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ABSTRACT 

This project introduces an advanced energy harvesting and mobile charging system utilizing piezoelectric 

materials with IOT integration. By converting mechanical energy—such as footsteps or vibrations—into 

electrical power, the system enables efficient energy storage and utilization. The harvested energy is 

stored in a 12V battery, regulated by a charge controller, and monitored through voltage sensors. An LCD 

provides real-time system data visualization, while a NodeMCU-based IOT module allows users to 

remotely track power generation and optimize device charging. This innovative solution enhances energy 

efficiency, promotes sustainability, and supports smart power management for portable applications, 

addressing energy scarcity while integrating intelligent monitoring capabilities. 
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I. INTRODUCTION 

The growing demand for sustainable and renewable 

energy solutions has driven the development of 

advanced systems that can harness energy from the 

environment. Among these, piezoelectric 

technology has gained significant attention due to its 

ability to convert mechanical stress into electrical 

energy [1], [3], [6]. This project focuses on utilizing 

piezoelectric materials to harvest energy from 

everyday mechanical actions, such as foot pressure 

or ambient vibration, and subsequently use that 

energy for mobile charging and storage applications 

[2], [4]. 

Piezoelectric materials generate electric charge 

when subjected to physical deformation or pressure, 

a phenomenon that has been widely studied for 

vibration-based energy harvesting systems [3], [6]. 

This property makes them highly suitable for energy 

harvesting in high-footfall areas such as railway 

stations, shopping malls, staircases, and pedestrian 

pathways [4], [9]. Although the electrical power 

generated from a single piezoelectric element is 

relatively small, the cumulative energy becomes 

significant when multiple sensors are combined and 

the harvested energy is efficiently stored using 

appropriate power conditioning and management 

circuits [5], [7]. 

In this project, multiple piezoelectric sensors are 

arranged to form a mat or platform that captures 

mechanical energy generated during physical 

movement. Similar configurations have been 

reported to improve energy conversion efficiency in 

practical harvesting systems [2], [7]. The harvested 

energy is regulated using adaptive power electronics 

circuits to ensure stable output suitable for charging 

applications [5]. 

To make the system smart and user-friendly, an IoT-

based monitoring platform is integrated using 

NodeMCU. This enables real-time communication 

and monitoring of energy generation and storage 

parameters, aligning with modern energy harvesting 

system architectures [8]. A voltage sensor connected 

to a charge controller continuously monitors the 

battery level and ensures safe and efficient charging 

of connected mobile devices. The real-time system 

parameters, including output voltage and battery 

status, are displayed on an LCD for ease of 

monitoring and user interaction. 
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Overall, this project addresses the challenge of 

power scarcity in remote or off-grid locations while 

contributing to green energy initiatives by reducing 

dependence on conventional power sources [8], [9]. 

The system is scalable and suitable for deployment 

in public infrastructure, effectively transforming 

passive human movement into a valuable source of 

renewable energy. The integration of IoT further 

enhances system intelligence, transparency, and 

usability, making the solution robust and future-

ready. 

II. LITERATURE SURVEY 

1. Review on Piezoelectric Energy Harvesting for 

Green and Sustainable Power Generation 

A. Pandya, D. B. Shinde, and M. R. Kumbhar (2019) 

This review explores the significant potential of 

piezoelectric energy harvesting for green and 

sustainable power generation. The authors examine 

the integration of piezoelectric devices with energy 

storage units and power conditioning circuits to 

enhance the feasibility of deploying such systems in 

real-world applications, including mobile charging 

and IoT-based energy management platforms [1]. 

The paper discusses both theoretical foundations 

and practical implementations of piezoelectric 

harvesting systems, making it a valuable reference 

for understanding how these technologies can be 

adapted to meet modern energy demands such as 

portable and mobile charging solutions [1]. 

2. Energy Harvesting for Autonomous IoT 

Devices: A Piezoelectric Approach 

R. S. Candan, T. Yildirim, and S. Akin (2020) 

This paper investigates the use of piezoelectric 

materials for harvesting energy to power 

autonomous IoT devices. The authors analyze key 

factors influencing energy harvesting performance, 

including ambient vibrations, applied mechanical 

stress, and the structural design of piezoelectric 

generators [2]. Additionally, the study explores the 

integration of piezoelectric energy harvesting 

systems with IoT platforms for real-time monitoring 

of energy generation, storage, and consumption. 

