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Abstract

As the climate crisis worsens, the need for renewable energy has never been
more prevalent. Renewable energy sources are essential for a variety of reasons,
primarily because they offer numerous economic, environmental, and social benefits
compared to traditional fossil fuels. Kinetic flooring, also known as energy-harvesting
flooring, is a type of technology designed to convert mechanical energy, typically
generated by footsteps or other physical movements, into electrical energy. This type of
flooring has various applications, including generating power for lighting, sensors, and
other low-power electronic devices in public spaces, walkways, and buildings.

Several different technologies exist for harvesting energy using kinetic flooring,
however, to date there have been issues with the cost and effectiveness of these
systems, preventing widespread deployment and use. Through this Written Proposal,
Group 3 will present and evaluate multiple design solutions for new, cost-effective
kinetic flooring systems. A final design, capable of being deployed across the Villanova
campus, is depicted and calculations of the average power generated by the system are
included.

In summary, the transition to renewable energy sources is essential for
addressing climate change, reducing environmental impacts, enhancing energy
security, and promoting sustainable economic development. Kinetic tiles offer a
sustainable way to generate electricity from human activity and can contribute to energy
conservation in public spaces and buildings. They have the potential to reduce the
carbon footprint of infrastructure and promote the use of renewable energy sources.
Group 3’s novel solution for kinetic energy flooring will provide an abundant clean

source of power that can be harvested across the Villanova campus and beyond.
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1. Introduction

A major problem that the world is facing is climate change. We need a
replacement for fossil fuels as we are in both a climate crisis and an energy crisis. This
problem is due to the non renewable resources and harmful processes to obtain energy.
This has harmed our planet and the solution can only be found though renewable clean
energy.

Global renewable electricity capacity is forecasted to rise more than 60% from
2020 to 2026 [IEA, 2021]. Kinetic Energy Floors have the potential to capture large
amounts of lost energy and will play a major role in the expansion of renewable energy.
We are creating a floor in which the kinetic energy of one’s steps can be converted into
electrical energy. This energy will help reduce the usage of fossil fuels and will help fight
climate change.

In order to produce a functioning kinetic energy floor, research into prior attempts
at kinetic energy flooring were evaluated. This proposal presents various design
concepts and prior work that has been done in the field of energy flooring, as well as
one company (Pavegen) that is currently manufacturing energy-producing flooring on a
“novelty” small-scale today. This proposal points out the issues with past attempts at
kinetic energy flooring that have led to the relative failure of kinetic energy flooring to be
widely adopted, including the issues with the kinetic energy flooring that is currently
being manufactured by Pavegen today.

Building on our analysis of prior and current attempts at kinetic energy flooring,
our team realized that a new type of technology for harvesting energy from human
walking would be necessary. We began researching solutions that can be used to

convert kinetic energy into electrical energy, specifically focusing on research papers



that have been published in the past three years. Our research led us to consider not
only electric-generator-type solutions, such as those used by Pavogen, but also newer
technologies that show significant improvements over these electric-generator-type
solutions.

Three preliminary designs were conceptualized. Our first preliminary design was
based on electric-generator-type solutions, but used a different approach than Pavegen
and other companies that have attempted to create these solutions in the past. Our
second preliminary design was based on piezoelectric generators, a well-known and
well-established phenomenon where stresses in certain materials can be converted into
electrical power. Our third preliminary design was based on our research of recent
discoveries in the field of kinetic to electrical energy conversion, specifically Triboelectric
Nanogenerators. These Triboelectric Nanogenerators were only just discovered in 2012
so there have been several recent advances and new research papers around this
technology. Our third preliminary design uses recent advances in Triboelectric
Nanogenerators that have occurred within the last three years to create a novel kinetic
energy flooring solution.

Evaluation of our three preliminary designs against our original requirements was
performed and is included in this Written Proposal. A design selection was made from
the three preliminary designs, and a detailed design was created based on the
preliminary design selection. The specifics of the detailed design are also presented.

A final design depicting our system used in a real-world scenario at Villanova is
included in the Final Design section of this proposal. This final design shows multiple
individual modules of our system placed underneath the pavers near the Oreo, which is
an ideal location for kinetic energy harvesting due to the high pedestrian traffic that

passes through the area each day.



2. Formulation of Design

2.1 The Problem

Before our group could discuss and analyze a solution, we first needed to
determine the problem. Around the world, countries are starting to experience an
energy crisis one by one. Currently, countries like Pakistan, Sri Lanka, Ecuador, and
Haiti on top of many others are being ruined by rocketing energy prices and fuel
shortages [Jayanti, 2022]. Without a solution to this, one by one, each county will start
to fall as we not only start to see our reliance on fossil fuels but also how limited they
are. It is predicted that, at this current rate, we will run out of fossil fuels by the year
2060 [Howarth, 2019]. Unfortunately, with the increasing rate of electricity consumption
and use of automated devices, it is reasonable to say that 2060 is the best case
scenario. With such a short approximation and an even shorter assumed actual year,
we need a new solution quickly. Not to mention that this un-updated prediction will
become even smaller than it was with the war in Ukraine. Since the war’s beginning, we
have started to see how little resources we have left and with something as demanding
as a war, it has been made apparent in the most extreme way [IEA, 2023]. In addition,
as winter is now coming around, Ukraine needs a steady flow of electricity to be able to
survive while still being under the pressure of attacks on their energy infrastructure by
Russia.

On top of the energy crisis around the world, Group 3 also wanted to make
something that was applicable to Villanova. Villanova uses a large amount of energy as
it has to provide housing, food, education, entertainment, air conditioning, heating, and
additional services to its students. We also wanted this to be a product with a large

potential market. Something that could help on not only the small scale, for small



businesses and homes, but also on the large scale, for malls, towns, and entire cities.

We set out to create a product capable of providing power to everyone, anywhere.

2.2 Existing Solutions

Today, the common solutions for renewable energy are solar panels and wind
turbines. However, these solutions aren't as environmentally friendly as most people
would think. Starting on the large scale with solar panels, how many trees had to be cut
down so a solar farm could exist? Often only medium scale solar farms require 10-20
acres of land [Pivot, 2019]. This is not even a large size solar farm. Imagine the mass
deforestation and repurposing of viable farmland necessary to support the world's
massive energy needs — how many animals will lose their homes, how many animals
will die, and how will the global food supply chains be disrupted? Furthermore, even
once these solutions are deployed, they are still terrible for the surrounding
environment. Governments consider solar panels to be toxic waste as they have
amounts of heavy metals such as cadmium and lead present. This leads to their
disposal being a tedious process while also producing waste that is harmful to the
ocean and the general environment. On the smaller scale with solar panels, they cost
tens of thousands to install into customers' homes and even after that, they still require
maintenance twice a year. On top of that, solar panels ruin the home’s visual appeal,
potentially leading to it having a lower selling price and losing value overall for the
homeowner.

