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Abstract
In this work, we present an alternative way for producing clean energy from wind without using the turbine based conventional
windmill. The core idea of this alternative proposal is to convert wind pressure into electric power using piezoelectric material.
The conversion set up is discussed here according to the proposed method. At first, wind flow is converted into electric power
through some piezoelectric transducers. Super capacitors were connected in parallel to the output of each piezoelectric
transducer so as to store the produced electric energy. Using analog adder circuit, output of these parallel piezoelectric discsuper capacitor arrays are added and amplified. The final output was stored in a rechargeable low power 5 V DC battery.
Significantly high amount of power can be generated in this process using larger number of piezoelectric discs. If properly
designed, it can be better than the conventional windmill as it does not require rotating a turbine and thus can work at any wind
speed. The proposed method can open the door of a relatively new way of generating clean energy from wind which is the
most available source around us during both day and night.
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1. Introduction
Producing electric power from renewable, sustainable and
green sources of energy become one of the most important
issues in power sector worldwide. Till now, generation of
electric power largely depends on fuel. In fuel based power
generation, heat is generated from fuel combustion which is
used to produce electricity through mechanical rotation.
Depending on the types of fuel combustion chambers, gas,
coal, diesel, uranium or other types of fuels are used to
produce electricity. As there is limited reserve of these fuels
in any particular geographical area of the earth So, it is very
natural that it will decrease gradually and we cannot depend
on these sources for arbitrarily long period. Besides, fuel
combustion is directly responsible for huge amount of CO2
emission everyday and thus harmful for the environment. So,
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searching is on for renewable sources of electric power that
can meet the demand of future. Sunlight and air have already
been proved as potential sources for electric power and
contributing in power generation through solar cell and
windmill [1-3].
In a conventional windmill, wind is used to rotate turbine to
convert wind energy into electricity. Electricity from wind
power through windmill was first demonstrated in 1887 and
since then the use of wind power is rapidly increasing all
over the world. Though wind power is more or less
consistent in an area in different years but it varies
significantly within a single year as wind flow is directly
linked with seasonal changes. Thus, for consistent output it
should be used along with other sources of power so as to
meet the demand throughout the year. It is reported that
Denmark generated around 40% of its electricity from wind
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in 2014 [4], and now wind power is used in the electricity
grids of more than 80 countries around the world [5]. As of
June 2014, estimated wind power capacity was 336 GW, and
at present at least 4% of total electricity usage throughout the
world is being supplied from wind energy that is increasing
every year [6].
Wind turbines are gaining popularity day by day as a way of
generating clean energy which results increasing number of
wind farms in different countries. However, wind turbine and
related set up are heavy in weight as well as expensive.
Besides, wind turbines generate low frequency vibrations and
cause aesthetics problem in residential areas due to which
many residents expressed their lack of interest on proposed
wind farm near their areas. Hence, alternative way for
producing clean energy from wind without using the turbine
can be a good solution. Converting wind pressure into
electric power using piezoelectric material can be a potential
alternative solution.
Piezoelectricity means pressure induced electricity. In certain
solid materials (like crystals and few ceramics) charge is
accumulated due to mechanical stress. When pressure or
stress is applied, linear electromechanical interaction
between the mechanical and the electrical state occurs in
these crystalline materials which results the piezoelectric
effect. This is how electrical charge is internally generated in
these materials from an applied mechanical pressure [7].
The capacity of piezoelectric materials to receive any
pressure and to convert that into electric signal attracted
many researchers who tried to implement circuits and
systems for converting pressure and vibrations into electric
power [5-11]. DARPA worked on a Energy Harvesting
research project in the United States which includes
generation of electricity in battlefield by inserting
piezoelectric materials beneath the soldiers' boots [8, 9].
However, this process was found to have an impact on the
body and caused discomfort while walking. Laying down
piezoelectric materials under every key of a mobile unit or
computer keyboards was another similar idea [10]. In every
key stroke, consequent pressure creates the charge on
piezoelectric material. Similar energy generating ideas
include producing the electric energy from movements of
people in train stations, bus terminals, foot over bridge or any
such public places [9, 11] by laying piezoelectric materials
under tiles or floor mats in those places. A similar idea was
used in some night clubs of Europe where crystals were laid
underneath the dance floor to generate electricity by which
they could power their strobes and stereos [12]. Vibrations
from industrial machineries or from the machines in a
gymnasium can also be used to generate electric power to
charge batteries for backup supplies or for low power
microprocessors and wireless radios by suitably placing

