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ABSTRACT 

The Footstep Power Generation using Piezoelectric Tiles project focuses on converting mechanical energy from 

human footsteps into electrical energy using piezoelectric transducers. When a person steps on the tile, pressure 

is applied to the piezoelectric material, generating AC voltage, which is then converted into DC voltage using a 

full-wave bridge rectifier. The generated energy is stored in a 12V rechargeable battery, allowing it to be used for 

powering LED streetlights or other low-power electronic devices. This system provides a renewable and eco-

friendly solution for urban power needs by utilizing wasted mechanical energy from daily human activities. To 

enhance efficiency, a microcontroller is integrated into the system to monitor voltage levels, battery status, and 

energy consumption, ensuring optimal power management. Additionally, IoT-based tracking can be implemented 

for remote monitoring and real-time energy analytics. This project aims to offer a scalable, cost-effective, and 

sustainable energy solution that reduces reliance on conventional electricity and supports environmental 

conservation. By deploying piezoelectric tiles in high-foot-traffic areas, this system can contribute to smart city 

infrastructure and promote the widespread adoption of renewable energy technologies for a greener future. 

HTTPS – HyperText Transfer Protocol Secure 

 

1.INTRODUCTION 

The "Footstep Based Power Generation" project represents an innovative approach to harnessing renewable 

energy from human activity, addressing the growing need for sustainable power solutions in an era of increasing 

energy demands and environmental concerns. Electricity is a cornerstone of modern life, powering everything 

from household appliances to industrial systems, yet conventional generation methods heavily rely on finite fossil 

fuels, contributing to pollution and resource depletion. In contrast, renewable energy sources offer a cleaner 

alternative, and among these, piezoelectricity—electricity generated from mechanical stress—presents a unique 

opportunity to capture energy from everyday actions like walking. This project develops a system that converts 

footstep energy into usable electrical power using piezoelectric transducers, stores it in a battery, and delivers it 

via an inverter to light a bulb, all while incorporating smart control features for enhanced functionality. By 

integrating an ESP32 microcontroller, a 16x2 LCD for voltage display, and Blynk connectivity for remote 

monitoring and control, this system bridges renewable energy generation with modern IoT technology. This 

chapter outlines the problem driving this initiative, defines its objectives, delineates its scope, highlights its 

significance, and provides an overview of the report’s structure, setting the foundation for a comprehensive 

exploration of this novel power generation solution. 

 

1.1 Problem Statement 
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The global energy landscape faces dual challenges: the depletion of non-renewable resources and the 

environmental impact of traditional power generation, coupled with the need for localized, sustainable energy 

solutions in areas with limited grid access or high foot traffic. Conventional power backup systems, such as 

inverters, rely on grid electricity or external renewable sources like solar and wind, which may not be feasible in 

indoor or urban settings where sunlight and wind are inconsistent. Meanwhile, human movement—a constant and 

untapped energy source in crowded spaces like railway stations, malls, or campuses—remains largely unexploited 

for practical power generation. Piezoelectric transducers offer a means to convert mechanical energy from 

footsteps into electrical energy, but their low output and the complexity of integrating them into usable systems 

have limited their widespread adoption. Existing implementations often lack efficient energy conversion, storage, 

and smart management, resulting in minimal practical utility. This project addresses these issues by developing a 

footstep-based power generation system that uses piezoelectric tiles to produce electricity, employs a charging 

circuit and battery for storage, and integrates IoT-enabled control to optimize power delivery and user interaction. 

The challenge lies in designing an efficient, scalable, and user-friendly system that transforms small-scale 

piezoelectric outputs into a reliable power source for small loads. 

1.2 Objectives 

The primary goal of this project is to design, implement, and evaluate a footstep-based power generation system 

that harnesses piezoelectric energy for practical use. The specific objectives are as follows: 

1. Develop a Piezoelectric Power Generation System: Construct a system using three tiles, each with 15 

piezoelectric transducers, to generate electricity from footsteps, rectified into DC for storage and use. 

2. Enable Energy Storage and Conversion: Design a charging circuit with bridge rectifiers and diodes to store 

generated energy in a 12V, 7Ah battery, and use a 200W inverter to convert it to AC power for a 100W or 10W 

bulb. 

