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Abstract—This project presents an innovative and eco-

friendly system for generating electrical energy by 

harnessing the mechanical energy from human footsteps. 

The system utilizes the piezoelectric effect, where 

piezoelectric sensors convert applied mechanical 

pressure into electrical energy. This generated energy is 

conditioned, rectified, and stored in a rechargeable 

battery. An Arduino microcontroller is employed to 

monitor the generated voltage via a voltage sensor, and 

the output is displayed on a 16x2 LCD I2C display. The 

system provides a sustainable method of power 

generation, particularly suited for high-footfall public 

areas such as railway stations, shopping malls, temples, 

and educational institutions, contributing to renewable 

energy solutions and smart city initiatives. 

 

Index Terms—Piezoelectric Sensor, Arduino, Energy 

Harvesting, Footstep Power Generation, Renewable 

Energy. 

I. INTRODUCTION 

 

The ever-increasing global demand for energy, 

coupled with the depletion of conventional fossil fuels 

and growing environmental concerns, has intensified 

the search for sustainable and renewable energy 

sources. While large-scale solutions like solar and 

wind power are crucial, there is a significant 

opportunity to harness the wasted kinetic energy from 

human activities in densely populated urban 

environments. Every footstep, a seemingly 

insignificant action, represents a small amount of 

mechanical energy that is typically lost as heat or 

vibration. 

This project introduces a piezoelectric footstep power 

generation system designed to capture this otherwise 

wasted energy and convert it into usable electrical 

power. The system employs an array of piezoelectric 

sensors placed beneath a walking platform. When a 

person steps on the platform, the applied pressure 

causes the sensors to generate an electrical charge. 

This charge is then harvested, conditioned, and stored 

in a battery. The integration of an Arduino 

microcontroller allows for real-time monitoring of the 

generated voltage, which is displayed on an LCD 

screen, providing valuable feedback on system 

performance. This approach not only offers a 

supplementary source of green energy but also raises 

awareness about innovative energy harvesting 

techniques in everyday life [1]. 

 

II. OBJECTIVES 

 

The primary goal of this project is to design and 

develop a functional piezoelectric footstep power 

generation system that can convert human locomotion 

into electrical energy for low-power applications. 

The Key Objectives Are: 

1. To design a mechanical platform that effectively 

transfers the force of footsteps to an array of 

piezoelectric sensors. 

2. To implement piezoelectric sensors to convert 

mechanical stress (from footsteps) into an 

electrical charge. 

3. To develop a power conditioning circuit (rectifier 

and filter) to convert the generated AC voltage 

into a stable DC voltage suitable for storage. 

4. To store the harvested energy in a rechargeable 

battery for later use. 
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5. To utilize an Arduino microcontroller and a 

voltage sensor to monitor the generated voltage in 

real-time. 

6. To display the monitored voltage and system 

status on a 16x2 LCD display for user feedback. 

7. To create a low-cost, portable, and eco-friendly 

system that can be deployed in public spaces to 

promote renewable energy awareness and provide 

a sustainable power source. 

 

III. BLOCK DIAGRAM 

 

The block diagram of the proposed system illustrates 

the flow of energy and information, from the input 

mechanical force to the final power output and display. 

Fig.1. Block diagram of the proposed Piezoelectric 

Footstep Power Generation System 

 

IV. WORKING PROCESS 

 

1. The operation of the Piezoelectric Footstep Power 

Generation System is a sequential process of 

energy conversion, conditioning, storage, and 

monitoring. 

2. Energy Harvesting: When a person walks on the 

specially designed platform, the applied 

mechanical force is transferred to an array of 

piezoelectric sensors embedded within. These 

sensors, based on the direct piezoelectric effect, 

generate an alternating current (AC) voltage 

signal proportional to the applied pressure. The 

magnitude of the generated voltage depends on 

factors like the force of the footstep and the 

properties of the piezoelectric material [2]. 

3. Power Conditioning: The AC voltage generated 

by the piezoelectric sensors is not suitable for 

direct storage or use in most electronic devices. 

Therefore, it is passed through a power 

conditioning circuit. This circuit first uses a 

bridge rectifier to convert the AC voltage into a 

pulsating direct current (DC) voltage. 