So what about wind turbines? Unfortunately, wind turbines are in the same state
as solar panels. On the large scale with wind turbines, again they take up massive

amounts of space and ruin our landscapes. So why not move them to the ocean? Well



now the water, its seabed, the marine life, and the surface are all being affected [NOAA,
2023]. On top of that both the water wind turbines and the land wind turbines Kkill
passing birds. At the speed the turbines spin, the birds can’t see the blades, leading to
them running into the blades or just being impacted by the blades. Lastly, the materials
used to build wind turbines still destroy the environment even after they are made. With
their concrete-rebar bases, rotting metal, and motor emissions, they are certainly
harmful to the environment. Overall, in trying to help reduce the usage of fossil fuels,

solar panels and wind turbines are destroying the environment in other ways.

2.3 Determination of Requirements

In designing the requirements for a new type of clean energy solution, we took
into account a multitude of factors: it has to generate passive energy, not affect the
ecosystem, not lead to pollution, not use fossil fuels, produce stable energy, be
affordable, be easy to understand and obtain, and have a large market. After performing
a good deal of research, our solution is kinetic energy harvesting flooring. Dissolution
obtains electrical energy from flooring and tiles. As people walk on it or even if any
pressure is distributed to the tile, it is able to generate electric power. This means that
the people will not have to actively try to create energy. Though this is technically not
completely passive energy production, it might as well be if these tiles are implemented
in the correct, high activity areas. This product will only be deployed in areas of the
world that humans inhabit, so we won’t need to worry about it negatively affecting the
ecosystem. Also, because it converts kinetic energy into electrical energy, we don’t
need to worry about the use of fossil fuels and associated pollution. Due to its simplest

nature of being only a flooring panel or tile, the market will be high, people will be able



to understand it, and it will be obtainable fairly easily. It's just as easy to get as a normal

floor tile.

Requirements:

Generates passive and stable energy:
Once implemented, our solution needs to be able to generate

consistent energy without any additional active human effort.

Will not affect the ecosystem:
Our solution needs to not sacrifice the ecosystem or any aspect of

the world in an attempt to try to help another aspect of the world.

Will not lead to pollution:
Our solution needs to not lead to pollution and must be easily

disposed of.

Does not use fossil fuels:
Our solution needs to not be reliant on limited fossil fuels and

instead become the reason that we don’t need fossil fuels.

Is affordable for us and the customer:
Our solution needs to be cheap enough that it is a desirable

solution and well worth the implementation.



Easy to understand and obtain:
While the underlying technology of our solution may be complex,
the product itself needs to be easy for the customer to understand

and obtain so they are not deterred.

Has a large market:
Our solution must have a large market so that it can have a broad

and lasting impact.

10



3. Analysis of Existing Products

3.1 Pavegen

Flooring capable of harnessing kinetic energy has already been attempted and
can be successful in certain circumstances, however, despite certain pros, there are
several issues with these solutions. This is why kinetic energy flooring has not yet found
widespread use. Pavegen is a perfect example of this. Pavegen was founded in 2009
by Laurence Kemball-Cook [Climate and Capital Media, 2023]. Pavegen seeks to install
their flooring into airports, train stations, busy transport sites, sports stadia, and retail
destinations. Overall, they are targeting high traffic indoor areas within cities and towns,
however the high cost and difficult installation requirements for their flooring have left it
as more of a novelty or marketing item than an actual solution for renewable energy.

Pavegen has gone through multiple iterations and produced three different
designs for their product. Through this, they have obtained four patents for their product
as shown in Appendices A, B, C, and D.

Pavegen’s technology utilizes three electromagnetic induction generators, one at
each edge of a triangular tile. When someone steps on the tile, it moves down and
triggers the electromagnetic generators to spin. This spin through the motor allows for a
conversion to electrical energy. An image of the electronics that are used underneath a

Pavegen tile are shown in Figure 3A.
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Figure 3A: Pavegen’s Version 3 (V3) and most recent tile design [Wevolver, 2023].

Overall, Pavegen’s product is not bad, however, it is far too expensive to
implement for widespread use, and it is currently only for indoor use [Pavogen, 2023].
Pavegen was established over 10 years ago, however their flooring has only been
installed 200 times [Pavogen, 2023]. From an electrical standpoint, one step allows the
Pavegen tile to generate 3 joules of energy, while 5-7 footstep can produce 20 seconds
of light using electromagnetic induction generators [Pavogen, 2023]. Their tile is 500mm
by 500mm, has a power rating of 5 watts continuous power from footsteps, has a
maximum voltage of 48V (ranging from 12V - 48V), and is made of steel and recycled
aluminum [Pavogen, 2023]. Lastly, they have been able to become EMC compliant, CE
marked, and UL compliant. However, their product also has numerous downfalls,
starting with the fact that it costs $75 - $160 dollars per tile versus $0.69 - $0.99 per tile
from a local hardware store [Lowes, 2023].

Like solar panels and wind turbines, Pavegen is not a viable long term solution.

Their product only lasts 20 years, which is the exact same lifespan as solar panels and
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wind turbines. On top of that, their aptitude for data collection could be portrayed poorly.
In a world where data is valuable and powerful, people might not like Pavegen knowing
where they are going as they walk on the Pavegen tiles. On top of that, their design is
flawed. Electric motors are not cheap, and Pavegen proprietary motors are not weather
resistant, causing the Pavegen tiles to only be able to be used indoors. Plus to install
their flooring, customers would need to remove their current floor, and then build up the
floor height significantly to provide room for the motors, which decreases the effective
height of the room. Even after they go through the whole process to install the flooring, it
still won’t be fun to walk on. When a person takes a step on the tile, it moves down to
start the conversion to electrical energy. However, the large travel distance of the tile
could easily throw people walking or running off balance, leading to injuries.
Furthermore, if someone steps on more than one tile at the same time, it's unlikely that
the weight will be evenly distributed so the simple pedestrian will be thrown off by one
side of their step being lower than the other. All of this makes the Pavegen floor not
realistic for the amount of energy that is produced in the end. Pavegen is working to
become established, but if they aren’t able to produce energy output at a reasonable
cost, and with minimal intrusion to the users, they will most likely continue to stagnate

as they have for the past ten years.

