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Abstract - Energy harvesting is raising area of research
now as the whole world is looking for clean and green
energy as an alternative source. This paper describes
energy harvesting from piezoelectric materials. The
proposed model of Energy Harvester from piezoelectric
Materials has been presented. The MATLAB simulation
model of piezoelectric energy harvester has been
developed and results are obtained in the form of
waveforms. The generation of electric energy when some
force is applied on the sensors depends upon various
factors such as number of piezoelectric transducers,
electromechanical coupling coefficient of piezoelectric
sensors, amount of load applied, and also on the scheme of
arrangement. This paper also describes the process of
making an efficient piezoelectric harvester. The model
design is purely for studying the energy generation and
capturing phenomenon in an efficient manner. It can be
implemented to generate large power.
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1. INTRODUCTION

The demand of the fossil fuel is increasing day by day.
Due to this the future of the generation of power using
non-renewable energy will come to an end. This
overconsumption and risks in using non-renewable
energy sources is pressuring the environment as well as
the economy. The use of non-renewable energy sources
is creating many problems such as the global warming is
increasing day by day and due to this the temperature of
earth is rising every year causing more heat, erratic
rainfall, storms and droughts and therefore affecting
farming also. This will also result in scarcity of energy
sources for the future generation. Therefore alternative
energy sources are very essential for the sustainable
development. Dependency on non renewable sources is
decreasing day by day and on the other hand renewable
energy sources are becoming popular. The renewable
energy sources includes solar energy (solar cell), wind
energy (wind mills), geothermal energy (geothermal
power plant) etc. The use of solar energy is taking place
at large scale but the drawback of solar energy is that it
is limited to applications that are sunlit.

One of the ways to get a green and clean energy is by
using piezoelectric materials. Piezoelectric energy
harvesters are capable of generating energy through the
vibrations produced in the piezoelectric materials. The
main advantage of using piezoelectric energy harvester
is that it can utilize the vibrations i.e. muscular or
mechanical strain on various infrastructures which
otherwise gets wasted. So by using piezoelectric
transducers it is possible to convert the mechanical
energy (vibrations) into electrical energy. This generated
electrical energy is alternating in nature and can be
further utilized either directly or may be stored by a
storage device

The process of extracting energy out of a system and
transforming it in to usable electrical energy is “Energy
Harvesting”. The key idea is to use piezoelectric material
and harvest wasted energy caused due to vibration of a
system. These wasted vibration source may be from
various source like a mobile host, transport system (like
road, railway, airline and runway) etc. Piezoelectric
materials have crystalline structure which provides
them with ability to absorb the mechanical energy from
their surroundings, usually ambient vibration and
transform it into electrical energy; this electrical energy
thus produced can be further used to power other
devices. In the recent years a lot of research has been
performed in this field and finally we are able to
generate sufficient energy out of a system containing
piezoelectric materials. The demand of devices having
independent power supply has been increasing and also
we need to reduce the dependency on the coal and other
non renewable sources of energy and to develop an
alternate source of power facilitating green and clean
energy. A vibrating piezoelectric element electrically
behaves as a capacitive ac source which is rectified at
later stage at a desired dc voltage level to be useful for
providing power to electronic devices. Piezoelectric
energy harvesting can be carried out on small scale for
low power electronic system as well as on large scale to
light up the city. The low power harvesting is carried out
for microelectronics, wireless sensors, portable devices,
remote sensing, GPS tracking, aerospace technology,
biomedical instruments, nanotechnology, implantable &
wearable power supply etc. The generation of high
power is being carried out for consumption purpose in a
green way for example “Road to electricity, Rail to
electricity, piezoelectric floor mats etc.”
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2. FUNDAMENTAL OF ENERGY HARVESTING
FROM PIEZOELECTRIC MATERIAL

