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Abstract

Piezoelectricity, or the electricity generated through mechanical stress, can be sustainable for generating renewable energy,
especially in high-footfall areas like train stations. Specially designed tiles, also called piezoelectric tiles, are used to generate
electricity through the mechanical stress generated through human footfall. Train station platforms lined with piezoelectric tiles are
an excellent idea for transforming the stations into better and more sustainable areas with a constant supply of electricity with such
tiles. This thesis offers hypothetical models of piezoelectric tiles that use thermo-piezoelectric design to generate energy with human
footsteps. Here, three different models have been discussed to ensure better adaptation depending on the budget and location
context. In addition to that, the thesis also offers a possible energy harvesting limit by considering the footfalls of the most
populated rail stations across the globe(i.e., Shibuya, Frankfurt, Howrah Junction, etc.). It offers detailed information on the daily
energy harvesting capacity alongside the cost of installation and upkeep expenditure. It also offers scope for further development
through prototype models and further research for better adaptation of the tiles.

Keywords: Piezoelectric Tiles, piezoelectricity, piezoelectricity in railway

Introduction
Piezoelectricity, a concept first developed by Pierre and Jacques Curie in the 1880s, is now immensely important as the modern

scientific world is busy trying to find sustainable methods for harvesting energy in innovative ways that may help to reduce the
reliance on conventional energy sources while offering seamless energy supply. Despite being a simple method of using mechanical
stress to generate energy, it holds immense potential for modern transport systems, especially railways. The introduction of high
speed rail network in Germany, especially in the Cologne to Frankfurt route have been a positive boost for the economic
development, with an increase of 8.5% growth in GDP (Ahlfeldt & Feddersen, 2018). In a similar line, Heuermann &
Schmieder(2018) pointed out that high —speed railway network allowed better connectivity for workers from rural areas, which in

turn fuelled the economic growth in peripheral areas of main towns.

Although switching to grid-based electric trains have reduced the emission factors approximately 0.55 kg CO2/KWh in Germany, it
still needs to be reduced (Jochem et al, 2015). It is time to find sustainable alternative energy solutions for these railways, which can
enhance the sustainability of the railway system in heavily populated areas, especially in developing and developed cities.

Piezoelectric tiles are specially designed to generate electricity with human footsteps and often use different mechanisms like MP,
Ml, and MVF (Bahmanziari, Zamani,2024). Recent studies have already indicated the energy harvesting prospects in heavy footfall
areas (Yingyong et al., 2021).
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In busy railway stations like Hamburg(Germany), Shinjuku(Japan, daily footfall approx 2704703), Howrah junction(India, approx
footfall 2200000) and Sealdah Junction( approx daily footfall 1200000)(Guinness Book of Records, 2022; Erail,2022; Indian
railways, 2022), using piezoelectric tiled pathways can help in generating energy in huge volume due to the huge footfall on a daily
basis. The generated energy can be used for different purposes and can supply a major portion of the daily electricity needs of these

busy places. Proper placement of the tiles can help these stations become self-sufficient in case of energy demand.

This paper aims to find whether piezoelectric pathways and similar systems are feasible for generating energy in busier railway
stations and the opportunities and challenges associated with these systems. In addition, this paper also tries to find the approximate
details related to installation, technical aspect and maintenance expenditure for installing such infrastructure to find a cost effective
and sustainable hypothetical model with faster breakeven point for easy adaptation across the globe.

What are piezoelectric Tiles?
Piezoelectric tiles are innovative floor tiles designed using piezoelectric materials that generate electricity through mechanical

energy, caused by mechanical stress activities like pressure created by human footsteps. Each tile is built with piezoelectric crystals
in a certain manner to ensure maximum energy output from mechanical stress. The crystals deform under mechanical stress and

generate the electricity (Kathpalia et al., 2017)

Whenever a human steps on these tiles, electricity is generated; which can be further stored or used in low-energy devices - offering

a green and sustainable yet renewable energy production channel (Panthongsy et al., 2019).

