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Abstract: Inherent scarcity of thermal sources with a time varying temperature profile is the reason why the
Thermo electric-based energy harvesting is not as prominent as its counter-part, thermoelectric generators, in
the thermal energy harvesting domain. A practical solution for generating thermal oscillations required for
sustainable Thermo electric-based energy harvesting from the solar and wind energy is presented. The main
focus of the work is to modulate the concentrated solar radiation using a vertical axis wind turbine for
producing higher rate of change of temperature on the Thermo electric material. Piezoelectricity should not be
confused with thermoelectricity in a typical demonstration of pyroelectricity, the whole crystal is changed from
one Temperature to another and the result is a temporary voltage across the crystal. in a typical demonstration
of thermoelectricity, one part of the device is kept at one temperature and the other part at a different
temperature, and the result is a permanent voltage across the device as long as there is a temperature difference.
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INTRODUCTION convert sunlight directly to electricity. They are usually

Solar energy is the energy produced by the sun thermal systems on the other hand collect thermal energy
through a nuclear fusion reaction in which two hydrogen in solar radiation and use it at high, medium or low
atoms combine to form a helium nucleus with their lease temperatures for various applications using different
of energy. Several of these reactions take place in the sun technologies.
and the energy released is transmitted in the form of
electromagnetic radiation (including visible light, infra-red Solar Radiation: The energy produced by the sun is
light and ultra-violet radiation) [1].Solar energy is transmitted to the planets and other celestial bodies
unarguably the greatest source of energy for the earth through electromagnetic radiation. Most of these
and is regarded by many as the indirect source of energy electromagnetic radiations emitted from the sun’s surface
for nearly every other form of energy on the earth with the are within the visible band  of  the  radiation  spectrum
exception of geothermal energy and  nuclear  energy  [2]. with a wavelength of about 500nm as shown in Figure 1.1.
It  plays a  very  important  role  in  the  formation of The amount of energy emitted by the sun’s surface is
fossil  fuels  and  its  effect  on  weather  and climate approximately 63,000,000 W/m2. This energy is
greatly influences other energy sources such as wind, transmitted through space where it is intercepted by
wave,  hydro  and biomass. It also serves as a direct planets,   other    celestial    bodies   and  particulate
energy  source  for  solar  thermal   as  well as matter. The intensity of solar radiation that strikes the
photovoltaic devices for both heating and  electricity  [3] surface of these celestial bodies is determined by the
applications. Inverse  Square  Law  [4],   which  states  that  the

There are two major applications of solar energy: intensity of radiation absorbed by a celestial body varies
solar thermal energy systems and solar photovoltaic inversely [5] with the square of the distance from the
systems. Solar photovoltaic systems are systems that source.

made of Semiconductor materials such as silicon. Solar
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Fig. 1.1: Solar Radiation Spectrum

Fig. 1.2: Illustration of Direct and Diffuse Radiation

Solar radiation from the sun reaches the earth in two Diffuse Solar Radiation: This is the solar radiation
main  forms  namely   direct   and   diffuse radiation received from the sun after its direction has been changed
(Figure 1.1). The sum of the diffuse and direct solar by scattering by the atmosphere. This radiation usually
radiation on a surface is often referred to as global has no defined direction. On very cloudy days, the total
insulation or total solar radiation and the energy flux is solar radiation is almost entirely diffuse. Diffuse radiation
measured in W/m2. is also referred to as sky or solar sky radiation.

Direct Solar Radiation:  Direct  solar  radiation  is the the maximum the maximum solar radiation (Figure  1.2).
solar  radiation    received    directly   from  the  sun The Direct solar radiation will be utilized for potential
without having  been  scattered   by  the  atmosphere. outputs and the atmospheric effects will also make an
This radiation comes from the direction of the sun and impact in the solar panels.
casts strong shadows of objects in its path. It is
sometimes referred to as beam radiation. On clear days, Proposed Work: A practical solution for generating
direct radiation accounts for a greater portion of the total thermal oscillations required for sustainable Thermo
solar radiation. electric-based energy harvesting from the solar and wind

The Maximum tracking can be done in order to obtain
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Fig. 3.1: Block Diagram of the Proposed Work

Fig. 3.2: Vertical Axis Wind Turbines

energies  is   presented.  The  main  focus  of  the work is blades are wrapped around the shaft. The main advantage
to modulate the concentrated solar radiation using a of VAWT over HAWT is it’s insensitivity to wind
vertical  axis  wind   turbine   for   producing   higher  rate turbines and therefore can be mounted closer to the
of  change  of  temperature on the Thermo electric ground making it effective for home and residential
material. purpose.