3.2 Energy Floors

Energy Floors is another company that produces kinetic energy flooring tiles.
Energy Floors was founded in 2007 by Michel Smit and is based in the Netherlands
[LinkedIn, 2023]. Similar to Pavegen, Energy Floors harnesses kinetic energy when the

tiles move down significantly through electromagnetic generators. However, they took a
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different route with the marketing of their flooring. Unlike Pavegen, Energy Floors
doesn’t seek to be in everyday life. Instead, Energy Floors has three different products:
the Dancer, the Gamer, and the Walker. The Dancer, as the name implies, is a dance
floor that people use to generate energy. The Dancer comprises multiple products
ranging in size, and a typical Energy Floors’ 32 tile Dancer system is shown in Figure
3B. As people dance on the tiles, they are able to see how much energy they are

generating through a screen displaying the energy numbers.

Figure 3B: Energy Floors’ 32 tile, Dancer system. It is 600 cm by 300 cm and has a watt
peak of 640 [Energy Floors, 2023].

Next, the Gamer is a product that has been mainly used in schools thus far. The
tiles light up and children try to hit the areas that are lit up. This impact then generates
kinetic energy. Lastly, the Walker is very similar to Pavegen’s product. The Walker is a

set of indoor tiles meant to harness energy as people walk on them. They have not

14




specified the locations specifically they would like to implement or have implemented
this product, however, like Pavegen’s product, this seems like it needs to be indoors to
remain functional long-term. Furthermore, it seems like Energy Floors has run into the
same problem as Pavegen — given the high price of their product, they are unable to
produce enough energy to warrant this high cost, leading to their products being used
more as a novelty or a marketing tool. From their reviews, it seems like the product is
used as an aesthetic for companies that want to seem like they care about the
environment. Sarah Basile states, “During our tours or experiences, the kinetic floor is
usually a main focus of our philosophy. The people are always so fascinated by it!”
[Basile, 2023]. There is no mention of how much energy they have saved or any
positive environmental impact that it has produced. Overall, Energy Floors’ solution is
very similar to Pavegen in benefits as well as detriments. It still produces minimal
energy when compared to its very large cost, and it can throw walkers off balance.
However, people using the Gamer or Dancer would be more prepared for the tilting
change in the floor tiles. The only significant difference is that Energy Floors has been
able to create more products than Pavegen, while Pavegen has been able to perform

more installs (although, still only a paltry 200 total).

3.3 EWPanel

Lastly, there is EWPanel. EWPanel took a different approach than Pavegen and
Energy Floors, however, they were unsuccessful. EWPanel was formed in 2016 by
Lazarus German and Xudong Wang, but they disbanded in 2020. Unlike Pavegen and
Energy Floors, EWPanel used triboelectric nanogenerators (TENGs) to generate their

energy. TENGs were discovered by Fan and Wang in 2012 [Fan et al, 2012], however,
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the use of wood pulp as a TENG in flooring was only first created by Wang in 2016. The
method used wood pulp embedded in wood flooring to generate energy when pressure
was applied. Wang did this to utilize the easy and clear waste removal of a material like
wood pulp. It also reduced the cost of the product, since wood pulp and the tape-like
array of wood pulp nanogenerators is not costly — nowhere near the cost of
electromagnetic induction generators which require massive amounts of money for the
motors and the copper in them. Overall, this product was new, cost less, was smaller,
was much better for the environment, and didn’t move up and down significantly when
someone stepped on them. EWPanel was the first company to solve the balance
problem. However, they still ran into the same problem of being outside. As a wood
panel only, EWPanel’s product couldn’t be implemented outside because of the weather
wearing away at it. Also, as a wood tile only, it couldn’t withstand very heavy weight.
Finally, while the use of wood pulp a TENG was very environmentally friendly, it was not
a very efficient TENG and therefore did not produce enough power to make it a viable
solution that would be worth implementing. These factors led to the eventual shutdown

of the EWPanel company.
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4. Preliminary Designs

4.1 Preliminary Design #1:
Electric Generator Based Human Energy Harvesting

Module

One initial design concept that our group considered was using small generators
to create electricity whenever a tile is stepped on. Some commonly available DC motors
can be used to generate power. While these motors turn when power is applied to them,

they can actually create power when their shaft is turned by some external force. For

example, a DC 775 motor can produce about 8 Watts of power when turned at 1500
rotations per minute [Electron, 2018]. These motors can be purchased for about $15
each [Amazon.com, 2022]. The body of the DC 775 motor is 66.7mm long and 42mm in
diameter, and it has a shaft with a diameter of 5mm. By placing a round gear on the
shaft and connecting it to a gear rack, the DC 775 motor can be turned by a linear

movement. An example of a gear rack is shown in Figure 4A.

% )

Example of a '

“Gear Rack” E
Wk

The gear wheel !‘:3 :

turns as the

gear rack moves

up and down.

Figure 4A: A basic gear design that uses linear motion to spin a motor.
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For our Electric Generator Based Human Energy Harvesting Module, we
proposed placing four DC 775 motors underneath a 12” by 12” floor tile. The motors
would be set slightly inwards from the edge of the tile to allow springs to be placed
around the edge of the tile, ensuring that the tile would return to its upward position after
being stepped on.

Since the shaft of the DC 775 motor is 5mm in diameter, it has a circumference
of 15.71mm. This means that in the best-case scenario where the teeth of the round
gear extend all the way into the shaft, the tile would have to travel 15.71mm (or about
0.62 inches) just to turn the shaft of the DC 775 motor once. In reality, the teeth of the
round gear will not be able to extend all the way into the shaft, so we estimated that a
single turn of the shaft of the DC 775 motor would require approximately a full inch of
travel by the tile above it. An image of the DC 775 motors attached to the underside of a

12” by 12” floor tile is shown in Figure 4B.

Figure 4B: A simplified SolidWorks CAD rendering of our preliminary design #1. As the

tile takes pressure, the springs compress and the gear racks spin the round gears. The
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gears spinning leads to the shafts spinning, generating electrical energy from the DV

775 motors.

The design of our Electric Generator Based Human Energy Harvesting Module
system would require about 4.5” of space underneath the tile to provide room for the
motors and the gear racks when they are depressed by a person’s foot.

While the example system that used a DC 775 motor to produce energy was able
to produce about 8 Watts of power [Electron, 2018], that system was rotating at a speed
of 1500 rotations per minute. We decided to calculate how fast our tile would need to be

pressed down to achieve this RPM. These calculations are shown in Figure 4C.

1500 rotations / minute * 1 minute / 60 seconds = 25 rotations / second
Assuming 1 inch of vertical travel is necessary for 1 rotation of the DC 775 motor (as
explained in the text above) the RPM can be calculated as...