3. Implement Voltage Monitoring: Utilize an ESP32 microcontroller to measure voltage outputs from the 

piezoelectric tiles and display them on a 16x2 LCD for real-time feedback. 

4. Incorporate Smart Load Control: Program the ESP32 to detect footsteps and activate a relay to turn on a 

connected light, with an additional relay controlled via Blynk for manual operation of a plug. 

5. Enable IoT Connectivity: Integrate Blynk to remotely monitor voltage, step count, and control the secondary 

relay, enhancing system interactivity. 

6. Promote Sustainability and Efficiency: Optimize energy harvesting and management to demonstrate a viable 

renewable energy solution for small-scale applications. 

7. Validate System Performance: Test the system under varying footstep frequencies and load conditions to assess 

its reliability, efficiency, and practical utility. 

These objectives aim to create a functional prototype that leverages human kinetic energy while advancing smart 

energy management. 

1.3 Project Scope 

The scope of this project encompasses the design, construction, and testing of a small-scale footstep-based power 

generation system tailored for low-power applications, such as lighting a bulb or powering small devices. The 

system includes three piezoelectric tiles (each with 15 transducers), bridge rectifiers, a charging circuit with 

diodes, a 12V, 7Ah battery, a 200W inverter, an ESP32 microcontroller, a 16x2 LCD, and two relays—one for 

automatic step-based control and another for Blynk-operated manual control. It focuses on indoor or controlled 
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environments with moderate foot traffic, targeting outputs sufficient to charge the battery and power loads up to 

100W. The project incorporates IoT connectivity via Blynk for remote monitoring and control, using Wi-Fi to 

interface with a mobile app. Testing is conducted in a lab setting with simulated footsteps, emphasizing proof-of-

concept validation over long-term deployment or large-scale energy production. Exclusions include high-power 

applications beyond 200W, integration of additional energy sources (e.g., solar), and commercial production 

logistics. The design prioritizes simplicity and replicability using accessible components. 

1.4 Significance of the Study 

This study holds significant value across multiple dimensions. Practically, it offers a novel method to generate 

electricity from human activity, potentially powering lights or small devices in high-traffic areas without relying 

on external grids, thus enhancing energy autonomy. Environmentally, it promotes sustainability by tapping into a 

renewable, pollution-free energy source, reducing dependence on fossil fuels and aligning with global green 

energy initiatives. Educationally, the project serves as a hands-on learning tool for students at Sri Sivani College 

of Engineering, demonstrating principles of piezoelectricity, power electronics, microcontroller programming, 

and IoT integration in a tangible application. Technologically, it advances the field by combining energy 

harvesting with smart control, filling a niche between passive renewable systems and IoT-enabled devices. Its 

potential applications in public spaces—such as lighting pathways or charging stations—could improve safety 

and convenience, while its low-cost design enhances accessibility for educational and small-scale use. This work 

thus contributes to both immediate practical solutions and broader innovations in sustainable energy harvesting. 

 

2.LITERATURE REVIEW 

Earlier developments in the piezo electric circuitry involved concentration on small vibrations and hence small 

strains. Also, few of them required external voltage supply and there were number of losses in the system which 

amounts to low voltage output. In December 1929, scientists in U.S Navy perfomed various researches on 

piezoelectric crystals. Their focus was primary on the dimensions of crystals. This research proved that by 

changing the dimension and orientation of crystal the output. considerably changed. They designed the crystal 

named "Curie cut' or 'Zero Cut based on the changes made in the angles of the crystal. Thus, this proves that the 

crystals designed with such dimensions are effective in controlling oscillations of a 50watt vacuum tube. So, they 

act as a voltage controlling device too. In 1985, the concept of using handwriting dynamics for electronic 

identification was performed in Sandia Laboratories A piezoelectric sensor pen for obtaining the pen point 

dynamics during writing was studied. 

Design equations were derived and details of an operating device were studied. Typical output waveforms 

obtained from the operation of the pen and showed the dissimilarities between dynamics of a genuine signature 

and an attempted forgery. So, this also shows high sensitivity of Piezo material towards marginal pressure change. 