Vertical Axis Wind Turbine: Rising sea levels and Seebeck Effect: The See beck effect is a phenomenon in
escalating pollution levels has generated worldwide which a temperature difference between two dissimilar
interest and has given rise to new wind turbines designs. electrical conductors or semiconductors produces a
Wind turbines mainly are of two types: Vertical Axis Wind voltage difference between the two substances. A See
Turbine (VAWT) and  Horizontal  Axis  Wind  Turbine beck Module is a power generator (power from a heat
(HAWT). HAWT are the most common type of wind differential) DT and a Peltier Module is a cooling module
turbines built across the world. VAWT is a type of wind (supplying DC power to get a differential) hot side and
turbine which have two or three blades and in which the cold side. The cold side should be designed to remove
main rotor shaft runs vertically (Fig. 3.2). They are maximum heat that is like the liquid moving in a liquid sink
however less frequently used as they are not as effective as it passes from the hot side through the module or
as HAWT. modules to the cold side. The colder the cold side is the

The main difference between the VAWT and HAWT more power is produced. The same DT a module will
is the position of blades. In HAWT, blades are on the top, produce slightly more power given the equivalent DT but
spinning in the air and are most commonly seen while in a lower cold side. This is because as a semiconductor is
VAWT, generator is mounted at the base of the tower and cooled its internal resistance decreases.
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Fig. 3.3: Thermo electric generators higher temperature can be achieved which may not be

Fig. 3.4: Fresnel lens The mechanical energy input from the wind turbine is

Fresnel Lens: A Fresnel lens in Figure 3.9 is a type of mechanism via a speed reduction unit. The speed
compact lens. The design allows the construction of reduction unit is necessary in order to reduce speed of
lenses of large aperture and short focal length without the rotation of the chopper disc, so that the active material
mass and volume of material that would be required by a will have a longer period of heating and cooling resulting
lens of conventional design. A Fresnel lens can be made in a high rate of change of temperature. Further, a heat
much thinner than a comparable conventional lens in sink is placed under the pyro electric material with good
some cases taking the form of a flat sheet. A Fresnel lens thermal contact to passively cool the material during the
can capture more oblique light from a light source, thus cooling phase of the thermal cycle. The top surface of
allowing the light from a lighthouse equipped with one to heat sink is coated with a thin electrical insulation layer in
be visible over greater distances. order to prevent power loss through the heat sink. A

The Fresnel lens reduces the amount of material generator is coupled with the VAWT and the generator
required compared to a conventional lens by dividing the voltage is connected with the battery. The inverter circuit
lens into a set of concentric annular sections. An ideal which converts the DC power into AC and the Lamp load
Fresnel lens would have infinitely  many  such  sections. is connected.
In each section the Overall thickness is decreased
compared to an equivalent simple lens. This effectively Testing of Teg: Six different tests were conducted with
divides  the  continuous  surface  of a standard lens into the commercial thermoelectric device. Figure 4.1 shows
a set of  surfaces   of   the  same  curvature  with  stepwise the relationship between load power  and  voltage  for
discontinuities between them. each of the six tests. The data sets for each test were

Fresnel lenses are used as simple hand-held created by varying the load resistance using the rheostat.
magnifiers. They are also used to correct several visual The lowest temperature difference tested was 20.6° and
disorders including ocular-motility disorders such as the highest temperature difference tested was 68.1°C. As
strabismus. Fresnel lenses have been used to increase the expected the highest temperature difference produced the
visual size of CRT displays in pocket televisions. They are highest power output. For each curve, the highest power
also used in traffic lights. Automobile application of a output occurs at the point at which the load resistance
Fresnel lens is a rear view enhancer as the wide view matches the device resistance.

angle of a lens attached to the rear window permits
examining the scene behind a vehicle particularly a tall or
bluff-tailed one more effectively than a rear- view mirror
alone.

RESULTS AND DISCUSSION

The principle of the proposed energy harvesting
system relies on the increased intensity of solar radiation
on the Thermo electric material by means of an optical
concentration system. By concentrating solar radiation,

possible by normal exposure to solar radiation. And this
incident concentrated radiation on the pyroelectric
material has to be modulated in order that the pyroelectric
material heating is periodic.

Modulation can be achieved by means of a rotating
mechanical chopper disc which is placed in between the
optical concentration system and the pyroelectric material.
The energy required to rotate the chopper can be derived
from the kinetic energy of the wind by means of a wind
turbine attached to the optical concentration system.

trans-mitted to the chopper disc using a chain drive
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Fig. 4.1: 6V Generator in windmill based energy harvesting system which converts the

Fig. 4.2: load power and voltage with respect to 2. Jian, S. and S. Mingheng, 2009. Numerical simulation
temperature change of electric-thermal performance of a solar

Fig. 4.3: Efficiency of thermoelectric device. 20(025012): 9.

The efficiency of the device throughout the test was
also calculated. Figure 4.2, below, shows the relationship
between efficiency and load voltage for each of the six
tests. The efficiency increases with increasing change in
temperature and with the highest temperature change
tested (68.1°C), the maximum efficiency was 2.22%.

CONCLUSION

A pyroelectric-based energy harvesting system
which converts the radiant energy from the Sun into
useful power is designed and will be tested. The principle
aim of the present work is to maximize the rate of change
of temperature of the pyroelectric material, as it directly
influences the power output from the pyroelectric material
using the freely available solar and wind energies.

The project carried out by us made an impressing
task in the field of power production. It is used for to
produce the current in windmill unit. A Thermo electric-

radiant energy from the Sun into useful power is designed
and tested. The principle aim of the present work is to
maximize the rate of change of temperature of the Thermo
electric material, as it directly influences the power output
from the Thermo electric material using the freely available
solar and wind energies. A well-known technique to
increase solar intensity by means of concentrating solar
collector based on Fresnel lens and the mechanical input.
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