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Abstract - Piezoelectric energy harvesting from footsteps
presents an innovative and sustainable means of
converting biomechanical energy from human walking
into electrical energy. This research explores the
principles, materials, system designs, and practical
implementations of piezoelectric energy harvesters
embedded in pavements or footwear. Leveraging the
piezoelectric effect, mechanical stress from foot pressure
generates electrical charges, which are conditioned and
stored for low-power applications. Advances in
Ppiezoelectric materials, sensor configurations, and energy
conversion  circuits have enhanced efficiency.
Applications range from powering small electronics to
contributing to smart city energy frameworks. Challenges
include optimizing power output at low-frequency human
walking rates and integration into urban environments.
This work outlines stateof-the-art developments, proposed
system.
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[. INTRODUCTION

The growing need for sustainable and renewable
energy sources has motivated researchers to explore
innovative methods of energy harvesting from
everyday human activities. Among these,
piezoelectric energy harvesting from footsteps is
gaining significant attention as a promising approach
to convert mechanical energy generated by human
walking into electrical energy. This method utilizes
piezoelectric materials, which have the unique
property of producing an electric charge when
subjected to mechanical stress. Human footsteps
generate considerable kinetic energy—estimated to
be thousands of steps daily per person—and
capturing even a small fraction of this energy can
provide a valuable, continuous power source for low-
energy electronic devices. Unlike other renewable
sources such as solar and wind, footstep energy
harvesting is independent of weather conditions and
can be integrated into existing urban infrastructure,
making it a reliable option for sustainable energy
generation. This paper investigates the principles of
piezoelectric energy harvesting from footsteps,
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focusing on the design of efficient piezoelectric
sensors embedded in flooring or footwear.

It reviews current materials and technologies used,
along with the electrical circuits required to convert
and store the harvested energy. The study also
addresses challenges such as maximizing energy
output at low frequencies typical of human gait and
ensuring durability under repetitive mechanical
loading. By developing and testing piezoelectric
energy harvesting systems, this research aims to
demonstrate the feasibility of supplementing
conventional power sources in smart city
environments and powering small electronic devices
such as sensors, LED lighting, and wearable
electronics. This work contributes to the broader goal
of advancing renewable energy technologies that
utilize human activity for clean and decentralized
power generation. Global energy demand along with
environmental concerns is driving the search for
renewable energy sources. Human footsteps generate
significant mechanical energy, approximately 2000
to 4500 steps daily per person, making footstep
energy a promising energy resource independent of
weather conditions. Piezoelectric materials have the
intrinsic property to generate electrical charges when
subjected to mechanical stress. Embedding
piezoelectric sensors in flooring or footwear can
convert the kinetic energy of footsteps into usable
electrical energy, contributing to sustainable energy
harvesting and  powering  low-consumption
electronics.

II.LITERATURE SURVEY

Piezoelectric energy harvesting has been explored
extensively in recent years as a promising technology
to convert mechanical energy from human activities
into electrical energy. A variety of approaches have
been investigated to optimize the efficiency and
practical applicability of piezoelectric harvesters
embedded in floors or footwear.

Several studies have focused on the design and
material selection of piezoelectric sensors. Lead
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Zirconate Titanate (PZT) has been widely used due to
its high piezoelectric coefficients, although polymer-
based materials like Polyvinylidene Fluoride (PVDF)
are preferred for flexible applications. Research has
shown that sensor geometry, such as flat plates,
cantilever beams, and extensional structures,
significantly affects energy conversion efficiency.

Electrical circuit design plays a critical role in
harvesting and storing the generated energy. Full-
wave bridge rectifiers are commonly used to convert
the alternating current generated by piezoelectric
materials into direct current amenable for storage or
direct use. More advanced techniques, such as
synchronized switch harvesting on inductor (SSHI),
have demonstrated improved energy extraction
efficiency by maximizing the voltage output.

The integration of piezoelectric harvesters with
existing infrastructures has also been a subject of
exploration. Studies have tested floor tile installations
in high foot-traffic areas with promising results in
energy generation that could support lowpower
devices such as LEDs and wireless sensors. Some
research has proposed hybrid systems combining
piezoelectric  harvesters with solar cells or
electromagnetic harvesters to enhance total energy
output.

Challenges identified in the literature include low-
frequency excitation of piezoelectric materials due to
walking patterns, which often do not match the
resonant frequencies of traditional harvesters. To
address this, frequency up-conversion techniques and
mechanical amplification mechanisms have been
proposed. Durability and long-term reliability under
repetitive mechanical loads also remain critical
considerations for practical deployment.

Overall, the literature confirms the viability of
piezoelectric energy harvesting from footsteps as a
renewable energy source, highlighting the need for
ongoing research to improve efficiency, integration,
and cost-effectiveness.