piezoelectric materials with these machines [12-14]. All these
reports show the potential of piezoelectric materials in
producing usable electrical power. It can be noted that, all
these possible applications utilize the sensitivity of
piezoelectric materials to any kind of pressure or vibration.
Producing electric power from wind of conversion through
potential a be can materials piezoelectric using pressure wind
.power wind based turbine of alternative New York design
firm Atelier DNA devised a concept namely Windstalk which
they developed as a potential project to generate clean energy
from wind for a city of Abu Dhabi [15]. In that proposed
Windstalk concept 1,203 carbon fiber reinforced resin poles
was used that stand 55 meters high. They are attached to the
ground in 10 and 20 meters diameter concrete bases. A stack
of piezoelectric ceramic discs are packed with the 30 cm
diameter poles narrowing up to a diameter of 5 cm from base
to the top. Electrodes are connected by cables between the
discs that run the length of each pole – alternatively for odd
and even electrodes. So, unlike conventional windmill that
relies on the wind to turn a turbine, current is generated here
through the electrodes due to compression on the stack of
piezoelectric discs.
The Windstalk project is only a proposal so far. The
designers haven’t yet determined the optimal shape for the
stalks. Nevertheless, it is estimated that the overall electricity
output of the concept would be comparable to that of a
conventional wind turbine array.
The objective of this paper is to demonstrate experimentally
an alternative way of wind power generation through
using power electric into pressure wind of conversion
materials piezoelectric .turbine any using without The
mechanism and experimental set up of our proposed way of
producing small amount of electric power discussed be will.
At first, small amount of electricity will be generated directly
from wind pressure through an array of piezoelectric discs.
The resultant electric energy from a number of crystals can
be summed up and processed further through some circuit
set-up to produce and store usable DC electric power for later
use.

2. Method and Results
A number of piezoelectric transducers collected from
acoustic-electric guitars (as shown in Fig. 1(a) are used for
conversion of wind flow and associated pressure into electric
energy. As these types of piezoelectric transducers are small
enough, the produced voltage across the transducer using
normal air flow and associated pressure is also very small. In
this experiment, a small electric blower was used as wind
source for indoor (as shown in Fig 1(b). As the corresponding
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generated voltage at the output of piezoelectric disc is in ac
form and noisy in nature, so a 1 Farad supercapacitor is used
in parallel to the piezoelectric transducers for both filtering
and storing the produced electric energy, as shown in Fig. 2.
Supercapacitor, also known as Electrical double-layer
double
Capacitor (EDLC), is a relatively new technology [16, 17].
Compared with other capacitors, supercapacitors are of
higher capacitance values per unit volume
lume along with having
greatest energy density.. With their high capacitance values,
supercapacitors are bridging the gap between capacitors and
batteries.. 100 F Supercapacitors can be considered as an
alternative to batteries in applications where the importance
of power delivery trumps depends on total energy
e
storage.
Because of higher farad values,, supercapacitors can be
charged very quickly while discharge slowly. This quick
charging characteristics is helpful for storing momentarily
generated piezoelectric output due to wind pressure. On the
other hand,, as it discharges slowly, electric energy remain
stored in it for a longer time than usual capacitors.
Consequently, multiple supercapacitor outputs can be added
easily.
In our proposed method, at first, wind flow originated from
the blower that hit the surface
urface of piezoelectric disc was used
to produce small electric energy at the terminal of
piezoelectric transducer. A 1 farad supercapacitor (rated 5.5
volt) is placed in parallel to the terminal of piezoelectric
transducer to store this small energy. An array
rray of transducertransducer
supercapacitor parallel set up was constructed and LM 324
Op Amp adder was used to add the output voltages of each
pair of this array, as shown in Fig. 2. In our experiment, at
first we tested the circuit with single and double Piezoelectric
Piezoelec
disk, as shown in Fig. 3 (a). We measured the output with
supercapacitor and without super capacitor. We observed that
when wind pressure is applied from blower, without super
capacitor, the output is 0.29 V - 0.43 V for single
piezoelectric disk and 1.18 V - 1.2 V for double piezoelectric
disk. But if we use supercapacitors in parallel with piezo then
output become 0.44 V - 0.48 V for single piezoelectric disk
and 1.49 V - 1.54 V for double piezoelectric disk. If more
piezo are added, then output also increased. In this way,
output voltage of around 6 V can be found from 10 such
transducers-supercapacitors
supercapacitors parallel set up. This output can
be used to charge a 5 V rechargeable DC battery to store the
produce power to be used later. More transducerstransducers
supercapacitors
capacitors parallel set up will result higher voltage but
in that case corresponding biasing voltage of LM 324 OpOp
Amp IC need to be increased, else the adder output will
exceed the highest saturation voltage of the IC. For faster
charging of battery, numberr of adder IC can be increased so
as to increase the total output current drawn by the load (in
this case, the rechargeable battery is the load). The complete
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circuit set up for 10 piezoelectric transducers-supercapacitors
transducers
parallel array along with other necessary
n
components is
shown in Fig. 3(b). A plane soft board is used to house the
full set up which can be placed in rooftop to work at normal
wind flow. Higher output voltage can be achieved at the
output of adder by increasing the number of transducerstransducers
supercapacitors parallel stages before the Analog adder stage.