2.1 Piezoelectricity

Piezoelectricity is the electric charge that
accumulates in certain solid materials (notably crystals,
certain ceramics, and biological matter such as bone,
DNA and various proteins) in response to the applied
mechanical stress. The word piezoelectricity simply
means electricity resulting from pressure. This word is
derived from the Greek word piezo which means to
press, and electric or which stands for amber, an ancient
source of electric charge. The principle of piezoelectricity
depends on the crystals. The piezoelectric effect can be
understood as the linear electromechanical interaction
between the mechanical and the electrical state in
crystalline materials. The piezoelectric effect is a
reversible process which means the materials that
exhibit the direct piezoelectric effect (the internal
generation of electrical charge resulting from an applied
mechanical force) also contain the reverse piezoelectric
effect.
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Fig -1: Disk showing direct and converse piezoelectric
effect

2.2 Mechanism

The character of the piezoelectric effect is closely
related to the occurrence of electric dipole moments in
solids. The importance for the piezoelectric effect is the
change of polarization P when applying a mechanical
stress. This may be due to a re-configuration of the
dipole-inducing surrounding or by re-orientation of
molecular dipole moments under the influence of the
external stress. Piezoelectricity may be then manifest in
a variation of the polarization strength, its direction or
both, with the details depending on the orientation of
polarization P within the crystal, crystal symmetry and
the applied mechanical stress. The piezoelectric material
can be classified on the basis of the piezoelectric
properties. The classification is shown in the figure 2.

Fig -2: Classification of piezoelectric materials

2.3 Mathematical description

Piezoelectricity is the combined effect of the electrical
and mechanical character of the material:
D=¢E
Where the notation D is for the electric charge density
displacement (electric displacement), € is permittivity
and E is the electric field strength, and Hooke's Law:
S=sT
Where the notation S is for strain, s is compliance and T
is stress. These may be combined into coupled equations,
of which the strain-charge form is:
{8} =[s* T} + [dI{E}
{D} = [d']{T} + [ e"HE}
Where [d] is the matrix for the direct piezoelectric effect
and [d!] is the matrix for the inverse effect that is for the
converse piezoelectric effect. The superscript E indicates
a null, or constant electric field; the superscript T
indicates a zero, or constant stress field; the superscript t
stands for transposition of matrix. Where the first
equation indicate the relationship for the converse
piezoelectric effect and the latter equation represent the
relationship for the direct piezoelectric effect.

2.3 Electrical Equivalent Circuit

The equivalent electrical circuit of a piezoelectric
diaphragm can be given by a current source in parallel
with a resistor and a capacitor. This current source is
alternating in nature with the frequency of the vibration
applied to the piezoelectric diaphragm. If these
piezoelectric diaphragms are connected in parallel then
current output of the harvester increases which is
needed for various uses like charging the battery and

© 2020, IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page94



’l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 07 Issue: 07 | July 2020 www.irjet.net p-ISSN: 2395-0072

super capacitor and also for the operation of many low
powered electronics.
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Fig -3: Piezoelectric Diaphragm

Fig -5: Simulation model for equivalent piezoelectric
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Fig -4: Electrical equivalent circuit

3. SIMULATION OF ENERGY HARVESTER MODEL

In our proposed model for the simulation and testing
purpose we assumed the electrical equivalent model and
connected 6 numbers of piezoelectric diaphragms in two
groups i.e. 3 piezoelectric diaphragms are connected in
parallel in each group. The output of these parallel
connected piezoelectric diaphragms is then given to two
full bridge rectifiers circuit of each group with a resistive
load and a capacitor filter. This model has been created
in MATLAB. The circuit diagram is shown in figure 5.The
waveform is observed through scope block connected in
the circuit. The waveforms are also shown in figure 6,
figure 7 and figure 8 respectively. Two operations were
performed i.e. one on the energy harvester circuit with
resistive load but without capacitive filter and another
operation on energy harvester with resistive load
having capacitive filter also. In the each equivalent
piezoelectric diaphragm we assumed current source of
1mA with a resistor of 10K Ohm and a capacitor of
1micro Farad connected in parallel. The frequency of o .
each current source is taken as 10 Hertz. The rectifier Fig.7 Rectified Output of energy harvester (without
taken in the circuit is full wave rectifier. The load taken is capacitive filter)

purely resistive load of 1kilo Ohm with a capacitive filter

of 1 micro Farad. The above described

arrangement is simulated with MATLAB in

Simpower System.
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Fig -8: Rectified output of the energy harvester (with
capacitive filter)

