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Abstract
Energy harvested from the ambience i.e. surroundings can be 
used to power low energy-electronics like wearable electronics 
and wireless sensor networks. The energy harvesters are used 
whose input energy source is present in ambient background 
and is free. Currently used batteries for powering electronics 
devices are replaced by ambient energy harvesters. This helps in 
overcoming drawbacks of replacing and recharging batteries and 
their maintenance. This paper presents several methods to design 
an energy harvesting device depending on the type of energy 
available and also explains its industrial applications. 

Keywords
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I. Introduction
Energy was first harvested using waterwheels and windmills. 
The ways to store the energy from heat and vibrations are also 
searched for many decades. The search for new energy harvesting 
devices is carried on for meeting the requirements - to power 
sensor networks and mobile devices without batteries. Energy 
harvesting is also motivated to deal with the issues of climate 
change and global warming.

 
Fig. 1: Energy Harvesting [2]

Energy harvesting, also known as power harvesting or energy 
scavenging, is the process by which energy is derived from 
external sources e.g., solar power, thermal energy, wind energy, 
salinity gradients and kinetic energy, captured, and stored for 
small, wireless autonomous devices, like those used in wearable 
electronics and wireless sensor networks (see fig. 1). Energy 
Harvesting can be used to power small autonomous sensors 
like those developed using MEMS technology. These systems 
have advantages that they are often very small and require little 
power, but their applications are limited due to use of battery. 
Also the smart sensors can work on the energy scavenged from 
ambient sources like air, vibrations, thermal energy, etc. An Energy 
Harvesting Module is an electronic device that is able to perform 
all the functions - to power a variety of sensor, control circuitry 
for duty applications that don’t occur continuously [1]. 

II. Why Energy Harvesting?
We can use energy harvesting to provide electricity from items 
whose sizes are as small as cell phones or as large as satellites. 
The primary reasons for which it is used are:

A. Convenience
There is no need for changing or recharging batteries for devices 
such as laptops or cell phones or other electronic devices.

B. Backup Energy Sources
Such devices can be used as backups for primary power sources. 
Reliability is increased as a backup energy harvesting source 
prevents power interruptions. It holds its use in operations such 
as in hospitals that need energy in emergencies such as blackouts.
[6]

C. Mobility
Wireless sensor networks can have mobile nodes that are powered 
using energy harvesting. It is a useful feature for firefighters, the 
military, and law enforcement.

D. Business Practices
Energy harvesting helps consumers in cutting down the costs in 
terms of the packaging, development, disposal, longevity, and 
reuse of certain products. We can have a reduced cost for Product 
installation and maintenance. For example, costs would be saved 
by eliminating chemical batteries and rechargers, along with the 
extensive wiring required in the use of cell phones. Consequently, 
it improves their design, development, and packaging [8].

III. Key Components of an Energy Harvesting System
The requirements of an energy harvesting system are an energy 
source such as vibration, heat, light or air flow and three other 
key electronic components, including:

An energy conversion device that can convert the energy into 1. 
electrical form such as a piezoelectric element.
An energy harvesting module that is a device which captures, 2. 
stores and handles the power for the device.
An end application that can be a wireless sensor network or 3. 
control and monitoring devices [1].

IV. Optional Key Components of an Energy Harvesting 
System
In addition to the three key components listed above, in certain 
applications there can be additional key components that are 
necessary to be connected for proper functioning of the energy 
harvesting system. They are as follows:

An electronic interface device or module, such as a low 1. 
voltage step up booster module used for conditioning the 
energy captured from a low voltage source (less than 500mV) 
and then power the energy harvesting module.
A supplementary energy storage device is needed for instance 2. 
thin-film batteries, ultra capacitors, and super capacitors.
An energy or power management module for further regulation 3. 
and conditioning of the power output from the supplementary 
energy storage devices [1].
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The drawbacks of these optional key components are that they 
require extra energy to function, and thus reduce the system’s 
overall energy capture efficiency and add to the bulk and cost. 
Care should be taken to evaluate the cost vs. benefit trade-off of 
these additional components in any particular energy harvesting 
system 

V. Industrial Applications 
Remote patient monitoring 1. 
Efficient office energy control 2. 
Surveillance and security 3. 
Agricultural management 4. 
Home automation 5. 
Long range asset tracking 6. 
Implantable sensors 7. 
Structural monitoring 8. 
Machinery/equipment monitoring [3]9. 

