
 

                                 Vol. 8, No. 1 | January – June 2025 
 

 

 

SJET | P-ISSN: 2616-7069 |E-ISSN: 2617-3115 | Vol. 8 No. 1 January – June 2025 

11 

Charge as You Walk: Piezoelectric Footwear for 

Mobile Energy Generation and IOT Connectivity 

Samandar Khan Afridi1, Ali Jami2, Naseebullah3, 4Muhammad Arshad Khan, 
2Muhammad Asim

Abstract: 

This research paper introduces the design and implementation of a pioneering Piezoelectric 

Energy Harvesting System (PEHS) engineered to efficiently transform mechanical energy 

originating from human foot movement into electrical power. The PEHS leverages piezoelectric 

sensors for electricity generation while integrating voltage and current sensors to oversee key 

electrical parameters. The harvested energy is harnessed to charge a 5V DC lithium-ion battery, 

offering a sustainable and portable energy source. An Arduino Nano microcontroller is 

harnessed for data acquisition and processing from the sensors. Real-time feedback regarding 

the battery's charging progress is made available through an OLED display. A distinguishing 

feature of this project is the integration of IoT (Internet of Things) technology, realized through 

the inclusion of a NodeMCU ESP8266 module. This IoT component enables wireless real-time 

monitoring of the system's performance and battery charging status via mobile devices, 

enhancing accessibility and enabling remote oversight of power generation and battery charging 

activities. The research delves into the pragmatic execution of the PEHS, encompassing the 

selection and configuration of system components, data acquisition processes, and IoT 

communication. It also assesses system performance and explores potential applications in the 

realms of wearable technology and portable energy solutions. The results underscore the 

viability of the proposed system for sustainable energy generation and monitoring, hinting at 

promising prospects for future innovations in the domain of wearable technology and portable 

power solutions. 
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1. Introduction 

In the present era, our reliance on electronic devices has 

grown to the point where they have become indispensable 

facets of our daily lives. Whether it's for communication, 

entertainment, or the pursuit of knowledge, electronic 

devices have integrated into the very fabric of our 

existence. This integration extends beyond personal 

convenience to encompass a wide spectrum of 

applications, including those in critical sectors such as 

defense and security [1]. In these domains, the 

uninterrupted operation of electronic equipment is not just 

a matter of convenience but a fundamental necessity. 

Meeting the ever-increasing demand for continuous power 

sources to ensure the operation of these electronic devices 

is an ongoing challenge. Conventional power sources, 

while reliable, are not always readily available in remote 

or dynamic environments [2]. To address this challenge, 

there has been a growing interest in exploring alternative 

methods for power generation. One such approach that has 

shown great promise is the transformation of electrical 

strain energy from mechanical power. In particular, the 

area of gathering energy from human locomotion has 

gained significant attention. This research avenue aims to 

harness the mechanical energy generated during human 

movement to low-power electrical gadgets and wearable 

sensors. 

Among the diverse methods employed for this purpose, 

piezoelectric materials have emerged as a leading 

candidate. These substances have the unusual ability to 

produce an electric charge in response to mechanical 

pressure or impact [3]. This makes them ideal for 

converting mechanical energy into electrical power, 

especially when considering their versatility and high 

power density even with minimal displacement. Various 

piezoelectric materials, such as Quartz, Topaz, Berlinite 

(AlPO4), Lead Titanate (PbTiO3), and others, have 

exhibited significant potential for this application [4]. 

Two primary classes of piezoelectric structures, Lead 

Zirconate Titanate (PZT) and Polyvinylidene difluoride 

(PVDF), have garnered extensive research attention due to 

their suitability for energy harvesting [5]. PZT, featuring a 

metallic plate with a lead zirconate titanate coating, is 

renowned for its crystalline structure and exceptional 

piezoelectric properties. On the other hand, PVDF, known 

for its high flexibility, stability, and ease of handling, has 

proven to be a versatile material for energy generation, 

particularly when subjected to mechanical stress, such as 

the movement of human muscles [6]. 

