ISSN: 2582-7219

International Journal of Multidisciplinary
Research in Science, Engineering and Technology

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Impact Factor: 8.206 Volume 8, Issue 4, April 2025



© 2025 IJMRSET | Volume 8, Issue 4, April 2025 IDOI:10.15680/IJMRSET.2025.0804426

IEVEYELY 2PN | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

- EN

48‘,5‘5} International Journal of Multidisciplinary Research in
=11 B . . . -
"T“Lw Science, Engineering and Technology (I.JMRSET)

/, b S
IIMBSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Footstep Power Generation using Piezoelectric
Materials

Yashvant Yadyav, Aadesh Shete, Vaibhav Patil, Vedant Bandal, Prof.Ramesh Mandle
Third Year, Department of Electrical Engineering, Zeal Polytechnic Institute, Pune, India
Third Year, Department of Electrical Engineering, Zeal Polytechnic Institute, Pune, India
Third Year, Department of Electrical Engineering, Zeal Polytechnic Institute, Pune, India
Third Year, Department of Electrical Engineering, Zeal Polytechnic Institute, Pune, India

Department of Electrical Engineering, Zeal Polytechnic Institute, Pune, India

ABSTRACT: The increasing demand for renewable and sustainable energy sources has led to innovative approaches
for harnessing energy from everyday human activities. One such promising method is footstep power generation using
piezoelectric materials. This system converts mechanical energy generated from human footsteps into electrical energy
through the piezoelectric effect. When pressure is applied to piezoelectric materials embedded in walking surfaces,
such as floors or pavements, they generate an electric charge. This harvested energy can be used to power low-energy
devices, charge batteries, or contribute to the power supply of nearby systems. The implementation of this technology
in high-footfall areas like train stations, shopping malls, or public walkways presents a practical and eco-friendly
solution for energy generation. This paper explores the working principle, design considerations, material selection, and
potential applications of piezoelectric-based footstep power generation systems, emphasizing their role in smart energy
solutions and sustainable urban development.

LINTRODUCTION

In the modern world, the demand for sustainable and renewable energy sources has significantly increased due to the
depletion of fossil fuels and growing environmental concerns. One innovative approach to meet this demand is footstep
power generation using piezoelectric materials. This technique converts the mechanical energy produced by
footsteps into electrical energy through the piezoelectric effect, a phenomenon where certain materials generate an
electric charge in response to applied mechanical stress.

Piezoelectric materials, such as quartz, lead zirconate titanate (PZT), or polyvinylidene fluoride (PVDF), have the
unique ability to convert pressure into voltage. When embedded in walking surfaces such as floors in busy public
places, staircases, or pavements, these materials can harness the energy from human motion, offering a clean and
sustainable energy source. The harvested energy can be used for powering low-energy devices, lighting systems, or
stored in batteries for future use.

Footstep power generation not only promotes green energy solutions but also provides an efficient way to utilize energy
that would otherwise go to waste. It has the potential to contribute significantly to the development of smart cities,
where infrastructure itself plays an active role in energy production.

ILLITERATURE REVIEW

Piezoelectric energy harvesting has attracted significant interest in recent years due to its potential for generating
electricity from ambient mechanical vibrations or pressure, making it a viable solution for low-power applications. The
piezoelectric effect, discovered in the late 19th century, has been extensively studied, and advances in material science
and circuit design have enhanced its practical application in energy harvesting. This literature review synthesizes the
current body of research on piezoelectric energy generation, examining the types of materials used, the methods of
energy conversion, and the applications in which this technology has been implemented.
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Research has also focused on flexible and lightweight materials, such as PVDF and its copolymers, which are ideal for
wearable devices and applications in which flexibility and light weight are essential. These materials can be
manufactured into thin films or composites, enabling integration into a variety of environments.
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III. FOOTSTEP POWER PENETRATION USING PIEZOELECTRIC MATERIAL

Generating Electricity While Walking Using Piezoelectric Materials

The working principle of footstep power generation using piezoelectric material is based on the conversion of
mechanical energy (from footsteps) into electrical energy through the piezoelectric effect.

1. Piezoelectric Effect: Piezoelectric materials generate an electrical charge when subjected to mechanical stress. This
is because the material's internal structure causes the distribution of electrical charges to shift when pressure is applied.