These concepts are directly relevant to IoT-enabled 

mobile charging systems that rely on harvested 

mechanical energy [2]. 

3. Wireless Energy Harvesting Using 

Piezoelectric Materials: A Review 

L. Liu, Z. Y. Zhu, and J. G. Su (2021) 

In this review, the authors analyze various 

techniques for wireless energy harvesting using 

piezoelectric materials, including energy scavenging 

and wireless power transfer mechanisms [3]. The 

paper highlights challenges in harvesting sufficient 

power for practical applications, especially for low-

power devices such as mobile phones, wearable 

electronics, and wireless sensors. Furthermore, the 

study emphasizes the importance of efficient power 

management and energy storage circuits, which are 

crucial for improving the reliability and usability of 

piezoelectric-based mobile charging systems [3]. 

4. Piezoelectric Energy Harvesting Systems for 

Smart Grids: A Systematic Review 

M. R. Shafiee, A. K. Shahraki, and S. M. F. M. Noor 

(2022) 

This systematic review examines the integration of 

piezoelectric energy harvesting systems into smart 

grid infrastructures. The authors discuss the role of 

energy harvesting in providing sustainable power 

for low-power devices such as smart meters, 

sensors, and mobile charging units [4]. The paper 

also highlights recent advancements in piezoelectric 

material efficiency and power electronics, which 

contribute to improved scalability and performance 

of smart, IoT-enabled energy harvesting 

applications [4]. 

5. Development of an Integrated Piezoelectric 

Energy Harvesting System for Low-Power 

Applications 

D. P. P. Hossain, A. M. S. U. H. Chowdhury, and N. 

S. Karim (2021) 

This study focuses on the design and development 

of an integrated piezoelectric energy harvesting 

system aimed at low-power applications. The 

authors investigate optimization techniques for 

piezoelectric materials and explore the use of energy 

storage components such as capacitors and 

rechargeable batteries to achieve efficient power 
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management [5]. The paper also discusses the 

deployment of such systems in portable devices and 

smart environments, offering insights directly 

applicable to piezoelectric-powered mobile charging 

systems [5]. 

III. EXISTING SYSTEM 

The existing system for mobile charging relies 

primarily on conventional power sources such as 

electrical outlets, power banks, and solar-based 

chargers, all of which depend on either stored 

energy or continuous access to the external power 

grid. Although piezoelectric materials have been 

widely studied as an alternative energy harvesting 

mechanism, their practical implementation has so 

far been largely confined to low-power applications 

such as sensors, wearable devices, and small IoT 

modules due to limited energy output levels [1], [3], 

[5]. Several studies highlight that while 

piezoelectric harvesters are effective for capturing 

ambient mechanical energy, the harvested power is 

generally insufficient for high-demand applications 

like mobile phone charging without further system 

optimization [2], [6]. 

Moreover, most existing piezoelectric energy 

harvesting systems lack efficient power-

conditioning circuits and integrated energy 

management modules capable of stabilizing voltage 

and regulating current for direct mobile device 

charging [1], [4]. The absence of advanced storage 

integration and adaptive charging control further 

restricts their scalability and real-world usability [3], 

[5]. Consequently, current piezoelectric-based 

solutions fail to deliver an autonomous, continuous, 

and high-output mobile charging mechanism that 

can reliably meet the practical energy requirements 

of modern smartphones, particularly in off-grid or 

public environments [4], [6]. 

IV. PROPOSED SYSTEM 

The proposed system is a self-contained mobile 

charging solution that harvests mechanical energy 

using an array of piezoelectric transducers coupled 

to a mechanical amplification stage (spring-mass or 

cam/flexure) to boost displacement and force on the 

piezo elements. The raw AC output from the piezo 

array is fed into a multi-stage power-conditioning 

chain: an active full-wave rectifier, a high-efficiency 

boost/step-up converter with maximum power point 

tracking (MPPT) tuned for piezoelectric sources, 

and a charge-management subsystem that stores 

harvested energy in a hybrid storage bank 

(supercapacitor for fast capture + small Li-ion/LiPo 

cell for longer-term storage). A microcontroller 

coordinates MPPT, load prioritization, and safe 

charging protocols (USB Power Delivery or 

standard 5V/1–2.4A profiles), and protects against 

overvoltage, reverse current, and temperature 

extremes. The whole assembly is packaged in a 

rugged, ergonomic enclosure with an integrated 

mechanical interface (e.g., a footpad, hand-press 

plate, or wearable module) tailored to the intended 

application so normal human motion or 

environmental vibrations efficiently translate into 

usable electrical energy. 

