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Abstract – The Earth, as proved by extensive scientific research,
is at a critical juncture. With our rising Carbon Footprint and
depletion of resources, the long-term future of the planet is in
danger of an energy crisis and massive environmental changes.
One of the primary culprits for this predicament is the burning
of non- renewable sources of energy, which are drying up and
results in massive carbon emissions. As a result, the world has
been turning to renewable sources for a solution. Some of the
most popular solutions are hydro, solar and wind power. The
need for humankind to step up in order to prevent the damage
to and save the environment is becoming more prominent, every
second, because, it is the only solution available.
Every day, billions of people place billions of footprints
everywhere in the world, at their homes, transportation hubs,
shopping malls: the list goes on. One of the facts that has been
neglected is that these footsteps are a waste of potentially
billions of mega joules of energy. This paper will describe a
conceptual approach and a design on how to convert this wasted
kinetic energy into electrical energy, providing a source of
inexpensive electricity that can be utilized in low-power
applications in our daily lives, as a solution to the rising carbon
footprint of the Earth.
Keywords – Renewable Energy, Piezoelectric Technology,
Energy Harvesting.

I. INTRODUCTION
Energy is an important day to day source that every living
being consumes. Since the beginning of time various
methods of energy has been tried and tested from the simple
friction between two dry twigs causing fire to nuclear power
plants experimented in the era of the modern world. However,
the availability of green energy sources have demeaned and
new innovative methods have been brought up to solve the
energy crisis.
Thousands of people walk in public railway stations,
public malls, and commercial buildings every hour. The
kinetic energy generated from each of these footsteps are just
being wasted. According to research findings, on a daily basis,
men take an “average of 7192 steps” and women take an
“average of 5210 steps” [1]. With the population of the world
ever increasing, these values will be multiplied every day.
Hence it is clear that footsteps are a plentiful source of energy
which is being neglected by the world.
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During the past few years the field of energy harvesting
has become more popular and it is growing day by day.
Therefore, a number of researchers have carried out
experiments to harvest wasted energy from footfalls. One
research approach has been conducted to utilize wasted
kinetic energy and transform it to usable electrical energy
using piezoelectric technology embedded in various footwear
[2-4]. A product in the form of a tile has been developed by a
US based sustainable energy company called Pavegen [5]
currently manufacturing tiles with the concept of kinetic
energy conservation but using a different approach rather
than piezoelectric technology.
Therefore, the proposed product, the Energy Harvesting
Tile (EHT) which harvests kinetic energy from every footfall
and produce electricity through piezoelectric technology is a
much needed research area in this field. The idea was to store
the harvested energy, and use it to power street lamps,
advertising boards, electric doors of commercial buildings,
lighting railway stations and other low power consuming
applications. If one is placed in a crowded area, it will have
the potential to generate several thousands of volts and
contribute to a saving in the total electricity cost. This
technology has the potential to revolutionize the way the
world will source power in the future.
II. METHODOLOGY
Initially, a survey was carried out to understand how many
people are aware of sustainable energy and its benefits in Sri
Lanka. It was then identified that there is a high growing
demand for sustainable energy based products and high
curiosity for a product in the form of an Energy Harvesting
Tile.
A. Consumer Survey
The consumer survey revealed that, many Sri Lankans are
aware of the concept of sustainable energy being an
alternative to the widely used and quite costly non-renewable
forms of energy. Thus, the introduction of a new
revolutionary concept shows much appreciation, interest and
engagement. When surveyed on how fast the installation of a
sustainable energy alternative would be agreed upon, 51%
voted “as soon as possible”. It was evident that more than
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50% wanted to change into renewable energy as soon as it
was available which implies to interested audience if a new
product is released. One other important fact that was derived
from the survey was the suitable application of EHT.
Majority of the people believed that, EHT could be an ideal
solution to be used in public places such as railway stations,
conference halls, department stores and commercial buildings
as depicted in Fig. 1 and Fig. 2, rather than domestic
applications where thousands of people gather every day.
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Generated voltage can be found using the following
equation [6]:

V = Generated Voltage
F = Force applied to the piezo element in the direction of its
thickness
T = Thickness
g33 = Piezoelectric voltage constant
A = Surface Area
C. Experimental Phases during Development of the EHT
Two experimental phases were conducted to determine the
most suited design for the EHT.
• Development of the design using piezoelectric film
sensors
• Development of the design using piezoelectric
transducers
The piezo electric film sensor used in the experiments is
shown in the Fig. 4 and Fig. 5 below.