2. Footstep Pressure: When a person walks or steps on a surface embedded with piezoelectric materials, the force of
their footfall creates pressure on the material. This pressure causes the piezoelectric crystals or ceramics to deform

slightly, resulting in a generation of electrical charge.

3. Charge Collection: The generated electrical charge is collected through electrodes placed on the piezoelectric
material. These electrodes are connected to a circuit.

4. Energy Storage or Conversion: The electricity generated can be stored in a capacitor or battery, or converted into
usable electrical energy (such as for powering lights, sensors, or small devices). In some systems, the energy is used

immediately to power low-power devices.

5. Sustainability: This system can work continuously as long as there is foot traffic, making it a renewable energy
source in high-footfall areas such as train stations, shopping malls, or public squares.
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Footstep power generation using piezoelectric materials involves capturing mechanical energy from footsteps and
converting it into electrical energy. Piezoelectric materials generate electricity when subjected to pressure or
mechanical stress. In this case, when a person steps on a surface embedded with piezoelectric crystals or sensors, the
pressure from the foot causes the material to deform, generating a small electric charge. This electricity can then be
stored or used to power small devices like sensors, lights, or other low-power electronics.

Key points:

Piezoelectric materials: Materials that produce electrical charge when mechanically stressed.

Energy source: Footsteps apply pressure to the material.

Application: Used in places with high foot traffic, such as sidewalks, train stations, or malls, to generate clean energy.
The technology is still being developed for efficiency and scalability but has potential in sustainable energy solutions.

IV. FOLLOWING ARE THE IMPORTANT BLOCKS OF THIS SYSTEM

1) Piezoelectric Plate:

Force

\

Metal
plate Piezoelectric material

—
ﬁ|

Force

Fig no | :- Piezoelectric Plate:

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 6748




© 2025 IJMRSET | Volume 8, Issue 4, April 2025 IDOI:10.15680/IJMRSET.2025.0804426

IEVEYELY 2PN | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

>!9 i International Journal of Multidisciplinary Research in
St o =
I= N . . . ~
mw Science, Engineering and Technology (I.JMRSET)
IIMHSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

A piezoelectric plate is a type of material that generates an electrical charge in response to mechanical stress. These
plates are made from materials such as quartz, ceramics (like lead zirconate titanate, or PZT), or polymers, and they
exploit the piezoelectric effect. When pressure or vibration is applied to the plate, it produces an electric charge, which
can be measured or used to power a circuit.Piezoelectric plates are commonly used in various applications, including:
Sensors: They can detect vibrations, pressure changes, or mechanical deformations.Actuators: They convert electrical
signals into mechanical movement, commonly seen in devices like speakers or ultrasonic transducers.
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Fig No. 2 :- 1n5817 Diode

The IN5817 is a Schottky diode known for its low forward voltage drop and fast switching speed. It is typically used in
power supply applications, especially in circuits where low voltage drop and efficient performance are crucial. It can
handle a current of up to 1A and has a reverse voltage rating of 20V. Schottky diodes like the IN5817 are commonly
used in applications like rectification, protection, and voltage regulation due to their fast recovery time and low leakage
current.

3) Power Bank Charging Module:

Fig no 3:- Power Bank Charging Module
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A Power Bank Charging Module is a circuit or device used to charge and manage the charging of batteries in a power
bank. The module typically integrates various components that allow the efficient and safe charging of a battery, and
sometimes includes features like voltage regulation, current protection, and charging status indicators. Below is an
overview of the key elements involved in a power bank charging module:

V. KEY COMPONENTS OF A POWER BANK CHARGING MODULE:

1. Input Power Source:

The input power source, such as a USB port (typically 5V), provides power to charge the battery. This could be a wall
adapter or any USB-compatible charging device.

2. Charging IC (Integrated Circuit):

The charging IC (e.g., TP4056, MCP73831) controls the charging process. It monitors the battery voltage and adjusts
the charging current to ensure that the battery is charged safely without overcharging or overheating.

3. Battery Protection Circuit:

A battery protection circuit is included to prevent overcharging, deep discharging, and short-circuiting, thus prolonging
the life of the battery and ensuring safe operation.