In 2000, various applications of piezoelectric in wireless sensing was studied and experimented. Numerous 

industrial and military applications require remote sensing of various machine and equipment operating 

parameters in locations where traditional power sources may not be available and long periods of unattended 

operation are required. Quite often, however, some source of Vibrating energy may be present in operation of the 

machine in question. Hence a piezoelectric source is efficiently utilized to generate power for the operation of a 

microcontroller and radio transmitter acquire sampled machine data. Various techniques for the efficient 
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conversion, use and storage of piezoelectric power are discovered and used in a general energy harvesting data 

transmitter design 

 

3. SYSTEM DESIGN 

3.2 System Overview 

The footstep-based power generation system uses three tiles, each embedded with 15 piezoelectric transducers, to 

generate electricity from mechanical pressure. The AC output from these transducers is converted to DC via three 

bridge rectifier circuits, then fed into a charging circuit with diodes to prevent reverse current, charging a 12V, 

7Ah battery. A 200W inverter converts the battery’s DC power to 230V AC, powering a 100W or 10W bulb. An 

ESP32 microcontroller monitors the voltage output from each tile using its ADC pins, displaying the values on a 

16x2 LCD with I2C interface. The ESP32 also controls two relays: one activates the bulb automatically upon 

detecting a footstep (voltage > 1.5V), and the other, operated via Blynk, manually controls a plug for additional 

devices. Blynk connectivity via Wi-Fi enables remote monitoring of voltage and step count, enhancing system 

interactivity. This design balances energy harvesting with smart functionality within a small-scale framework. 

3.3 System Architecture 

The system architecture is organized into four interconnected subsystems: 

1. Energy Generation and Storage Subsystem:  

o Three piezoelectric tiles (15 transducers each) for power generation. 

o Three bridge rectifier circuits (four diodes each) to convert AC to DC. 

o Charging circuit with four additional diodes on a breadboard to protect against reverse current. 

o 12V, 7Ah lead-acid battery for energy storage. 

2. Power Conversion and Delivery Subsystem:  

o 200W inverter to convert 12V DC to 230V AC. 

o Load (100W or 10W bulb) connected via a relay. 

3. Control and Monitoring Subsystem:  

o ESP32 microcontroller as the central controller. 

o ADC pins (35, 32, 34) to measure tile voltages. 

o 16x2 LCD with I2C interface for voltage and step count display. 

o Two 5V relays: Relay 1 (pin 26) for automatic bulb control, Relay 2 (pin 27) for Blynk-controlled plug. 

4. IoT and Power Supply Subsystem:  

o Wi-Fi module on ESP32 for Blynk connectivity. 

o Battery-powered ESP32 operation (via 3.3V regulator or direct 5V input from a regulator). 

These subsystems work in tandem: the ESP32 monitors voltages, triggers Relay 1 upon footsteps, updates the 

LCD, and communicates with Blynk, while the inverter delivers stored power to the load, ensuring a seamless 

energy flow. 

3.4 Component Selection 

Component choices were guided by performance, compatibility, and availability, ensuring an effective yet 

accessible prototype: 

1. Piezoelectric Transducers (45 total):  
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o Each tile uses 15 PZT transducers (e.g., 35mm diameter), generating ~1-3V AC per step. Their scalability and 

durability suit footstep applications. 

2. Bridge Rectifiers (3 units):  

o Each comprises four 1N4007 diodes, converting AC to DC with minimal loss, rated for small currents from piezo 

outputs. 

3. Charging Circuit Diodes (4 units):  

o Additional 1N4007 diodes on a breadboard prevent reverse current from the battery damaging the transducers or 

rectifiers. 

4. 12V, 7Ah Battery:  

o A lead-acid battery stores piezo-generated energy, supporting the inverter and ESP32 with sufficient capacity for 

small loads. 

5. 200W Inverter:  

o Converts 12V DC to 230V AC, delivering pure sine wave output for a 100W or 10W bulb, exceeding load 

requirements for flexibility. 