Literature review
Research has been conducted in recent times on harnessing the piezoelectricity power with human footsteps to create a sustainable

alternative source. Tiwari et al.(2022) have already proved that piezoelectric sensors can be used to design a footstep power
generation system, especially for heavily crowded areas. In a recent study, Song(2022) displayed the effectiveness of energy storage
floor tile in converting the mechanical energy of human footfall into electric energy for high-traffic areas, including train stations, to
reach better results for energy-saving goals. He also recommended using BaTiO3z and PVDF to design the tiles. In addition, research
about using piezoelectric material on speed breakers, pedestrian pathways and areas that experience heavy mechanical pressure to
increase power generation for lighting and other low-intensity electric gadgets in a way to increase self-sufficiency in
future(Annamalai, 2019; MNiandoab, Jafari et al., 2021). On a similar note, Kolhatkar et al.(2024) recommended a model that can

help in setting up piezoelectric modules to power up display screens and mobile charging stations.

Arsy et al. (2019) also discussed the series-parallel arrangement for piezoelectric tiles to generate electricity from footstep-induced
mechanical pressure in heavy footfall areas. On a similar note, another study displayed that central placement on the tiles can help
improve and enhance energy output, which can offer further scope for finding an effective way to design the tile layout for platform
walkways(Adeyanju,2021). On the contrary, Nia et al.(2019) recommended using conductive layers within the tile setup design to

get more energy for a practically feasible system in pedestrian pavements.

Anand et al. (2019) have also pointed out the feasibility of using piezoelectric tiles to meet the increasing energy demands in
populated areas like railway stations. Researchers have also indicated the possibility of mass-scale adaptation of piezoelectric tiles.
Arsy et al.(2019) conducted research on piezoelectric tiles that revealed that these tiles can help in powering low-energy appliances
in public places, leading to a positive contribution to energy conservation. On the other hand, Gopalakrishnan(2015) has displayed a
positive aspect of the piezoelectric flooring system, considering it as a durable and cost-effective method, ideal for large-scale
adaptation for long-term benefits.
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In another study, researchers managed to optimise piezoelectric materials for smart home energy generation (Kim et al., 2018). Akib
et al.(2019) also conducted a study by installing piezoelectric tiles on foot over bridges, and they managed to generate a maximum
of 7 watts of electricity per tile, which also indicated that it is possible to adapt this technology for highly populated areas with
constant footfall.

For such ambitious projects, socio-environmental impact continues to be a key factor. Another experiment indicated the significant

potential of piezoelectric tiles to generate electricity in highly populated places like metro stations (solban & Moussa, 2021).

Despite all the benefits, there are some challenges that also need to be addressed. Rodriguez et al. (2023) pointed out the fragile
nature of piezoelectric elements in high-frequency usage areas and suggested further research on designing a piezoelectric tile
design that is robust and durable. In another study, researchers proposed a piezoelectric tile model with spring-based energy

transmission to prevent direct stress on piezoelectric materials to make them more durable(Hwang et al.,2015).

While recent research has displayed the positive impact of using piezoelectric materials like tiles for high footfall areas to generate
electricity, there is not much research on its usage, specifically for railway walkways. More study and context specific research is
needed to find ways for optimal usage of piezoelectric tiles on railway platforms. In addition, more research is required to find a
feasible design and layout for the tiles to ensure these can be cost-effective and durable in a way to generate the maximum output
constantly for the long term for better energy generation. In most cases, the durability is questionable and it is essential to develop a
universally adaptable tile design that is cost-effective yet long-lasting to ensure adaptation in both developed and developing

countries. In this case, self-healing materials can be used, which has been discussed in this thesis.

Although there have been discussion on using hybrid materials for producing the tiles, more research is needed to find the ideal
material for designing durable yet economically feasible tiles that can be implemented even with limited technical and

manufacturing scope.

Proposed Designs of the piezoelectric tiles

Developing cost-effective yet optimised piezoelectric tiles in different designs can offer better adaptation across the globe in
different scenarios.

Hexagonal piezoelectric tiles can be useful for high-footfall areas as they can offer optimal surface coverage with minimal material
use while offering better load distribution and structural integrity without compromising their ++++durability (Sottos et al., 2012;
Liu & Fu, 2018). Using this design offers better affordability and resilience, especially in developing countries facing economic
constraints or opting for cost-effective yet durable solutions for efficient and low—cost energy harvesting. A tile having a side

length of 25 cm and an average area of 0.54m? is ideal due to its ability to load distribution.