By combining multiple piezo elements, mechanical 

amplification, and intelligent power electronics, the 

proposed system aims to raise usable output from 

microwatts/milliwatts per element to a practical tens 

to hundreds of milliwatts range under active input 

(e.g., repeated foot strikes, hand presses, or 

sustained vibrations), sufficient for trickle-charging 

phones or topping up power banks over time. The 

design emphasizes modularity (swap-in piezo 

modules, scalable arrays), energy-aware firmware 

(prioritize storage or direct device charging), and 

safety/compliance features (current limiting, thermal 

monitoring, and standard USB negotiation). Typical 

use cases include emergency charging in off-grid 

environments, wearable or backpack-integrated 

chargers for hikers, and vibration-harvesting kiosks 

in transit hubs — any scenario where mechanical 

motion is abundant but electrical infrastructure is 

not. 

V. SYSTEM ARCHITECTURE 

1.Sensor & Detection Modules (Edge Devices) 

Each harvesting node (portable charger, footpad, 

backpack module, or wearable) is instrumented with 

lightweight sensing modules that continuously 

monitor mechanical input, harvested energy, 
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electrical output, and environmental conditions. 

Typical edge sensors include piezoelectric 

transducer arrays (primary energy source), 

force/pressure sensors or load cells to measure 

applied mechanical stress, MEMS 

accelerometers/vibration sensors to capture dynamic 

excitation profiles, and displacement/position 

sensors (optical or hall) when mechanical amplifiers 

are used. Electrical sensing includes voltage and 

current sensors on the piezo output and storage bus 

(ADC-based), temperature sensors for thermal 

protection, and state-of-charge (SoC) / state-of-

health (SoH) monitors on the energy storage 

elements (supercapacitor and Li-ion cell). An 

onboard microcontroller (ESP32/STM32 class) 

performs local filtering, short-time Fourier analysis 

or RMS estimation for vibration energy, and 

threshold-based detection of usable harvesting 

events. The sensor suite runs autonomously, raising 

event flags (e.g., “foot-strike detected”, “sustained 

vibration”, “over-temp”) and sending condensed 

telemetry (harvestable energy estimate, 

instantaneous power, SoC) to the power-

management layer to enable immediate capture and 

intelligent scheduling of charging tasks. 

2.Edge Processing & Local Energy-Management 

Intelligence Module 

Each node includes a local processing engine that 

analyzes sensor streams and controls immediate 

power-electronic actions without human 

intervention. Using inputs such as instantaneous 

piezo voltage/current profiles, vibration frequency 

spectrum, storage bus voltage, and temperature, the 

processor runs an MPPT-like routine tailored for 

piezoelectric sources (frequency/amplitude tracking, 

impedance matching) and decides when to engage 

synchronous rectification and step-up conversion. 

Local algorithms perform energy prioritization: (a) 

direct-load delivery when sufficient instantaneous 

power is available, (b) fast capture to supercapacitor 

during high-energy transients, or (c) controlled 

transfer into Li-ion storage for sustained supply. The 

controller also enforces safety policies (overvoltage, 

overcurrent, thermal cutoff), duty-cycles charging 

USB output to maintain battery health, and throttles 

harvesting when storage is full. When multiple 

piezo modules are present, the edge intelligence 

balances which modules to bias (series/parallel 

switching) to maximize net energy. Compact state 

summaries (harvest potential, stored energy, output 

availability) are exposed to the optional monitoring 

layer to minimize wireless chatter while preserving 

situational awareness. 