25 rotations / second * 1 in / rotation = 25 in / second

Figure 4C: Calculation of linear-motion speed based on necessary rotations per

second.

Next, we evaluated a typical walking pattern to see how fast our foot actually
traveled when it moved downward toward the ground. We found that a typical foot step,
which includes lifting the foot, swinging it forward, and placing it on the ground took

approximately 0.5 seconds. A diagram of this motion is shown in Figure 4D.
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Measured time for single foot stride: 0.5 seconds
- Observed time for foot lift: ¥4 of foot stride
- Observed time for foot swing: 'z of foot stride
- Observed time for foot place: % of foot stride

Measured distance for foot swing: 20-30 inches
Measured distance for foot lift or foot place: 2 inches

Figure 4D: The general motion of a foot during a step, compared to the amount of time it

takes to take a step.

Using the measured and observed values from our foot stride experiment, we

calculated the speed of a “foot place” as shown in Figure 4E.

0.5 seconds / foot stride * 0.25 foot strides / foot place = .125 seconds / foot place

2 inches / foot place * 1 foot place /.125 seconds = 16 inches / second

Figure 4E: The velocity of foot strides.
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We then used these values to calculate an estimated maximum power output for
our Electric Generator Based Human Energy Harvesting Module. We determined that
this calculated maximum power output was an overly generous estimate since in reality
the motor would need to spin up from 0”/second to 16”/second during the duration of the
1 inch travel. At best, the 16”/second speed might be achieved by the end of the 1 inch
travel, so to account for this, we applied an average 8"/second of downward speed to
the gear rack. These values were used to calculate an average power produced by the
Electric Generator Based Human Energy Harvesting Module and the calculations are

shown in Figure 4F.

16 in / second foot motion = 8 in / second average speed over 1” gear rack distance
25 in/second : 8 Watts
8 in/second : 2.56 Watts

2.56 Watts * 4 motors = 10.24 Watts

Figure 4F: The energy production of preliminary design #1.

The 10.24 Watts is only produced during the time in which a person is stepping
down on the tile. The DC 775 motor will actually produce power while it turns backwards
when the springs are bringing the tile back up to its original position, however, any
energy obtained from this upward motion would be lost by the fact that the springs will
be slowing the person’s step on the way down since the springs will be acting against

the downward motion. Also, looking at the resistance that the DC 775 motor showed
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against hand-turning [Electron, 2018], it was determined that adding additional motors
beyond the four in our design would have diminishing returns since they would resist the
descent of the tile, causing it to move slower and reducing the overall output.

As a “sanity check” to our calculations, we looked up the value of Pavegen’s
power output for their floors and found that they stated that “Pavegen's patented
systems produce around 3 joules of energy per footstep or up to 5 watts of power while
someone is walking” [Pavegen, 2023]. This was close to our calculated 10.24 Watts, so
we felt that overall our calculations were fairly reasonable.

Some issues were found with our Electric Generator Based Human Energy
Harvesting Module, similar to Pavogen’s system and others like it on the market.
Specifically, the system requires a large amount of room underneath the tiles since it
has to account for the 1” travel distance of the tile, as well as the 42mm diameter of the
motors, and the space needed for the gear rack when the tile is fully depressed. In
addition, the motors are fairly expensive at about $15 each [Amazon.com, 2022], taking
the cost of a singe 12” x 12” ceramic tile from $0.69-$0.99 per tile [Lowes, 2023] up to
over $60-$65 per tile. Finally, the mechanical gear rack system is not ideal for outdoor
environments where it will be exposed to moisture, causing it to lose its grease and rust,

and where pieces of dirt and sand can get into the gear system.

4.2 Preliminary Design #2:

Piezoelectric Based Human Energy Harvesting Module

After doing more research on how to convert pressure into energy, another initial
design concept that we considered was using the piezoelectric effect. Piezoelectricity

was first identified in 1880 by The Curie brothers, and it is known as the property of
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materials to generate electricity from mechanical deformation [Ahmed et al, 2021].
Essentially, the piezoelectric effect allows certain materials to generate electric charge
when mechanical stresses are applied to them, and this charge can then be extracted
and used to power electric devices or to charge batteries for later use.

Some naturally-occurring materials that have piezoelectric effect and can be
used to generate electric charge are berlinite, quartz, cane sugar, rochelle salt, topaz,
tourmaline, and even dry bone. It is thought that the piezoelectric effect in bone is
actually used as a biological sensor to sense the amount of force that is being applied to
the bone [Nanomotion, 2023]. Some examples of man-made piezoelectric materials are
barium titanate and lead zirconate titanate.

It should be noted that there are environmental concerns around the use of
man-made piezoelectric materials since many of them use lead which is toxic and can
pollute the environment, however, recently there has been a push to develop lead-free
piezoelectric materials and this has resulted in many new piezoelectrics that are more
environmentally friendly [Nanomotion, 2023].

Piezoelectrics are classified into two categories, which are piezopolymer and
piezoceramic. Piezopolymers are flexible, however, they have many drawbacks such as
low energy conversion rates and low electromechanical coefficients. Piezoceramics are
usually brittle, however, they have high energy conversion rates and large
electromechanical coupling constants [Khalid et al, 2019]. Since we are looking to
generate as much energy as possible, and since the weight of a person is easily borne
by ceramics (ex. ceramic tiles are commonly used throughout the world), it was decided
that for our preliminary design of the Piezoelectric Based Human Energy Harvesting

Module, we would utilize piezoceramics instead of piezopolymers. In their work, Zhang
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et al found the effective output power density of the stacked piezoceramic when
charging a lithium-ion batteries, reached as high as 3.04 mW/cm? [Zhang et al, 2023].
For our preliminary design of the Piezoelectric Based Human Energy Harvesting
Module, we calculated that a 12” by 12” floor tile with a 144in? surface area translates to
a surface area of 929cm?. Stacking piezoceramic layers to a thickness of 1.0764cm
would therefore yield a total of 1000cm?® of piezoceramic material per tile, which, using
the effective output power density found by Zhang et al, would yield a power output as

high as 3 Watts per tile [Zhang et al, 2023]. These calculations are shown in Figure 4G.

12in *12in = 144 in?
144 in* * 6.4516 cm?/in®> = 929.0304 cm?
929.0304 cm? * 1.0764 cm = 1000.0 cm®

1000.0 cm?® * 3.04 mW/cm?® = 3040 mW = 3.04 Watts

Figure 4G: The energy production of preliminary design #2.