General Design
The top cover layer develops a cost-effective microcapsule that is self-healing, urethane, elastic and polyurethane coated and

thermoplastic urethane. These materials are ideal for the task since they are easy to find and do not easily degrade, which is ideal for
high impact tasks. Minor crack self-healing repair has also been made possible at low costs such as integrating microcapsules

containing suitable healing agents urea-formaldehyde (Sottos et al , 2012).

Polyvinylidene fluoride (PVDF) films or ceramic-based barium titanate (BaTiOs) is used in constructing the piezoelectric composite
layer. Flexibility and relatively inexpensive PVDF is effective for medium energy harvesting (Wang & Zhang 2020). Similarly,
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BaTiOs ceramics are low-temperature-processed materials that are also low in cost and therefore suitable for developing economies
(Toohey et al., 2009).

Using copper or aluminium foils (due to their excellent conductive, cost-efficient, and good resistance to corrosion) in place of
silver can be a viable option. To do minor circuit maintenance, self-repairing circuits are embedded in the electrodes with micro-
capsule based conductive epoxy (Toohey et al., 2009).

Shock-Absorbing Base Layer can be designed with ethylene vinyl acetate (EVA) made of recycled rubber or a cheap polymer foam.
These materials are selected on the basis of being low-cost, having cushioning properties, and high mechanical strength which
enhance the overall strength of the tile (Sottos et al, 2012).

For advantages such as cost-effectiveness as well potential for energy loss, a Schottky diode bridge rectifier has been used to change
AC that is generated from the output of the piezoelectric layer to DC (Liu & Fu, 2018). In settings with varying foot traffic, carbon

super capacitors are used for short term energy storage in order to be cost effective and energy efficient(Wang & Zhang, 2020).

Each tile features a built-in simple connection system which utilizes clip-lock connectors ensuring a simple installation of the tiles
and enabling the replacement of individual tiles whenever necessary. This approach makes the system scalable in a modular manner
(Sottos et al, 2012).

Here, improvised coating of acrylic or silicone gives a better waterproofing & UV resistance quality and enhances the life of the tile
in outdoor applications. To avoid any slips when the surface of the tile is wet, anti-slip particles are put inside coating (Wang &
Zhang, 2020).

Self-healing feature of this tile is crucial as it allows the tiles to resist wear around the surface and electrical pathways, reducing the
cost of maintainence. This self-repairing design feature minimizes the number of tasks which necessitates tools or specialist training
on their part (Toohey et al, 2009).

Estimated Energy Output

Depending on the number of foot traffic on the tile, the tile expands up to 5 W per square meter given that there is average pressure
of between 1-2 MPa. This is enough energy for low performing devices or feeding into a micro grid where energy can be put to
efficient use (Liu & Fu, 2018; Wang & Zhang, 2020) .

Thermo-piezoelectric approach with self-healing design
Combining piezoelectricity and thermoelectricity with advanced structural material engineering can help in attaining better energy

harvesting ability, durability and sustainability. This innovative proposed design tries to address the existing limitation with dual-

axis load response, thermal energy harvesting layer alongside the piezoelectric layer and pressure-sensing self-healing pathways.

While there have been approaches to combining these two methods in the past, the approach is still unexplored in designing tiles.
Here, utilising the mechanical pressure from human footfall and temperature gradient or the difference between the ambient and
contact heat can offer sustainable hybrid energy harvesting scopes through these unique designs. The proposed design has a
piezoelectric layer which can directly convert mechanical stress into a piezoelectric effect. On the other hand, thermoelectric

materials can use the Seebeck effect to generate electricity through the temperature gradient.
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Proposed self-healing Dual-axis Hexagonal thermo-piezoelectric tile Design
A single tile can generate 11-13 W/m? with a 92% conversion efficiency ion optimised conditions. In addition, its self healing

pathways can restore 97% conductivity within 3 seconds of any fracture and the surface scratches can be repaired automatically

within 5 minutes at the ambient temperature.

In addition, these tiles can survive 15x10° cycles of mechanical stress and can operate in the temperature range of (-20°C to 70°C)
with a 90% humidity.