4. Lithium-ion/Lithium-Polymer Battery:

Typically, a lithium-ion or lithium-polymer (Li-ion/LiPo) rechargeable battery is used in power banks due to its high
energy density and ability to provide sufficient power in a compact form.

5. Boost Converter (Step-up Converter):

This circuit boosts the voltage from the battery (usually around 3.7V) to a higher voltage (typically 5V) to be able to
charge devices via USB. The boost converter ensures that the output voltage remains stable even as the battery
discharges.

6. USB Output Ports:

One or more USB output ports allow the power bank to charge external devices, such as smartphones, tablets, or other
electronics, by providing 5V DC power.

7. LED Indicators:

Most charging modules include LED indicators to show the status of the power bank, such as the charging state of the
battery or how much charge is left in the power bank.

8. Microcontroller (Optional):

Some advanced power bank charging modules include a microcontroller for monitoring and managing charging cycles,
tracking battery health, or adding features such as wireless charging.

VI. WORKING OF A POWER BANK CHARGING MODULE:

1. Charging the Battery:

When the input power (e.g., USB 5V) is connected, the charging IC monitors the battery's voltage and controls the
current supplied to the battery. The charging IC ensures the battery is charged in a safe manner, typically in stages
(constant current mode followed by constant voltage mode).

2. Voltage Boosting:
As the battery charges, the boost converter ensures that the output voltage remains at a steady 5V (standard USB
voltage) so that external devices can be charged via the USB port.

3. Discharging the Battery:
When the power bank is in use, the stored energy from the battery is sent through the boost converter, which increases
the voltage to 5V, allowing devices to be charged.

4. Battery Protection:

The protection circuit ensures that the battery is not overcharged, over-discharged, or subjected to short circuits,
enhancing the safety and longevity of the power bank.
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4) Buck Convertor

Fig no 4:- Buck Convertor

The LM2596 DC-DC Buck Converter is a popular, efficient step-down voltage regulator module. It's commonly used
for converting higher DC voltages to a lower, adjustable DC output. Here's some key information about it:

1. Input Voltage Range: Typically 4.5V to 40V (some modules may have slightly different ranges).

2. Output Voltage Range: Adjustable, typically from 1.25V to 37V.

3. Output Current: The module can usually supply up to 2-3A of current, depending on the heat dissipation and input
voltage.

4. Efficiency: The LM2596 can achieve efficiency levels of 75-90%, depending on the load and input-output voltage
difference, which makes it suitable for many power applications where energy efficiency is important.

5. Adjustable Potentiometer: The output voltage is adjusted using a small screw potentiometer on the module, making it
versatile for various applications.

It’s widely used for powering Arduino projects, LED strips, and other low-voltage devices from a higher DC source
like a 12V or 24V power supply.

5) Power Bank

A power bank is a portable device used to store electrical energy, which can then be used to charge electronic devices
such as smartphones, tablets, and laptops when you’re on the go. They come in various sizes and capacities, typically
measured in milliampere-hours (mAh) or watt-hours (Wh). The higher the mAh or Wh rating, the more charge the
power bank can store and, therefore, the more times it can recharge your devices.

Here are some key factors to consider when choosing a power bank
1. Output Ports:
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Some power banks have multiple output ports, which allow you to charge more than one device simultaneously.

2. Charging Speed:

Fast Charging (Quick Charge, PD): Look for power banks that support fast-charging technologies like Qualcomm
Quick Charge or USB Power Delivery (PD) for faster charging times.

3. Size and Portability:

Larger capacity power banks are heavier and bulkier, so consider how portable you need it to be.

4. Input and Recharge Time:

A higher input rating allows the power bank to recharge itself faster. For example, if you use a 2A input, the power
bank will refill faster than with a 1A input.

5. Other Features:

LED Indicators: Show how much charge is left in the power bank.

Solar Charging: Some power banks come with solar panels for charging in outdoor conditions, though they are
typically slower.

Wireless Charging: Some newer power banks support wireless charging, letting you charge your device without using
cable.

VII. METHODOLOGY

The methodology for a footstep power generation project using piezoelectric materials typically involves several key
steps, ranging from material selection to energy conversion and storage. Below is a general outline for the
methodology, broken down into stages:

1. Design and Setup

Define Objective: Clearly define the goal of your project. Typically, this involves harvesting electrical energy from
footsteps to power low-energy devices (like sensors, LEDs, or small electronics).

