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Abstract— Energy harvesting is an emerging technology in order to meet the demands of the increasing population. Energy 
can be harvested from various sources like thermal, vibration, chemical etc. Similarly energy can be harvested from the 
roads by using the piezoelectric effect. This paper summarizes about the sensor that will be a great benefit to the lifetime of 
the fossil fuels and helps in preventing the environment from polluting due to wastes. This paper presents about the 
piezoelectric sensor that can be implanted beneath the road bed to harvest electricity from the vibrations produced due to the 
vehicles moving  on the road. 
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I. INTRODUCTION 

 
Electricity has become an important part of our life. 
We can’t imagine our life without electricity as we 
are completely dependent on electricity for all 
industrial and daily life applications. But due to the 
rapid increase in  population and the decaying of the 
natural resources energy crisis is becoming a very 
serious issue all over the world. From past all over 
the years we were completely dependent upon the 
fossil fuels for electricity. But with the passage of 
time, fossil fuels are getting eliminated and soon they 
will be no longer available which is again a very 
serious  issue for our upcoming generations. Energy 
harvesting is emerging as a great area at such a time. 
 
II. ENERGY HARVESTING 

 
Energy harvesting is defined as the process in which 
energy is extracted from some external energy 
sources and is stored for future use. Energy can be 
harvested from various energy sources like radiations, 
light, temperature, vibrations etc. This concept of 
energy harvesting even helps in reducing the 
environment waste i.e. caused due to the use of the 
batteries that needs to be replaced after certain period 
of time and even the cost of replacing batteries after 
certain time is reduced. Vibrations are produced from 
various sources like from machines in industries, 
moving vehicles on roads etc. Aggarwal et al  
Vibration to electrical energy is converted by using 
three different concepts i.e. Electromagnetic, 
Electrostatic and Piezoelectric[1]. Among these three 
techniques piezoelectric is the most efficient 
technique used. In piezoelectric technique 
piezoelectric materials are play a vital role as the 
amount of stress or pressure applied is directly 
proportional to the electrical energy produced. 
Moreover piezoelectric devices can be fabricated at 
both macro as well as micro level The amount of 
energy harvested depends upon the type of harvester 
used and also depends on the application for which 
the harvested energy is about to use. Energy 
harvesting basically deals with the process of 

producing electrical energy from any basic source 
like wind energy, tide energy, solar energy etc. In this 
process the energy is first produced, stored  in 
capacitors or super capacitors and is used in form of 
energy whenever it is needed. Radiation, 
Photovoltaic, piezoelectric and pyroelectric are the 
major sources of energy harvesting. Various other 
sources from where energy can be harvested are 
magnetic induction, atmospheric pressure change, 
electrostatics, thermoelectric etc. energy can also be 
harvested from various human activities bio-
mechanical, pedal power, pedal electricity generators 
etc. 
 
III. PIEZOELECTRIC EFFECT 
 
The piezo effect produced is due to the change in the 
electric polarization of the materials due to the 
applied stress which leads to the production of 
electric current or voltage as shown in fig. 
 

 
Fig. Piezoelectric Effect[2] 

 
Initially the piezoelectric effect was proposed by the 
curie brothers according to which electric charge is 
produced, when force is applied parallel to polar axis 
using crystals of tourmaline, quartz, topaz, cane sugar 
and Rochelle salt[3].Piezoelectric crystals are 
naturally occurring stable crystals until any external 
forces are applied to them. Piezoelectric effect is a 
reversible process. It can occur in two ways i.e. direct 
piezoelectric effect and converse piezoelectric effect. 
In direct piezoelectric effect, when mechanical stress 
is applied on the crystal, spaces between the positive 
and the negative charges are altered due to which 
polarization is caused and electric field is produced. 
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In converse piezoelectric effect, the applied external 
field exerts pressure on the charges and hence 
produces elastic strain due to which the dimensions of 
the crystal changes[4]. Under non-resonance 
conditions when external force is applied on the 
crystals piezoelectric crystals are replaced by 
capacitors i.e. when mechanical stress is applied it 
produces voltage. Capacitance is given by: 

                   

 
Hence we can conclude that voltage produced is 
directly proportional to the Charge density, Force 
applied, Thickness of crystal and inversely 
proportional to the Area. 