6. ESP32 Microcontroller:  

o Offers Wi-Fi, 12-bit ADC (0-4095 range), and multiple GPIO pins for voltage sensing, relay control, and LCD 

interfacing. 

7. 16x2 LCD with I2C:  

o Displays three tile voltages and step count, using I2C (SDA, SCL) to minimize pin usage. 

8. Relay Modules (2 units):  

o 5V single-channel relays (rated 10A, 250V AC) control the bulb (Relay 1) and plug (Relay 2), triggered by ESP32 

pins 26 and 27. 

9. Breadboard:  

o Facilitates the charging circuit, connecting rectifiers to diodes and battery terminals. 

These components were selected for their synergy and alignment with the project’s small-scale, IoT-enabled 

focus. 

3.5 Operational Principles 

The system operates based on the following principles: 

1. Energy Generation:  

o Footsteps deform the piezoelectric transducers, producing AC voltage (~1-3V per step), which three bridge 

rectifiers convert to pulsating DC. 

2. Battery Charging:  

o The rectified DC flows through four diodes to the battery, preventing reverse discharge. The cumulative output 

from 45 transducers charges the 12V battery incrementally. 

3. Voltage Monitoring:  

o ESP32’s ADC pins (35, 32, 34) measure rectified voltages, scaled to 0-3.6V, displayed on the LCD and sent to 

Blynk. 

4. Smart Load Control:  

o When any tile voltage exceeds 1.5V, the ESP32 triggers Relay 1 (pin 26) to activate the bulb for 1 second. Relay 

2 (pin 27) is toggled via Blynk’s V4 pin for manual control. 
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5. IoT Integration:  

o Wi-Fi connects the ESP32 to Blynk, updating step count (V0) and voltages (V1-V3) in real time, with Relay 2 

controlled remotely. 

These principles ensure energy harvesting, storage, and delivery with intelligent oversight. 

3.6 Design Considerations 

Key factors shaped the design: 

• Efficiency: Multiple transducers per tile maximize output, though losses in rectification and inversion are trade-

offs for simplicity. 

• Safety: Diodes protect transducers from reverse current; relays isolate high-voltage AC loads. 

• Scalability: Three tiles balance output with prototype feasibility, expandable in future iterations. 

• User Interaction: LCD and Blynk provide clear feedback and control, enhancing usability. 

• Power Supply: The ESP32 runs on battery power (via a regulator), avoiding external sources for portability. 

Challenges include low piezo output and battery charging time, mitigated by testing and calibration. 

3.7 System Flowchart 

The operational flow is: 

1. Start: Initialize ESP32, LCD, relays, and Blynk. 

2. Read Voltages: ADC measures V1, V2, V3 from tiles. 

3. Step Detection: If V > 1.5V, increment step count, activate Relay 1 for 1s. 

4. Update Displays: LCD shows voltages and steps; Blynk syncs data. 

5. Manual Control: Blynk V4 toggles Relay 2. 

6. Loop: Repeats every 1.1s for stability. 

3.8 Schematic Diagram 

The schematic includes: 

• 3 tiles (15 piezos each) to 3 bridge rectifiers. 

• Rectifier outputs to breadboard with 4 diodes, then to battery. 

• Battery to 200W inverter; inverter output to Relay 1 (NO) and bulb. 

• Battery to ESP32 (via regulator); ESP32 ADC pins to rectifier outputs. 

• ESP32 pins 26 (Relay 1), 27 (Relay 2), and I2C (LCD) connections. 

• Relay 2 (NO) to plug for external devices. 

3.9 Summary 

This chapter has outlined the system design, integrating piezoelectric generation, power conversion, and IoT 

control into a cohesive prototype. It addresses sustainable energy needs with smart features, forming a basis for 

implementation in Chapter 4. 

 

 4.RESULTS AND DISCUSSION 

5.2 Experimental Setup 

Testing was performed with the following setup: 

• Tiles: Three piezoelectric tiles (15 transducers each) placed on a flat surface. 

• Load: A 10W bulb (primary test load) and a 100W bulb (secondary test load) connected via Relay 1. 