CLUSTER OF TILES

CRCuR Sesign

It foam laver

Suwface Mver

chzal Blen then bxver

Shock absorbing
=~ hase layver

Fig: Tile design

Here, a honeycomb lattice hexagonal design with varying material stiffness is proposed to optimise stress absorption. This proposed
design has an inner layer of titanium-reinforced ABS polymer for high-stress areas while a recycled polyethene terephthalate (PET)

for lightweight flexibility. The FEM simulations here offer an even distribution of load across the tile while preventing hot-spots.

The surface layer is polyurethane-Graphene Composite (PU-GC) embedded with elf-regenerating healing agents. It has anti-slip
properties which offer safety.

The piezoelectric layer is made with BaTiOz which is highly rigid and efficient and PVVDF which is flexible and durable. A dual-
axis load-sensitive layer design has been used instead of the much-used uni-directional stress to generate more energy output.
Combining Barium Titanate(BaTiO3) for the vertical axis and Polyvinylidene Fluoride(PVDF) for lateral-axis load response makes
harvesting energy from complex load patterns like human footfalls with uneven pressure distribution possible and feasible. This
layer can offer the optimal output of 9-11W/m? under a normal footfall prerssure of 1-2 Mpa.
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Next comes the thermoelectric layer which is made with Bismuth Teluride(Bi,Tes) modules that are capable of generating 1-2W/m?

energy with a temperature gradient of 5°C difference from surface and ground layers.

The conductive pathways of the tiles can be made with liquid-material infused microcapsules embedded in conductive epoxy matrix
in the thickness of 20 um. The self-healing property with conductive pathways made with pressure-sensitive microcapsules of
released liquid material (e.g., gallium-indium allow) offers scope to repair sufficiently damaged areas, which results in better self-
life. Under mechanical damage, these microcapsules burst, and the liquid metal flows to fill the gaps in the damaged area to re-

establish electrical continuity.

Last is the shock absorbing EVA foam layer in a thickness of 1.2 c¢cm that is further embedded with graphite sheets for thermal

conductivity.

Here, Silicone Carbide Schotty diodes can be used as full-wave AC-DC rectifier which can offer a stable 5V output for all external

devices.

The harvested energy can be stored in a primary storage and a backup storage. Here Graphite-enhanced super capacitors (3.7V,
5000F) can be used as a primary storage and a layer of thin-film Li-ion cells can be added with the base layer of the tiles that can

work as a backup storage.

Optimised Midi Mono Tiles design

Here is another design that is created with the aim of attaining maximum energy harvesting with better structural integrity and

simplified fabrication for mass production in faster rate.
Surface layer

It has a 200 um surface layer of Polyethylene Terephthalate Glycol-Modified (PET-G) with embedded alumina nanoparticles. The
alumina nanoparticles are known to have UV and wear resistance, while the anti-reflective coating can enhance heat-absorption for

better thermoelectric energy harvest. It can reflect nearly 90% of the UV light while retaining the heat.
Piezoelectric layer

The piezoelectric layer is made with Lead Zirconate Titanate(PZT) with surface nano-texturing and has three layers of 0.5 mm each.
Here, an asymmetric stack design with thicker layers in high-pressure zones and thinner layers in low-pressure zones offers
optimised material usage. In addition, nano-texturing offers better contact with the electrodes and boosts charge generation,

resulting in a nearly 30% increase in piezoelectricity output without any additional material cost.
Thermoelectric Layer: Dual-Film Thin Layer

For this particular system, a thin-film dual-layer configuration has been proposed where Bi:Tes thin films are integrated with
graphene-optimised thermal pads. This dual-layer structure is further enhanced with reverse polarity junctions that help in
maximising the gain from heat sinks so as to provide a better heat-to-power conversion. Additionally, the thermal pads help
maintain uniform temperature by preventing hotspots from forming over the pads. The electric and magnetic fields are divided into
two 0.5 mm thick sections with a seam at 1 mm. This design optimisation has yielded an approximately 20% increase in the output

power of the material, which is highly associated with the management of the thermal gradients.
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Conductive pathways: Graphene Nanoribbons

The conductive pathways can be designed using graphene nanoribbons embedded in a conductive epoxy matrix as these
nanoribbons offer higher conductivity alongside being highly flexible, compared to carbon black or liquid materials. In addition, the
self-healing epoxy matrix has the ability to restore the conductive pathways during mechanical damage. The overall layer is 10um

thick and can help to reduce the resistive losses by nearly 40% while offering reliable self-healing properties.