A. Haulage 
Lorries can be equipped with thermoelectric generators saving 
thousands of Euros in fuel costs over the lifecycle of the lorry.

B. Mobile Telecommunication
To minimise or eliminate batteries, leading mobile phone 
manufacturers have developed the active R&D programmes.

C. Sensors and Instrumentation
According to a study, single battery change for an offshore oil or 
gas system can cost over €1m and requires personnel intervention 
in hostile environments. Wireless sensor networks that are powered 
using energy harvesting will be quick and cost-effective to deploy 
and maintain. A recent study has shown that over a typical 10-year 
lifecycle the cost of traditional battery energy supply exceeds that 
of an EH device [4].

VI. Energy Harvesters Characteristics

Fig. 2: Output Power from Different Ambient Sources [2]

The variation in output power from the energy harvesting circuit 
by a several orders of magnitude (see fig. 2) as a function of the 
technology being used, its efficiency, size, and the environment 
it’s in. Typical output power for real-world energy-harvesting 
technology is listed in fig. 2.

VII. How can Energy Harvesters be Used in WSNS? 

Fig. 3: Anatomy of a Wireless Sensor Network [3]

Fig. 3, is a typical system diagram of a WSN, which consists of 
five major components: the energy harvester, the energy storage 
element and power management circuitry, sensor, ultra-low power 
microcontroller, and low-power transceiver. The energy storage 
element is used to accumulate the energy for usage when the 
energy harvester is not harvesting energy, for example a solar 
panel system during the night. The energy storage element needs 
to be rechargeable. The power management section is of great 
importance due to three reasons i.e it connects the harvester to 
the system, charges the storage element, and provides power to 
the system. Microcontroller is used to record and process the 
sensor data. Finally, transceiver transmits the data to the central 
host [6].

VIII. Energy Harvesting Techniques
Various methods can be used to generate electricity from ambient 
energy. They are as follows:

Piezoelectric energy harvesting• 
Bio Mechanical energy harvesting• 
Thermoelectric energy harvesting • 
Pyro electric energy harvesting• 
Solar energy harvesting• 
RF energy harvesting• 
Blood sugar energy harvesting• 
Tree metabolic energy harvesting• 
Hybrid energy harvesting• 

A. Piezoelectric Energy Harvesting
Compared to other methods of energy harvesting, piezoelectric 
energy harvesting industry is the one which is growing rapidly. 
Today, many countries are adopting this method of energy 
harvesting. The piezoelectric effect is used here which converts 
mechanical strain applied to electric voltage or current. Everyday 
examples like human motion, low-frequency seismic vibrations, 
and acoustic noise etc. can be used as different sources from 
which strain can be produced. Power produced from most of the 
piezoelectric electricity sources are of the order of mill watts, too 
small for system application, but enough  to drive hand-held devices 
such as self-winding wristwatches. Motion from the human body 
can be converted into electrical power using piezoelectric systems. 
From the efforts made by DARPA, it has become possible to 
harness energy from leg and arm motion, shoe impacts, and blood 
pressure  and use that energy to power implantable or wearable 
sensors. Another example of a piezoelectric energy harvester are 
the Nano brushes of Dr. Zhong Lin Wang which can be integrated 
into clothing. Designs are to be made with great care to lessen 
the user’s discomfort. These energy harvesting sources undergoes 
some strain or force as it comes in contact with the body thus 
converting that strain or force into electrical energy. Electricity 
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can also be produced from respiration using Xudong Wang’s micro 
belt. These piezo elements can be embedded in the walkways and 
also in the shoes from which electricity can be produced due to 
force laid on the walkways by the shoes and also recovers the 
walking energy.  