Subsequently, a filter circuit (typically a large 

capacitor) smoothens this pulsating DC into a 

more stable and consistent DC voltage. 

4. Energy Storage: The conditioned DC power is 

then directed to a rechargeable battery, such as a 

Lithium-ion or lead-acid battery. The battery 

serves as an energy reservoir, storing the small 

amounts of energy generated from each footstep. 

This allows the system to accumulate energy over 

time, making it available to power loads even 

when there is no foot traffic [3]. 

5. Monitoring and Control: An Arduino 

microcontroller is the central processing unit of 

the system. It is connected to a voltage sensor that 

monitors the voltage level of the generated power, 

either at the output of the filter or at the battery. 

The Arduino reads this analog voltage signal and 

processes the data. This real-time monitoring is 

crucial for understanding system performance. 

6. Data Display: The processed voltage data is 

displayed on a 16x2 LCD I2C display. This 

provides local visual feedback, showing the user, 

the current voltage being generated or the battery's 

state of charge. This makes the system interactive 

and demonstrates the tangible results of energy 

harvesting. 

7. Power Utilization: The energy stored in the 

battery can be used to power various low-power 

DC loads, such as LED lamps for lighting, or can 

be inverted to AC for other small appliances. A 

switch can be incorporated to control the output to 

the load. 
 

V. EXISTING SYSTEM 

 

• Traditional methods of generating small-scale 

electricity in public areas are often non-existent or 

rely on connection to the main power grid. 

Conventional energy generation for applications 

like street lighting or public signage is almost 

exclusively grid-dependent. 

• Grid-Dependent Systems: Most public lighting 

and signage are directly connected to the electrical 

grid, which is primarily powered by fossil fuels, 

contributing to carbon emissions and operational 

costs. 

• Solar Power: While solar panels are a renewable 

option, their effectiveness is dependent on 

weather conditions and they require significant 

space and upfront investment. They are also 

ineffective at night or on cloudy days. 

• Manual Power Generation: In some isolated 

cases, devices like hand-crank generators exist, 

but these require deliberate human effort and are 

not passive energy harvesters. 

• A common drawback of these existing systems is 

that they do not utilize the ubiquitous and 
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consistent mechanical energy available from 

human movement in crowded places. This energy 

is simply wasted, representing a missed 

opportunity for sustainable, decentralized power 

generation. 
 

VI. DRAWBACKS 

 

1. Wasted Kinetic Energy: A massive amount of 

kinetic energy from human footsteps in public 

places is completely lost. 

2. Grid Dependency: Most public infrastructure 

relies on the main power grid, which can be 

unstable, costly, and reliant on non-renewable 

sources. 

3. High Operational Costs: Grid-powered public 

utilities incur continuous electricity costs. 

4. Environmental Impact: Dependence on fossil 

fuels for grid electricity contributes to pollution 

and greenhouse gas emissions. 

5. Lack of Awareness: Existing infrastructure does 

little to promote or demonstrate the potential of 

alternative energy harvesting methods to the 

public. 

6. No Localized, Passive Generation: There is a lack 

of systems that can passively generate small 

amounts of power on-site without requiring user 

initiation or large-scale installations. 

 

VII. PROPOSED SYSTEM 

 

The proposed system is a self-contained, renewable 

energy solution designed to harvest mechanical energy 

from pedestrian footsteps. It consists of a platform 

embedded with multiple piezoelectric sensors that 

generate electricity upon being stepped on. A power 

conditioning unit (rectifier and filter) converts this 

output to a storable DC voltage, which is then 

accumulated in a rechargeable battery. An Arduino 

microcontroller, connected to a voltage sensor, 

monitors the system's voltage output. This data is 

displayed on a user-friendly LCD screen, providing 

real-time feedback. The stored energy can be utilized 

to power low-power devices like LED lamps, 

contributing to a sustainable and decentralized power 

source for public areas. 

 

 

 

VIII. PROPOSED SYSTEM ADVANTAGES 

 

1. Renewable Energy Generation: The system 

produces clean electricity from a readily available 

source (human footsteps), reducing reliance on 

fossil fuels. 

2. Waste Energy Utilization: It captures and 

repurposes otherwise wasted mechanical energy, 

increasing overall energy efficiency. 