This research is driven by two fundamental objectives: 

1. Designing a Functional PEHS: The primary goal is to 

design a Piezoelectric Energy Harvesting System 

(PEHS) capable of efficiently converting mechanical 

energy from human foot movement into electrical 

power. This objective includes the selection and 

integration of piezoelectric materials, sensors, and a 

battery charging system. 

2. Integrating IoT Connectivity: The second objective is 

to integrate Internet of Things (IoT) technology using 

a NodeMCU ESP8266 module, enabling wireless 

real-time monitoring and control of the PEHS via 

mobile devices. This aspect of the research focuses on 

enhancing accessibility and remote management of 

power generation and battery charging activities. 

 

The importance of energy harvesting technology lies in its 

potential to provide sustainable power sources for a wide 

range of applications, addressing challenges posed by 

conventional power supply methods. In a world where 

electronic devices are ubiquitous, there is an ever-

increasing need for portable, autonomous, and eco-

friendly power solutions. Energy harvesting technology 

offers a pathway to address this need, providing power in 

scenarios where traditional power sources are impractical 

or unavailable [7]. In the context of wearable technology, 

which is becoming an integral part of modern life, energy 

harvesting technology opens up new possibilities. The 

ability to generate electrical power from the wearer's 

movements, as exemplified by the PEHS, offers the 

potential for self-sustaining wearable devices. These 

devices can continuously operate without the need for 

frequent battery replacements, contributing to increased 

convenience and reduced environmental impact. 

In military and defense applications, where reliable and 

self-sustaining power sources are critical for the operation 

of equipment and sensors, energy harvesting technology 

presents an opportunity to enhance mobility and 

operational flexibility [8]. The PEHS can offer soldiers the 

advantage of on-the-go power generation, reducing their 

reliance on conventional power sources and increasing 

their efficiency. 

In [9] a comprehensive exploration of the design and 

optimization of a piezoelectric footwear energy harvester 

is presented. The research delves into modeling, testing, 

and efficiency enhancement strategies for harnessing 

mechanical energy from human locomotion. In [10] 

equivalency of materials, modeling, and experimental 

verification of a piezoelectric boot energy harvester. The 

study contributes valuable insights into the selection and 

modeling of materials for enhancing the performance and 

efficiency of energy harvesting from footwear. In [11] 

explore energy harvesting with a shoe integrated with 

piezoelectric materials. The study investigates the 

application of piezoelectric materials within footwear to 

capture and convert mechanical energy from walking into 

electrical power, shedding light on the feasibility and 

potential of this technology. In [12] conducted simulations 

and verified a model for a shoe-embedded piezoelectric 

energy harvester. This study contributes to the 

understanding of simulation techniques and model 

validation for piezoelectric energy harvesting systems 

integrated into footwear. In [13] focus on the optimizing 

the construction simulation and validating the test results 

of a piezoelectric energy harvester gadget intended for 

transportation use. Their work provides insights into the 

design and testing of piezoelectric energy harvesting 

systems tailored for use on roads, contributing to the 

development of efficient energy harvesters for sustainable 
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infrastructure. In [14] study presented the design of a 

piezoelectric energy harvester integrated into footwear. 

This research explores the incorporation of piezoelectric 

materials within footwear to harness mechanical energy, 

offering valuable insights into the development of 

wearable energy harvesting systems. 

In [15] research focus on the design and testing of a novel 

dual-axial underfloor piezoelectric energy harvester. This 

study offers valuable contributions to the field of energy 

harvesting, emphasizing the development and assessment 

of dual-axial piezoelectric systems for energy generation 

from underfloor applications. In [16] introduce a power 

harvesting footwear system utilizing a piezo-

electromagnetic hybrid generator. This research sheds 

light on the development of sustainable wearable 

microelectronics through innovative energy harvesting 

technologies integrated into footwear. A study [17] 

explore the potential of achieving a green and self-

powered Internet of Things (IoT) through piezoelectric 

energy harvesting. The research emphasizes the role of 

sustainable energy generation using piezoelectric 

technology in powering IoT devices, providing a 

promising avenue for the development of self-sufficient 

IoT systems. In [18] present a forward-looking exploration 

of energy harvesting through piezoelectric technology. 