Fig. 1: Bandaranaike Memorial International Conference Hall

Fig. 4: Piezoelectric film sensor – LDT0 – 28K

Fig. 2: Pettah Railway Station

B. Mathematical Model for the Piezoelectric Concept
When a mechanical stress or vibration is applied on a
piezo crystal as shown in Fig. 3 below, it produces an
electrical potential. This theory was used in the proposed
project and the force created from a footstep generates a
voltage. This voltage was used to charge a battery.

Fig 3: Piezoelectric effect
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Fig. 5: Piezoelectric film sensor dimensions – LDT0 – 28K [7]
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The theory behind piezoelectric films was slightly different
from piezoelectric discs. In piezoelectric films, a voltage was
generated on deflection of the sensor tip. According to
Measurement Specialities [7], when the sensor was used with
a charge amplifier, a 2mm deflection was sufficient to
generate 7 V and voltages above 70 V could be obtained
when the tip was deflected by 900. The voltages obtained for
the relevant tip deflection are shown in the Table 1 below.

the voltage increment across the capacitor was checked.
During initial testing, it was found that the voltage increment
per tap on the piezoelectric disc was not sufficient enough to
be used in the proposed project. This was mainly due to the
high forward voltage barrier of the silicon diode of 0.7 V
which caused the input voltage passed through the bridge
rectifier to drop. The net voltage drop of 1.4 V caused due to
the input voltage passing through 2 diodes was a significant
loss.
Since four diodes were soldered in order to design the
bridge rectifier, the increased resistance at the soldered points
may also have been a reason for the voltage drop. Therefore,
to avoid any added resistance from soldering, a S1WB s60
Bridge Rectifier was used in a new PCB instead of using
separate diodes. There was a significant improvement in the
voltage increment per tap on the piezoelectric disc but still
the voltage increased by only 0.1 – 0.2 V per each tap. Once
again, this low voltage reading may have occurred due to the
forward voltage barrier of silicon diodes which were used in
the S1WB s60 bridge rectifier.
During the next phase of testing, to amplify the charge
stored, the single capacitor which was used during the initial
tests was replaced by three 22µF capacitors in series
connection. The voltage increment per tap increased from 0.1
V to 0.5 V. To further improve the system, it was decided to
replace the S1WB s60 bridge rectifier by either a Germanium
diode bridge rectifier which has only a 0.3 V forward voltage
barrier or else by a Schottky bridge rectifier which not only
has a low forward voltage barrier but is also more energy
efficient than a standard bridge rectifier. The voltage
efficiencies of using both types of diodes in a full wave
bridge rectifier are compared in Table 2 below.

TABLE I
VOLTAGE OUTPUT RELEVANT TO TIP DEFLECTION OF THE PIEZOELECTRIC
FILM SENSOR

Tip Deflection
2 mm
5 mm
10 mm
Max (90E)

Charge Output
3.4 nC
7.2 nC
10-12 nC
> 30 nC
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Voltage Output
7V
15V
20-25 V
> 70 V

The piezoelectric film sensor was tested using an
oscilloscope to identify the peak voltage values. With the tip
deflected by 2 – 4 mm, the piezoelectric film sensor was able
to generate an alternating current (AC) voltage of 5 – 6 V
without using a charge amplifier. But these values were not
generated by a single deflection of the tip and were generated
only when it was in constant deflection with an oscillatory
movement (vibrating at a frequency). After conducting some
research and experiments, it was concluded that creating an
oscillatory motion inside the tile proved to be difficult since it
will require a large volume of space and increase the
complexity of the design.
Therefore, the second phase of testing was conducted
using piezoelectric transducers as shown in Fig. 6 below.

