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ABSTRACT

Kinetic footfall energy harvesting is a novel method for harvesting renewable energy that transduces mechanical energy generated by human walking into electrical
energy. The method is based on the piezoelectric effect, where some materials produce electric charges when under mechanical stress. By installing piezoelectric
tiles under walk surfaces, the lost energy while walking can be harvested and harnessed into useful power. This is a clean and green technology that is best suited
for high-traffic areas like railway stations, airports, shopping centers, and university campuses. The technology has parts like piezoelectric sensors, rectifiers,
batteries, and inverters that together generate and store electricity. The power can be utilized for illumination, sensing, and low-energy applications, which helps to
build smart and green urban infrastructure. Though the energy generated per step is quite minimal, the combined output from masses can greatly minimize reliance
on traditional sources. The working mechanism, design process, materials employed, and real-world applications of footstep power systems like Pavegen tiles are
presented in this paper, with a view to exposing their ability to encourage sustainability and sensitization to renewable energy technology in contemporary cities.
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1. INTRODUCTION

Kinetic footfall energy generation is an emerging and eco-friendly approach to producing electrical power by harnessing the mechanical energy that is
typically lost when people walk. This concept is based on the principle of piezoelectricity, a phenomenon where certain materials generate an electric
charge in response to applied mechanical stress or pressure. When pedestrians step on surfaces embedded with piezoelectric elements, the force of each
footstep is converted into small amounts of electrical energy.

As walking is a natural and continuous human activity, this technology provides a renewable, clean, and sustainable method of energy production without
causing environmental harm. The electricity generated can be stored or directly used to power low-energy devices such as LED lighting, digital displays,
streetlights, and sensors in high-footfall public spaces like railway stations, airports, shopping malls, and walkways.

One of the most notable real-world implementations of this concept is the Pavegen system, which transforms human footsteps into usable electrical power
while also providing data analytics on pedestrian movement. Overall, kinetic footfall energy generation demonstrates how everyday human motion can
be transformed into a valuable energy source, contributing to smart city development and the global shift toward sustainable technologies.

1.1. History of piezoelectric effect

The piezoelectric effect was first identified in 1880 by the French physicist brothers Pierre and Jacques Curie. The term “piezo” is derived from the Greek
word piezein, meaning “to press” or “to squeeze.” The Curies discovered that certain crystalline materials, including quartz, tourmaline, and Rochelle
salt, could generate an electric potential when subjected to mechanical stress. This phenomenon was later confirmed and quantified by subsequent
experiments, laying the foundation for the development of piezoelectric devices.

Initially, the piezoelectric effect was primarily studied for its scientific significance. However, during the early 20th century, its practical applications
began to emerge, particularly in the fields of ultrasonics, signal detection, and frequency stabilization. The first major industrial application appeared
during World War |, when piezoelectric materials were used in sonar technology for submarine detection. Over the decades, advances in material science
and electronics have expanded the scope of piezoelectric technology to include a wide range of applications—ranging from medical ultrasound imaging
and precision actuators to energy harvesting systems such as kinetic footfall energy generators.
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2. Methodology

The primary mechanism of this energy harvesting system is the implantation of piezoelectric materials beneath flooring surfaces or tiles. Upon stepping
on the tiles, mechanical strain is exerted, resulting in the deformation of the materials and generation of an electric potential difference. The generated
voltage is harvested and controlled using an electronic circuit either for storage or immediate utilization.

A typical system includes the following principal components:

1. Piezo Sensor: Translates foot pressure mechanical energy into an electrical signal. The amount of voltage produced is based on the frequency and force
of footsteps.

2. AC Ripple Neutralizer: Eliminates uneven AC signals from the piezo sensor, providing a stable current flow.

3. Unidirectional Diode: Conducts current in one direction only, avoiding backflow, which safeguards the circuit.

4. Capacitor or Battery: Stores the DC energy converted for future use, with a consistent output even with low foot traffic.
5. Inverter: Transforms stored DC power into AC power for normal appliances or grid connection.

6. Switch: Regulates the supply of power to external loads.

7. Load: The ultimate point of usage, e.g., streetlights, display boards, charging points.

This process allows for a straightforward yet efficient method of harnessing renewable energy from human motion, making its application to smart city
plans and sustainable public infrastructure possible.