This research provides valuable insights into the potential 

and future directions of collecting piezoelectric energy, 

contributing to technology foresight in the field. 

The comprehensive literature review presented herein 

offers a profound understanding of the evolving landscape 

of technique for capturing piezoelectric energy. The 

amalgamation of past research highlights the adaptability 

of this technology, underscoring its capacity to harness 

mechanical energy from human movement, especially 

within footwear, to power diverse applications. This 

extensive knowledge forms the bedrock upon which the 

forthcoming sections of this research are constructed, with 

the ultimate aim of designing, implementing, and 

optimizing a Piezoelectric Energy Harvesting System 

(PEHS) that not only effectively captures energy from 

human foot movement but also integrates seamlessly with 

the Internet of Things (IoT) for sustainable, mobile energy 

generation and connectivity. 

The paper is structured into several key sections. The 

introduction provides background, motivation, and 

research objectives. The literature review examines 

existing works in the field. The methodology details the 

components, circuit design, mathematical equations, and 

calculations, leading to the presentation of results in the 

subsequent section. The paper concludes with insights and 

suggestions for future work in energy harvesting 

technology. 
 

2. Methodology 

Fig.1 shows block diagram, a visual blueprint that 

intricately maps out the system's architecture and 

component interconnections. This graphical illustration 

encapsulates the integral role of various components, 

including Piezoelectric discs, a 5V DC Battery, Current 

and Voltage Sensors, an Arduino Nano, and the 

NodeMCU ESP8266, within the energy harvesting and 

IoT connectivity framework. The block diagram 

effectively conveys the data flow from the piezoelectric 

discs to the Arduino Nano, while also elucidating the 

energy storage and monitoring processes facilitated by the 

5V DC Battery and the current and voltage sensors. This 

visual guide serves as the cornerstone for the ensuing 

steps in the methodology, encompassing the design, 

implementation, and testing of the Piezoelectric Energy 

Harvesting System (PEHS) tailored for mobile energy 

generation and seamless IoT connectivity. 

To ensure practical usability of the piezoelectric energy 

harvesting system, considerations related to the durability 

of the piezoelectric discs and user comfort were 

incorporated into the design. Piezoelectric discs, 

particularly those made from PZT materials, are known 

for their efficiency but may undergo mechanical fatigue 

over extended periods of repetitive loading. Therefore, 

the placement of discs was carefully selected in high-

pressure regions (heel and ball of the foot) while ensuring 

even stress distribution to minimize localized wear. To 

enhance durability and reduce mechanical strain, a 

cushioning layer was integrated above the discs to absorb 

shock and extend operational lifespan. Furthermore, 

attention was given to maintaining the natural flexibility 

and thickness of the shoe sole to preserve wearer comfort 

during walking or jogging activities. These design 

measures aim to strike a balance between energy 

harvesting performance and the long-term wearability of 

the footwear. 

 

Arduino Nano

12V DC 

Battery

Piezo Electric 

Discs

ESP8266

IoT Based 

Battery 

Monitoring

Voltage Sensor Current Sensor

 

 

Fig. 1.  Block Diagram of PEHS 

2.1. Piezo Electric Discs 

Piezoelectric Discs (see Fig.2) emerge as the pivotal 

energy harvesting components, specifically designed to 

convert mechanical energy from human foot movement 

into electrical power. These discs play a foundational role 

in the PEHS, serving as the primary source of sustainable 

energy generation and highlighting their critical 

significance in the overall system. 
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Fig. 2.  Piezoelectric Discs 

 

2.2. 5V DC Battery 

5V DC Battery (see Fig.3) takes center stage as the energy 

reservoir, tasked with storing the electrical energy 

harvested by the Piezoelectric Discs. This component 

ensures a reliable and portable power source for the 

system, underscoring its essential role in sustaining the 

continuous operation of the Piezoelectric Energy 

Harvesting System (PEHS). 