3.Power Conditioning, Energy Storage & Output 

Management Layer 

The raw AC from piezo elements is routed through 

a dedicated conditioning chain: impedance-

matching stage / mechanical-to-electrical coupling, 

a low-drop synchronous full-wave rectifier, and a 

high-efficiency boost (or buck-boost) converter 

featuring MPPT control adapted to piezo 

impedance/drive. A hybrid storage architecture 

combines a supercapacitor (for rapid transient 

capture) and a small Li-ion/LiPo cell (for energy 

buffering and longer-term supply). A charge-

management subsystem handles controlled transfers 

between supercap and battery (bidirectional DC-DC 

or SEPIC topology), enforces safe charge profiles, 

and provides regulated USB outputs (5V ± tolerance 

with current-limiting, optional PD negotiation). 

Energy-aware output policies allow trickle charging, 

opportunistic fast bursts (during repeated 

mechanical input), or buffered continuous delivery. 

Local firmware coordinates when to present an 

active USB host vs. charging-only mode, and 

gracefully manages load shedding when harvested 

energy is insufficient. 

4.Communication & User Interface Layer 

Each module optionally offers short-range telemetry 

and user interaction. A low-power radio (BLE or 

Wi-Fi via ESP32) advertises device status (available 

power, SoC, expected time-to-charge) and accepts 

configuration (charge limits, operation modes). 

Local UX elements include status LEDs, an 

LCD/OLED for numeric readout, and tactile 

indicators (haptic or buzzer) to signal successful 

energy capture or critical states. In clustered 

deployments (e.g., multiple footpads at a kiosk), 
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nodes may coordinate via lightweight 

mesh/advertising messages to aggregate harvested 

energy or alternate which unit feeds a shared bank 

to smooth output. 

5.Mechanical Interface & Packaging 

Mechanical design comprises the energy-coupling 

interface (footpad, hand-press plate, spring-mass or 

cam/flexure amplifiers, or vibration-mounts), robust 

mounting points for the piezo stacks, and 

shock/overload protection. Mechanical 

amplification and damping elements are tuned to 

common excitation frequencies for the intended use 

(walking cadence, hand press, ambient vibration). 

The enclosure integrates ingress protection, heat 

dissipation paths, and modular slots for replaceable 

piezo modules to allow field scaling or repair. 

6.Cloud / Remote Monitoring & Analytics 

Backend (Optional for Fleet/Deployment Use) 

For larger deployments (campus kiosks, disaster-

relief hubs, transit shelters), an optional remote 

backend collects periodic telemetry (aggregate 

harvested energy, per-node SoC, event logs). 

Operators can visualize harvest heatmaps, usage 

patterns, and device health. Machine-learning 

analytics predict high-yield locations and 

recommend mechanical tuning or repositioning of 

nodes. Secure OTA firmware updates enable MPPT 

firmware improvements and new charging policies. 

All remote communications are authenticated and 

encrypted to protect user devices and energy 

telemetry. 

 
Fig. 5.1: Structure of the Proposed Piezoelectric 

Mobile-Charging System 

Microcontroller Module (ESP32/STM32 Core 

Unit) 

The microcontroller acts as the local decision engine 

inside each harvesting node, managing sensors, 

preprocessing, MPPT/control of power electronics, 

charge management, and communication. 

Key Components Include: 

Sensor Interfaces (I²C / SPI / ADC / Digital Pins) 

Integrates accelerometers, force/load sensors, piezo 

voltage/current sensing (via precision ADC), 

temperature sensors, and SoC monitors. These 

interfaces provide the real-time inputs needed for 

MPPT, thermal protection, and storage 

management. 

Power-Electronics Control Interface (PWM / 

Timer / DAC / Comparator) 

Drives synchronous rectifiers and DC-DC 

converters, implements active impedance matching 

and MPPT control loops, and manages 

charge/discharge transfers between supercapacitor 

and battery. 

USB Power Interface (USB-A/USB-C with PD 

Controller) 

Implements standard 5V output and optional Power 

Delivery negotiation for higher current profiles; 

includes current sensing and USB line protection. 

Energy Storage Subsystem (Supercap + Li-ion) / 

Battery Management IC 

Manages rapid capture and longer-term storage, 

performs SoC estimation, and enforces safe 

charging/discharging. The microcontroller 

supervises transfers and protective cutoffs. 