WIRELESS SOCIAL MEDIA RECYCLED CHARGE OR
DATA OUTPUT INTEGRATION MATERIALS POWER

- L 2 <> W

EASY

INSTALL : : :
CUSTOM é

2 ' HIGHLY
TOP SHEET DURABLE

Fig. 1 - (a) first picture; (b) second picture.

3. ALTERNATIVE FOOTFALL ENERGY GENERATION MECHANISMS

Beyond the commonly used piezoelectric effect, which generates a charge from stress, other technologies exist to convert Foot electricity
1. Magnetic Transducers

3. Magnetic transducer systems produce electricity through electromagnetic induction.

. The mechanism is made up of a magnetic element and a conductive element.

. The operation: One of the elements is made to be pivotally mounted to the floor surface. When a pedestrian presses down upon the floor
surface, this movement causes the conductive element to interrupt the magnetic flux produced by the magnetic element.

 Result: This relative motion creates an electric current within the conductive structures, which can then be harvested.

2. Static Capacitor

4. This device, also referred to as a capacitive energy harvester, is based on changing the geometry of a capacitor to produce a charge.
* Mechanism: A capacitor is placed inside the floor tile. One capacitor layer is connected to the tile surface, usually through springs.

* Operation: Upon pressure of the tile surface by a step, the motion changes the distance between the layers of the capacitor.

* Result: This is the change in distance (capacitance), which causes an electric charge in the layers. These can then be tapped and wired into an external
circuit to be utilized or stored.
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3. Micro Generators
5. Micro generators use a mechanical configuration to rotate a miniature generator, similar to conventional power generation but on a tiny scale.
. Paradigm: The mechanism is a mechanical configuration that tends to include springs, hydraulics, and/or pneumatics.

. Process: When some external pressure is applied to the floor surface, the mechanical configuration is triggered. This rotates the rotor of a
micro generator that is also placed inside the floor tile.

4. APPLICATION

The applicability of generating kinetic footfall energy is extensive, particularly in areas with high pedestrian traffic. Some of the top applications are:
Public Infrastructure: Airports, subway and rail stations, and bus stations where continuous human activity guarantees continuous power generation.
Smart Pathways: Illuminating pedestrian walkways, zebra crossings, and footbridges with harvested energy.

Educational and Recreational Areas: University campuses, parks, playgrounds, and stadiums can be illuminated and have interactive displays with
sustainable energy.

Commercial Areas: Malls, business offices, and exhibition centers can utilize the technology for aesthetic or practical power supply.
Stairways and Corridors: Installing in busy indoor spaces can assist in preserving energy independence.

Some of the significant real-world applications are Pavegen Systems' application at West Ham Station in 2012 London Olympics, and Southern Railway's
pilot scheme at Coimbatore Junction, India, where passenger footsteps generated energy which was successfully converted into usable electricity.

5.ADVANTAGES AND DISADVANTAGES

Advantages:

Provides a renewable and eco-friendly source of power

Reduces carbon footprint and promotes sustainable urban design.

Durable and waterproof materials ensure long operational life.

Uses recycled components, supporting environmental conservation.

Low maintenance and easy to integrate with existing electrical systems.

Raises public awareness about renewable energy technologies.

Disadvantages:

The power output per step is relatively low, requiring large installations for significant energy generation.
High initial cost of installation and materials, particularly for large-scale projects.
Dependence on imported piezoelectric technology increases costs.

Limited efficiency due to energy loss in mechanical-to-electrical conversion.

Not feasible as a primary power source but highly effective as a supplemental energy system.

6.CONCLUSION

The kinetic footstep energy harvesting system offers a cutting-edge solution to renewable power harvesting through the use of otherwise lost energy in
daily locomotion. While the energy generated per step is limited, the summation effect in denser volumes of activity can play a significant role in meeting
localized energy requirements. The technology not only promotes environmental sustainability but also introduces increased public involvement in energy
preservation.As there continue to be developments in piezoelectric materials, energy storage technologies, and intelligent infrastructure, such systems are
likely to become more efficient and practical. In crowded public places such as in India, this idea promises to be the powerhouse for generating an energy-
intelligent urban space. At its core, kinetic footfall systems represent a step in the direction of a cleaner, greener, and sustainable future..
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