1. Electricity Generated from Human Respiration  
The same piezoelectric effect that is used in the remote control of 
TV to change the channels by pressing the buttons can be used to 
power sensors in our body via the respiration in our nose. According 
to a paper done by US scientists from the University of Wisconsin-
Madison, a device is developed that converts air flow from human 
breath into electricity. The energy produced from the device could 
power biomedical devices that are implanted in the body instead of 
using batteries which often need replacing via surgery. This device 
uses the same technique called piezoelectric effect. It comprises of 
Piezoelectric Polyvinylidene Fluoride (PVDF) micro belts. These 
microbelts take the energy from low speed air flow and convert it 
into electricity using resonant oscillation. During an experiment, it 
was observed that the electricity produced by the PVDF microbelts 
was sufficient to carry out the sustained operation of the small 
electronic devices [15].
 “Basically, we are harvesting mechanical energy from biological 
systems. The airflow of normal human respiration is typically below 
about two meters per second,” says Xudong Wang, postdoctoral 
Researcher from the University of Wisconsin-Madison. “We 
calculated that if we could make this material thin enough, small 
vibrations could produce a microwatt of electrical energy that 
could be useful for sensors or other devices implanted in the 
face.”

Fig. 4: Energy Harvester Incorporating PVDF and Producing 
Energy Through Respiration [15]

It was also mentioned by him that PVDF is biocompatible and 
this development represents that sooner a practical micro-scale 
device for harvesting energy from respiration will be developed 
as shown in figure 4. 

2. Electricity Generated from Piezoelectric Roads & 
Footpaths 

Fig. 5: High Traffic Piezo Electric Roads and Footpaths [7]

Piezoelectric elements can be embedded within the roads and 
footpaths and electrical energy can be generated by the vibration 
and pressure laid on the roads and footpaths when motor vehicles 
and men use them. This kind of harvesting can be used in areas of 
high traffics like city roads, highways and footpaths thus giving a 
big output. The piezoelectric elements that are embedded within 
these roads get squeezed and produce electrical energy which 
vehicles lose to the environment during their journeys. Piezo 
electric road holds the capacity of generating up to 400 kilowatts 
from a 1-kilometre stretch of dual carriageway and this technology 
can be applied to both airport runways and rail systems. The power 
produced using this method is enough to run 8 electric cars [7].

B. Biomechanical Energy Harvesting
Biomechanical energy harvesting is a method in which energy 
is harvested from human body movements. Devices can be used 
which can harvest the wasted biomechanical energy and this 
electrical energy which is harvested from body movements  can 
be used to recharge personal electronics, also some amount of 
energy is produced due to the motion of blood and power the 
implants. The first nanowire based nanogenerator was developed 
by the Researchers at Georgia Tech. This nanogenerator is capable 
of generating power from biomechanical energy which can lite up 
small devices like LEDs and LCDs. These nanogenerators again 
use the same property piezoelectricity. Zhong Lin Wang is the 
person who is responsible for directing the center for nanostructure 
Characterization at Georgia Tech has been working on another 
approach i.e to embed tiny piezoelectric nanowires in flexible 
materials and also has developed nanowire generators to harvest 
all sorts of biomechanical energy.  Recently, Wang’s team has 
become successful in generating nanogenerator strip by combining 
several layers of zinc-oxide nanowires on a thin metal electrode 
with a base of plastic sheet and covered it with a polymer then 
giving it an electrode. The device thus obtained was about  by 
adding several layers of zinc-oxide nanowires onto a thin metal 
electrode sitting on a sheet of plastic, and then covered the material 
with a polymer and topped it with an electrode. The resulting 
device is about 15mm×20mm and capable to produce 2 volts 
when compressed 4% every second and thus can drive a LCD 
from calculator [5].

