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Abstract: Even modern internal combustion engines have no more than 40% of efficiency. The 
remaining 60% of the energy gained from the burning fuel is considered as waste energy. Half of the 
waste energy is transferred to the environment by the exhaust system. As the exhaust gas has higher 
temperature than the environment the heat energy of the gas could be utilized. Although this idea is 
currently being researched by car companies to increase the fuel economy, our purpose with the 
present research is not to decrease the consumption but to generate electricity from the temperature 
difference based on the Seebeck effect. The produced electricity can power an emission reducing unit. 
The theoretical investigation of exhaust gas energetic utilization is described in the paper. The 
Seebeck efficiency of a 50 W nominal power Peltier element was determined with a measurement 
series. Based on the lower heating value (LHV) of diesel oil the achievable exhaust energy was 
calculated. A thermo picture was taken to determine the temperature gradient around the exhaust 
system on a real car. Finally the necessary Peltier element area was calculated.

1. INTRODUCTION 

 

Fig. 1. Atmospherical CO2 and average Earth 

temperature in the past [1]  

 

In the last few thousand years, nature has given a 

stable base of living and almost infinite supply to 

reserve the biosphere to humanity. In the early ages, 

humanity made changes to the environment with 

limited technology, but the rate was infinitesimal 

compared to the size of the natural environment. 

Global changes were not detected. In the last two or 

three hundred years, there has been an explosion in 

the development of the industrial and technical sector 

that supplied people with a multiplied set of tools to 

encroach nature.  

The motorization has been developed so 

dynamically that the air, soil, water pollution is 

considerable [2] to the amounts of those found on 

Earth (see Fig. 1.). Sustainable development is a kind 

of development where the pace of technical 

development, the satiation of increasing supply and 

the raw materials and resources of the Earth are 

poised so that the rate of living and the opportunities 

of the future generations should not decline. 

Transportation cannot be replaced because it is a part 

of the production chain. Societies are horizontally and 

vertically differential. The manpower, the stock, the 



semi finished and the finished products must be 

transported. The importance of the transportation 

sector is indicated by sector production which is 10% 

of the GDP of the European Union and more than 10 

million people are working in this sector. One of the 

most emphasized goals of the transport policy of the 

European Union is sustainable mobility. Trends in 

almost all sectors of economy will affect the transport 

sector. In other words, growth in economy 

automatically leads to growth in transport. There 

cannot be economic growth without the availability of 

transport. The role of economy has always been the 

creation and distribution of wealth. Therefore, the 

effectiveness of transportation service must be 

increased while the environmental pollution must be 

decreased or prevented. Solution could be the 

increase of energetic utilization fuels or the increase 

of energetic efficiency of vehicles [3]. Therefore it is 

a very important issue to use the waste energy of 

exhaust gas. The authors aim is to investigate the 

theoretical possibilities of exhaust gas energetic 

utilization. 

2. HEAT TO ELECTRICITY CONVERTERS 

There are several possibilities to transform heat to 

electricity. One could be the usage of turbo 

generators. In most car engines, waste heat is removed 

through the radiator using a coolant and then released 

to the ambient. Significant heat is released through 

the exhaust system also. In the case of high-

performance engines the exhaust heat is used either 

for turbo-charging or supercharging. A turbocharger 

uses a turbine attached to the exhaust system whereas 

a supercharger is attached directly to the engine to run 

a compressor. A number of other techniques, mostly 

conceptual, have been proposed to recover the waste 

heat of an automobile engine [4]: 

• Metal hydride systems 

• Zeolite systems 

• Thermoacoustic systems 

• Absorption systems 

• Thermoelectric devices 

Instead of these the authors investigated the usage 

of Peltier element because of the better suitability to 

the exhaust system. Peltier elements, used in power 

generator mode, are based on Seebeck effect. The 

development of thermoelectric (TE) device arguably 

began in the early 19th century [5]. In a conceptual 

system, electrical power is extracted from the hot 

exhaust gas by a Seebeck device. The greatest 

shortcoming with the use of Peltier thermoelectric 

devices is their poor thermal efficiency [6].  

Thomas Johann Seebeck accidentally discovered 

the Thermocouple in 1821. He experimentally 

determined that a voltage exists between the two ends 

of a conductor when the conductor’s ends are at 

different temperatures. His work showed that this 

voltage is proportional to the temperature difference. 

His discovery soon became the basis of the 

“thermocouple”, which is one of the most popular and 

cost effective temperature sensors today. 

The open-circuit voltage between conductor ends 

was proportional to the temperature difference 

(T1-T2) as shown in Eq 1. 

U12=Sa ( )21 TT −⋅  (1) 

where 

U12: voltage generated by the Peltier element 

Sa: the Seebeck coefficient, defined as the 

“thermoelectric power” of a material (see Table 

1.).  

T1: temperature in one side of Peltier element 

T2: temperature in other side of Peltier element 

As the first step of the theoretical investigation 

based on Eq. 1 T1 and T2 were measured for 

calculating Sa with different load resistances. A 

Peltier element with 50 W nominal power was placed 

in a thermally isolated chamber. To reach sufficient 

and fast heat transfer heat sinks were applied to both 

sides of the Peltier element. The heat sink on the 

warm side was accessible from outside of the 

chamber, as it can be seen in Fig 2.  