• Battery: 12V, 7Ah lead-acid battery, initially at 50% charge (12.2V). 
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• Measurement Tools: Multimeter (for voltage/current), ESP32 ADC (for real-time data), stopwatch (for timing). 

• Conditions: Simulated footsteps at 1 step/second (moderate pace) and 2 steps/second (fast pace) for 5-minute 

intervals. 

• Blynk: Connected via Wi-Fi to monitor voltages (V1-V3), step count (V0), and control Relay 2 (V4). 

5.3 Results 

5.3.1 Voltage Generation 

• Observation: Each tile generated peak voltages of 2.0-3.0V per step, dropping to 0V between steps. 

• Data:  

o Tile 1: Avg. 2.4V/step (1 step/s), 2.6V/step (2 steps/s). 

o Tile 2: Avg. 2.3V/step (1 step/s), 2.5V/step (2 steps/s). 

o Tile 3: Avg. 2.5V/step (1 step/s), 2.7V/step (2 steps/s). 

• Analysis: Voltage increased slightly with step frequency due to faster transducer deformation. Variations (±0.2V) 

reflect uneven pressure distribution. 

5.3.2 Battery Charging 

• Observation: After 300 steps (5 minutes at 1 step/s), battery voltage rose from 12.2V to 12.25V. 

• Data:  

o Current per tile: ~5-10mA/step (post-rectification). 

o Total charge: ~0.045Ah (300 steps × 7.5mA avg. × 2s/step ÷ 3600). 

• Analysis: Charging rate was slow, delivering ~0.6% of battery capacity, limited by low piezo output and 

rectification losses. 

5.3.3 Load Control 

• Observation: Relay 1 activated the 10W bulb for 1s per step (voltage > 1.5V), with 100% success over 300 steps. 

• Data:  

o Response time: ~50ms (ESP32 to relay). 

o 100W bulb test: Operated but drained battery faster (0.1V drop in 2 minutes). 

• Analysis: Automatic control was reliable for low loads; high loads highlighted battery capacity constraints. 

5.3.4 LCD Display 

• Observation: LCD accurately showed voltages (V1: 2.4V, V2: 2.3V, V3: 2.5V) and step count (300 after 5 

minutes). 

• Data: Matched multimeter readings within ±0.1V; refreshed every 1.1s. 

• Analysis: Display was consistent and legible, though minor lag reflected code delay. 

5.3.5 Blynk Connectivity 

• Observation: Blynk updated step count (V0) and voltages (V1-V3) in real time; Relay 2 toggled a plug via V4. 

• Data:  

o Latency: ~1-2s for updates. 

o Relay 2: 100% response to app commands (10 toggles tested). 

• Analysis: IoT functionality was robust, with minor delays due to Wi-Fi signal strength. 

5.4 Graphical Representation 

• Graph 1: Voltage vs. Time:  

o X-axis: Time (s), Y-axis: Voltage (V). 
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o Showed spikes (2-3V) per step, returning to 0V, with Tile 3 slightly higher. 

• Graph 2: Battery Voltage vs. Steps:  

o X-axis: Steps (0-300), Y-axis: Battery Voltage (V). 

o Linear increase from 12.2V to 12.25V, slope ~0.00017V/step. 

• Graph 3: Step Count vs. Time:  

o X-axis: Time (min), Y-axis: Steps. 

o Linear rise (60 steps/min at 1 step/s). 

5.5 Discussion 

5.5.1 Voltage Generation 

The system generated consistent voltages (2.3-2.7V avg.), validating the multi-transducer tile design. However, 

outputs were low compared to theoretical maxima (~5V/transducer), likely due to suboptimal pressure and parallel 

losses, suggesting room for mechanical optimization. 

5.5.2 Battery Charging 

Charging was functional but slow, with 300 steps contributing minimally to capacity. This aligns with 

piezoelectric limitations (mW range), indicating the system suits supplementary rather than primary power roles. 

Higher step frequency or more tiles could enhance charging. 

5.5.3 Load Control 

Relay 1’s reliability met the smart control objective, effectively lighting the 10W bulb per step. The 100W bulb 

test revealed battery limitations, draining power faster than generation, underscoring the need for load matching 

or larger storage. 