New electronics product design for piezoelectric nanogen-1. 
erators
Power shoes i.e shoes in which piezoelectric element are 2. 
embedded can generate electric power while walking. An 
average human walking up a mountain expends around 200 
Watts of power. The most amount of power your iPhone 
accepts when charging is 2.5 Watts. PC/Laptop Keyboard 
can generate power while typing with fingers [10].
Power keypads can be incorporated in portable electronic 3. 
devices like cell phones and can generate electric power when 
any key is pressed on the keypad.
Power carpets or door-mats can be used which can generate 4. 
electrical energy when people walk on them.

C. Thermo Electric Energy Harvesting
In 1821, Thomas Johann Seebeck discovered that a voltage is 
produced when the junctions of two dissimilar metals are kept 
at different temperatures and this phenomenon was named as 
thermoelectric effect Actually, the thermal gradient leads to heat 
flow in the conducting material and thus diffusion of charge 
carriers. Thus voltage difference is created due to diffusion of 
charges between the hot and cold regions. In 1834, Jean Charles 
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Athanase Peltier discovered that when an electric current is passed 
through the junction of two dissimilar conductors then along the 
direction of current flow, heat is either absorbed or liberated 
thus acting as a cooler or heater. The heat that is absorbed or 
liberated is proportional to the current passed through it and the 
proportionality constant is known as Petlier coefficient.  Using 
both the Seebeck and Petlier effects, thermoelectric materials can 
be used as heaters, coolers and generators (TEGs). 
Ideally, thermoelectric materials have properties like  a high 
Seebeck coefficient, high electrical conductivity, and low thermal 
conductivity. The reason to have low thermal conductivity is 
to maintain a high thermal gradient at the junction. Today the 
thermoelectric modules that are developed consists of P-and 
N- doped P- and N-doped bismuth-telluride semiconductors 
sandwiched between two metallized ceramic plates. The ceramic 
plates are used for two reasons, one to add rigidity and second to 
provide electrical insulation to the system. These semiconductor’s 
connections are made this way-connected electrically in series 
and thermally in parallel.
To convert body heat into electricity,  miniature thermocouples 
have been developed that can generate 40μW at 3V with a 5 
degree temperature difference,also  large thermocouples are used 
in nuclear RTG batteries. Thermoelectric energy conversion has a 
drawback i.e low efficiency (currently less than 10%). In Future, 
thermoelectrics could be used to convert the wasted heat into 
electric power.

1. Computer Waste Heat Power Harvesting Using 
Magnetic Circuits 
Computers and some electronics circuits gives out heat that 
is wasted and  creates a number of problems like more power 
consumption, component failures, frequent shutdowns, early 
wearout of components, maintenance cost for cooling and thermal 
management systems. Researchers have been working on this 
waste heat to convert it into some useful electric power. Low 
temperature heat is considered to be a waste as it has very low 
capacity of doing work and is thus liberated to the environment. 
A new way of harvesting energy from waste energy is found 
by researcher’s i.e by making use of Magnetic Nanoswitches to 
generate Thermoelectric Voltages. Recently, an effect in magnetic 
tunnel structures has been discovered, where we can control the 
thermoelectric voltages in nano-electronic junctions. This can be 
helpful in dealing with the heat which occurs in tiny computer 
processors. This can be used to switch these processors more easily 
or to store data more efficiently. These applications has been made 
possible by a discovery made at the  Physikalisch - Technische 
Bundesanstalt (PTB).[14]

2. Magnetic Nanoswitch for Thermoelectric Voltages

Fig. 6: Magnetic Nanoswitch [14]

Construction of Magnetic tunnel structures is such that it consists 
of two magnetic layers separated using a thin insulating layer of 

approx. 1 nm and is called tunnel barrier. The electric properties of 
the tunnel structure  is greatly affected by the magnetic orientation 
of the two layers. It has low resistance if both layers have magnetic 
moments in parallel and has high resistance when the magnetic 
moments are in opposition. This variation in magnetization can 
vary the resistance by more than 100%. This makes it possible 
to control the current flowing through the tunnel structure by just 
changing the magnetization as shown in fig. 6.