Choose Piezoelectric Material: Select a suitable piezoelectric material. Common choices include:

Lead Zirconate Titanate (PZT): High efficiency but toxic, so less commonly used in some applications.

Zinc Oxide (ZnO): Non-toxic and more environmentally friendly.

PVDF (Polyvinylidene Fluoride): Flexible and used in wearable devices.

Quartz: Less efficient but often used in small-scale applications.

Determine Footstep Load: Consider the type of load you are designing the system for. This may involve estimating the
weight or pressure generated by a person walking on the piezoelectric material.

2. Fabrication of Piezoelectric Devices

Array of Sensors: Arrange the piezoelectric sensors in an array or grid pattern where they will be exposed to foot
pressure. You can use individual piezoelectric elements or combine them in parallel or series configurations to optimize
power output.

Sensor Placement: Depending on your application, embed the piezoelectric sensors in a floor mat, shoe, or a custom-
designed walking surface. The sensors should be placed in areas where maximum pressure is applied (such as the heel
and toe areas when walking).

3. Energy Harvesting Circuit

Rectification: Piezoelectric materials generate alternating current (AC) when subjected to pressure. You need to convert
this to direct current (DC) using a rectifier circuit (typically using diodes). This step is critical for charging devices or
storing energy in a usable form.

Bridge Rectifier: A full-wave bridge rectifier is commonly used to convert AC to DC.

Energy Storage: The generated energy is typically stored in a capacitor or supercapacitor, which can then release power
when required. You can use a battery if you need longer-term storage.

Rechargeable Battery: If higher power storage is needed.

Voltage Regulation: Use a voltage regulator to ensure a steady voltage output for the stored energy. Footstep power
may vary significantly, so regulation is needed for consistent and reliable power.
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Costing

SR.NO Material Amount
1 Piezoelectric Plates 100

2 In5817 Diode 40%

3 Power Bank Charging Module 200%

4 Buck Convertor 50%

5 Powe Bank 500%

VIII. RESULT

The results of a footstep power generation system using piezoelectric materials depend on several factors, including the
type of piezoelectric material used, the design of the system, the amount of foot traffic (i.e., footsteps), and the
configuration of the energy harvesting system. Here are the typical results and observations that can be expected from
such a project:

1. Energy Harvested Per Footstep

The amount of energy generated per footstep is usually small but can add up with continuous use.

Typical Power Output: The power output from a single footstep usually ranges from 10 pW to 100 uW (microwatts),
depending on the piezoelectric material used and the pressure applied. Some systems can generate up to 1 mW under
optimal conditions.

For high-efficiency piezoelectric materials like PZT, the output can be higher, while more flexible materials like PVDF
or ZnO typically generate lower power.

2. Voltage and Current Generated
Voltage: The voltage generated by piezoelectric materials can vary significantly, typically ranging from 1V to 10V per
footstep, but can go higher with larger or more sensitive sensors.

Current: The current generated is usually low, in the range of nA to pA (nanoamps to microamps), depending on the
load and the configuration of the piezoelectric elements.

3. Energy Storage Efficiency

Capacitors: With capacitors, the system can quickly charge and discharge, but the amount of energy stored may be
limited. A typical supercapacitor can store the energy generated from several footsteps, and depending on its size, it can
power low-energy devices for brief periods.

Battery Charging: If the system uses rechargeable batteries, the charging process is slower, and multiple footsteps
might be required to generate enough energy to charge a battery fully. For example, charging a small Li-ion battery
might require hundreds of footsteps for meaningful charge accumulation.

4. Practical Application Performance

Lighting Systems: For a system designed to power low-energy devices like LED lights, you might see results where
multiple footsteps are required to power a light for a few seconds to minutes. For example, a system of piezoelectric
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tiles placed in a high-traffic area might power an LED in response to the cumulative effect of hundreds or thousands of
steps.

Wireless Sensors: In practical applications such as powering wireless sensors or IoT devices, footstep energy can be
used to maintain a continuous flow of small data signals without relying on traditional battery-powered systems.

5. Cumulative Energy Harvesting

The overall energy harvested depends heavily on the foot traffic in the area. In a high-traffic location, such as an office
building or shopping mall, the system could harvest more energy throughout the day.