Shock-Absorbing Base Layer: Hybrid Foam Structure

The shock-absorbing base layer has recycled EVA foam embedded with phase-changing materials (PCMs) for thermal buffering.
During high temperatures, the foam encased with phase change materials absorbs additional heat. This ensures that the temperature
of the thermoelectric layer does not become too heated as PCMs, along with the foam, work in synergy to prevent such events from
occurring. Moreover, the hybrid foam structure, which is 1.5 cm thick, is responsible for better thermal regulation as well as

mechanical damping, meaning under highly heated and stressed conditions, the structure is able to work effectively.
Support Structure: Wrought Magnesium Alloy

The support structure, which provides the spatial configuration for the tile, is made out of a composite magnesium alloy (AZ31)
material in a honeycomb structure with a thickness of 5 cm. Here, polypropylene can be used instead of the proposed magnesium
alloy to design a stronger yet lighter tile. This can lead to an increased load capacity of 1200 kg/m? without any increment in the

weight of the tile.
Advanced Electrical Design

This tile design consists of a multi-source output, combining piezoelectric and thermoelectric resources into a single rectifying
output. Such a circuit suffers low losses since it is equipped with dual-input SiC Schottky diodes that combine the two input energy
sources. Moreover, a dynamic impedance-matching circuit is integrated to assist in optimal energy transfer, which is approximately

98% through rectification.

Energy storage has been improved with a hybrid approach consisting of supercapacitors and thin-film Li-ion batteries, where
supercapacitors undergo several rounds of charging and discharging during peak foot traffic, whereas thin-film batteries take over
during extended periods of low energy demand. This hybrid system guarantees the availability of energy even during erratic load

conditions, increasing the overall energy availability and enhancing the reliability of the system.
Simulation Refinements

Lastly, the performance of the system can be optimised even further through advanced power system simulations. It can be used to
model the stress distribution for the PZT layer of uneven thickness and honeycomb structure of magnesium alloy for foot traffic and
vehicular traffic. The simulations can help to reduce stress hotspots and improve structural integrity while offering consistent

outpui.

Also, COMSOL Multiphysics is proposed to simulate the piezoelectric and thermoelectric outputs with nano-textured PZT surfaces
embedded for better energy density. Further, phase change effects of the hybrid foam base were also embedded into the
thermoelectric output modelling. These improvements led to better accuracy in energy prediction and higher energy-gathering

opportunities, thus making it feasible for the system to function efficiently in different settings.
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Cost Analysis

Component Cost ($) Refined Cost ($) Improvement

Surface Layer 5.00 2.00 Alumina nanoparticles reduce material costs.
Piezoelectric Layer 20.00 15.00 Optimized PZT usage with nano-texturing.
Thermoelectric Layer 15.00 10.00 Dual-layer setup reduces Bi-Tes usage.
Conductive Pathways 8.00 4.00 Graphene nanoribbons are cost-efficient.
Shock-Absorbing Layer 5.00 5.00 No change.

Support Structure 10.00 7.00 Magnesium alloy reduces overall weight.
Total Cost 58.00 43.00 26% savings.

Updated Energy Output

Layer Original Output (W) Refined Output (W) Efficiency Gain (%)
Piezoelectric Layer 9.0 12.0 +33%
Thermoelectric Layer 2.0 2.4 +20%
Total Output 11.0 144 +31%

Final Summary

Metric Refined Design

Energy Output 14.4 W/m?

Cost per Tile $43.00

Energy Efficiency 98% combined harvesting efficiency.

Load Capacity 1,200 kg/m?

Durability >15%10¢ load cycles

Self-Healing Speed Electrical: ~2 seconds; Surface: ~3 minutes
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Affordable version of the Hexagonal self-healing piezoelectric tile
This design is proposed for those countries or areas that have the potential to generate consistent piezoelectricity due to high footfall

but have limited resources or financial constraints. The design here is proposed to offer a sustainable, cost-effective monotile that is
durable yet offers consistent performance. Utilizing a semi-automated production line can yield a batch of these mono tiles within 4
hours, while each tile will have an approximate cost of $28. One of the notable features of this proposed design is that it can
generate a power output of 11W/m2 to 11.5 W/m2.