5.5.4 Monitoring and Display 

The LCD and Blynk provided accurate, user-friendly feedback, fulfilling monitoring goals. Minor discrepancies 

(±0.1V) and latency (1-2s) were negligible, though faster refresh rates could improve responsiveness. 

5.5.5 System Efficiency 

Overall efficiency was low (~10-15% from piezo to load), due to rectification losses (~20%), diode drops (0.7V 

each), and inverter inefficiency (~80%). This reflects the prototype’s proof-of-concept focus rather than optimized 

power delivery. 

5.6 Strengths and Limitations 

• Strengths: Reliable step detection, robust IoT integration, scalable tile design. 

• Limitations: Low energy yield, slow charging, limited battery runtime for high loads. 

5.7 Alignment with Objectives 

The system met objectives of generating power (Obj. 1), storing and converting it (Obj. 2), monitoring voltages 

(Obj. 3), controlling loads smartly (Obj. 4), and enabling IoT (Obj. 5). Sustainability (Obj. 6) was demonstrated 

conceptually, though practical impact requires scaling. Validation (Obj. 7) confirmed functionality under test 

conditions. 

5.8 Summary 

This chapter has presented and analyzed the system’s performance, confirming its ability to generate, store, and 

deliver power with smart features. While effective as a prototype, its low output highlights areas for enhancement. 

Chapter 6 will interpret these findings in broader context. 

 



 ISSN 2277-2685 

IJESR/April-June. 2025/ Vol-15/Issue-2/52-64 

R. Lakshmi et. al., / International Journal of Engineering & Science Research 

60 

 

DISCUSSION 

6.2.1 Voltage Generation 

The system generated consistent peak voltages of 2.0-3.0V per step across three tiles, averaging 2.3-2.7V 

depending on frequency. This confirms the piezoelectric transducers’ ability to produce electricity from 

mechanical stress, though outputs were lower than theoretical maxima (~5V/transducer). The variation suggests 

uneven pressure distribution and parallel connection losses, consistent with literature (e.g., Zhao and You, 2014) 

on multi-transducer arrays. Higher step frequency slightly boosted voltage, indicating a direct correlation with 

deformation rate, but the modest yield underscores piezoelectricity’s limitation for small-scale generation. 

6.2.2 Battery Charging 

The battery charged from 12.2V to 12.25V after 300 steps, a 0.6% capacity increase, driven by a low current of 

5-10mA per step. This slow rate aligns with the milliwatt-scale output typical of piezoelectric systems (Priya, 

2007), reflecting losses in rectification (~20%) and diode drops (0.7V each). While functional, the charging 

efficiency highlights the system’s role as a supplementary power source rather than a primary one, necessitating 

prolonged or high-traffic use for significant impact. 

6.2.3 Load Control 

Relay 1’s 100% success in activating the 10W bulb per step (voltage > 1.5V) demonstrates reliable smart control, 

meeting the automation objective. The 1-second duration balanced visibility with energy conservation. However, 

the 100W bulb test revealed rapid battery depletion (0.1V in 2 minutes), illustrating a mismatch between 

generation and consumption rates. This suggests the system excels with low-power loads but struggles with higher 

demands, a trade-off inherent to its prototype scale. 

6.2.4 Monitoring and IoT Integration 

The LCD and Blynk accurately reflected voltages and step counts, with minor discrepancies (±0.1V) and latency 

(1-2s) posing negligible impact. The ESP32’s ADC precision and Blynk’s real-time updates fulfilled monitoring 

and remote control goals, enhancing user interaction. Relay 2’s responsiveness to Blynk commands further 

validated IoT integration, offering flexibility for additional loads. These features distinguish the system from static 

piezoelectric designs, aligning with modern smart energy trends (Gupta et al., 2022). 

6.3 Achievement of Objectives 

The project met its objectives with varying degrees of success: 

1. Power Generation: Achieved with 45 transducers producing measurable voltage, though output was low. 

2. Storage and Conversion: Successfully charged the battery and powered loads via the inverter, albeit with limited 

capacity. 