 

Fig. 3.  DC Battery 

 

2.3. Voltage Sensor 

Voltage Sensor (see Fig.4) assumes a vital role in the 

PEHS by enabling real-time monitoring of the electrical 

parameters generated during the energy harvesting 

process. This component facilitates precise measurement 

and tracking of voltage levels, contributing to the system's 

efficiency and performance evaluation. 

 

Fig. 4.  Voltage Sensor 

 

2.4. Current Sensor 

The Current Sensor (see Fig.5) functions as a key 

component for monitoring and quantifying the electrical 

current generated by the Piezoelectric Discs during 

human locomotion. Its role is integral in the accurate 

assessment of electrical parameters and system 

performance, ensuring the effectiveness of energy 

harvesting within the PEHS. 

 

Fig. 5.  Current Sensor 

 

2.5. Arduino Nano 

Arduino Nano (see Fig.6) microcontroller is at the heart 

of data processing and control. It reads and interprets data 

from the Piezoelectric Discs, Voltage and Current 

Sensors, and orchestrates the system's operation. This 

component forms the central nervous system of the 

PEHS, allowing for data management, control, and 

efficient energy utilization. 

 

Fig. 6.  Arduino Nano 

 

2.6. ESP8266 

The NodeMCU ESP8266 (see Fig.7) module enables 

Internet of Things (IoT) capabilities to the PEHS. It 

serves as the conduit for wireless, real-time monitoring 

and control, allowing seamless connectivity with mobile 

devices. This integration enhances accessibility and 

remote management of energy generation and battery 

charging, making it a core component for achieving IoT 

connectivity within the system. 
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Fig. 7.  ESP8266 

 

2.7. OLED Display 

OLED Display (see Fig.8) serves as a user-friendly 

interface that conveys real-time information about the 

status of the 12V DC Battery's charging process. This 

component offers a visual indicator of the battery's charge 

level, enhancing user experience and providing valuable 

feedback on the system's performance and power 

availability. 

 

Fig. 8.  OLED Display 

 

2.8. Circuit Design and Connections 

The circuit diagram (see Fig.9) of the Piezoelectric 

Energy Harvesting System (PEHS) orchestrates the 

synergy of key components, featuring Piezoelectric Discs 

for energy generation. These discs interface with the 

Arduino Nano, which acts as the central processor and 

links to the Current Sensor and Voltage Sensor for real-

time electrical parameter monitoring. A voltage regulator 

is used to regulate voltage. The OLED Display, connected 

to A2 and A3 pins, provides users with an intuitive visual 

representation of the 5V DC Lithium-ion Battery's charge 

percentage. Furthermore, the integration of the 

NodeMCU ESP8266 enables IoT connectivity, allowing 

remote real-time monitoring via mobile devices, while the 

battery stores the harvested energy for portable, 

continuous power. 

 

Fig. 9.  Circuit Diagram 

 

3. Mathematical Equations 

The following equation describes the relationship 

between the force applied to a lead zirconate titanate 

(PZT) ceramic disk and the voltage generated:  

𝑉 =
𝑔33∗𝐹3∗𝑇𝑝

𝜋∗𝐴
  

Or 

𝑉 =
4∗𝑔33∗𝐹𝑎𝑝𝑝∗𝑇𝑝

𝜋∗𝐷2
   (1) 

Where 𝑔33 is the piezoelectric voltage factor, D shows the 

diameter of the ceramic disc, F3 or Fz or Fapp signifies the 

perpendicular force applied to the piezo, and Tp denotes 

the thinness of the disc, as referenced in source [19].  

Buck converter (voltage regulator) transfer function:  

𝑉𝑜𝑢𝑡 = 𝐷 ∗ 𝑉𝑖𝑛    (2) 

𝑉𝑜𝑢𝑡 = 𝑇𝑜𝑛 ∗ 𝑓 ∗ 𝑉𝑖𝑛  

In the configuration of the 555 timer in a stable mode, 

equation (2) is employed to derive the final mathematical 

model of the system. 

