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Abstract- Due to advancement of technology, the usage of low power portable devices such as mobile phones, wireless 
sensors and other wireless devices is highly increased. The major limitation of these devices is their limited life time and use 
of batteries. Hence there becomes a great requirement of energy source that can harvest power. Piezoelectric materials are 
considered as best for this purpose due to their very high coupling power for mechanical to electrical conversion and require 
no external voltage. So PZT (Lead Zirconate titanate) material has great capability for power scavenging because they can be 
used as sensors as well as actuators and can be used on MEMS (Microelectro mechanical) systems. This paper explains a 
theoretical analysis and simulation of energy harvesting considering a technique of using PZT. 
 
Keywords- Energy Harvesting, MEMS, Power Scavenging, PZT. 
 
 
I. INTRODUCTION  
  
Need of energy harvesting in autonomous devices is 
increasing day by day due to large amount of use in 
wireless sensor networks. There are several techniques 
of scavenging energy from energy sources and limited 
capacity of batteries is one of the main reasons for 
generation of power. Energy harvesting is about 
generation and storage of energy. Energy harvesting 
techniques are directly related to consumption of 
energy in the system in which energy harvesting 
system is implanted. In this paper several techniques 
of power harvesting are discussed. This paper also 
shows an analysis and mechanism for generating 
energy from vibrating device. Section 2 covers 
techniques of energy generation, section 3 covers 
storage of energy and section 4 covers system 
description. Certain techniques of energy harvesting 
are solar energy harvester, thermal power generation, 
electromagnetic generators, piezoelectric generators, 
kinetic energy scavenger, piezoelectric nanogenerators 
and vibration based electrical generators. 
 
II. DIFFERENT TECHNIQUES OF ENERGY 

HARVESTING  
 

Electrical energy can be generated through different 
methods. 
Some methods are considered as renewable source to 
power autonomous devices. A brief overview of these 
methods is explained as: 
 
A. Thermal energy harvestors  
Electrical energy can be generated from thermal 
energy with the help of seebeck effect. Also 
thermoelectric generators generate only small amount 
of power in nanowatt, but this technique is now used 
with microcombustion chambers to produce power to 
1 microwatt per thermocouple. Generation of energy 
from thermal gradients is used for large scale power 
generation, but they are less capable for wireless 

sensor networks. At this stage, solid state devices are 
more capable. In case of individual thermocouple, 
their voltage and power levels are quite low. So, 
arrays of multiple thermocouples are used to increase 
voltage and power level. 
 
B. Solar energy harvesters 
Electromagnetic spectrums are used for solar energy 
harvesting. There are two types of regions on 
electromagnetic spectrum. There are some regions on 
which the energy levels are quite high and quite low. 
Efficiency of energy conversion into electrical energy 
depends upon the type of the region. For high 
efficiency, radiations directly affect the visible area of 
region and area of radio frequency separately. Energy 
captured from sunlight through the usage of photo 
sensors or solar panels. Photovoltaic devices have 
high power efficiency on range of wavelengths. The 
advantage of using these devices is low cost and 
provides voltage and current levels which are very 
close for requirement of microelectronic circuits. 
There is an important consideration that the energy is 
delivered on day time, but sensor networks need to 
operate at all time. The energy gathered during day 
time is stored and used in night time operations. 

 
C. Vibration based energy harvesters 
Vibrational energy can be converted into electrical 
energy by three techniques such as electromagnetic, 
electrostatic and piezoelectric generators. Among 
these methods piezoelectric energy harvesting 
techniques are considered as best due to their high 
power density, greater stiffness and high coupling 
power. These techniques of harvesting energy are 
explained as:   