3. Voltage Monitoring: Fully realized with accurate LCD display. 

4. Smart Load Control: Effectively implemented with Relay 1; Relay 2 added versatility. 

5. IoT Connectivity: Robustly achieved via Blynk, enhancing oversight. 

6. Sustainability: Demonstrated conceptually, but practical impact requires scaling. 

7. Validation: Confirmed through testing, validating functionality under controlled conditions. 

While all objectives were addressed, efficiency and output scale remain areas for improvement. 

6.4 Strengths of the System 

• Innovative Design: Combines piezoelectric harvesting with IoT, a novel integration for small-scale systems. 

• Reliability: Consistent step detection and load control enhance usability. 
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• Educational Value: Demonstrates energy harvesting, electronics, and programming principles. 

• Flexibility: Blynk-enabled Relay 2 supports diverse applications. 

6.5 Limitations of the System 

• Low Energy Yield: Milliwatt outputs limit practical power delivery. 

• Slow Charging: Hundreds of steps yield minimal battery gain, impractical for sustained use. 

• Load Dependency: High loads (e.g., 100W) outpace generation, reducing runtime. 

• Mechanical Durability: Transducer wear under repeated stress remains untested long-term. 

6.6 Broader Implications 

6.6.1 Sustainability 

The system exemplifies renewable energy harvesting, reducing reliance on fossil fuels in a small but meaningful 

way. Scaled to high-traffic areas (e.g., stations), it could offset minor energy needs, contributing to green 

initiatives. 

6.6.2 Educational Impact 

As a prototype, it serves as a hands-on tool for students, illustrating piezoelectricity, power conversion, and IoT 

integration, fostering skills in interdisciplinary engineering. 

6.6.3 Practical Applications 

While currently limited, deployment in public spaces for low-power lighting or sensor power could enhance 

convenience and safety, provided output is scaled. 

6.7 Comparison with Literature 

Compared to Pavegen’s 5-7W/tile (commercial) or Saha et al.’s (2020) 1-2W/tile (academic), this system’s 

~0.015-0.03W/tile (2.5V × 7.5mA avg.) is lower, reflecting its simplicity and focus on education over 

optimization. Unlike these, it integrates IoT and smart control, adding value beyond raw power output. 

6.8 Unexpected Findings 

• Tile Variability: Tile 3’s higher output (2.7V vs. 2.3V) suggests manufacturing or placement differences, 

warranting further investigation. 

• Blynk Stability: Minor latency improved with stronger Wi-Fi, an unforeseen network dependency. 

6.9 Practical Considerations 

For real-world use, the system requires higher output (more transducers/tiles), durable materials, and energy-

efficient components to balance generation and consumption. Installation in high-traffic zones could maximize 

potential, though cost-benefit analysis is needed. 

6.10 Summary 

This chapter has interpreted the system’s performance, confirming its success as a proof-of-concept while 

highlighting output and efficiency constraints. It meets educational and smart control goals but falls short of 

significant power delivery, aligning with its prototype scope. Chapter 7 will conclude these findings, proposing 

future directions. 

 

 CONCLUSION 

9.2 Potential Applications 

The system’s design lends itself to several practical applications, each leveraging its ability to generate power 

from human activity in high-traffic areas. 
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9.2.1 Public Space Lighting 

• Context: Deploying tiles in busy public areas like railway stations, bus terminals, or shopping malls to power 

LED lights. 

• Application: Energy from footsteps could illuminate pathways or signage, enhancing safety and visibility. 

• Example: A station with 10,000 daily commuters could generate enough power for low-wattage LEDs (e.g., 5W) 

if scaled to 50-100 tiles. 

9.2.2 Smart Building Sensors 

• Context: Installing tiles in office buildings or campuses to power environmental sensors (e.g., temperature, 

motion, air quality). 

• Application: Provides a self-sustaining power source for IoT sensor networks, reducing grid dependency. 

• Example: A university corridor with moderate traffic could support a motion sensor for automated lighting 

control. 

9.2.3 Educational Demonstrations 

• Context: Using the system as a teaching tool in schools or colleges. 

• Application: Demonstrates renewable energy, electronics, and IoT principles in a hands-on, interactive format. 