3.1 Results of piezoelectric harvester circuit

e The output of the piezoelectric diaphragm
circuit is AC waveform. Here in this paper the
circuit consists of two groups of piezoelectric
equivalent diaphragm. The output of both the
groups of piezoelectric diaphragm is alternative
in nature as shown in figure 6. This alternative
output is further passed through the full wave
bridge rectifiers of each group.

e When this obtained alternative output passed
through the full wave bride rectifier of each
group we get the rectified output.

e If the circuit consist only resistive load i.e.
without capacitive filter, the output waveform of
the full bridge rectifier is a pulsating DC .It
contains ripples or harmonics and the output is
not smooth. This pulsating DC is not suitable for
the load application. So to get low ripple output,
capacitive filter is required which results in
reduction in harmonics in the output.

o If the circuit consist of capacitive filter also then
the ripples or harmonics get reduced hence we
get a smooth waveform i.e. The filter result in
smooth output waveform obtained from the
rectifier and gives the DC with less harmonic
component. Since the harmonic or the AC
component of the signal is reduced so the ripple
factor is also less which is desirable. This DC
output with low ripple may be further utilized
for load application for example, charging the
battery or storing the power to an ultra
capacitor. For an efficient and optimum
harvester model a very efficient rectifier is
required which rectifies and stores the energy
with very low loss across it, so that there is no or
very low amount of energy dissipation across
it. Such an arrangement will prove to be efficient
for the “Harvester Model”.

The matrix arrangement is shown in the figure 9.
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Fig -9: Matrix arrangement of the piezoelectric

4. PROCESS OF DESIGNING THE HERVESTER
CIRCUIT

The process of design includes following steps:
1. Selection and arrangement of the Piezoelectric
Material
2. Design of the Base on which every section will lie
3. Design of the “Shaker Model”
4. Design of the “Harvester Circuit”
5. The Storage section
6. The Boost Converter Section.
To get a efficient piezoelectric energy harvester
each of the section of the circuit must be selected with a
great care.

5. CONCLUSION AND FUTURE SCOPE

A piezoelectric energy harvester has been simulated
successfully and the results in the form of waveforms are
obtained on the scope block of the simulation circuit. It is
clear from the results that to get smooth rectified output
i.e. with reduced or no harmonics and ripples, capacitive
filter is required and to use the generated energy can be
utilized directly or can be stored in a storage device for
further use. The expected result is obtained from the
circuit model developed in MATLAB. There is wide scope
of improvement of this energy harvesting techniques to
meet the demand of the users and to make it more
efficient. Improvements may be done at the rectifier
stage to reduce the losses i.e. voltage drop. The storage
section may also be improved. A circuit using
microcontroller and logic circuit may be designed to
optimize the capturing of the energy harvested. Methods
of increasing the amount energy generated by the power
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harvesting device or developing new and innovative
methods of accumulating the energy are the key
technologies that will allow power harvesting to become
a source of power for devices such as portable
electronics and wireless sensors. Innovation in power
storage such as the use of rechargeable batteries with
piezoelectric materials must be discovered so that power
harvesting technology will be used widespread.

REFERENCES

[1] Pisharody Harikrishnan G, An Optimal Design
for Piezoelectric Energy Harvesting System,
IEEE PES Innovative Smart Grid Technologies-
India, 2011

[2] A. Chandrakasan, R. Amirtharajah, J. Goodman,
W. Rabiner, Trends in Low Power Digital Signal
Processings of the 1998 IEEE International
Symposium on Circuits and System (1998) 604-
607.

[3] S. Roundy, P.K. Wright, J. Rabaey, A study of low
level vibrations as a power source for wireless
sensor nodes, Computer Communication,
26(2003)1131-1144.

[4] C.B. Williams, R.B. Yates, Analysis of a micro-
electric generator for Micro systems, Sensors
and Actuators, 52 (1996) 8-11.

[5] D. Shen, ].H. Park, |. Ajitsara, S.Y. Choe, H.C. Wikle
III, D.J. Kim, The design, fabrication and
evaluation of MEMS PZT cantilever with an
integrated Si proof mass for vibration energy
harvesting, Journal of Microelectronics and
Microengineering, 18 (2008) 055017.