TABLE II
COMPARISON OF VOLTAGE EFFICIENCIES OF SILICON AND SCHOTTKY
DIODES

Type of
diode

Maximum
forward
voltage
drop

Maximum
voltage
drop
across 2
diodes

Silicon

0.7 V

1.4 V

Schottky

0.3 V

0.6 V

% Efficiency per tap

Fig. 6: Piezoelectric Transducer/ Piezoelectric Disc

A transducer converts one type of energy form into
another and piezoelectric transducer can perform the
conversion of mechanical vibrational energy to electrical
energy or vice versa. An active element is placed in the
middle as depicted in Fig. 8 which is made of a polarized
material. If an electric field is applied through the soldered
wires the polarized materials will align with the electric field
creating induced dipoles within the material structure causing
dimensional changes. This is called electrostriction while the
opposite phenomenon is called piezoelectric effect.
A prototype PCB was fabricated including a bridge
rectifier comprising of silicon diodes for testing purposes and
it was connected to a piezoelectric disc. A 100µF capacitor
was used with the bridge rectifier at the output terminals and
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Therefore, for the final PCB design, MB12S Schottky
bridge rectifiers were used and it was able to obtain over
1.5V increment in voltage per each tap on the piezoelectric
disc. Then it was pass through a DC-DC converter to boost
the voltage using a MOSFET. The final outcome was
considered to be a successful result. These voltage values
were tested for each 41mm piezoelectric disc and 9
piezoelectric discs per each tile were used for the prototype.
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Also, the force given to the piezoelectric discs just by tapping
will not be the case for the tile. Therefore, after several
experiments it was concluded that the proposed EHT will
generate over 9 V – 12 V per footstep and it was used to
charge a Li-ion battery which is accommodated inside the tile
housing so that we can use this energy to power different low
power appliances as necessary.
D. Product Specifications
The CAD model of the EHT was designed using
SOLIDWORKS as shown in following figures, Fig. 7 – 14.

Fig. 10: Section A-A view of Fig. 9

Fig. 7: Exploded view of the EHT design
Fig. 7 is an exploded view of the EHT design and the
specifications for each of the components are described
below.
Fig. 11: Left side view of the top rubber layer

3
2

Fig. 8: Isometric view of the top rubber layer

Fig. 12: Detailed view of Area E in Fig. 11

Fig. 9: Front view of the top rubber layer
Fig. 13: Back view of the top rubber layer
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Fig. 14: Top view of the top rubber layer

Fig. 8 – Fig. 14 illustrate the product specifications of the
top rubber layer (1) which is fully made of recycled hard
rubber. This is a hard rubber layer (1) of 300.8 mm × 300.8
mm in surface area and with a thickness of 3 mm. It consists
of 9 hemispherical outward projections (2) of radius 5 mm
and 6 rectangular outward projections (3) as shown in Fig. 9,
on two of the short sides of the rubber layer (1) with 50 mm ×
2.5 mm × 2 mm in dimensions. These rectangular projections
(3) will be fixed into the slits present in the outer metal
housing making the top rubber layer removable. When a
force is exerted on the top rubber layer (1), the hemispherical
projections (2) will deflect its respective piezoelectric disc
within the given tolerances to generate electricity.

Fig. 17: Detailed view of the Area C in Fig. 16

Fig. 18: Top view of the piezoelectric disc holder

Fig. 19: Left view of the piezoelectric disc holder

Fig. 15: Isometric view of the piezoelectric disc holder

Fig. 15 – 19 illustrate the specifications of the piezoelectric
disc holder (4) of the EHT. This is a 3 mm thick metal layer
with equal length and width as the top rubber layer (1) which
is made of the alloy EOS Aluminium AlSi10Mg. This is
manufactured using Direct Metal Laser Sintering (DMLS),
which is a powder based rapid additive layer manufacturing
process. The piezoelectric disc holder (4) consists of 9 holes
(5) of diameter 30 mm. 9 piezoelectric discs (8) will be
bonded onto top of these holes (5) such that they are centered
to their relevant hole, using a metal bonding adhesive.
Further it consists of another 4 holes (6) of diameter 12.5 mm
which are used to draw wires that are soldered onto the top of
piezoelectric discs (8). Another 8 holes (7) of diameter 5 mm
are designed closer to the edges to fix the piezoelectric disc
holder (4) onto the upper level (11) of the metal housing (10)
using 8 bolts (9) of diameter 5 mm.
Fig. 20 – Fig. 25 illustrate the specifications of the metal
housing (10). This is also manufactured by DMLS using the
powder of metal alloy EOS Aluminium AlSi10Mg. The
metal housing (10) consists of two levels, the upper level (11)
contains the top rubber layer (1) and the piezoelectric disc

Fig. 16: Front view of the piezoelectric disc holder
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holder (4). It has a length and a width of 304.8 mm × 304.8
mm and a thickness of 25 mm. 8 holes of diameter 5 mm are
available on the upper level (11) to fix the 8 bolts that come
on top of the piezoelectric disc holder (4). The lower level
provides room for containing the electronic circuitry and the
rechargeable battery. As shown in Fig. 24 it also consists of
two circular holes (15) of diameter 7.5 mm as the power
output port of the EHT. It has a length and width of 258.5
mm and a thickness of 25 mm.