(a)

(b)
Figure 1. (a) Metal disk with attached piezoelectric disk of diameter 2.5 cm,
as used in this work (b) An electric blower used as source of wind for this
work.

Figure 2. Circuit set up for wind energy to electrical power conversion.
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A diode can be placed in the direction of Adder output to
rechargeable battery in the circuit shown in Fig. 2 so as to
prevent the discharging of the battery when there is not
enough wind to produce the minimum voltage required at the
adder output to charge the rechargeable battery. In the
absence of adequate wind flow or pressure, output of the
adder circuit may goes below 5 V and the battery will try to
discharge by flowing current in reverese direction. The diode
is placed to stop this reverse flow of current from battery so
that it only take charge from the Adder output and cannot get
discharged in the absence of sufficient output.
The overall conversion process can be summerized in the
block diagram shown in Fig. 4. It is important to note that,
though this experiment was carried out to add output from 10
transducers-supercapacitors parallel set up, but it can be
extended to higher number until the Op amp reaches its
output saturation voltage. Even if the adder circuit output is
limited by the op amp output saturation voltage, but final
output can be raised to higher voltage using voltage
multiplier circuit so as to charge a rechargeable DC battery of
higher voltage rating. In that case, the output current will be
reduced and the battery will require more time to be fully
charged.

3. Further Improvement

(a)

(b)
Figure 3. (a) Piezoelectric disc paired with supercapacitor (b) The complete
experimental set up of the conversion unit using 10 piezoelectric discsupercapacitor pairs.

The generated electric power in this proposed method can be
significantly improved in a number of ways. Good and large
diameter piezoelectric disc can be used to get higher
conversion efficiency. This can reduce the number of stages
from the circuit set up shown in Fig. 2, because lesser
number of transducers-supercapacitors parallel set up will be
able to produce same output voltage. This will also increase
the overall efficiency of the conversion circuit. If this project
can be tested in coastal area where there is heavy wind flow
then the output will be much better. More efficient
conversion circuit may be designed to increase the efficiency.
Increasing number of piezoelectric disc will also increase the
total generated output Electric power. In fact, theoretically,
the more the number of piezoelectric disc the higher the
generated power. Hence, if millions of piezoelectric disc
mounted in a plane platform that is vertically placed on a
coastal area or a heavy wind region, then in this way
significantly high amount of power can be generated.

American Journal of Renewable and Sustainable Energy Vol. 1, No. 2, 2015, pp. 45-50

49

Fig. 4. Block diagram of the full process of generating and storing electrical power from wind energy.

4. Conclusion
Wind is the most available resource around us during day and
night. Producing electricity from wind is an increasingly
popular way of getting clean electric energy. In a
conventional windmill, wind is used to rotate turbine to
convert wind energy into electricity. In this work, an
alternative way is presented for producing clean energy from
wind without using the turbine. The core idea of this
alternative proposal is to convert wind pressure into electric
power using piezoelectric material. The conversion set up of
producing small amount of electric power from wind flow is
discussed here according to the proposed method. Wind flow
is converted into electric power through some piezoelectric
transducers. Super capacitors were connected in parallel to
the output of each piezoelectric transducer so as to store the
produced electric energy. Using analog adder circuit, output
of these parallel piezoelectric disc- super capacitor arrays are
added and amplified. The final output was stored in a
rechargeable low power 5 V DC battery. This power can be
used later to drive small loads like charging a mobile or low
power LED bulbs. In this indoor project, we used artificial
air from an electric blower to create pressure on piezoelectric
element, and thus only a small amount of power is generated
here. But, the proposed set up will equally work at outdoor
on a heavy wind area because of the same basic mechanism
of conversion of wind energy into electric energy through

piezoelectric element and the corresponding generated output
power can be significant. If properly designed, it can be
better than the conventional windmill that uses turbine and
thus requires a minimum speed of wind to rotate the turbine
in order to generate electric power. The conventional electromagnetic generator used in the windmills always has some
cogging torque which restricts their operation above certain
cut-in wind speed. Thus, it cannot generate power from wind
always despite the availability of wind. Besides, using
turbine has some other disadvantages also. But, when we use
the proposed method of conversion of wind energy into
electric energy through piezoelectric discs, speed is no longer
the main issue. Electrical power will be generated from this
set up even during low speed of wind, though in that case the
generated amount of power will be lesser than that produced
from high speed of wind due to obvious pressure difference.
The proposed method can also be better than the solar energy,
which is another popular renewable source, but active in
generating electric power only for a portion of the day and
remains inactive at night or dimmed daylight. But, wind
energy is more or less available during day and night at
varying speeds and hence generation of power won’t stop at
night. The proposed method can open the door of a relatively
new way of generating clean energy from wind, which is the
most available source around us. The proposed idea is
especially helpful in the coastal area of any country where
there are heavy wind flow and conventional electricity is not
that much available.
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