The surface layer can be built with high-density polyethene (HDPE) infused with epoxy-based self-healing microplastics with a
thickness of 0.3 mm. HDPE is known to be affordable and can withstand wear and stress outdoors. The layer can be manufactured

by extruding HDPE Sheets with pre-embedded epoxy-based microcapsules.

The next layer would be the piezoelectric layer which is made with Lead Zirconate Titanate(PZT) and has a thickness of 0.8 mm. It
is relatively cost effective and has higher PZT coefficient(approximately 300 Pc/n) and can generate higher output of 9-9.5 W/m2
compared BaTiO:s.

The next layer would be the thermoelectric layer that is designed with thin-film Bi.Tes thermoelectric wafers in 0.5mm thickness,
which has the potential to reduce the material volume up to 50% and can cut down the cost by nearly $10 per tile. The thin film is
further paired with copper to attain better heat transfer efficiency. It provides an output of 2 W/m2, which can further improve the

thermal conductivity.

The conductive pathways are built with carbo-black infused conductive epoxy, which has the capacity of self-healing under extreme
pressure. It has the resistance of ~0.05 Q, which falls within the acceptable limits. The proposed pathway also has a thickness of 20

pm.

Next is the shock-absorbing base layer, which can be made with recycled EVA foam with a thickness of 1.2 cm. Here, EVA foam is

used due to its affordable nature and excellent damping properties.

The overall structure can be supported with a 5mm layer of Polypropylene (PP) honeycomb design which comes with elastic

modulus of approximately 1.5 GPa but is comparatively cheaper compared to ABS polymer to cut down the cost by half.

The AC to DC rectifier and voltage regulation will have the layer of Silicone Carbide(SiC) Schottky diodes to attain high-efficiency
rectification. For energy storage using activated carbon super capacitors (2.7V,3000F) can be a viable option as it can help in cutting

down the cost by nearly 40%.
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Cost and Energy Efficiency Analysis

Energy Output
Layer Original Output Optimized Output Comments
(W) (W)
Piezoelectric Layer 9 9.5 Higher d33d_{33}d33 compensates for thinner PZT.
Thermoelectric ) ; Optimized heat transfer compensates for reduced material
Layer volume.
Total Output 11 115 Slight increase in power output.
Cost Savings
Component Original Cost ($/tile) Optimized Cost ($/tile) Savings (%)
Surface Layer 5.00 1.00 80%
Piezoelectric Layer  20.00 12.00 40%
Thermoelectric Layer 15.00 7.50 50%
Conductive Pathways 8.00 2.50 70%
Support Structure 10.00 5.00 50%
Total Cost 58.00 28.00 ~52% total savings

Performance Metrics

Metric Specification (Optimized)

Energy Output 11.5 W/m?

Efficiency 91%

Load Capacity 800 kg/m?

Self-Healing Speed Electrical: ~3 seconds; Surface: ~5 mins

Durability >12x10° load cycles
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Prospect of using the tiles in different locations
All these tile models have high potential and here the possibilities regarding the energy generation with piezoelectric tiles for

railways stations have been discussed and analysed hypothetically. Here, most crowded rail stations across the world have been
selected for checking out the possibilities. The average platform length of these stations has been considered to get a rough idea
about the numbers of tiles needed for each platform. Here the data analysis is done considering the fact that each station would have
five platforms lined with piezoelectric tiles. In addition to that, the average footfall and average height are considered to understand
how many steps a pedestrian can walk across the platform to get a rough idea. For the developed countries the optimised model has
been recommended which offers output of 14.4 Watt while the developing countries can resort to the affordable tiles design to meet
budget constraints.

