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Abstract - The paper highlights a technique of waste energy harvesting by production of electricity by the usage of 
pyroelectric materials from jet engine exhaust & to be used as an Auxiliary Power Unit for the aircraft. The paper covers the 
basic phenomenon of Pyroelectric Effect and utilizes various parameters to determine the efficiency of smart material crystal 
of PVDF (Polyvinylidene fluoride) at the exhaust temperature of a jet engine. . The proposed setup will include pyroelectric 
material strips of given dimensions arranged one after another along the entire surface of the wing in series and parallel 
combination to obtain maximum power output. A duct from the turbine will carry the exhaust gas at a temperature to the 
master valve; another duct will be carrying the free stream incoming ram air. The rate of flow will be regulated by flow 
control valve present at both the duct lines before connecting to the master valve. The establishment of a temperature 
gradient with respect to time will result in voltage generation across the electrical circuit. The electricity generated will be 
stored in batteries for future use as an Auxiliary Power Unit. 
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I. INTRODUCTION 
 
Pyro electricity is the ability of certain materials 
which possess spontaneous polarization to generate a 
temporary voltage under the application of a 
temperature gradient with respect to time. The pyro 
electric materials are characterized by having natural 
polarization and presence of large electric field. The 
polarization is defined as average dipole moment per 
unit volume in absence of an applied electric field. 
The polarization depends on the crystallographic 
structure of the crystal. At steady state with no 
temperature change with time, the spontaneous 
polarization is constant and when heated it decreases 
as the dipole moment losses its orientation which 
leads to reduction of number of charges on the 
surface of material, as a result flow of electrons take 
place and electricity is generated. While cooling the 
reverse thing happens where dipole regains the 
orientation thereby increasing the spontaneous 
polarization and hence more number of charges can 
be stored on the surface due to which reversing of the 
electric current takes place.  

 
Fig 1: Pyroelectric Material Setup 

 

In a jet engine, in order to rotate the shaft for air 
intake, a large amount of energy input is provided to 
the turbine. A certain percentage of the energy input 
is utilized for shaft work; rest of the energy is lost as 
heat. But this wasted heat energy can be an origin of 
alternate source of energy. 
 
The spontaneous polarization of an anisotropic 
material can lead to the generation of voltage 
generation by utilizing the waste energy that is lost 
from the turbines. The energy produced is a clean 
energy source and can be reused for sustainable 
energy management. 
 
II. THEORY 
 
Figure of merit 
We quantify 2 Figure of Merit for the performance of 
pyroelectric material for energy harvesting, namely 
FE [3] and k2 [4]. 
F =

×
  and   k = ×

×ρ
ϵ ϵ  

Where p is pyroelectric coefficient, ε0εr is the 
permittivity, ρ is the density, Cp is the specific heat of 
pyroelectric material and TH is the temperature of hot 
source. FE represents the amount of electric power a 
pyroelectric material can harvest from hot source 
while k2 is electro thermal coupling power which 
represents how effectively material converts thermal 
energy to electrical energy. 
 
Leakage Current 
Being Dielectric in nature ideally they should have an 
infinite electrical resistance but in reality electric 
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resistance is finite and decreases as the temperature 
increases. Hence a leakage current flows through the 
material thereby decreasing its efficiency.[5,6,7]. We 
should take into account that energy harvesting 
FOM’s do not consider pyroelectric material’s 
resistivity or the leakage current. 
 
Olsen Principle 
Pyro electricity is usually converting using Olsen 
cycle, where a pyroelectric material is sandwiched 
between 2 electrodes in contact with hot and cold 
source with temperature TH, TC respectively, while 
applying low or high electric field EL, EH respectively. 
Graph 1 shows The points 1–2–3–4 represent the 
electric analogue of the Olsen cycle and the area 
enclosed corresponds to the electrical energy 
produced per unit volume of material, denoted by ND, 
when the electric field is cycled between EL and EH 
and the material temperature oscillates between Thot 
and Tcold . 

 
Fig 2: Olsen Cycle 

 
III. METHODOLOGY 
 

 
Fig 3: Pyroelectric circuit diagram 

 
The setup will include pyroelectric material strips of 
given dimensions arranged one after another along 
the entire surface of the wing. The thickness will be 

deliberately kept very small in order to reduce the 
loss of energy in the form of molecular vibration. A 
duct from the turbine will carry the exhaust gas at a 
temperature of 600°C to the master valve  Another 
duct will be carrying the free stream incoming air 
from outside at a temperature of -44°C. The rate of 
flow will be regulated by flow control valve present 
at both the duct lines before connecting to the master 
valve. As the pyroelectric material requires a steady 
temperature fluctuation with change in time intervals, 
the flow regulator valve will ensure proper 
intermixing of the two incoming air source at 
different temperatures. The master valve will then 
equally distribute the intermixed air to all the rows of 
the pyroelectric material stacking. The flow along the 
exhaust pipe and free stream air pipe will be varied at 
different time intervals to ensure proper voltage 
generation. All the photoelectric strips will be 
interconnected to each other with the help of 
conducting wires and the electricity generated by the 
combined effect of all the pyroelectric strips will be 
stored in a battery for future use. 

 
IV. CALCULATIONS 
 
The current produced by polarization of a 
pyroelectric material by 
 
Application of a temperature with respect to time: 
 
I = A × p ×  …………………………………(1) 
 
Where, 
I  = Current of pyroelectric Material 
p  = Pyroelectric coefficient. 

 = Rate of change of Temperature with time. 
A= Area of the sheet taken 
 
Q = m × C × dT 
………….………………………...(2) 
 
Where, 
Q= Energy stored by pyroelectric material. 
M= molar mass 
C  = Specific heat capacity. 
dT= Change in temperature  
 
Q = I × V × t 
…………..………………………….(3) 
 
Where, 
V  = Voltage of pyroelectric material. 
t = time 
 
P = I × V  
………………………………………….(4) 
 
Where, 
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P- Power generated. 

 
 
Material Selected PVDF (Polyvinylidene fluoride), 
Area = 35×5 m   , 
C  = 1.6 KJ/kg-K,  
m=102.92 g/mol 
p  = 33 μC/m K 
dT = T − T  = 873K – 229K =644K , dt=30s 
 
Using Equation (1) 
I  = 35×5×33×10-6 × (644/30) 
퐈퐩 =8.67 C/s 
Therefore current drawn= 8.67 amp 
Using Equation (2)  
Q = m × C × dT 
Q= 102.92×10-3  × 1.6×103 × 644 
   =106.048 KJ 
Using Equation (3) 

V  =
Q

I  × t 

     = 106048/(8.67×30) 
퐕퐩  = 407V 
Using Equation (4) 
P= 407×8.67 
P = 3.528 KW. 
 
CONCLUSION  
 
In today’s world of sustainable development, the 

application of the pyroelectric material will help in 
waste energy harvesting from the engine exhaust 
wherein the energy which would have been otherwise 
wasted is implemented in the generation in an 
alternate source of energy and used for some other 
applications. This creates prospects for enhancement 
of new technology and would result in the more 
efficient way of energy utilization. The electric 
energy generated can be utilized for cabin lighting, 
cabin pressurization, oxygen generation, fire 
detection system. This study provides a detailed 
calculation, of how much power pyroelectric material 
can produce for the desired design and justifies its 
usage for other auxiliary power unit. 
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