(i). Applications of Magnetic Tunnel Structures
Today, magnetic tunnel structures are used in various areas of 
Information Technology. For example, they are used in MRAMs 
i.e Magnetic Random Access Memory as magnetic storage cells 
or can be used to read out the data stored on hard disks by using 
it as highly sensitive magnetic sensors.

D. Pyroelectric Energy Harvesting
Due to temperature variation of pyroelectric crystals, electric 
power is generated and is  known as Pyroelectricity. The 
generated voltage is a function of the thermal gradient i.e it is 
directly proportional to the temperature difference. The  increase 
or decrease in the temperature during heating or cooling of the 
pyroelectric crystals can be used to harvest the electric power 
from it by applying the pyroelectric effect. The main advantage 
of Pyroelectricity over Thermoelectricity is that it can be used for 
high temperature sources as pyroelectric materials are stable upto 
1200 C or more and thus increases thermodynamic efficiency. The 
use of  Pyroelectric sensors can be done in  coupling the heat source 
and sink devices. The heat is made to flow through the crystal 
during heating or cooling. This heat is then sensed and converted 
to electric energy. The pyroelectric effect gives electric power of 
small order but sufficient enough to power wireless(RF) sensors 
to make them operate independently in a wireless network [8].

E. Solar Energy Harvesting
Solar energy harvesting is another type of energy harvesting in 
which electric energy is harvested from the light as shown in figure 
7. For this purpose, Photovoltaic cells or PV cells are developed 
which produces electrical energy from the light falling on it. 
Advancements are made in technology by developing these PV 
cells out of bio-based materials from renewable plant sources and 
this  reduces the cost of PV solar modules or cells. The replacement 
of petroleum based plastic solar cells components with durable 
bio-based components was introduced by the compsny named 
Biosolar Inc. thereby minimizing the cost. 
Further to this, Scientists at USC has found a new way to have 
cheap, stable solar cells that are made from nanocrystals. They 
are so small in size that they exist as a liquid ink and can be 
painted or printed onto clear surfaces. The size of these  solar 
nanocrystals are about 4nm which means we could fit more than 
250,000,000,000 on the head of a pin, and float them in a liquid 
solution, so “like you print a newspaper, you can print solar cells,” 
said Richard L. Brutchey, assistant professor of chemistry at the 
USC, Dornsife College of Letters, Arts and Sciences. It is easier 
to fabricate these solar nanocrystals than available single crystal 
silicon wafer solar cells but are not as efficient as silicon wafers 
at converting sunlight to electricity. 

F. RF Energy Harvesting
Radio Frequency (RF) Energy Harvesting is  a method in which 
the RF signals are harvested to produce electric power. This is 
a wireless method that makes use of RF sensors and antenna 
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receivers that sense a broad range of frequencies (LF, HF, VHF, 
UHF). The power generated by these RF Energy harvesters  are 
enough to charge the  batteries for cell phones, smartphones, PDA 
mobile phones, laptops, tablet PCs and other portable devices. 
These harvesters produces power by  harvesting radio energy 
from wireless networks such as GSM, CDMA, WiFi, Satellite RF 
(GPS, TV), wireless broadband, WiMax, LTE, etc. Some of the 
applications of RF energy harvesters are  batteryless RFID systems, 
wireless sensor networks  and wireless power chargers.
Sources of Radio frequency are sources that generate high 
electromagnetic fields such as TV signals, wireless radio networks 
and cell phone towers. This free flowing energy can be captured and 
converted into usable DC voltage by linking a power generating 
circuit to a receiver antenna. The cell phone company NOKIA has 
been working on designing a smartphone which can be charged 
using this RF energy harvesting without recharging the handset. 
Advancements in this type of energy harvesting has lead to wireless 
charging of high power appliances like electric vehicles.

G. Blood Sugar Energy Harvesting
Energy can be harvested from the oxidation of blood sugars. These 
energy harvesters are called Biofuel cells. The energy harvested 
using this way can be used to power electronic devices that are 
implanted in the body like pacemakers, implanted biosensors for 
diabetics, implanted active RFID devices, etc. For generating 
power from the blood sugars,enzymes has been ceated by the 
Minteer Group of Saint Louis University. However, after few 
years these enzymes need to be replaced [8].