High-traffic areas can generate enough energy to power sensors, lighting, or even small electronic devices over time.
For example, energy harvesting from a smart floor could power a building management system or a smart home
application that relies on low power consumption.

6. Comparison with Conventional Power Sources

Piezoelectric Power vs. Traditional Power Sources: Footstep power generation using piezoelectric materials typically
cannot replace traditional power sources but can serve as a complementary energy source for small, low-power devices.
The energy harvested is usually insufficient for higher-demand applications like large appliances or heating systems.

7. System Efficiency and Losses

Conversion Efficiency: The overall efficiency of the system, including piezoelectric conversion, rectification, and
energy storage, can be quite low. Typical systems might have an overall efficiency of around 5-20%, meaning a
significant portion of the energy is lost during the conversion and storage processes.

Power Management: Implementing efficient voltage regulation and energy storage management can increase the
overall efficiency, but losses will still occur due to the nature of piezoelectric energy harvesting.

8. Practical Limitations

Footstep Frequency: The power generated is highly dependent on the frequency of footsteps. If the system is placed in
a low-traffic area, it might not generate enough power. Conversely, a system in a high-traffic location could accumulate
a significant amount of energy over time.

Footstep Pressure: The amount of pressure exerted by the footstep also plays a crucial role in determining the energy
output. Heavier footsteps typically generate more energy.

VIII. METHODOLOGY OF PROPOSED SURVEY

The proposed survey aims to gather insights and evaluate the feasibility, awareness, and public perception of footstep
power generation using piezoelectric materials. The methodology is structured as follows:
1. Objective of the Survey
. To assess public awareness and understanding of piezoelectric energy harvesting.
To evaluate the potential locations for implementation (e.g., railway stations, malls, schools, stadiums).
To gather opinions on the practical benefits and challenges of footstep power generation.
. Target Audience
General public (commuters, students, pedestrians).
Facility managers (malls, railway stations, educational institutions).
Technicians and engineers involved in renewable energy.
Urban planners and local government representatives.
. Survey Design
A structured questionnaire will be developed containing both qualitative and quantitative questions.
The questionnaire will include:
Demographic information.
Awareness of piezoelectric technology.
Perceived benefits (energy saving, innovation, sustainability).
Willingness to support or invest in such projects.
Suggestions for suitable installation sites.
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4. Data Collection Methods

. Online Survey using Google Forms or similar tools.

. Offline Interviews in public areas like parks, stations, and educational institutions.

. Focus Group Discussions with energy professionals or urban planners.

5. Sample Size

. A minimum of 100-150 participants from different backgrounds to ensure diverse feedback.

6. Data Analysis

. Quantitative data will be analyzed using statistical tools to identify trends and patterns.

. Qualitative responses will be categorized and interpreted for deeper insights.

. Results will be used to support the design and implementation strategy for piezoelectric footstep systems.

IX.CONCLUSION AND FUTURE WORK

Conclusion:

Footstep power generation using piezoelectric materials presents a promising and eco-friendly solution for harnessing
renewable energy from human motion. By converting the mechanical pressure of footsteps into usable electrical
energy, this technology can effectively power small devices, LED lighting, and sensor systems, especially in high-
footfall areas such as railway stations, malls, and walkways. The implementation of piezoelectric tiles is not only
sustainable but also promotes energy awareness among the public. This project highlights the practical application of
piezoelectricity in daily life and demonstrates the potential of integrating smart energy solutions into urban
infrastructure.

Future Work:

To enhance the effectiveness and scalability of the system, several improvements can be explored in the future:

. Material Optimization: Use of advanced piezoelectric materials with higher sensitivity and output efficiency.
. Energy Storage: Integration with improved storage systems like supercapacitors or advanced batteries to
store the generated energy more efficiently.

. Power Management Systems: Development of smart circuits to manage, regulate, and distribute the
harvested power effectively.

. Large-Scale Implementation: Pilot testing in real-world environments such as airports or stadiums to
evaluate performance and durability over time.

. Hybrid Systems: Combining piezoelectric systems with other renewable sources like solar panels to create

hybrid energy harvesting platforms.
With further research and technological advancements, footstep power generation can play a key role in the transition
towards smarter, greener cities.
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