 
C.A. Electrostatic generators 
These generators consist of capacitors. The value of 
capacitor varies with the change in the displacement 
value. There is a parallel plate capacitor on which a 
charge is induced from external energy source. When 
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the external source is disconnected, then varying the 
configuration of capacitor causes the change in 
voltage or charge on capacitor. The charge may be 
extracted to provide electrical energy to the load. If 
the charge on the capacitor is constrained, its voltage 
increases and capacitance decreases, conversely, if 
voltage across the capacitor is constrained, then the 
charge moves and capacitance decreases. In case of 
parallel plate capacitor, if there is a parallel plate 
capacitor having plate ‘Area A’ and ‘Separation d’, 
then the capacitance will be  
 

 
(1)   
Where  is dielectric constant of the insulating 
material. Q is charge on capacitor and V is voltage 
across the capacitor. So, Energy Stored  
 

     (2)  
As explained above, if the charge is constrained then 
by combining “(1)” and “(2)”  
 

    (3) 
If the voltage is constrained then 
  

   (4) 
There is also a reaction force which is caused by 
moving capacitor plates. This force varies with the 
change in the overlap area or gap between the 
capacitor and on charge is constrained. If the 
separation of parallel plate capacitor varied and 
charge is constrained, then hence stored energy 
changes [4]. As force is rate of change of energy with 
distance. Hence force can be defined as: 
 

         (5) 
 
If the voltage is constrained then Force becomes 

            (6) 
 
C.B. Electromagnetic generators 
These are based on principle of generation of voltage 
from relative movement between coil and a magnet. 
Electric energy can also be generated from MEMS 
devices. If the magnetic flux coupled to the inductor 
changes with the time, an EMF is induced. So this 
relationship between EMF and displacement is highly 
dependent on the design of the system. 
Equation (5) can be written as: 
 

        (7) 
Where ‘K’ is constant which depends on few factors 
like magnetic field intensity, area, shape and length of 

coil. Also compact systems based on small magnets 
and for low power applications have been 
demonstrated . 
 
C.C. Piezoelectric generators 
The effect was discovered in 1880 by J and P Curie. 
According to this effect if crystals are affected by 
mechanical strain, then they become electrically 
polarized. The amount of strain is highly dependent 
on the polarization power. There are certain ceramic 
materials which exhibits this effect like PZT (Lead 
Zirconate Titanate), PbtiO2 (Lead Titanate), BatiO3 
(Barium Titanate), PbZrO3 (Lead Zirconate). PVDF 
(Poly vinyledene Fluoride) is another piezoelectric 
material which is considered as more flexible and can 
be used in harvesting electrical energy. Zno (Zinc 
oxide) material can be used in piezoelectric nano 
generators. This work is done by Wang and Sang 
using a single nanowire. Comparison of techniques is 
also given in Table 1. Piezoelectric energy can be 
generated by installing energy harvesting system in 
shoes. 

 
Table 1.Differences between some characteristics of primary 
generators 
 

 
Techniques Advantages Disadvantages 

Electromagnetic 
generators 

No voltage source is 
required 

Output voltage is 
0.1 – 0.2 V 

Electrostatic 
generators 

They are easier to 
add in microsystem 

Some practical 
difficulties and 
external voltage 
source is needed 

Piezoelectric 
generators 

No external voltage 
is needed 

They are  
difficult to add in 

microsystem 

 
III. OTHER REQUIREMENTS FOR 

HARVESTING SYSTEM  
 

In Energy harvesting storage, sensing system, 
computing system and consumption are other 
constraints that are need to be discussed. These are 
basic functionalities of each node in wireless sensor 
networks. Each and every sensor node senses the 
incoming data, processes that captured or sensed data 
and then transmit to the external links. A complete 
use up of data is done in consumption system. Each 
one discussed here as:  
 
A. Storage   
For storage of energy, a lithium ion battery can be 
used which have thin film and can be recharge again 
and again. Lithium batteries (solid state) are 
materialized of thin film elements. A layered 
architecture is explained in Fig.1. There is a 
polymeric resilient substrate. LiCoO2 (cathode) is 
deposited on the top of substrate. Platinum layer 
provides external cathode connection.  LiCoO2 is 
succeeded by Li3PO4 which is an electrolyte. Then 
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current collector (anode) is deposited on the 
outermost surface of the battery which provides the 
external link to the anode. At last Si3N4 protective 
coating is deposited and patterned. 
 