H. Tree Metabolic Energy Harvesting
Tree metabolic energy harvesting is a kind of bio-energy harvesting 
in which energy is harvested from trees. This method of harvesting 
energy from trees has been developed by Voltree.  The energy 
harvested from this way is used to power remote sensors and mesh 
networks as the basis for a long term deployment system and used 
to monitor forest fires and weather in the forest. According to 
them, the life of such a device is limited by the life of the tree to 
which it is attached. A small test network was deployed recently 
in the US National Park forest by them [8].

I. Hybrid Energy Harvesting
Hybrid energy harvesting means using more than one kind of 
method to generate electrical power out of a single system. They 
are as follows:

1. Solar, Thermal, Kinetic Tree Harvesting
Ths energy harvesting uses solar, thermal and kinetic energy 
harvesting. Solar Botanic Renewable Energy Systems is a company 
that has designed a tree that has Nano piezoelectric elements in the 
form of leaves that harvest energy from sunlight i.e solar energy 
harvesting. It harvests energy from the leaf movement in the wind 
i.e kinetic energy harvesting. And energy is too harvested from 
the sun’s heat i.e thermal energy harvesting. This hybrid system 
gives a sustainable and clean form of electricity. 

2. Photovoltaic-Piezoelectric Hybrid Device Harvests 
Solar, Wind and Rain Energy
At the IMRI of the University of Bolton, a  hybrid photovoltaic-
piezoelectric device has been developed which can generate 
electrical energy from solar, wind, tides and rain energy. This 
hybrid device is a  flexible fibre  and thus can be woven into 
fabrics making it to harness energy from natural energy. Due to 

the vibrations sensed by the device due to wind or rain, electrical 
energy is produced. Also it can harvest electrical energy from the 
sunlight. Due to its flexibility it has numerous practical applications. 
Amongst its various applications, some are clothing, cases for 
personal gadgets, etc. And it constantly charges everything from 
mobile phone to mp3 player. 

IX. Industrial Applications Remote Patient Monitoring
In hospitals, patients are needed to be monitored all the times. For 
this we need non-invasive sensors that are hard-wired to bedside 
monitors. This is quiet cumbersome and due to this the patient 
is unable to move around freely in the hospital premises and is 
confined to his bed. This paper helps in dealing with this problem 
by using wireless sensor networks for monitoring patient vital 
sign data in a hospital setting. Crossbow MICAz motes are used 
in designing a robust mesh network that sends the patient data 
to a remote base station within the hospital premises. Only the 
hospital care giver is allowed to access the data at any time and 
is not necessary to be present in the patient’s room to review the 
readings. The nodes in this WSN are self powered i.e they use the 
concept of energy harvesting and draws energy from overhead 
34W fluorescent lights via solar panels. Various vital sign sensors 
such as Electrocardiograms (ECGs), pulse-oximeters and Blood 
Pressure (BP) sensors can be interfaced to the sensor nodes. For 
proper functioning of the whole system, a commercial BP/heart-
rate monitor (BPM) was interfaced to a wireless sensor node. 
BPM is controlled by the sensor node and initiates the reading, 
then collects the data and forwards it to the base station. The 
patient’s data was stored and displayed on the base station PC by 
using a GUI (Graphical User Interface). This system consumes 
very low power [9].

X. Surveillance and Security 
Wireless sensor networks incorporating smart cameras can be 
used for monitoring and surveillance. These networks uses energy 
harvesting techniques to power itself and can be left unattended 
for years. It basically uses solar energy for harvesting  electric 
power from it and thus uses solar cells. This system is so designed 
that it consumes low power and is also of low cost. This increases 
the efficiency of the whole system and also saves energy to a 
great extent [10].