Since a layer of piezoelectric film made of piezoceramic material is .4mm thick
[Zhang et al, 2023], it would require 2691 layers of piezoelectric film to create the
1.0764 cm (1076.4mm) thickness necessary to produce the 3.04 Watts.

A simplified image of two tiles with layers of piezoceramic film under them is
shown in Figure 4H. Note that this figure is not drawn to scale and it does not show
other necessary components, such as an encasement to protect the piezoceramic film
layers and a battery to store the electrical output of the piezoelectrics. Also, only the top

eight layers and bottom eight layers of piezoceramic film are shown in the image, while
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in actuality there are a total of 2691 layers of film compressed together between each

tile and the ground.

TILE TILE

Piezoceramic Layers Piezoceramic Layers

Output

1

—_— Piezoceramic Layers |

GROUND

Figure 4H: Layers of piezoelectric film that are used to harness kinetic energy for

preliminary design #2.

While this system produces a maximum of 3.04 Watts, that power is only
produced for the duration of time during which a person’s step impacts down on the tile
and the piezoceramic material has a change in stress and creates a voltage. Once the
piezoceramic material is under full pressure, the energy can be removed by attaching a
battery and flowing the energy from the piezoceramic film layers into the battery. After
that, the battery can be disconnected and the piezoceramic material will create a
negative voltage for the duration of time during which the person’s step is removed from
the tile and the stress on the piezoceramic material is reduced. Once the person’s foot
is released, the power generated can be stored into the battery by connecting it to the

piezoceramic film layers with the wires reversed since the voltage created by the
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piezoceramic film layers would be negative since it was created by reducing the stress

on the films. An image of this is shown in Figure 41.

Step 1 i, —
No Compression —- Piezoceramic Layers ——- — Battery
No Voltage —
.—| L boer
Step 2 ﬁﬂ — h
Compression Piezoceramic Layers Battery
Voltage, Power Flow —ET
e
I
Step 3 RS |
Compression - Piezoceramic Layers -:— = Battery
No More Voltage
—— —
Step 4 ———————— =&
No Compression —- Piezoceramic Layers — Battery
B e P ——— 1" o

Power Flows

Step 5= Step 1

Figure 4l: The piezoelectric effect in action. The battery is charged when the layers are

compressed. The battery can also be charged when the layers are uncompressed by

reversing the wires.
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4.3 Preliminary Design #3:
Triboelectric Nanogenerator Based Human Energy

Harvesting Module

Another technology that we found for converting mechanical energy into
electricity was the use of Triboelectric Nanogenerators. Triboelectric Nanogeneration is
a relatively new technology that is able to convert mechanical energy into electricity.
Triboelectric Nanogenerators are based on the Triboelectric Effect, which is the transfer
of electric charge between two objects when they contact each other. As these objects
are separated, the potential energy between them from these charges increases, which
is seen as an increase in Voltage. Triboelectric Nanogenerators harness these charges
and can be used to power devices, or to charge batteries for later use.

Triboelectric Nanogenerator technology was invented by Prof. Zhong Lin Wang's
group at Georgia Institute of Technology in 2012 [Fan et al, 2012]. By stacking two thin
polymer films made of Kapton and polyester (PET), a charge generation, separation
and induction process was achieved through mechanical deformation of the polymer
film, obtaining a power output density of ~10.4 mW/cm3 and an output voltage of 3.3 V
[Fan et al, 2012].

The Triboelectric Nanogenerator effect works because as two neutrality charged
materials, Teflon (FEP) and KATPON, come into contact, they switch charges,
attempting to level out. Like magnets, the positive tries to go to the negative and vice
versa. When the Teflon (FEP) and KAPTON come into contact, their points of contact
will have opposite charges on each side as shown in Figure 4J. Then as the pressure is
released, the teflon and KAPTON are separated by the springs. However, their

attraction to each other becomes stronger, leading to an increase in potential energy.
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Figure 4J: A visual of the triboelectric effect. As shown here, the springs are not in

contact with the materials (metal plates, FEP, and KAPTON) [Lian, 2022].

Figure 4L shows a rough diagram of our group’s understanding of how
Triboelectric Nanogenerators work, and how they would be used in our kinetic energy
generating flooring. First, a person steps on the Triboelectric Nanogenerator, bringing
the Teflon (FEP) and KAPTON into contact and setting up the charges. Then they
remove their foot, causing the Teflon (FEP) and KAPTON to serpare and build up even
higher energy. The energy is shown in Figure 4L as the 0/100 amounts to show the

difference in charge, while the battery is shown with 1000/1000 to simply represent that
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it has a lot of electrons that it can give up or accept. The battery then takes the
electrons from the material with more electrons as it attempts to even out the charge on
the materials. This leads to the battery to become uneven and thus charged as shown
in the third step in Figure 4L. When a person steps down again, the Teflon (FEP) and
KAPTON will want to move back to their 0/100 state, so electrons will actually flow
backwards. This can be used to charge the battery more, as long as the wires to the
battery are connected in reverse at this point. As this reaction occurs after every foot
press, the battery will become more and more charged. This charge can then be used
on an LED light or whatever the battery is powering, since electrons will move through

them as the battery tries to even out its charge.
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Figure 4K: How the triboelectric nanogenerators work. The higher the number, the more
electrons it has. Assume that each material started with a balance of 50/50. In the end,

the battery is charged and can be used to light an LED.
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5. Idea Selection

5.1 Idea Selection

During our idea selection, we looked back to our requirements that we created
before we first came up with our preliminary designs. We did this because we needed to
ensure that we met our original conditions. So, we analyzed if each of our designs could
generate relatively passive energy, not affect the ecosystem, not lead to pollution, not
use fossil fuels, produce stable energy, be affordable, be easy to understand and obtain,
and have a large market. On top of that, we learned that a few companies have
attempted ventures similar to ours, and we didn’t want to make the same mistakes that
they did, so we looked at some of the problems and flaws that the other companies ran
into and ensured that our product would not have those flaws. Figure 5A shows a chart

of our original requirements against our three preliminary designs.

Requirement Design 1: Design 2: Design 3:
Electromagnetic Piezoelectric Model | Triboelectric Model
Model

Generates passive | X X X

and stable energy

Will not affect the X X X
ecosystem
Will not lead to X X X - if using wood
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pollution

pulp instead of

Teflon (FEP) and

people off balance

KAPTON
Does not use fossil X
fuels
Can be used X
outside
Is affordable for us X
and the customer
Easy to understand X
and obtain
Has a large market X
Won’t have much X
competition
Doesn’t throw X

Figure 5A: Chart of the original requirements against the three preliminary designs.