 

Fig. 2. Measurement setup of measuring the voltage of the 

Peltier element by different temperatures 

The heat sink of the cold side was placed inside 

the chamber and was cooled by H2O ice. Different 

temperature values were forced to the sides of the 

Peltier element. The temperature of both sides was 

measured simultaneously. By different temperature 

values the nascent voltage on the load resistance was 

measured. 
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11 0.011 0.021 0.028 0.035 

13 0.012 0.020 0.028 0.035 

17 0.011 0.020 0.028 0.036 

24 0.011 0.020 0.027 0.035 

48 0.011 0.019 0.027 0.034 

54 0.011 0.019 0.027 0.034 

69 0.012 0.019 0.027 0.036 

82 0.012 0.019 0.027 0.036 

87 0.012 0.019 0.027 0.037 

AVG 0.011 0.02 0.027 0.035 

Tab. 1. Measured Seebeck coefficients 

The results of the measurement series can be seen 

in Fig 3. Linear function between resistance [Ω] and 

voltage [V] can be observed, as it was expected form 

Eq. 1. The gradients of lines need to be equal to 

Seebeck coefficients. Linear regression was applied to 

the measured data. In case of all measurement series 

the R
2
 is over 0.99 which means a very good fit. The 

determined Seebeck coefficients can be seen in Table 

1.  

 

Fig. 3. Thermocouple voltage in function of the difference 

in temperature and the load resistance 
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where 

P: power generated by Peltier element (Fig. 4.) 

R: load resistance 

In semiconductors, temperature differences induce 

majority carriers (holes for p-type or electrons for n-

type) to diffuse from the hotter area of the gradient to 

the cooler area. The movement of carriers creates a 

DC potential, for electrons this is a negative voltage 

and for holes this is a positive voltage. A current can 

flow through the material if a load is attached. Due to 

the numerous process variables related to producing 

of semiconductor materials such as doping densities 

and crystalline phase, there is no way to directly 

calculate the Seebeck coefficient. Hence, the Seebeck 

coefficient must be determined experimentally. The 

Seebeck coefficient of semiconductors and metals is 

of interest for thermoelectric power generation 

technology.  

From the value of the load resistance and the 

measured voltage the generated power of the Peltier 

element was also calculated. On Fig 4. the quadratic 

function (2. Eq.) between difference in temperature 

[°C] and power [mW] can be observed. 



 

Fig. 4. Thermocouple power in function of the difference in 

temperature and the load resistance 

The result of the measurement shows that a 

thermocouple with 50 W nominal power with 87 °C 

temperature difference can generate 1.2 W power. 

Therefore the efficiency of the process is 

approximately 2.4%. 

Conversion of heat to useful electric power is a 

promising method for increasing the efficiency of 

automobiles, where waste exhaust heat can be used to 

generate electricity for the alternator. This technique 

is currently being researched by several car 

companies such as BMW who claims an increase of 

5% in fuel economy [7]. The aim of this investigation 

is not to increase the fuel efficiency but to decrease 

the emission of diesel engines.  
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Fig. 5. Generated power in function of the load resistance 

It is also observed, that the function of the 

generated power vs. load resistance has a maximum 

point (Fig 5.).  We concluded that similar to the solar 

cells the Peltier element in Seebeck mode has a non-

linear load function also. For this reason more 

sophisticated electronics need to be developed to 

achieve the maximal power. 

3. ENERGETIC INVESTIGATION OF PASSENGER 

CARS 

Basically compression engines had been 

investigated because their exhaust gas temperature 

has smaller deviation then spark ignition engines [8]. 

Compression engines are lead by diesel oil which has 

34 MJ
.
l
-1

 of lower heating value (LHV). Theoretically 

from burning diesel oil in compression engines we 

can have approx 10.2 MJ
.
l
-1

 of energy in exhaust gas 

(see Fig 6.) 

 

Fig 6. Rate of useful and waste energy, generated in an 

internal combustion engine. 

As it can be seen form Fig. 6. approximately 0.069 

kWh
.
l
-1

 of energy can be utilized from exhaust gas 

with thermocouples (Typically the 800 ºC gases have 

a velocity of 60 m/s and a mass flow rate of 0.05 kg/s 

[9], providing enough energy for Peltier element  with 

a high probability). 

In automobile engines significant amount of heat is 

released to the environment. For example, Hatazawa 

et al. [10] believe that as much as 35% of the thermal 

energy generated from combustion in an automotive 

engine is lost to the environment through exhaust gas 

and other losses. 

4. CONSTRUCTION CONSIDERATIONS 

To determine the number of Peltier elements the 

difference in the temperature and the required power 

need to be considered. 



As a result of our measurements 1.2 W power can 

be generated per unit of Peltier element. For reaching 

100 W power, 84 units, approximately 2100 cm
2
 hot 

surface is required. With the produced electricity an 

emission reducing unit will be used. 

5. CONCLUSION 

The authors aim is to investigate the theoretical 

possibilities of exhaust gas energetic utilization. The 

authors investigated the usage of Peltier element 

because of the easier additivity to the exhaust system. 

The authors have found linear function between 

resistance [Ω] and voltage [V] according to the 

international literature. Not only the Seebeck related 

voltage but the maximal allowable power generated 

by the Peltier element is important. For this reason the 

authors have done power measurements with 1 Ω, 3.3 

Ω, 4.7 Ω, 10 Ω resistances. Quadratic function has 

been found by the measurements which is suitable for 

the international literature. Due to the author’s 

calculation a thermocouple with 50 W nominal power 

with 87 °C temperature difference can generate 1.2 

W. With the usage of several Peltier elements enough 

power can be generated for using an emission 

reducing unit. Due to the non-linear load function of 

the Peltier element more sophisticated electronics is 

required to gain the maximal power from the Peltier 

element in any condition. 

The experiments conducted on the measurement 

system, prove that the concept is feasible, and could 

be used on transportation vehicles. Further research is 

needed to establish impacts such as back pressure on 

the engine, system reliability, cost and benefit. 
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