[6] S. Roundy, P.K. Wright, A piezoelectric vibration
based generator for wireless electronics, Smart
Materials and Structures, 13 (2004) 1131-1142.

[7] M. Marzenkicki, Y. Ammar, S. Ammar, S. Basrour,
Integrated based harvesting system including a
MEMS generator and power management
circuit, Sensor and Actuators A, 145-146 (2008)
363-370

[8] Y.B. Jeon, R. Sood, ].H. Jeong, S.G. Kim, MEMS
power generator with transverse mode thin
films PZT, Sensors and Actuators A 122 (2005)
16-22.

[9] G. Poulin, E. Sarraute, and F. Costa, “Genaration
of electric energy for portable devices:
Comparative study of an electromagnetic and a
piezoelectric system,” Sens. Actuator A, Phys,,
vol. 116, no. 3, pp.461-471, Oct. 2004.

[10] S. W. Arms, C. P. Townsend, D. L. Churchil, J. H.
Galbreath, and S. W. Mundell, “Power
management for energy harvesting wireless
sensors,” in Proc. SPIE Int. Symp. Smart
Struct. Mater., San Diego, CA, Mar. 2005, vol.
5763, pp. 267-275.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

N. Elvin, A. Elvin, and D. H. Choi, “A self-powered
damage detection sensor,” ]. Strain Anal. Eng.
Des., vol. 38, no. 2, pp. 115-124, Mar. 2003.

S. R. Anton and H. A. Sodano, “A review of power
harvesting using piezoelectric materials (2003-
2006),” Smart Mater. Struct., vol. 16, no. 3, pp.
R1-R21, Jun. 2007.

A. Tabesh and L. G. Frechette, “An improved
small-deflection electromechanical model for
piezoelectric bending beam actuators and
energy harvesters,” ]. Micromech Microeng., vol.
18, no. 10, pp. 104009-1-104 009-12, Oct. 2008.

G. K. Ottman, H. F. Hofmann, A. C. Bhatt, and G. A.
Lesieutre, “Adaptive piezoelectric energy
harvesting circuit for wireless remote power
supply,” IEEE Trans. Power Electron., vol. 17, no.
5, pp. 669-676, Sep. 2002.

E. Lefeuvre, A. Badel, C. Richard, L. Petit, and D.
Guyomar, “A comparison between several
vibration-powered piezoelectric generators for
standalone systems,” Sens. Actuators A, Phys,,
vol. 126, no. 2, pp. 405-416, Feb. 2006.

G. K. Ottman, H. F. Hofmann, and G. A. Lesieutre,
“Optimized piezoelectric energy harvesting
circuit using stepdown converter in
discontinuous conduction mode,” IEEE Trans.
Power Electron., vol. 18, no. 2, pp. 696-703, Mar.
2003.

D. Guyomar, A. Badel, E. Lefeuvre, and C.
Richard, “Toward energy harvesting using active
materials and conversion improvement by non
linear processing,” IEEE Trans. Ultrason,,
Ferroelectr.,, Freq. control, vol. 52, no. 4, pp.
584-595, Apr. 2005.

E. Lefeuvre, D. Audigier, C. Richard, and D.
Guyomar, “Buckboost converter for sensorless
power optimization of piezoelectric energy
harvester,” IEEE Trans. Power Electron., vol. 22,
no. 5, pp. 2018-2025, Sep. 2007.

Y. Ammar, A. Buhrig, M. Marzencki, B. Charlot, S.
Basrour, K. Matou, and M. Renaudin, “Wireless
sensor network node with asynchronous
architecture and vibration harvesting micro
power generator,” in Proc. Joint Conf. Smart
Objects Ambient Intell,, Grenoble, France, Oct.
2005, pp. 287-292.

J. Han, A. V. Jouanne, T.Le, K. Mayaram, and T. S.
Fiez, “Novel power conditioning circuits
for piezoelectric micro power  generators,” in
Proc. IEEE APEC, 2004, vol. 3, pp. 1541-1546.