After that, we compared the technologies against each other and performed

additional research on the different forms of energy generation through kinetic energy.

First, triboelectric nanogenerators vs electromagnetic generators. Triboelectric costs
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less, takes up less room, weighs less and has no competition. However, more people
know about electromagnetism, leading to a bigger potential market for that technology
as people are more willing to buy what they know they are buying. Next triboelectric vs
piezoelectric. Piezoelectric is very similar to the functionality of electromagnetic.
However, piezoelectric runs into the same downfall as triboelectric as they are both
lesser known, leading to customers being more weary of what they are buying. More
tests would have to be done and even after that, customers would probably need to see
other people liking the product. Lastly, piezoelectric vs electromagnetic. Piezoelectric is
able to generate high-voltage outputs at high capacities. However, unlike
electromagnetic, piezoelectric is not very durable [Kalnoskas, 2020]. However,
piezoelectric has the capability of higher voltages, smaller sizes, and lower costs when
compared to electromagnetic. Overall, in order from best to worst is triboelectric,
electromagnetic, then piezoelectric. For the purposes of this product, durability is key. If
the product can’t survive high pressures on it, then the product will not succeed. This is
the sole reason why electromagnetic beats piezoelectric. But electromagnetic still loses
to triboelectric because triboelectric doesn’t throw people off balance, has no
competition, does not require a lot of room below the flooring, and can be used outside
with minimal effort, while the gear system in the electromagnetic design wouldn’t be
able to be outside as it would wear out easily. Triboelectric, on the other hand, is able to
handle outside weather since it has no gears, so there is practically no wear. On top of
that, using triboelectric, we wouldn’t have to worry as much about potentially being
sued. If someone were to fall because of the unstable flooring in the electromagnetic
design, then it could cause massive problems. Lastly, the cost of a triboelectric
nanogenerator is much less than an electromagnetic generator since it is just layers of

Teflon (FEP) and KAPTON. This leads to more profits and the ability to implement our
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product in more widespread areas. Based on the research and the design requirements
chart, we decided to center our design around the triboelectric effect using triboelectric
nanogenerators.

Our novel kinetic energy flooring system will use triboelectric nanogenerators
based on Plasma Polymer Fluorocarbon Film (PPFC) since it was recently discovered
that this material can provide very high output voltage of 200V and can provide 1000
times the power of other triboelectric nanogenerators for a given thickness of material
[Cho, 2022]. For example, a 10cm x 10cm (.1m x .1m) TENG made of PPFC that is
0.1um thick can produce 200V and 30uA (0.006 Watts), which is as much power as
prior leading TENGs made of Polytetrafluoroethylene that were the same size but
100um thick [Cho, 2022]. Using some simple math, we realized that this discovery by
Cho et al implies that a perfectly layered triboelectric nanogenerator made of PPFC
would have a power output of 6 Watts per cubic centimeter as calculated in Figure 5B,
which is about 2000 times greater than Piezoceramic power generators, and over 500
times greater than currently existing TENGs, and even farther better than the wood pulp

based TENGs used in Wang’s EWPanel flooring!

Im *.1m * 0.1um = 0.006 Watts
Im*.1m *0.1um * 1,000 =.1m *.1m * .1mm = 0.006 Watts * 1,000 = 6 Watts

dm*.1m *.1mm = 1cm * 1cm * 1cm = 1cm® = 6 Watts

Fora 12” * 12" tile with a 1.0764 cm thick Triboelectric Nanogenerator:
144 in* * 6.4516 cm?/in®> = 929.0304 cm?
929.0304 cm? * 1.0764 cm = 1000.0 cm®
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1000.0 cm® * 6 W/cm® = 6000W

This is about 2000x the power output obtained from Piezoceramic materials!

This is about 577x the power output of Fan et al’'s Kapton and Polyester based

Triboelectric Nanogenerator!

Figure 5B: Calculation of power output of Plasma Polymer Fluorocarbon Film (PPFC)

based Triboelectric Nanogenerators (TENGS).

While Plasma Polymer Fluorocarbon Film (PPFC) would not be as
environmentally friendly as wood pulp based triboelectric nanogenerators, causing
construction workers and homeowners to have to properly recycle the modules if they
are ever removed in the future, this was seen as an acceptable tradeoff for the greatly
increased power output that could be obtained. Furthermore, we did not want to make
the mistake that EWPanel, Pavegen, and Energy Floors made by creating a product
that does not produce enough power, or that is too expensive for the amount of power it
produces. By using Plasma Polymer Fluorocarbon Film (PPFC), we determined that we
would not be as environmentally friendly during disposal of our product, however, we
could produce a flooring that met all of our other requirements, and which would be a
viable product that we can sell, allowing this new form of renewable energy to be used
across the world. Furthermore, once we are successful, we can establish recycling
centers where we will buy back any used modules, ensuring that no PPFC will be

released into the environment.
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5.2 Hardships faced

Throughout the design process, we had to do a lot of research to come up with a
product that was innovative and that would generate enough electricity to cover the cost
of buying and installing it. This also needed to be something new that wouldn’t have
much competition. Going with an electromagnetic design did not make sense as there
would be existing competitors, and we knew that the companies that made these
electromagnetic-based kinetic floor systems had not grown significantly over the 10+
years that they were in business. While designing our electromagnetic-based kinetic
floor systems for our prototype design #1, we had to try to reduce the travel distance of
the tile so people could keep their balance and avoid falling and getting hurt. With a
mechanism such as a triboelectric nanogenerator, we were able to solve that problem
since it is so small and the flooring won'’t need to travel downwards significantly.
Alternately, the concept of triboelectricity has been around for literally thousands of
years, but customers still had a high chance of not knowing what it was. This could
present issues when we try to sell our product. However, with the new advances in
triboelectric generators, we determined that they solved the problem of both cost and
required power output, while also solving the problem of people losing balance when
they take steps since they do not need to go down as far as tiles that are based on the
electromagnetic generator design, so we chose to go with this technology and we use
marketing to educate people about triboelectric generators when we sell our product.

Then we had to worry about wear and tear. EWPanel, who had used wood pulp
based triboelectric nanogenerators, couldn’t implement their product in outdoor areas
since the wood would be affected by weather conditions. We were able to overcome this

challenge, by not making our device out of wood, and by making our device a separate
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stand-alone module that is fully self-enclosed and weatherproof. This module can be
placed underneath any existing tile or paver, which also solved the problem of allowing
people to choose their own tiles and flooring.