 
Fig.1. Cross section of thin film lithium battery 

 
B. Consumption  
Power harvested through different techniques is 
consumed by wireless sensor nodes. Each and every 
node performs sensing of data acquisition, processing 
and communication. These nodes are separately 
distributed and operated as individual device. 
Wireless sensor networks are made up of large 
number of these sensor nodes. These networks have 
capability to work with high efficiency as compare to 
single node. Networks of these nodes must be of low 
cost and low maintenance. Certain applications of 
these networks are-environment monitoring, animal 
tracking & control, health and military applications. 
Power consumption by these nodes in wireless sensor 
networks is divided into several phases- 

 
B.A. Sensing system 
It comprises of two parts-sensors and ADC control 
unit. The main function of sensors is to sense 
information from the outside world. These sensors 
remain offline or in low power mode when they do 
not perform operations. This phenomenon helps in no 
consumption of power. ADC control unit is used to 
convert the acquired data in analog signal into its 
equivalent digital form. ADC’s are of two types-low 
rate and high rate ADC. Here power consumption is 
directly dependent on the sampling rate. High rate 
ADC consume large amount of power. Sensors can 
be of different types. Some sensors sense light, 
humidity, vibration and temperature . 

 
B.B. Computing system 
As the name suggests, computing subsystem contains 
processing of data. So this part has MCU or processor 
unit. Again similar to sensing subsystem, when it 
does not operate then it goes on low power sleep 
mode. PIC18F4620 and MC9s08GT are some 
processor units. 
 
B.C. Communication system 
This part is used to transmit the processed sensor data 
to the outside world. It contains RF transceiver with 
the association of amplifiers and other electronic 
components. Again when they are not in use, they go 
in low power sleep mode. 

Mainly wireless sensor nodes spend most of their 
time in low power sleep mode. This helps in less 
consumption of power. Only one part of these nodes 
remains wake up .i.e. RTC (real time mode), which 
helps in waking wireless sensor node to measure a 
sensed input. 
 
IV. SYSTEM DESCRIPTION   
 
Piezoelectric materials have a significant property 
that whenever a pressure is applied on them, they 
become mechanically strained and electrically 
polarized. Due to pressure, an electric field is 
generated and voltage is induced. This effect is 
known as direct piezoelectric effect. The degree of 
polarization is directly proportional to the applied 
pressure or strain. Further, amount of applied 
pressure is directly proportional to the voltage. 
Conversely the induced voltage or electric field 
causes a change in amount of strain and material is 
mechanically deformed. These materials have 
anisotropic characteristics. Hence the properties of 
the material change depending upon the orientation of 
polarization and direction of force or pressure 
applied. 
 

 
Fig.2. Model of piezoelectric vibration energy harvesting 

system. 
 
Consider a mechanism for energy conversion which 
contains a piezoelectric modal of vibrating nature 
with a separate system for the storage of energy. If 
the vibration of the structure or model is along its 
resonant frequency, then a structure can be assumed 
which has a weight ‘M’, restrainer, and an elastic 
device (spring) as shown in Fig.2. Piezoelectric entity 
is also coupled to the structure. A force ‘F’ is exerted 
to the weight of system and a function is related to 
that force is represented as ‘F (t)’. A weight ‘M’ is 
bounded on the physical entity (spring) having 
operative rigidness ‘Y’, on a depressor with 
restraining coefficient ‘ηm’ and on piezoelectric 
element having an operative coefficient of 
piezoelectric material ‘ ’ and capacitance ‘Cp’. The 
value of these coefficients depends upon the material 
stagnant and the architecture of energy generator. A 
weight ‘M’ is moved by a displacement which is 
represented by ‘u’. The generation of voltage across 
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the piezoelectric element is represented as ‘ ’. So 
the equations of piezoelectric vibrator can be 
represented as   
 