3. Eco-Friendly and Clean: The system operates 

with zero emissions, making it an 

environmentally friendly alternative. 

4. Low Operational Cost: After initial installation, 

the operating cost is negligible as it uses free, 

renewable energy. 

5. Educational Value: The system serves as a 

tangible demonstration of green technology and 

energy harvesting principles, promoting public 

awareness. 

6. Scalability: Multiple units can be installed in 

high-traffic areas to collectively generate a 

meaningful amount of power. 

7. Smart City Integration: The system can be 

integrated into smart city infrastructure to provide 

power for lighting, sensors, and information 

displays in public spaces like malls, railway 

stations, and walkways [4]. 

 

IX. PROBLEM STATEMENT 

 

In a world facing depleting fossil fuels and escalating 

environmental concerns, there is a critical need for 

innovative, decentralized, and renewable energy 

sources. High-footfall public areas like railway 

stations, bus stands, shopping malls, and temples 

witness the constant application of mechanical energy 

through human footsteps. This significant amount of 

kinetic energy is currently entirely wasted. The 

problem is the absence of an efficient, low-cost, and 

scalable system to harvest this mechanical energy and 

convert it into usable electrical power for low-demand 

applications. There is a pressing need to develop a 

solution that can not only generate clean energy but 

also raise public awareness about sustainable practices 

and contribute to the energy independence of urban 

infrastructure. 

 

 

 



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 196660 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3138 

X. LITERATURE REVIEW 

 

M.N. Fakhzan and Asan G.A. Muthalif (2011) 

explored vibration-based energy harvesting using 

piezoelectric materials. Their work focused on 

optimizing the energy capture from mechanical 

vibrations, establishing foundational principles for 

converting ambient motion into electrical energy, 

which is directly applicable to footstep power 

generation [5]. 
 

S.S. Taliyan, et al. (2013) investigated the concept of 

generating electricity from footsteps. They 

demonstrated the feasibility of using piezoelectric 

crystals to produce electrical power from human 

locomotion, highlighting the potential for practical 

applications in various public settings [2]. 
 

Henry A. Sodano, Daniel J. Inman, and Gyuhae Park 

(2004) conducted foundational research on estimating 

the electrical charge output from piezoelectric energy 

harvesters. Their work provided crucial insights into 

the factors affecting energy conversion efficiency, 

which is critical for designing effective footstep 

generation systems [6]. 
 

Meiling Zhu, et al. (2010) designed and studied 

piezoelectric energy-harvesting devices using a 

coupled piezoelectric-circuit finite element method. 

Their research aimed at generating higher electrical 

power, which is essential for scaling up footstep 

systems to power more substantial loads [7]. 
 

A. Kaur and G. Dhiman (2019) provided a review on 

search-based tools and techniques for problem-solving 

in complex systems, highlighting the importance of 

optimization in engineering design. While their focus 

was on software, the principles of systematic 

optimization are relevant to refining the hardware 

configuration of the footstep system for maximum 

efficiency [8]. 
 

V. Tamilselvi, et al. (2020) developed an IoT-based 

health monitoring system that utilized sensors and 

microcontrollers for real-time data acquisition and 

display. Their approach to sensor integration, data 

processing with a microcontroller, and LCD display 

provides a valuable reference for implementing the 

monitoring and feedback components in the footstep 

power generation system [9]. 

 

XI. HARDWARE DESCRIPTION 

 

Arduino Microcontroller (e.g., Arduino Uno): 

The Arduino Uno acts as the central processing unit. It 

reads the analog voltage from the voltage sensor, 

processes this data, and controls the output to the LCD 

display. Its simplicity and wide range of libraries make 

it ideal for this application [10]. 

 
Fig.2. Arduino Uno Microcontroller 

 

Piezoelectric Sensors: 

These are the core components for energy harvesting. 

They generate an electrical charge in response to the 

mechanical stress applied by a footstep. Multiple 

sensors are connected in series and parallel 

configurations to increase the overall voltage and 

current output. Common materials include Lead 

Zirconate Titanate (PZT) due to its high energy 

conversion efficiency. 