After that, we had to look more into the marketability of our product. We looked at
the energy output, its affordability, how much it would cost us to make, how light it was,
and if it could really be put everywhere we wanted. We research the materials needed
to create the energy output using the triboelectric effect. We also looked at our potential
competitors and the economics associated with their products. Pavegen’s flooring can
cost up to 160 dollars per tile, which is why they are failing to grow their business, so we
had to ensure that our system would cost significantly less than that. By choosing
triboelectric generators, our system will already cost less than Paevgen’s and Energy
Floors’ systems since they are using expensive electromagnetic generators.

Lastly, dealing with size and weight were issues that we spent time addressing.
Eventually, by using triboelectric nanogenerators we were able to achieve a small size,
SO we can be certain that it can be put under any floor without requiring major
excavation. This also means that it will be weight efficient because most of the weight

will be in the actual flooring itself.
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6. Details of Design

Our design uses triboelectric nanogenerator technology similar to that depicted in
Figure 4J. The design is made up of a tile, a sheet of Plasma Polymer Fluorocarbon
Film (PPFC) (replacing the FEP in Figure 4J), a sheet of KAPTON, 4 springs, two
sheets of plastic, and 2 sheets of aluminum (replacing the copper in Figure 4J). The tile
is on top of the insulator which is on top of the aluminum which is on top of the PPFC
which is on top of the KAPTON which is on top of another insulator. Then there are 4
springs connecting both insulators. WWhen someone steps on the tile or when anything
puts force on the tile, it gets pushed down. However, unlike Pavegen and Energy
Floors, the tile will get pushed down so little it will be unnoticeable. The tile then
compresses the mechanism as shown in “Step a” of Figure 4J. During this, the
KAPTON touches the PPFC. Then when it is released, the energy generated gets
transferred to the aluminum and then to a battery (replacing the “R” component in
Figure 4J). The process then repeats.

Solidworks CAD drawings of our triboelectric nanogenerator based kinetic
flooring solution are shown in Figures 6A, 6B, and 6C. In these CAD drawings, a 12” x
12” ceramic tile sits on top of our device. Our device consists of two plastic plates
(shown in dark gray color) outside of two aluminum plates (shown in silver color). These
plastic plates are insulators that will not absorb the charge from the aluminum, while the

aluminum plates acts as “wires” to bring the charge away from the device.
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Figure 6A: A top slanted side view on the final design. This brown on top represents the

tile, the black is the plastic insulator, the silver is the aluminum, the red is the Plasma
Polymer Fluorocarbon Film (PPFC), the blue is the KAPTON, and the gold are the

springs. Not drawn to scale.

Figure 6B: A side view of the tile. Not drawn to scale.
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Figure 6C: A top-down view of the tile. Not drawn to scale.

Our design is flexible leading to a much greater market. Unlike prior attempts at
kinetic flooring, which limited customers’ choices of tiles and flooring to only those made
by the company, our system works by going underneath any existing flooring. Using this
design, all we have to change is the length, width, and spring constant (spring stiffness
and resistance) to apply this to any customer’s tile or flooring.

Our design can also be applied to roadways where we can harness the
compression force from cars and trucks. We can embed large versions of the system
into asphalt and concrete, using a very high spring stiffness so the mechanism doesn’t
get crushed. Alternatively, on everyday flooring such as around cities, gyms, homes,
towns, malls, etc, we will use different shapes as needed for each, while using a lower
spring constant..

The only changes needed to apply this system to any scenario are the length,

width, and spring constant — all versions of our products will still use the PPFC,
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KAPTON, aluminum, and hard plastic plates. PPFC and KAPTON were chosen as they
are the most effective pair for the triboelectric effect, generating up to 6 Watts per cubic
centimeter in recent breakthrough studies [Cho, 2022]. Plastic was chosen as it suffices
as an insulator and is durable enough in most circumstances. Of course, if these end up
getting used in very high-pressure inducing settings, then the plastic can be changed to
another stronger insulting material as needed. For the metal used, we were between
copper and aluminum as potential conductors for the electron current. We settled on
aluminum as the massive reduction of cost was well worth it [Diehl, 2023]. Copper has a
price of $3.729 dollars per pound, which is significantly more expensive than aluminum
at a price of only $1.0693 dollars per pound [DailyMetalPrice, 2023]. Lastly, we decided
on a 4000 mAh lithium battery, such as the Samsung 40T 21700 (40T3) battery. These
rechargeable batteries hold a lot of power and are fairly inexpensive at about $1.00
each in bulk [Alibaba, 2023]. With one battery this big per module, it's unlikely that there
will be an overflow of power. On top of that, these are small enough to not have a large

effect on the design.
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7. Final Design

The final design is a fully enclosed configurable module that comes in various
sizes, with various spring compression constants to allow for use under a variety of tiles
and flooring configurations. A CAD rendering of a 12" x 12” module is shown in Figure

7A.

Figure 7A: A single module of the final triboelectric nanogenerator kinetic flooring

design.

The module is comprised of two hard plastic plates, one on top and one on
bottom. In order to seal the system from outside weather elements, while still allowing it
to compress, a flexible rubber seal is attached around the outside of the plastic plates.
The inside of the module contains the layers shown in the detailed design section,
specifically, the two sheets of aluminum attached to the inside of the plastic plates, with
the layers of Plasma Polymer Fluorocarbon Film (PPFC) and KAPTON attached to the

sheets of aluminum, and four springs to hold the layers apart until the module is
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compressed from above. The module also contains a battery and simple electronics to

connect the battery correctly when pressure is applied or released from the top of the

module.

Coming out of the sides of the module are spring-loaded connectors that can be

temporarily pushed into the module to allow it to be slid down in between other

neighboring modules when it is installed. Once in place, these spring-loaded connectors

pop back out and extend into the next module to form one giant system from all of the
interconnected modules. Figure 7B shows the back side of the module which has slits
where the spring-loaded connectors from the neighboring modules enter into the
module. These slits are cut through the flexible rubber which forms a seal around the

connectors, preventing any moisture or dirt from entering the module.

Figure 7B: Back side of module showing slits in the flexible rubber to allow connection

of neighboring plates, while protecting from moisture and dirt.
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Figure 7C: A CAD rendering of the module, with the flexible rubber layer shown as

‘semi-transparent’ to allow viewing of the components inside.

The final design was applied to the pavers near the Oreo on our Villanova
Campus. As seen in Figure 7D, this location has a lot of pedestrian traffic, so there is a

lot of human-generated kinetic energy that can be harvested.