𝑉𝑜𝑢𝑡 = 0.7 ∗ 𝑅1 ∗ 𝐶1 ∗ 𝑓 ∗ 𝑉𝑖𝑛  (3)  

Where f symbolizes the duty cycle frequency, Vin denotes 

the voltage output from the piezo, as specified in equation 

(1), while R1 and C2 stand for the values of resistance and 

capacitance, respectively. 
 

4. Calculations 

The configuration consists of a sum of nine piezoelectric 

ceramic discs, where three are situated at the heel and the 
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remaining six are positioned at the ball area of the sole. 

Our assessments indicate that discs 1, 2, and 3 jointly 

cover one-third of the heel's surface, while discs 4, 5, 6, 

7, 8, and 9 individually encompass one-third of the foot's 

ball area as shown in Fig.10. Additional information 

regarding the force distribution for each piezo disc is 

available in TABLE I. 

 

Fig. 10. Placement of Piezoelectric Discs 

 

TABLE I.  Computations of Force Distribution 

Piezo 

Ceramic 

Discs 

No. 

Average Force Distributed Fapp 

(N) 

Disc 1, 

2, 3  

On foot’s heel equals 

33% of body weight = 
210.2 N   

On disc1 / disc2 

/ disc3 = 
210

3
 = 

70 N  

Disc 4, 

5, 6, 7, 

8, 9 

On foot’s ball equals 

25% of body weight = 

171 N  

On disc4 / disc5 

/ disc6 / disc7 / 

disc8 / disc9 = 
171

3
 = 40.3 N  

 

TABLE II provides essential properties of the PZT discs 

utilized in the design, including parameters such as the 

piezoelectric stress factor (d33), the density (ρ), the 

piezoelectric voltage ratio (g33), the diameter of the whole 

disc, the diameter of the ceramic crystal installed on the 

disc, and the dimension of the piezo disc (Tp) are all 

factors to consider. These values are crucial for 

characterizing and understanding the performance of the 

piezoelectric elements within the system. 

TABLE II.  Properties of PZT Discs 

Parameter Value 

Piezoelectric stress factor d33 460x10-12 C/N 

Density ρ 7.91x103 
Kg/m3 

Piezoelectric voltage ratio g33 23x10-3 V-
m/N 

Diameter of the whole disk 28 mm 

Ceramic crystal placed on disk of D 

diameter 

22 mm 

Thinness of piezo disc Tp 0.62 mm 

 

TABLE III outlines the voltage generation results at 

various locations within the Piezoelectric Energy 

Harvesting System. Discs 1, 2, and 3 exhibit an average 

voltage of 2.51 volts each, while Discs 4, 5, 6, 7, 8, and 9 

generate an average voltage of 1.53 volts each. When 

combined in series, these piezoelectric discs yield a total 

voltage output of 16.71 volts. 

 

TABLE III.  Voltage Generation at Various Locations 

Piezoelectric Ceramic Disc No. Normal Voltage 
Generated 

(V) 

Disc 1, 2, 3 2.51  each 

Disc 4, 5, 6, 7, 8, 9 1.53 each 

All united in series 16.71 volt 

 

In light of the 16.71 volts generated by the piezoelectric 

discs, voltage regulation becomes imperative to safely 

and efficiently charge the 5V DC Lithium-ion Battery. 

This voltage regulation step ensures the compatibility 

between the harvested energy and the battery, optimizing 

the charging process. 

 

5. Results 

The final product of the project shown in the Fig.11, the 

Piezoelectric Shoes, which efficiently harness mechanical 

energy from human foot movement and convert it into 

electrical power. Snapshots of the complete final product, 

showcasing its design and components. 
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Fig. 11. Snapshots of final developed product 

Fig.12 displays IoT monitoring, featuring real-time 

voltage generation and battery percentage, both on a 

mobile phone and a web dashboard. This visual 

representation demonstrates the system's performance 

and energy management capabilities. 

 

    

Fig. 12. IoT Monitoring 

 

 

 

The TABLE IV below presents the results   obtained 

from piezoelectric discs following approximately 25 

normal walking steps while connected to a 12 kΩ load. 