 
Fig.3. Piezoelectric Sensor Disk 

 

Voltage Sensor Module: 

This module is used to measure the voltage generated 

by the system, typically at the battery or after the 

rectifier. It scales down the voltage to a level that the 

Arduino's analog input pins can safely read (0-5V). 
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Fig.4. Voltage Sensor Module 

 

Rechargeable Battery: 

A rechargeable battery, such as a Lithium-ion or Lead-

Acid battery, stores the harvested electrical energy. It 

allows the system to accumulate power from multiple 

footsteps and provides a stable power supply for loads 

when there is no active generation. 

 

LCD I2C Display (16x2): 

This display provides a local interface to show the 

measured voltage and system status. The I2C interface 

simplifies the wiring, requiring only two data lines 

(SDA, SCL) to communicate with the Arduino. 

 

Power Conditioning Circuit (Bridge Rectifier & Filter 

Capacitor): 

The bridge rectifier (comprising four diodes) converts 

the AC output from the piezoelectric sensors into a 

pulsating DC. The filter capacitor then smoothens this 

output to a more constant DC voltage suitable for 

charging the battery. A voltage regulator may also be 

included to protect the battery from overvoltage. 

 

XII. RESULTS AND DISCUSSION 

 

The developed Piezoelectric Footstep Power 

Generation System was successfully implemented and 

tested. An array of 8-10 piezoelectric sensors was 

connected in a series-parallel configuration to 

maximize energy capture. The output from the 

sensors, an AC voltage of up to 20-30V (peak-to-peak) 

during a footstep, was fed into a bridge rectifier and 

filter capacitor, resulting in a DC output of 

approximately 5-15V depending on the force applied. 

This DC voltage was successfully used to charge a 

6V/4.5Ah rechargeable battery. The Arduino 

microcontroller, programmed to read the voltage 

sensor connected across the battery, accurately 

monitored the charging process. The voltage readings 

were clearly displayed on the 16x2 LCD, showing an 

increase in battery voltage with each footstep. The 

system was able to power a 6V LED lamp from the 

stored energy for a short duration after a series of 

footsteps. 

 
The results demonstrate that the system can effectively 

harvest otherwise wasted mechanical energy, 

condition it, store it, and provide a visual indication of 

the process. The power generated per footstep is low, 

which is a known limitation of piezoelectric 

technology, but the system's ability to accumulate this 

energy over time makes it a viable source for low-

power applications in high-traffic areas. 

 

XIII. ADVANTAGES 

 

• Renewable & Clean Energy: Harnesses a 

sustainable, non-polluting energy source. 

• Passive Energy Harvesting: Generates power 

without requiring user initiation or significant 

effort. 

• Educational & Awareness: Serves as a public 

demonstration of green technology. 

• Low Cost: Utilizes relatively inexpensive and 

readily available components. 

• Portable & Scalable: The system can be built in 

modular units for easy installation and expansion. 

 

XIV. APPLICATIONS 

 

• Public Lighting: Powering LED streetlights, 

walkway lights, and signage in malls, railway 

stations, and bus stops. 

• Smart City Infrastructure: Providing energy for 

sensors, Wi-Fi hotspots, and information kiosks in 

public areas. 
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• Rural Electrification: Serving as a supplementary 

power source in off-grid or remote locations with 

high foot traffic. 

• Educational Institutions: Used as a teaching tool 

in engineering and science labs to demonstrate 

principles of energy conversion. 

• Fitness Centers: Integrating into treadmills or 

exercise equipment to generate power from 

workouts. 
 

XV. CONCLUSION 

 

The Piezoelectric Footstep Power Generation System 

presents a viable and innovative approach to 

generating renewable energy by harnessing the 

mechanical force of human footsteps. The system 

successfully demonstrates the entire process from 

energy capture using piezoelectric sensors to power 

conditioning, storage in a battery, and real-time 

monitoring via an Arduino microcontroller and LCD 

display. While the power generated per footstep is 

modest, the system's ability to accumulate energy over 

time makes it a practical solution for low-power 

applications in high-traffic public spaces. This project 

effectively illustrates how integrating simple 

technology can contribute to sustainable energy 

solutions, reduce our carbon footprint, and promote 

environmental consciousness. The system is low-cost, 

eco-friendly, and has significant potential for 

deployment as part of smart city initiatives and in 

various public and private venues. 