 
IV. PIEZOELECTRIC MATERIALS 
 
Piezoelectric materials are the compounds formed 
due covalent and the ionic bonds in the elements of 
group III-V and II-VI such as Gallium 
Arsenide(GaAs), Zinc oxide(ZnO) etc. These 
materials have the property of the acentric symmetry 
and hence exhibit the piezoelectric properties. Piezo 
effect is produced in two types of materials either 
ceramic or crystal. Some piezoelectric materials are 
lead zirconate titanate(PZT), quartz, Rochelle salt etc. 
but among all these quartz is considered to be the best 
material. Certain biomaterials also exhibit the 
piezoelectric nature. Depending on the applications 
they can be used.. 
 
V. SMART ROADS 
 
Smart roads are defined as the roads in which certain 
scientific technologies are involved like traffic 
monitoring, to monitor the amount of traffic on the 
road and LED’s which are placed on the roads now a 
days in order to guide the drivers about the edges of 
the roads and to avoid the accidents. Such roads can 
also be used to harvest electricity due to the vehicles 
moving on the roads. Here smart roads refer to the 
roads on which piezoelectric sensors can be placed in 
order to generate electricity. 
 
VI. WORKING OF PIEZOELECTRIC SENSOR 
FOR SMART ROADS 
 
On application of mechanical stress on piezo 
materials equivalent amount of electric current or 
voltage is produced. This effect can be used in 
harvesting energy from the smart roads. Priyanshu 
et.al. says that when any vehicle moves on the roads 
it produces very small vertical deformations and 

vibrations on the roads[5]. The increasing demand of 
the electricity forces us to think about harvesting that 
vibration energy from vehicles which is wasted 
otherwise. Also the traffic on the roads has increased 
to a certain level that if we employ such sensors on 
the roads it will be a great support in reducing the 
burden of the fossil fuels. This device need to be used 
under the road bed and protected with the number of 
different protection layers. Whenever the vehicle 
travels on the roads it will exert pressure on the this 
device some minute deformations will cause this 
piezo sensors to generate electric current or voltage 
which in combination with the electric generator 
produces electricity. 
 

 
Fig. Network for smart road and generation of electricity[2] 

 
The efficiency of the electric generation depends on 
the properties of the materials that are used in the 
sensor. More efficient is the material used, more 
amount of electricity can be generated. The amount 
of electricity generated from these vibrations on the 
road can reach up to 400 kilowatts from 1km of area. 
This will be a great benefit to the future generations. 
The amount of energy harvested from the roads using 
this can be increased using the different layers of 
materials one over the other while fabricating it. Such 
sensors can be used at various places like airports, 
highways, etc. The capital needs to be invested on 
this project is very less as compared to one that can 
be saved by generating electricity from it. 
 
VII. ADVANTAGES 

 
1) This sensor will be a great benefit to the society 

as it will increase the lifetime of the fossil fuels. 
2) Power generated from these sensors will be an 

eco-friendly   power as no waste is produced 
during electricity generation which will harm the 
environment. 

3) Energy produced from these sensors can be used 
in street lights, houses, toll plaza’s. 

4) The amount of money needed to be invested is 
very less as compared to the amount that can be 
saved from such piezoelectric sensor. 
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VIII. DISADVANTAGES 
 

1) For implementing this sensor the roads need to be 
rebuilds which requires huge amount of 
investment. 

2) These sensors need to be replaced almost after 10 
years. 

 
CONCLUSION 
 
In this paper we have discussed about the energy 
harvesting whose demand is increasing rapidly due to 
the fast declination of the fossil fuels on the earth. 
Energy can be harvested from various daily life 
sources as vibrations energy wasted from the vehicles 
moving the road. That vibration energy can be 
harvested to produce electricity using piezoelectric 
effect. The amount energy harvested can vary from 
few kilowatts to megawatts of electricity from 1 km of 
area per year. This sensor could be a help in 
sustainable future. 
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