Fig. 23: Back view of the metal housing

Fig. 20: Isometric view of the metal housing
Fig. 24: Top view of the metal housing

Fig. 21: Front view of the metal housing

Fig. 25: Right side view of the metal housing

E. Functionality of EHT
The force of a footfall would cause the top rubber layer as
shown in Fig. 26, to move downwards, making the
hemispherical projections to force the piezoelectric discs to
deflect. Since the thickness of the piezoelectric disc holder is
3mm, the maximum deflection caused by a piezoelectric disc
will also be 3 mm. When the foot is raised, the piezoelectric
discs return to their initial position. This vertical motion and
the vibrations followed by the motion create pulses of AC
voltage.
The EHT is capable of producing a DC voltage output of 9
– 12 V per every footstep (Average weight of a person was

Fig. 22: Detailed view of the Area C in Fig. 21
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considered to be 70kg) and the generated voltage is used to
charge a 3.7 V 3600 mAh Li-ion battery.

7

This also could reduce the number of manufacturing cycles
and the above mentioned hardening heat treatments were not
required when using DMLS.
The following technical and material data/properties were
considered.
TABLE IIIII
GENERAL PROCESS AND GEOMETRICAL DATA

Typical achievable part
accuracy
Smallest wall thickness
Surface roughness, as built,
cleaned
Surface roughness, after micro
shot-peening

Fig. 26: Footfall on the top rubber layer

Volume rate (measure of the
building speed during laser
exposure)

100 μm
approx. 0.3 – 0.4 mm
approx. 0.012 – 0.016 inch
Ra 6 - 10 μm, Rz 30 - 40 μm
Ra 0.24 - 0.39 x 10-³ inch
Rz 1.18 - 1.57 x 10-³ inch
Ra 7 - 10 μm, Rz 50 - 60 μm
Ra 0.28 - 0.39 x 10-³ inch
Rz 1.97 - 2.36 x 10-³ inch
7.4 mm³/s (26.6 cm³/h)
1.6 in³/h

TABLE IVV
MECHANICAL PROPERTIES

Properties

Direction

As built

460 ± 20 MPa

Hardness

horizontal
direction
(XY)
vertical
direction (Z)
horizontal
direction
(XY)
vertical
direction (Z)
horizontal
direction
(XY)
vertical
direction (Z)
horizontal
direction
(XY)
vertical
direction (Z)
-

Fatigue
strength

vertical
direction (Z)

Tensile
strength

Yield strength
(Rp 0.2 %)

Modulus of
elasticity
Fig. 27: Final design of the EHT

Elongation at
break

F. Proposed Manufacturing Technology, Material Selection
and Material Properties
The EHT will be installed in crowded environments where
thousands of people walk over every hour. Therefore the
material used to manufacture the tile should withstand high
impact loads and the product should be durable. Considering
mass production with precise quality it was proposed to
incorporate a very efficient rapid manufacturing process,
Direct Metal Laser Sintering (DMLS). Required materials
were selected considering properties such as good strength,
hardness, low weight, good casting properties and also
considering the material options available for DMLS.
Therefore, EOS aluminium alloy AlSi10Mg [8] was selected
for manufacturing the metal housing and the piezoelectric
disc holder of the EHT.
If conventional casting processes were used, this type of
aluminium alloy require heat treatments such as annealing,
quenching or age hardening to improve the mechanical
properties. But the rapid melting and re-solidification process
of DMLS could produce a metallurgy and corresponding
mechanical properties similar to heat treatment techniques.
December 2017
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460 ± 20 MPa
270 ± 10 MPa
240 ± 10 MPa

Heat
treated
(anneal for
2 h at
300 °C)
345 ± 10
MPa
350 ± 10
MPa
230 ± 15
MPa

75 ± 10 GPa

230 ± 15
MPa
70 ± 10 GPa

70 ± 10 GPa

60 ± 10 GPa

(9 ± 2) %

(12 ± 2)%

(6 ± 2) %

(11 ± 2)%

approx.119 ±
5 HBW
approx. 97 ± 7
MPa
approx. 14.1 ±
1.0 ksi

-

III. CONCLUSION
A prototype design was developed to showcase the
functionality of an Energy Harvesting Tile. The prototype
was successful enough to light up a LED strip per each
footstep. Real application of this technology will be,
installation of these energy harvesting tiles on public railway
stations, pavements, and commercial buildings where
thousands of people walk over per hour. When this energy
from thousands of footsteps is stored in a standalone battery
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pack, it will be more than enough to light up a railway station
at night where LEDs were used, it can also be utilized in
other applications such as, lighting up LED sign boards and
display screens, operating electric doors at commercial
buildings and therefore, it is obvious that this concept can
revolutionize the renewable energy generation in the future.
Further research will be conducted to improve the
efficiency of the charging and discharging cycle of the EHT.
It will be tested in future, on how to integrate more than one
tile which will be the most important step and how to store
the harvested energy from an array of EHTs in a standalone
battery pack.
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