 

XVI. FUTURE ENHANCEMENTS 

 

• While the current system effectively demonstrates 

the core concept, several enhancements could 

improve its efficiency and broaden its application: 

• Improved Energy Harvesting Circuitry: 

Integrating a more sophisticated power 

management integrated circuit (PMIC) or DC-DC 

boost converter specifically designed for low-

voltage energy harvesting could significantly 

increase the energy captured from each footstep. 

• Supercapacitor Integration: Adding a 

supercapacitor in parallel with the battery could 

help capture high-energy spikes from footsteps 

more efficiently, improving overall system 

responsiveness and battery lifespan. 

• Wireless Data Monitoring: Incorporating an 

ESP32 or Wi-Fi module could allow the system to 

transmit voltage and performance data to a cloud 

platform, enabling remote monitoring and data 

analysis over time. 

• IoT and Smart Grid Integration: Connecting 

multiple units across a city to form a network of 

energy-harvesting nodes, contributing to a smart 

grid and providing data on pedestrian traffic 

patterns. 

• Machine Learning for Predictive Analysis: Using 

the collected data (footstep frequency, energy 

generated) with machine learning algorithms to 

predict peak energy generation times and 

optimize energy storage and usage. 

• Structural Optimization: Designing a more robust 

and aesthetically pleasing platform with 

optimized mechanical coupling to maximize force 

transfer to the piezoelectric sensors. 

• Higher Power Output: Exploring the use of more 

advanced or larger-scale piezoelectric materials, 

or hydraulic systems, to generate higher power 

outputs suitable for more demanding applications. 

 

REFERENCES 

 

[1] D. Acharya and S. N. Patil, “IoT-based 

healthcare monitoring kit,” in Proc. 4th Int. 

Conf. Computing Methodologies and 

Communication (ICCMC), Erode, India, pp. 

363–368, 2020. 

[2] S. S. Taliyan, B. B. Biswas, R. K. Patil, and G. 

P. Srivastava, “Electricity from footsteps,” 

Reactor Control Division, Electronics & 

Instrumentation Group, T. K. Basu IPR, 

Gandhinagar. 

[3] M. M. Islam, A. Rahaman, and M. R. Islam, 

“Development of smart healthcare monitoring 

system in IoT environment,” SN Computer 

Science, vol. 1, no. 3, 2020. 

[4] H. B. Hassen, N. Ayari, and B. Hamdi, “A 

home hospitalization system based on the 

Internet of Things, fog computing and cloud 

computing,” Informatics in Medicine 

Unlocked, vol. 20, p. 100368, 2020. 

[5] M. N. Fakhzan and A. G. A. Muthalif, 

“Vibration-based energy harvesting using 

piezoelectric material,” Dept. Mechatronics 



© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 196660 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3141 

Eng., Int. Islamic Univ. Malaysia, Kuala 

Lumpur, Malaysia. 

[6] H. A. Sodano, D. J. Inman, and G. Park, 

“Estimation of electric charge output for 

piezoelectric energy harvesting,” Strain, vol. 

40, no. 2, pp. 49–58, 2004. 

[7] M. Zhu, E. Worthington, and A. Tiwari, 

“Design study of piezoelectric energy-

harvesting devices for higher electrical power 

generation using a coupled piezoelectric-circuit 

finite element method,” IEEE Trans. 

Ultrasonics, Ferroelectrics, and Frequency 

Control, vol. 57, no. 2, Feb. 2010. 

[8] Kaur and G. Dhiman, “A review on search-

based tools and techniques to identify bad code 

smell in object-oriented systems,” in Harmony 

Search and Nature-Inspired Optimization 

Algorithms, Singapore, pp. 909–921, 2019. 

[9] V. Tamilselvi, S. Sribalaji, P. Vigneshwaran, P. 

Vinu, and J. GeethaRamani, “IoT-based health 

monitoring system,” in Proc. 6th Int. Conf. 

Advanced Computing and Communication 

Systems (ICACCS), Coimbatore, India, pp. 

386–389, 2020. 

[10] S. Banerjee and S. Roy, “Design of pulse rate 

and body temperature monitoring system with 

Arduino via Wi-Fi and Android-based gadget,” 

Int. J. Technology and Engineering Studies, 

vol. 2, no. 5, pp. 302–306, 2016 