III.PROPOSED SYSTEM

The proposed framework consists of piezoelectric
transducers embedded within flooring tiles designed
to deform under human foot pressure. Mechanical
deformation generates electrical charge collected via
an AC-DC conversion circuit. A full-wave bridge
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rectifier converts the alternating voltage into DC
voltage. Multiple piezoelectric elements are arranged
in series and parallel configurations to enhance
voltage and current outputs. The electrical output is
regulated and stored in batteries or ultracapacitors for
later use. Key design considerations include sensor
placement, mechanical deformation optimization,
electrical impedance matching, and environmental
durability.

IV. METHODOLOGY

a)Sensor Material and Configuration

Selection of piezoelectric material with high Curie
temperature and energy conversion efficient array
configuration to maximize pressure coverage.

b) Mechanical Design:

Embedding piezo sensors in floor tiles capable of
sustaining human weight load Optimizing tile
thickness and sensor placement for maximum voltage
output.

c¢) Energy Conversion Circuit:

Design of AC-DC full-wave rectification and voltage
regulation circuit Implementation of energy storage
components.

d) Experimental Setup:

Installation of prototype tiles in test foot traffic areas
Measurement of voltage, current, and power outputs
under varying walking speeds and weights.

e) Data Analysis:

Output power characterization and efficiency
computation Comparison of series, parallel, and
hybrid piezo element configurations

V. RESULTS
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FIGURE 1: Material

ICONIC RESEARCH AND ENGINEERING JOURNALS 339



© OCT 2025 | IRE Journals | Volume 9 Issue 4 | ISSN: 2456-8880

Piezoelectric Floor Tile
Energy Harvesting Data Analysis

Output Power Characterization Efficiency
18

e Serdos  Paralll

o & » N w oz 0 M © W 0w Hybel
Load G-munz- ©) Frequency (Hz)

¥ & 8

EMutsra 128)

W Series (Blue)
B Paraliel (Green)
W Hybrid (Red)

Piezoelectric

Sensor

FIGURE 5: Analysis

FIGURE 2: Design

Testing showed that the system successfully
harvested energy from footsteps, producing voltages
sufficient to power small devices such as LEDs and
sensors. Combining piezoelectric elements enhanced
the output power. The system functioned reliably
under typical walking conditions, showing potential
for practical deployment.

piezoelectric

:ﬂ]ﬂﬂ:_elamem . _'

CONCLUSION

Piezoelectric energy harvesting from footsteps offers
a promising approach to capture otherwise wasted
mechanical energy from human movement and
convert it into usable electrical energy. This
renewable energy source is independent of
environmental factors like sunlight or wind, making
it reliable and suitable for urban and indoor
environments. Advances in piezoelectric materials,
sensor design, and energy conversion circuits have
improved output power, demonstrating feasibility for

powering low-energy devices such as sensors,
lighting, and wearable electronics. However, current
systems still face challenges with low energy
conversion efficiency and limited power output,
largely due to the low-frequency nature of human
steps and material limitations.Despite  these
challenges, the technology holds significant potential
for integration into smart infrastructure such as floor
tiles in public spaces, contributing to energy savings
and sustainability goals. Continuous research is
essential to improving material properties,
optimizing system design, and creating hybrid energy
harvesting methods to increase power output and
reliability. Overall, piezoelectric footstep energy
harvesting represents a viable and green energy
harvesting technique with numerous applications in
the evolving energy landscape.

FIGURE 4: Setup
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FUTURE ENHANCEMENT:

o Optimize Piezoelectric Sensor Materials:
Investigate new piezoelectric materials with higher
sensitivity and durability. Improve material
properties to maximize energy conversion efficiency
at low-frequency human footsteps. Explore flexible
and lightweight materials suitable for wearable
applications.

o Develop Hybrid Energy Harvesting:

Systems combine piezoelectric harvesters with solar,
electromagnetic, or triboelectric systems. Design
integrated systems for increased total energy output
and reliability in varying conditions.

o Long-term Durability and Reliability Testing:
Perform extended cyclic testing under real-world
pedestrian load conditions. Assess sensor and system
degradation over time. Improve mechanical designs
to enhance lifespan under repetitive stress.

o Large-scale Implementation and Integration:
Explore scalable deployment methods in public
spaces such as malls, airports, and sidewalks.
Integrate harvesting systems with smart city
infrastructure for energy management and data
communication.

o Energy Storage and Power Management:

Design efficient power conditioning circuits to
optimize energy storage and consumption. Develop
intelligent energy management systems for stable
power delivery to devices.

e Mechanical Design Improvements:

Enhance floor tile or footwear design to increase
mechanical stress on sensors effectively Investigate
amplification mechanisms for improved energy
capture.

o Economic and Environmental Impact Analysis:
Conduct cost-benefit analyses for large-scale system
adoption. Assess environmental benefits compared to
conventional energy sources.
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