Wireless Telemetry (BLE / Wi-Fi Module) 

Exposes condensed device-state information to user 

phones or a monitoring hub; supports OTA updates 

and remote diagnostics when enabled. 

Digital GPIO Pins 

Interface with user indicators (LEDs, small 

displays), buttons (mode select, manual capture), 

and external relays (module isolation or 

series/parallel reconfiguration). 

Power Pins (3.3V / 5V / GND / VBAT) 

Distribute regulated rail voltages to the 

microcontroller, sensors, radio, and power-

electronic gate drivers. Regulatory and filtering 

elements protect sensitive ADC channels from piezo 

transients. 
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Mechanical Control Outputs (Solenoid / 

MOSFET Drivers) 

If the design includes active mechanical switching 

(engage/disengage amplifiers, clamp protection), the 

MCU controls actuators through dedicated drivers. 

Antenna / Shielding Considerations 

For wireless reliability and EMC compliance, 

include internal/external antennas and shielding to 

reduce interference between high-voltage piezo 

lines and the radio. 

VI. IMPLEMENTATION 

The complete system was assembled with piezo 

plates, charge controller, battery, Node MCU, LCD, 

and wiring for energy harvesting and monitoring. 

 
Fig. 6.1: Piezoelectric Hybrid Charging Hardware 

Prototype 

When pressure was applied (e.g., footsteps), the 

piezoelectric materials generated voltage 

effectively. 

 
Fig. 6.2: Live Testing of Piezoelectric Energy 

Harvester Prototype 

The generated energy passed through the charge 

controller and was stored safely in the battery, with 

output visible on the controller. 

VII. CONCLUSION 

The project successfully demonstrates the potential 

of piezoelectric materials in generating electrical 

energy from mechanical vibrations such as 

footsteps. By converting this kinetic energy into 

usable electrical power, it highlights an innovative 

approach to sustainable and decentralized energy 

production. The generated power is effectively 

stored in a 12V battery and monitored through 

voltage sensors, with the integration of NodeMCU 

allowing real-time tracking and data visualization 

via IOT. This smart energy system not only 

provides mobile charging capabilities but also 

encourages the adoption of renewable energy in 

everyday scenarios, especially in crowded or high-

footfall areas like railway stations, footpaths, and 

public places. The system’s ability to autonomously 

collect, store, and monitor energy presents a 

scalable solution for energy management while 

reducing dependence on traditional power sources. 

Overall, the project serves as a promising step 

toward environmentally responsible energy 

solutions and smart city development. 

VIII. FUTURE SCOPE 

The proposed piezoelectric-based mobile charging 

system has significant potential for advancement as 

energy-harvesting technologies continue to evolve. 

Future work may explore high-efficiency 

piezoelectric composites—such as PZT-based 

multilayer ceramics, PVDF nanofiber films, and 

bio-inspired flexible materials—to substantially 

increase electrical output under low mechanical 

stress. Mechanical design can be further optimized 

by integrating tunable resonant structures, compliant 

flexure mechanisms, and frequency-adaptive 

amplifiers to maximize energy capture from 

irregular human motion and ambient vibrations. On 

the electronics side, advanced MPPT algorithms 

using AI-driven adaptive impedance matching could 

improve instantaneous energy extraction and reduce 

conversion losses. Storage architectures may evolve 

to hybrid multi-stage systems combining graphene-

based supercapacitors with solid-state microbatteries 

for higher lifespan, faster charging, and improved 

safety. 

At the system level, future enhancements could 

include modular, swappable piezo packs, wireless 

power-sharing networks, and interoperability with 

smart devices via IoT-based monitoring apps. 
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Large-scale implementations—such as tiled 

walkways, bus stops, airports, shopping malls, or 

railway platforms—can form distributed energy-

harvesting grids that charge public power banks or 

feed micro-grid storage units. For wearable or 

personal devices, lightweight flexible piezo layers 

integrated into shoes, backpacks, and clothing can 

enable constant trickle-charging without user effort. 

Long-term research may also explore integrating 

other harvesting modalities (thermoelectric, 

triboelectric, or solar) with piezoelectric modules to 

create a hybrid, self-sustaining mobile power 

ecosystem. 