     (8) (3) 
 

  (9) (4) 
 
Where ‘I (t)’ is the current flowing in the circuit. 
Now most of the applications use the straining of 
piezoelectric materials. This straining happens after a 
certain period of time. So according to this, we can 
describe the function ‘ ’ as 

 
   (10) 

 
Where ‘ ’ is the magnitude which remains constant 
and ‘ω’ is the angular frequency of the vibration in 
radians per second. The power generated by system 
needs to store in energy storage system. That storage 
system uses electrochemical batteries. But the energy 
storage system needs to store energy in dc and the 
generator generates the power in ac. So there is very 
less compatibility between these two systems.  
 
Hence we use a mechanism that convert ac into its 
equivalent dc form. An ac to dc rectifier is used in 
this system. Filtering capacitance ‘ ’ is added here 
for the purpose of smoothing dc voltage .There is a 
controller which is placed in between the output of 
the rectifier and battery. The main purpose of 
controller is to regulate the output voltage. Fig.2 
represents a basic design of ac to dc power generating 
system. In this system, battery and regulation circuit 
are replaced with resister ‘R’ and ‘ ’ is rectified 
voltage across it. The stability of output dc voltage is 
the major concern in this system. So, for the stable 
output large values of filtering capacitance ‘ ’ can 
be considered so that rectified voltage remains 
constant. Hence equation can be written as: 
 

 (11) 
 
Where ‘ ’ is the average voltage and is 
independent of ‘ .’ ‘ ’ is the ripple of  ‘ ’ 
and is dependent on ‘ ’ but is slightly negligible for 
the large values of ‘ ’. Hence  = { }. So 
‘ ’ can be used in place of ‘{ }’. As shown in 
Fig.3, it is an open circuit. If the voltage across the 
piezoelectric material ‘| |’ is less than rectified 
voltage ‘ ’. Then current becomes negligible and ‘  
(t)’ varies with ‘ ’ from “(9)”. But when ‘| |’ 
reaches to ‘ ’, the piezovoltage become equal to the 
rectified voltage and conduction starts. Also when the 
piezovoltage starts decreasing, then conduction is 
blocked. So, to satisfy these properties, two 
waveforms are represented for ‘ ’ and ‘  (t)’. 

 
Fig.3. Ac to dc conversion circuit. 

 
There is a need to determine the relation between the 
average value of rectified voltage and displacement 
magnitude. 

 
Fig.4. Waveforms of displacement and piezovoltage ( ) 

for conversion of ac to dc unit. 
 
From Fig.3 

    (12) 
 
Where ‘ ’ is the constant magnitude 

    (13)   
 
T is the period of vibration and 

 
 
Where ‘ ’ and ‘ ’ are the final and initial time 
constants respectively and displacement goes from ‘–

’ to ‘ ’.If   ≥ 0 in semi period of time from ‘ ’ 
to ‘ ’ then 

 

         (14)    
also,   

 
  
in which | | <   
and for current, 
 

 (15) 
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 Hence 

         (16) 
But the current flowing (average) in the capacitance 
is negligible, means 
  

      (17) 
Integrating “(9)” from  to . 
  

    (18) 

         (19) 
Further, the power harvested can be obtained as 

 
 
and Type equation here. 

       (20) 
Where ‘P’ is the total power harvested. ‘u’ is 
displacement of mass ‘M’, ‘ ’ is constant 
magnitude. If all the parameters are known then one 
can calculate the harvested energy. 
 
CONCLUSION 

 
For certain applications powering small wireless 
sensor nodes from ambient vibrations becoming very 
attractive and useful. Piezoelectric generators are 
considered as optimal as they do not require any 
external voltage. These generators generate more 
energy when they are excited along their resonance 
frequency. So with the help of low power 
microelectronics, requirement of harvesting energy 
can be fulfilled and it is sufficient to eliminate the use 
of batteries. 
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