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Abstract - The paper describes a technique of waste energy harvesting by production of electricity from a thermoelectric 
material, utilizing the internal energy of the jet engine exhaust as a heat source. The electricity produced is likely to be used 
as an Auxiliary Power Unit for Cabin Lighting, Cabin Pressurization and Oxygen Supply System. The phenomenon is based 
on Seeback Effect wherein a temperature gradient across the 2 junctions results in voltage generation across the 2 ends. A 
duct carrying the exhaust gas from the turbine will be made to flow over one junction of the thermo-electric material. The 
other junction will be exposed to the free-stream incoming air by another duct carrying the air at much lower temperatures. 
The establishment of a temperature gradient will result in voltage generation across the two ends of the junction. The 
following thermoelectric material, silicon germanium semiconductor of a given dimensions will be connected in series – 
parallel connection to obtain maximum output voltage. The electricity generated will be stored in batteries for future use as 
an Auxiliary Power Unit. 
 
Keywords - Thermoelectric material, aircraft, jet engine, Auxiliary Power Unit, Silicon Germanium n type doping, thermo-
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I. INTRODUCTION 
 
Thermo electric materials are special class of smart 
materials in which if the 2 junctions of the material 
are exposed to different temperatures, an electric 
potential gradient is developed in between the 
junctions. It involves generation of electrical energy 
from a heat source by establishment of temperature 
gradient on the 2 ends. The Phenomenon is referred 
to as the Seeback Effect, named after Thomas 
Seeback who discovered this phenomenon in the late 
1800s.Under the application of heat ,heated electrons 
flow from the hot junction zone to the cold junction , 
and if the two ends are connected in an electric 
circuit, it is observed that DC current flows through 
that circuit. The voltage generated in the material 
depends on the temperature gradient in between the 
two junctions and are of order of few milli-volts. 
However, if numerous such devices are joined in 
series, it will result in the net increase in the output 
voltage, or if they are connected in parallel, it will 
result in maximum output current. In a commercial 
jet engine, only a small fraction of energy produced 
due to internal combustion is utilized by the turbine 
to rotate the shaft, rest is lost as heat. A 
thermoelectric electricity generator can be used 
wherein all of the exhaust gas will be utilized to 
generate electricity by producing a temperature 
gradient. Proper utilization of the available energy 
can generate enough electricity which can be used & 
stored in batteries as an Auxiliary Power Unit (APU) 
for the engine starter mechanism or cabin lighting.   
 
 

 
Fig. 1: Thermoelectric Material 

 
1. II. THEORY 

 
The theory states that when 2 junctions of the 
material are exposed to a temperature gradient, a 
potential difference is generated in between the 2 
junctions, which results in voltage generation across 
the 2 ends. When heat is applied at one end, the 
heated electrons move from the hotter end to the 
cooler end. The rate of electron movement is 
increases with the temperature gradient establishment 
and amount of doping. If the two ends of the semi-
conductor are connected in an electric circuit, direct 
current (DC) flows through the circuit. The voltage 
generated is of the order of few micro volts, but if a 
large number such devices are connected in series, it 
will result in large output voltage.  The ideal 
properties of a thermo electric material is high 
electrical conductivity & low thermal conductivity, 
and its efficiency of application is measured by its 
Figure of Merit, ZT, where, 
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ZT= α2 σT/ κ or α2 T/ρκ,  
Wherein α is the Seeback coefficient, σ is the 
electrical conductivity, ρ is the electrical resistivity, 
and κ is the total thermal conductivity. The properties 
of doped silicon germanium thermoelectric material 
have the optimum properties at the exhaust 
temperature.  The semiconductor strips are arranged 
in series- parallel fashion & connected in an electrical 
circuit to obtain maximum output voltage.    
 
III. METHODOLOGY 
 
The setup will consist of thermo-electric 
semiconductor strips running all across the wing 
span. The exhaust gas coming out from the turbine 
will be tapped and directed towards one end of the 
semiconductor with the help of a pipe. Another pipe 
will tap the pressurized free stream air. & direct it to 
the other end of the semi-conductor. Temperature will 
be increased due to heat addition across one end of 
the semi-conductor because of hot gas flow across the 
end whereas temperature will decrease due to passage 
of free stream cold air across another end. The 
establishment of temperature gradient across the two 
ends will result in voltage generation across the two 
ends due to the phenomenon of Seeback Effect.  The 
current produced will be stored in batteries which can 
be used either for cabin lighting or as Auxiliary 
Power Unit for engine starter mechanism. 
 