T. T. Le, J. Han, A. Jouanne, K. Mayaram, and T. S.
Fiez, “Piezoelectric micro-power generation
interface circuits,” IEEE ]. Solid-State Circuits,
vol. 41, no. 6, pp. 1411-1420, Jun. 2006.

A. Tabesh and L. G. Frechette, “Ultra low power
stand alone circuitry for harvesting energy from
a micro-power piezoelectric generator,” in Proc.

© 2020,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page97



International Research Journal of Engineering and Technology (IRJET)

Volume: 07 Issue: 07 | July 2020

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

[23]

[24]

[25]
[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

PowerMEMS/microEMS, Sendai,
2008, vol. 1, pp. 289-292.

M. Marzencki, S. Basrour, B. Charlot, A. Grasso,
M. Colin, L. Valbin, Design and fabrication of
piezoelectric micro power generators for
autonomous Microsystems, Proc. Symp. On
Design, Test, Integration and Packaging and of
MEMS/MOEMS DTIPO5, (2005) 299-302.

H. A Sodano, ]. Lloyd, D. ]. Inman, An
experimental comparison between several
active composite actuators for power
generation, Smart Materials and Structures, 15
(2006) 1211-1216.
http://www.researchandmarkets.com/research
/02deeda5/global_piezoelectri
http://www.innoresearch.net/Press_Release.as
px?id=12
http://www.altenergis.co.uk/Piezoelectric.html
Amir Manbachi and Richard S C Cobbold,
“Development and application of
piezoelectric = materials  for  ultrasound
generation and detection”, published online on 3
Nov 2011, Ultrasound, doi:
10.1258/ult.2011.011027

Andrew Townley, “Vibration Energy Harvesting
using MEMS Piezoelectric Generators”, Electrical
Engineering, university of Pennsylvania .

Aliza Aini Md Ralib, Anis nurashikin Nordin,
Hanim Saleh, “Theoritical Modeling and
simulation of MEMS Piezoelectric Energy
harvester”, International conference  on
computer & communication engineering
(ICCCE2010), 11-13 May 2010, Kuala Lumpur

A. Tabesh and L. G. Frechette, “Ultra low power
stand alone circuitry for Harvesting energy from
a Piezoelectric Micro-Power generator”, IEEE
Trans. Industrial Electronics, Vol. 57, NO. 3, Mar.
2010.

Thurein Paing, Regan Zane, Colorado Power
electronics centre,“Design and Optimization of
an Adaptive Non-Linear Piezoelectric Energy
Harvester” 978-1-4244-8085-2/11/$26.00
©2011 IEEE.

D. Guyomar, A. Badel, E. Lefeuvre, C. Richard,
“Toward Energy Harvesting Using Active
Materials and Conversion Improvement by
Nonlinear  Processing,” IEEE Trans. on
Ultrasonic’s, Ferro., and Freq. Control, vol. 52,
no. 4, pp. 584-595, April 2005.

H. A. Sodano and D. ]. Inman, "Comparison of
piezoelectric Energy harvesting devices for
recharging Batteries", LA-UR-04-5720, Journal
of Intelligent Material Systems and Structures,
16(10), 799-807, 2005.

Sutrisno W. Ibrahim, Wahied G. Ali, “Power
Enhancement for  Piezoelectric = Energy

Japan, Nov.

[36]

[37]

Harvester” Proceeding of the World Congress on
engineering, Vol II, July 4-6,2012,London,UK.
Ramadass Y, and Chandrakasan A P 2010
AnEfficient Piezoelectric Energy Harvesting
Interface Circuit Using a Bias-Flip Rectifier and
Shared Inductor IEEE J. Solid-State Circ. 45 189-
204

E. Lefeuvre, A. Badel, C. Richard, D. Guyomar,
“Piezoelectric  Energy  Harvesting Device
Optimization by Synchronous Electric Charge
Extraction,” Journal of Intelligent Material Sys.
And Struct., vol. 16, no. 10, pp. 1-12, Oct. 2005.

© 2020, IRJET |

Impact Factor value: 7.529

ISO 9001:2008 Certified Journal |

Page 98