• Example: A lab setup with 3-5 tiles could power a small display or fan, engaging students in STEM learning. 

9.3 Case Studies 

9.3.1 Case Study 1: Railway Station Lighting 

• Scenario: 20 tiles installed at a station entrance with 5,000 daily footsteps. 

• Expected Output: ~75mW/tile/step (2.5V × 30mA peak, adjusted for efficiency) × 5,000 steps = 375W total 

daily energy (over 12 hours). 

• Application: Powers five 5W LED lights for 15 hours (75Wh needed vs. 93.75Wh generated with 25% buffer). 

• Feasibility: Viable with scaling and efficiency upgrades (e.g., synchronous rectification); requires durable tiles 

and maintenance plans. 

• Challenges: High initial setup cost, variable traffic affecting output consistency. 

9.3.2 Case Study 2: Campus Sensor Network 

• Scenario: 10 tiles in a university hallway with 1,000 daily steps. 

• Expected Output: ~15mW/tile/step × 1,000 steps = 150W total daily energy (37.5Wh over 12 hours). 

• Application: Powers a 1W motion sensor (24Wh daily need) with surplus for battery reserve. 

• Feasibility: Highly feasible with current design; aligns with low-power needs and Blynk monitoring. 

• Challenges: Limited to small loads; requires integration with existing IoT infrastructure. 

9.3.3 Case Study 3: Educational Kit 

• Scenario: 3 tiles in a classroom lab for 50 daily steps (demonstration use). 

• Expected Output: ~15mW/tile/step × 50 steps = 2.25Wh total energy. 

• Application: Powers a 0.5W LED or small fan for short demos (e.g., 4 hours). 

• Feasibility: Fully achievable with current prototype; portable and cost-effective for education. 

• Challenges: Limited runtime without frequent steps; needs engaging presentation. 

9.4 Deployment Strategies 

9.4.1 Scalability 
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• Approach: Deploy modular tile arrays (e.g., 10-100 tiles) tailored to traffic volume. 

• Requirement: Standardized connectors and centralized power management. 

• Benefit: Adapts to varying energy needs, from small demos to large installations. 

9.4.2 Installation 

• Approach: Embed tiles in flooring with protective covers, wired to a central battery/inverter unit. 

• Requirement: Durable materials and minimal disruption to existing structures. 

• Benefit: Seamless integration into public or institutional spaces. 

9.4.3 Maintenance 

• Approach: Regular checks for transducer wear, battery health, and IoT connectivity. 

• Requirement: Accessible design for component replacement; remote diagnostics via Blynk. 

• Benefit: Ensures long-term reliability and performance. 

9.5 Feasibility Assessment 

• Technical Feasibility: Achievable with current technology for low-power applications; scaling requires enhanced 

output and efficiency (per Chapter 8). 

• Practical Feasibility: Best suited for high-traffic, low-load scenarios; limited by slow charging and installation 

logistics. 

• Economic Feasibility: Cost-effective as an educational tool; larger deployments need output justification vs. 

setup effort. 

• Environmental Feasibility: Aligns with sustainability goals, though manufacturing impact of additional 

components must be minimized. 

9.6 Benefits and Challenges 

• Benefits:  

o Renewable energy source for localized needs. 

o Enhances smart infrastructure with IoT integration. 

o Educational value for STEM promotion. 

• Challenges:  

o Low power output restricts application scale. 

o Durability under continuous use untested. 

o Deployment requires site-specific adaptations. 

9.7 Recommendations for Deployment 

• Start Small: Begin with educational kits or sensor power in controlled environments to refine design. 

• Scale Gradually: Test larger arrays in pilot projects (e.g., campus pathways) before public spaces. 

• Optimize First: Implement efficiency upgrades (e.g., energy harvesting ICs) to boost viability. 

9.8 Summary 

This chapter has explored the system’s practical applications through case studies in lighting, sensor networks, 

and education, assessing deployment strategies and feasibility. It confirms the prototype’s potential for small-

scale, high-traffic settings, while identifying scaling and efficiency as key hurdles. Chapter 10 will propose 

technical optimizations to support these applications. 
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