 
Fig 2:  Thermoelectric power generation setup 

 
FORMULATION 
 
In order to proceed with the calculation we have to 1st 
specify the boundary condition for an airplane. An 
Airplane flying at an altitude of 30,00ft by 
International Standard Atmosphere (ISA) has the 
ambient temperature of 228.6K and without the usage 
of afterburner, which is avoided in commercial 
aircraft the maximum engine temperature reaches to 
873K. 
 
 

 
FIG 3: Figure of merit Vs Temperature graph of different 

materials 
 
Formula  
So from the Formula we interpret 
TH = Temperature of hot unction. = 873K 
TC = Temperature of cold junction = 228.6K 
ZT = Figure of merit 
ŋ= Efficiency 
ŋ =  √

√  
 

In order to calculate ZT we have Figure no. 3 & 4 
which gives Figure of Merit as detailed function of 
temperature. 
From the Graph below optimizing the value at 873K 
we get value of degree of merit, ZT = 1.0 
 

 
FIG 4: Figure of merit Vs. Temperature graph 

 
So initially putting all the value of TH, TC, ZT we get 
efficiency to be 18.243%. 
 
In order to calculate the current we have to consider 
the Seeback coefficient into account. Figure 3 Aims 
at calculating the voltage difference from the given 
value of Seeback coefficient and temperature range. 
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FIG 5: Seeback coefficient & Resistivity Vs Temperature 

graph 
 

FORMULATION 
 
The semiconductor will usually operate at 873K so  
Incoming free stream wind temperature = 228.6K 
At 873K, Resistivity from graph is = 4.88 × 10-3Ωcm 
Seeback Coefficient (α) = 341µV/ºC 
Consider the length of each thermoelectric 
semiconductor to be 5cm*1cm (The breadth is 
intentionally kept small in order to reduce heat loss 
due to molecular vibrations)  
Area = 5cm2, 
 
Resistance = Resistivity × ( ) 
 
Resistance = 4.88 × 10-3Ω 
Voltage Generated = α × (Th – Tc) 
    = (341 × 10-6) × (600+44.4) = 0.219740V 
 
By Ohm’s Law V=I × R 
Where V= Voltage  
I= Current  
R= Resistance 
Hence current = (0.219740/.0048) = 45.77925 
Ampere 
Power = I2×R = 45.779252 × 0.00488 = 10.22720 
Watt 
As per calculated the efficiency of 18.243% (nearly) 

The net output from 1 semiconductor is = 1.84089 
Watt 
 
DESIGN 

 
FIG 6: Electric circuit diagram 

 
The design for the thermo electric material proposed 
by us is Length = 5cm, Breadth = 1cm 
 
The usual wingspan of A320 airplane is 38.40m. 
Keeping the clearance into account we take length to 
be 30m across which the semiconductors will be 
placed. 
 
Hence 600 semiconductors of length 5cm each can be 
considered across the length. 
 
Now considering the breadth of the wing which is 
14m touching the fuselage and tapered to 8m towards 
the end. Taking a 4m clearance i.e. 2m on each side 
we get 4m. 
Hence 400 semiconductors of length 1cm each can be 
taken across the breadth. 
So our proposed plan will be 600 columns and 400 
rows of semiconductors attached in series and parallel 
fashion. 
So to simplify 1st we will calculate 600 series 
semiconductor and treat it as one for parallel 
calculation. 
For 600 semiconductors Inet = 45.77925 Ampere as 
the net current in series remain the same. 
Voltage = 600 ×45.77925 × 4.88×10-3= 134.4684V 
We know the end conditions for series 
semiconductors and applying it to parallel one 
Here voltage remains the same.  
Rnet= 600 ×4.88 ×10-3= 2.928 Ω (This from series and 
calculation and act as one each in parallel) 
I=  
R’net= 7.32 ×10-3Ω(Net value of resistance in parallel 
connection) 
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So current is 
Inet= 18370.230ampere 
 Power = I2R=V2/R =2470.18KW  
But we have seen in that the efficiency is nearly 
around 18.34% for this material so the net expected 
power that is to be used is  
 
Pnet = 444.633214KW 
 
CONCLUSION 
 
The implementation of the following idea will 
provide a stepping stone to waste energy harvesting 
and will have the following advantages: 
 The energy can be stored in batteries to be used 

in Engine Starter Mechanism for the next flight 
the airplane is going to have. 

 The electricity generated can be used as a source 
of power for cabin lighting, cabin pressurization 
system and oxygen generation system. 

 It provides a sustainable technique of utilizing 
the energy which would have otherwise been 
wasted and rejected as engine exhaust. 

 Provides a technique for proper utilization of fuel 
which results in saving money, fuel and time. 
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