These measurements were recorded using a multi-meter: 

 

 

 

 

 

 

 

 

 

TABLE IV.  DC Voltage Outputs during Walking 

The TABLE V presented below displays the outputs of 

the piezoelectric discs after approximately 25 casual 

jogging steps. These measurements were taken with the 

same load and recorded using a Multimeter 

TABLE V.  DC Voltage Outputs during Running 

 

 

 

 

TABLE VI.   A Comparative Analysis of Our Design 
with Past Work 

 

 

During testing, an issue was observed where the 

microcontroller failed to operate reliably when connected 

directly to the output of the piezoelectric system. This 

malfunction was primarily due to the unstable and 

insufficient voltage levels generated during dynamic foot 

movement, which lacked the continuous power required 

for startup and operation. To address this, potential 

solutions have been proposed, including the integration of 

energy buffering components such as capacitors or 

supercapacitors to store intermittent energy bursts and 

release them steadily. Additionally, employing optimized 

power management circuits, such as low-dropout voltage 

regulators or step-up converters, can help maintain a stable 

supply voltage suitable for powering microcontrollers and 

other connected electronics. 

No. of disc 

used  

Average 

Voltage(V)  

Output Power 

(mW)  

3  9.7  0.97  

4  12.7  1.18  

5  14.4  1.42  

6 14.9 1.73 

9 16.71 2.13 

No. of discs 

used  

Average 

Voltage(V)  

Output Power  

(mW)  

3  17.1  2.61  

4  21.7  3.42  

6  25.3         3.62   

9 28.9 3.94 

- - -   
Piezo's 
voltage 

output (V)  

Maximum Power 
(mW)  

Our Design  

16.71  

11.75 mW with the 

load side 

microcontroller  

Energy 
Scavenging 

with 
ShoeMounted 
Piezoelectrics 

[14].  

14.1  
9.27 mW with 

500kΩ  
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6. Conclusion 

This research successfully achieved its 

objectives by designing and implementing the 

Piezoelectric Shoes, a groundbreaking 

Piezoelectric Energy Harvesting System 

(PEHS) capable of efficiently converting 

mechanical energy from human foot 

movement into electrical power. The project 

demonstrated the ability to generate a 

substantial amount of power, with voltage 

outputs ranging from 9.7 V to 28.9 V during 

walking and jogging. This innovation holds 

significant implications for wearable 

technology, offering a sustainable power 

source for various applications and advancing 

the field of energy harvesting. Future research 

directions should focus on optimization and 

scalability, ensuring the continued 

development of this green energy solution in 

wearable technology. 

 

7. Future Work 

The future work to enhance the Piezoelectric 

Shoes include: 

• Optimization and Efficiency:  

Further research should focus on optimizing 

the design and materials to improve energy 

conversion efficiency, maximizing power 

generation while minimizing the physical 

impact on users. 

• Scalability and Application Diversity: 

The technology should be scaled to fit various 

shoe types and sizes, and research should 

explore its adaptation for diverse applications 

beyond wearables, such as medical devices 

and remote power generation. 

• User-Centric Design:  

Future work should prioritize user-centric 

design improvements, ensuring comfort and 

ease of use while integrating user feedback 

and conducting field trials for refinement. 

 

The current experimental setup was 

designed as a proof-of-concept validation 

using a single user under standard walking and 

jogging conditions on flat indoor surfaces. 

However, it is recognized that variables such 

as walking speed, user body weight, and 

surface type (e.g., concrete, grass, carpet) can 

significantly affect the mechanical pressure 

applied to the piezoelectric discs and thus 

influence energy output. Variations in gait and 

foot strike patterns across individuals could 

also impact the consistency and stability of 

power generation. Although these factors 

were beyond the scope of the present study, 

they represent important areas for further 

exploration. Future experiments will include 

testing with multiple users of different weights 

and walking styles, as well as trials across 

varied terrain types to comprehensively 

evaluate the performance, adaptability, and 

reliability of the system under realistic and 

diverse conditions. 
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