning vehicle 
radiation into usable electric energy through energy conversion 
that is overburdened through Seeback effect. This phase, 
briefly describes the possibilities of developing waste heat 
recovery from automobile catalytic converter using Bismuth 
Telluride/Titanium Dioxide/Graphene Oxide nanocomposite 
heat sink having rectangular fins. 

 

2.4. BISMUTH TELLURIDE/TITANIUM 
DIOXIDE/GRAPHENE OXIDE 
NANOCOMPOSITE HEAT SINK ADDED 
CATALYTIC CONVERTER 

 

In vehicles, exhaust gas is emitted to the environment. By 
applying a thermodynamic process, the heat of the exhaust gas 
can be converted into mechanical power for the vehicle. The 
ORC is a very promising technology for the recovery of engine 
waste heat. The mechanical energy generated by the Rankine 
process can be directly delivered to the engine or the 
expansioncatalytic converter is an emission control apparatus 
that reduces poisonous gases and pollutants in the exhaust gas 
of an internal combustion engine. In an ideal converter, the 
flow at the departure of the inlet diffuser would be uniform 
and, thus, would be evenly distributed to each of monolith 
passages of the catalytic converter. Before testing the actual 
concentrator thermoelectric generator, it was crucial to 
establish an experiment to analyze the traits of single 
nanocomposite cells and to generate a specification of all the 
parameters like thermal status of the cells, heat transfer 
condition and power output. The catalytic converter, whose 

depth is 200 mm and thickness is 5 mm, is a casing with a 50 
mm radius. the muffler, whose depth is 150 mm and thickness 
is 5 mm, is an elliptic cylindrical casing having a43 mm and 70 
mm radius modeled in Solid works. 

 

Figure 1.6 Catalytic converter in solid works 

 

2.5. FORCED CONVECTIVE PERFORMANCE
 TESTING CONFIGURATION 

 

The forced convective Bismuth Telluride/Titanium 
Dioxide/Graphene Oxide nanocomposite heat sink is employed 
with the catalytic converter which consists of an axial fan, 
nanocomposite heat sink with the rectangular fins, data logging 
system, electrical load controller, thermocouple, temperature 
controller and the configuration of test bench is presented in 
the Figure 1.6. 

The mass flow rate (vortex flow meter) of inlet air is 
maintained at 4 m3/min by using the rotary switch. 

The temperature difference between inlet and outlet is 
recorded on the data logger using K-type temperature sensor. 

The vortex flow meter and K-type temperature sensor is 
attached with pipes using flange. 

The usable electric energy through energy conversion that 
is overburdened through Seeback effect is recorded and its 
power is estimated. 

Furthermore, the power output is the key parameter to 
estimate the characteristics of Bismuth Telluride/Titanium 
Dioxide/Graphene Oxide nanocomposite rectangular fin heat 
sin 

Figure 1.6. Forced convective nanocomposite heat sink 
employed automobile catalytic converter test bench 

The experimental procedure for estimating the thermal 
performance of this nanocomposite automobile catalytic 
converter test bench is described below, 

The mass flow rate, pressure and temperature of air are 
controlled to estimate its performance. 

By using the temperature controller, the inlet air 
temperature is adjusted in the range of 400 K to 550K by a 
proportional– integral–derivative (PID) controller. 
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3. SUMMARY 

 

Thermoelectric materials are utilized for power generation 
by using thermo-electric devices that occurs even at relatively 
normal temperature differences. The catalytic converter is an 
emission control apparatus that reduces poisonous gases and 
pollutants in the exhaust gas of an internal combustion engine. 
The maximum temperature difference is generated from the 
forced convective rectangular fin added Bismuth 
Telluride/Titanium Dioxide/Graphene Oxide nanocomposite 
heat sink. Hence, it is employed with the catalytic converter of 
automobile for generating the thermoelectric power is reported 
in this chapter 

 

4. CONCLUSION 

 

The exhaust gas temperature of the diesel engine varies 
with speed and load where elevated load and speeds generate 
maximum temperatures (300- 500°C) which are used for 
generating the thermoelectric power by using thermoelectric 
generator. A single thermoelectric Bismuth Telluride/Titanium 
Dioxide/Graphene oxide nanocomposite cell is formulated and 
investigated the possibility of using as a thermoelectric device 
for power generation from automobile energy source. The 
experimental results exhibits that the addition of a small 
percentage of Graphene oxide (1.5 vol.%) improves the 
electrical conductivity and Titanium dioxide nanomaterials (1-
3 vol.%) reduce the thermal conductivity of Bismuth Telluride 
(ZT between 0.8-1). 

The thermoelectric property results of different volume 
percentages of Titanium Dioxide added Bismuth 
Telluride/Titanium Dioxide/Graphene oxide nanocomposites it 
can be concluded that 3 vol.% of TiO2 added nanocomposite 
has a maximum electrical conductivity (955-1620 S/cm), 
Seebeck co-efficient (-102 to -111.4 µV/K) and figure of merit 
(1.725- 3.09) in the measured temperature regime (300-600 K). 
The efficiency of a nanocomposite is estimated by their 
thermoelectric figure of merit (ZT). Further, 2 cm thickness of 
water cooled rectangular fin added nanocomposite heat sink 
produces maximum thermoelectric efficiency (3%) than a plate 
heat sink (2.9%) and cylindrical fins added nanocomposite 
heat sink (2.8%) and it is employed with the catalytic converter 
for generating the thermoelectric power. The watecooled 
forced convective Bismuth Telluride/Titanium 
Dioxide/Graphene Oxide nanocomposite heat sink is also 
employed with the catalytic converter for thermo-electric 
power generation in which the maximum power output of 
about 19 W is observed at the load resistance of 25 Ω. This 
electric energy can be stored in a battery and fed to the 
vehicle’s electrical system. The experimental outcome of this 
thesis can provide referable evidence in the means of studying 
and developing further mechanisms in renewable energy 
conversion system. 

 

5. FUTURE SCOPE 

 

With the recent energy crisis, researchers and industries are 
looking methods of handling energy in a better way which 
demands the use of generators. Thermo electric generators are 
now used to produce energy from intensive environments by 

optimizing the design of generators. Then a nanocomposites 
produce superior thermoelectric performances than their base 
stock like great ZT and energy output, which will play a 
significant role in many industrial applications. However, in 
spite of the ongoing efforts, their low conversion efficiency 
currently limits the application of thermoelectric devices to a 
few highly specialized niches. 
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