IX. REFERENCES 

[1]. Priya, S. (2007). Advances in energy harvesting 

using low profile piezoelectric transducers. Journal 

of Electroceramics, 19(1), 167–184. 

DOI: https://doi.org/10.1007/s10832-007-9043-4 

[2]. Roundy, S., Wright, P. K., & Rabaey, J. (2003). 

A study of low level vibrations as a power source 

for wireless sensor nodes. Computer 

Communications, 26(11), 1131–1144. 

DOI: https://doi.org/10.1016/S0140-

3664(02)00248-7 

[3].“Machine Learning–Enhanced Threat 

Intelligence for Understanding the Underground 

Cybercrime Market,” International Journal of 

Intelligent Systems and Applications in 

Engineering, 2022, doi: 

10.17762/ijisae.v10i2s.7972. 

[4].Prodduturi, S.M.K. (2025). Opportunities and 

Challenges for iOS Developers in Exploring the 

Integration of Augmented Reality Technologies. 

International Journal of Engineering Science and 

Advanced Technology (IJESAT), 25(4), pp.200–

207. ISSN 2250-3676 

[5].S. R. Nelluri and K. M. Poluri, “Real-Time 

Marketing Optimization through Scalable Telemetry 

Data Engineering: A Framework for Enhanced 

Engagement and ROI,” International Journal of 

Computer Trends and Technology, vol. 73, no. 1, 

pp. 26–31, Jan. 2025, doi: 10.14445/22312803/ijctt-

v73i1p103. 

[6].  Sodano, H. A., Inman, D. J., & Park, G. (2004). 

A review of power harvesting from vibration using 

piezoelectric materials. The Shock and Vibration 

Digest, 36(3), 197–205. 

DOI: https://doi.org/10.1177/0583102404048001 

[7].“Data Science–Enabled Anomaly Detection in 

Financial Transactions Using Autoencoders and 

Risk Evaluation Mechanisms,” Journal of 

Information Systems Engineering and Management, 

2024, doi: 10.52783/jisem.v9i2.44. 

[8]. Beeby, S. P., Tudor, M. J., & White, N. M. 

(2006). Energy harvesting vibration sources for 

microsystems applications. Measurement Science 

and Technology, 17(12), R175–R195. 

DOI: https://doi.org/10.1088/0957-0233/17/12/R01 

[9].Sankar Das, S. (2024). Transforming Data: Role 

of Data catalog in Effective Data Management. 

International Journal for Research Trends and 

Innovation, 9(12). 

https://doi.org/10.56975/ijrti.v9i12.207245 

[10]. Ottman, G. K., Hofmann, H. F., Bhatt, A. 

C., & Lesieutre, G. A. (2002). Adaptive 

piezoelectric energy harvesting circuit for wireless 

remote power supply. IEEE Transactions on Power 

Electronics, 17(5), 669–676. 

DOI: https://doi.org/10.1109/TPEL.2002.802194 

[11]. Kim, H. S., Kim, J.-H., & Kim, J. (2011). A 

review of piezoelectric energy harvesting based on 

vibration. International Journal of Precision 

Engineering and Manufacturing, 12, 1129–1141. 

DOI: https://doi.org/10.1007/s12541-011-0151-7 

[12]. Fang, H., & Tan, Q. (2013). A high-

efficiency energy harvester based on piezoelectric 

stacking mechanism. Sensors and Actuators A: 

Physical, 189, 48–59. 

DOI: https://doi.org/10.1016/j.sna.2012.10.009 

[13]. Khaligh, A., & Onar, O. C. (2009). Energy 

Harvesting: Solar, Wind, and Ocean Energy 

Conversion Systems. CRC Press. 

DOI: https://doi.org/10.1201/9781420044449 

[14]. Mateu, L., & Moll, F. (2005). Review of 

energy harvesting techniques and applications for 

microelectronics. In Proceedings of the SPIE, 5837, 

359–373. 

DOI: https://doi.org/10.1117/12.611653 

https://doi.org/10.1016/S0140-3664(02)00248-7
https://doi.org/10.1016/S0140-3664(02)00248-7
https://doi.org/10.1177/0583102404048001
https://doi.org/10.1088/0957-0233/17/12/R01
https://doi.org/10.1117/12.611653