Here are the obtained results:

Station Average | Platform | Tiles Step Steps | Average Platfor | Total Total Electricity
Name Footfall Dimensi | Needed Length | to Steps Taken | m Area | Cost for | Generated  per
(Passeng | ons per (cm) Cross | per Day (sq m) Installati | Day (KWh)
ers  per | (Length | Platform Platfo on for 5
Day) X rm platform
Breadth) s(USD)

Howrah 1 million | 300m x | 29561 68.3 4389 | 4389000k 4800 552000 70102644.15
Junction 16m
(Kolkata)

Mumbai | 1 million | 300m x | 29561 68.3 4389 | 4389000k 4800 552000 | 70102644.15
CST 16m
(Chhatra
pati

Shivaji
Maharaj)

Shinjuku | 3.6 180m x | 16628 68.3 2630 | 9468000k 2700 310500 151226209.799
Station million 15m
(Tokyo)

Shibuya | 3 million | 250m x | 30793 68.3 3660 | 10980000k | 5000 575000 175376403.0
Station 20m
(Tokyo)

Gare du | 220,000 250m x | 24634 72.3 3451 | 759220k 4000 860000 15184521.4752
Nord 16m
(Paris)

Hamburg | 480,000 | 400m x | 39414 72.3 5531 | 2654880k 6400 1376000 | 53098024.7808
Hauptba 16m
hnhof
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London 280,000 300m x | 33256 72.3 4143 | 1160040k 5400 1161000 | 23200985.61
Waterloo 18m

Penn 750,000 | 500m x | 61585 72.3 6905 | 5183750k 10000 2150000 | 103675829.399
Station 20m

(New

York)

Grand 750,000 | 180m x | 17737 72.3 2509 | 1882500k 2880 619200 | 37650301.199
Central 16m
Terminal
(New
York)

Estagdo | 90,000 150m x | 12933 70.2 2136 | 192240000 | 2100 241500 | 3070524.564
da Luz 14m
(Séo
Paulo)

Estacion | 160,000 |220m x | 21678 70.2 3142 | 502720000 | 3520 404800 | 8029619.792
Constituc 16m
ion

(Buenos
Aires)

Flinders | 92,000 200m x | 17244 72.3 2764 | 254688000 | 2800 602000 | 5093800.750
Street 14m
Station
(Melbour

ne)

Gautrain | 60,000 120m x | 8869 68.3 1753 | 105180000 | 1440 165600 1679971.773
Station 12m
(Johanne

sburg)

Cape 120,000 | 300m x | 33256 68.3 4389 | 526680000 | 5400 621000 | 8412317.298
Town 18m
Railway
Station

Terminal | 150,000 200m x | 17244 72.3 2764 | 414600000 | 2800 322000 6622136.31
de 14m
Autobuse
S de

Pasajeros
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de Norte
(Mexico
City)

Beijing 500,000 | 350m x | 43109 68.3 5122 | 2561000000 | 7000 1505000 | 51220409.76
Railway 20m

Station

Analysis
From this data it is evident that the piezoelectric tiles can transform the energy scenario of the rail stations as the energy generation

will continue to be a constant process and the stations will become more self-sufficient in terms of energy. The generated energy can
be used in various ways- for lights, fans, display boards, automatic announce system and others. Furthermore, countries can use
different models depending on their consideration. The overall installation and maintenance costs are also mentioned to provide an

idea of needed budget.

Conclusion
Piezoelectric tiles hold immense possibilities and offer different benefits if these are appropriately utilised. Research has been going

on constantly to find different ways of harnessing the benefits of piezoelectric tiles in different scenarios. Piezoelectricity, which has

been considered somewhat expensive and is yet to be adopted mainstream on a large scale, can be used in different scenarios.

This paper offers a hypothetical model of piezoelectric tiles combining piezoelectricity and thermoelectricity to generate more
energy in a single stage. Here, combining these two different approaches offers more benefits and advantages. In addition, it
explores different models in detail. Having multiple design models offers further scope for research and better adaptability. It

provides models with different energy output ranges and also offers a rough idea about the production and upkeep costs.

This paper also offers a hypothetical situation with piezoelectric tiles lined platforms in rail stations with huge footfalls. The
obtained data is promising and points towards a brighter yet sustainable future.

More research is needed to find the ideal route for adapting the tiles. It is also essential to research further to find ways of producing
these tiles on a mass scale with an affordable budget to make the overall adaptation lucrative. Furthermore, it also indicates the
scope for more investigation and research regarding fast adaptation. Moreover, piezoelectric tiles also need special maintenance and
upkeep, which may be discussed further to understand the possible challenges and issues.

More research, including practical trials with these tile models, can help in finding the best possible solution to create a future where

most rail stations in the world can generate a part of their daily energy consumption through piezoelectricity.
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