XI. Insect Cyborgs Using Energy Harvesting

Fig. 7: Insect Cyborg Using Energy Harvesting [10]

This was found in a research at the University of Michigan College 
of Engineering  that we may use insects to monitor hazardous 
situations before sending in humans. Continuos efforts are been 
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made by the Professor Khalil Najafi, the chair of Electrical and 
Computer Engineering, and doctoral student Erkan Aktakka  to 
find ways to harvest energy from insects  and increase the level 
of utility of the miniature cyborgs as shown in fig. 7.
“Through energy scavenging, we could potentially power cameras, 
microphones and other sensors and communications equipment 
that an insect could carry aboard a tiny backpack,” Najafi said. “We 
could then send these ‘bugged’ bugs into dangerous or enclosed 
environments where we would not want humans to go.”
So basically energy harvesting is to be used for power such 
miniature cyborgs i.e to harvest the insect’s biological energy 
from either its body heat or movements. This omits the usage of 
batteries thus making the insect cyborg light in weight. It harvests 
electric power from kinetic energy that is expended during the 
wing movements. This power can be used to run small sensors 
implanted on the insect like a small camera, a microphone, or a 
gas sensor in order to getthe vital information from hazardous 
environments.  Further energy harvesting and generation can be 
achieved by using the heat the beetle produces i.e, thermoelectric 
energy harvesting and  also  harvesting energy from the sun by 
attaching solar cells to the top of its wings [11].

XII. Home Automation

Fig. 8: Home Automation [12]

Energy harvesting can also be used in home control. It is not 
about using solar electric systems or heat or cool a room by using 
motorized window shades or to harvest light to defray lighting 
costs. In this case, energy harvesting is used for self-powering the  
devices like light switches, sensors and other devices (see fig. 8) 
that can actuate energy-efficient processes in a home or business. 
Typically, three types of harvesting are used here : kinetic energy 
harvesting, solar energy harvesting and thermal energy harvesting. 
Kinetic energy is harvested from pressing a button or switch to 
charge itself and send a low-energy wireless signal from a lighting 
switch to a controller. Integrated solar cells that harvest energy 
from indoor or outdoor light are incorporated in wireless sensors 
like occupancy and motion sensors and door and window contacts. 
And thermal energy harvesting is carried around things like heating 
and air conditioning ducts and the power thus harvested is used 
for home control as shown in fig. 8 [12].

XIII. Aircraft Health Monitoring
Today’s large fleet of aircraft are facing serious problems of 
structural fatigue and so some attention needs to be paid on that. 
So for providing structural integrity, many inspections are carried 
out and thus it is being accomplished through improved structural 
analysis and tracking methods and by incorporating new and 
innovative ideas. This is termed as Aircraft Health Monitoring. 
This includes producing real time and continual health assessment 
and for this it requires sensors, artificial intelligence and advanced 
analytical techniques.
Cracks may develop in the metal structures of the aircraft and 
a well-established method of locating and monitoring cracks 
development called Acoustic emission detection is used. We can 
use this method for detecting any kind of damage in composite 
aircraft structures. It gives the result as ‘go’, ‘no go’ indications of 
structural integrity or immediate maintenance actions. This way of 
detection uses low profile detection sensors that use piezoelectric 
wafers encapsulated in polymer film and optical sensors. Sensors 
are in contact with the structure’s surface and enable acoustic 
events from the loaded structure that is located by triangulation. 
The sensor data is then captured and parameterized in a form 
suitable for low-bandwidth storage and transmission by using 
proper instrumentation [13].
But powering these wireless sensor modules can be cumbersome. 
So for making it more convenient and efficient, we can power it 
wirelessly or even self powered. For powering these sources, a 
number of free sources are available in an aircraft environment. 
Thermal energy harvesting and piezoelectric energy harvesting 
can be used most obviously. 

XIV. Conclusion
In this paper we discussed about the concept of energy harvesting 
and techniques that can be used for generating electrical energy 
from surroundings. It is discussed that how can this energy be used 
to power low energy electronics and wireless sensor networks and 
thus saving a lot of energy by making use of the energy available 
from nature. Also, its various industrial applications are discussed. 
Energy harvesting also overcomes the drawbacks of the batteries 
that are currently used for powering electronic devices and is also 
eco-friendly.
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