Figure 7D: An image of Villanova’s Oreo. The Oreo has constant traffic as the majority

of students end up passing by it on their way to classes, food, or to hang out.
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This area around the Villanova Oreo is also ideal since it contains paver stones.
In fact, we estimated that there are about 10,000 paver stones in just the area around
the Oreo alone! Each of these paver stones is able to be lifted up using a “Paver-Puller,”
or by simply using two screwdrivers [Admin, 2020] [Villeneuve, 2020]. This allows each
paver to be lifted up and retrofitted with the version of our final design that is specifically
shaped to the size of a paver stone.

We measured a paver stone to be 4” x 8” so the version of our final design has
been modified to match this size. There is a small amount of excavation that will need to
be performed after each paver stone is removed, however unlike motor-generators
systems like Pavegen that require 1 - 2 feet of excavation, our system only requires 2

cm of height so the area can easily be dug out with just a hand shovel.

Figure 7E: Version of the final design that has been scaled and tailored to the pavers
used near the Villanova Oreo. The area where the triboelectric reaction takes place is
enclosed in plastic and flexible rubber so that the Plasma Polymer Fluorocarbon Film

(PPFC), aluminum, and KAPTON are not affected by weather.
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Figure 7F: Like Figure 7E, this is tailored to the Oreo and a better representation of the

size. The plastic enclosure is shown as “semi-transparent” and the Plasma Polymer

Fluorocarbon Film (PPFC) is not in contact with the KAPTON in this CAD drawing.

Figures 7E and 7F show a version of the final design created for use under one
of the pavers used in the area around the Villanova Oreo. The spring stiffness of this

module has been adjusted to account for the weight of the paver stone.
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Figure 7G: A photo of the “wishbone” paver pattern used throughout the Villanova

campus.

Finally, it can be seen that the connectors of the module shown in figure 7E are
not both centered. This is to allow for use in the “wishbone” pattern that the pavers are

laid out in throughout the Villanova Campus as shown in figure 7G.
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8. Societal Impact

A major issue our society will have to face is the question of how we can limit the
use of fossil fuels. Fossil fuels have gotten us very far as a society but we need to step
away from them as they are very harmful to our environment. Fossil fuels are
nonrenewable and dangerous to produce. While they also create both air and water
pollution, and contribute to global warming.

Our society has already developed technologies that use alternatives to fossil
fuels like solar energy and wind energy. The creation of solar panels and wind turbines
produce energy using renewable resources. These technologies have become
increasingly popular over the last couple of years. However just as these products are
avoiding the use of fossil fuels they are also harming our environment. The International
Renewable Energy Agency predicts that in four years solar panels will contribute about
315,000 metric tonnes of waste, just due to residential installations [Atasu et al, 2021].
Wind Turbines are predicting a similar issue with their technology. “Experts expect that
more than 720,000 tons worth of gargantuan wind-turbine blades will end up in U.S.
landfills over the next 20 years.” Even though these sustainable technologies are
beneficial to the bigger picture of not having to heavily rely on fossil fuels, they are still
contributing to the waste, which harms our environment.

Our technology of Kinetic Energy Flooring will use our steps as a renewable
energy source. The use of kinetic energy as a clean energy source will allow us to
decrease the use of fossil fuels and fight against climate change. The technology we will
use will be able to be used under any type of flooring. Placing this technology in areas

with high foot traffic areas will allow us to harvest an efficient amount of energy. Our
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floors continue the mission of stepping away from fossil fuels and other harmful

processes through renewable energy.
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9. Gantt Chart

Kinetic Tiles : Gantt Chart
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10. Budget

1. Labor and Location

Salaries and Labor- $20,000
Outside Services- $3,000
Rent- $5,000

Food- $500

Utilities- $700

Insurance- $615
Maintenance- $50

2. Research and Development

Patents- $8,000

Software- $700

Technology License- $600

3. Total Cost

One Prototype- $400

Materials- per 100 modules at scale
Aluminum sheets- $30
Plastic- $10
KAPTON - $20
Plasma Polymer Fluorocarbon Film (PPFC)- $30
4000 mAh Batteries - $100

Landscaping crew installation cost for 10,000 pavers around the oreo- $20,000

Cost for 10,000 kinetic energy modules for around the oreo- $19,000



11. Conclusion

In the end, we decided to use triboelectric nanogenerators for our design. This
has shown to allow for a lower price, lesser weight, safer approach, and more
applicable design. On top of that, it allows for a safer and more stable source of energy.
We won’t have to worry about cutting down countless forests to create a flat land
capable of housing acres on top of acres of solar panels. Furthermore, we can save
bird’s lives by causing less wind farms to be made. Birds will be able to fly safely,
without having a fear of being killed out of nowhere. Lastly, this design has allowed us to
achieve our goal of reducing the usage of fossil fuels. With this passive source of
energy that isn’t reliant on the weather, like solar panels and wind turbines, we can turn
away from the destructive and limited reliance of fossil fuels. Triboelectric
nanogenerators were overall a better design technology than that of electromagnetic
generators and piezoelectric generators. They are able to generate the same amount of
energy, if not more, due to how widespread we plan to implement these, at a fraction of
the cost and size.

Using Pavegen and Energy Floors’ current product pricing, we can decide on a
price for our system that is appealing to the public’s eyes. Furthermore, we can make
deals and discounts based on mass purchases. Lastly, while tile and wood flooring
typically costs anywhere from $1.00 to $25.00 per square foot, we estimate that the
additional price per square foot to add our modules will only be about $2.00 to $3.00 per
square foot, which will be easily paid for over time by the power they will produce. This
is much less than the $75 - $160 dollars per tile currently charged by our competitors.
Most importantly, the low cost will allow our kinetic energy flooring to be quickly adopted

and used in many situations, and it will create a new viable clean energy solution.
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Based on the simplicity of the modules, we believe that production of this product
will not be difficult, and our solution will be used in many homes, retail areas, small
businesses, towns, and cities before we significantly raise the price. Since our
technology can just simply be added onto the bottom of the tile to start producing
energy, we expect that it will be able to help countless people all over the world by

saving costs on energy for them on top of stopping the usage of fossil fuels.
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12. Appendices

Appendix A: Pavegen patent showing the layout of their kinetic energy flooring system.
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Appendix B: Pavegen patent showing construction of the kinetic energy flooring system

and the location of electrical generators under the vertices of the triangular-shaped tiles.
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Appendix C: Pavegen patent showing the design of their proprietary electric generator

that converts the kinetic energy to electrical energy.

an United States Patent

Webwter et al.
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Appendix D: Pavegen patent showing the tile assembly and their method for harvesting

kinetic energy, specifically the conversion of linear progression into rotational motion.
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