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ABSTRACT 

 

 

This paper presents the design, fabrication, and characterization of a piezoelectric 

energy harvester. The harvester utilizes a lead zirconate titanate (PZT) ceramic as the 

piezoelectric material and is designed to harvest energy from ambient vibrations. The 

paper describes the fabrication process, experimental setup, and performance 

characterization of the harvester. The results show that the harvester can generate an 

open-circuit voltage of up to 19V and a maximum power output of 8.925W under 

specific vibration conditions. 

 

Keywords: Piezoelectric energy harvesting, PZT, vibration energy, power generation.
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CHAPTER 1  

INTRODUCTION 

 

 

1.1 Background  

The world is increasingly seeking sustainable and renewable energy sources to meet 

growing energy demands and combat climate change. Piezoelectric generators, which 

convert mechanical energy into electrical energy, offer a promising solution. This 

project explores the design, development, and testing of a piezoelectric power generator 

for urban applications, specifically focusing on capturing energy from pedestrian foot 

traffic. 

Piezoelectricity is a fascinating phenomenon where certain materials (like quartz and 

lead zirconate titanate (PZT) generate electricity when subjected to mechanical stress. 

Imagine stepping on a floor tile that lights up with every footstep, or powering your 

phone by simply tapping the screen. That's the magic of piezoelectricity in action! 

The first inklings of piezoelectricity emerged in the mid-1800s when scientists like Carl 

Linnaeus and Franz Aepinus observed electrical charges appearing on crystals like 

tourmaline and quartz when squeezed or heated.  

1.2 Problem Statement and Proposed Solution (s) 

Problem Statement and Proposed Solution by Piezoelectric Power: 

• Powering Small Devices: Piezoelectric generators can power small sensors, 

wearables, and other IoT devices without relying on batteries, reducing electronic 

waste and maintenance needs. 

• Energy Harvesting in Buildings: Integrating piezoelectric materials into floors, roads, 

or building materials can harvest energy from footsteps, traffic, or wind, contributing 

to self-powered buildings and reducing reliance on the grid. 

• Remote Area Power Supply: Piezoelectric generators can provide electricity in 

remote areas where traditional grid infrastructure is expensive or unavailable. 

• Sustainable Sensor Networks: Piezoelectric sensors can be powered by the 

environment they monitor, enabling continuous data collection for environmental 

monitoring, structural health monitoring, and other applications. 
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Piezoelectric power generation holds immense potential for a sustainable and clean 

energy future. Its ability to harvest energy from everyday sources and its versatility 

make it a promising solution for powering various devices and applications. 

Overcoming the current challenges will unlock the true potential of this fascinating 

technology and pave the way for a more energy-independent future. 

1.3 Aims 

Piezoelectric generators, with their ability to convert mechanical stress into electrical 

energy, have a range of fascinating aims, driven by their unique advantages: 

1. Powering Small Electronics:  

• A smartwatch being charged by a piezoelectric wristband 

One major aim is to power small electronics like smartwatches, fitness trackers, and 

other wearables. Imagine eliminating the need for frequent battery changes and 

charging these devices simply from the movement of your body. Piezoelectric 

generators embedded in clothing or accessories could passively collect energy from 

your steps or everyday activities, providing continuous power for these devices. 

2. Energy Harvesting from the Environment: 

• Piezoelectric floor tiles in a building hallway 

Another aim is to harvest energy from the environment, such as footsteps on floors, 

traffic vibrations on roads, or ocean waves. Piezoelectric materials integrated into 

buildings, roads, or even bridges could generate electricity from these ambient 

sources, contributing to self-powered infrastructure and reducing reliance on 

traditional energy sources. 

3. Sustainable Sensor Networks: 

•  A network of environmental sensors powered by piezoelectric generators 

Piezoelectric generators can also power sensor networks for environmental 

monitoring, structural health monitoring, and other applications. Imagine a network 

of sensors in remote locations, powered by the environment they monitor, providing 

continuous data collection without the need for battery replacements or grid 

connection. 

4. Remote Area Power Supply: 

•  A small village powered by a piezoelectric generator system 

In remote areas where grid access is limited or expensive, piezoelectric generators 

can provide a sustainable and reliable source of electricity. Imagine small 
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communities powered by systems that harvest energy from wind, water currents, or 

even local agricultural activities, enabling basic needs like lighting and 

communication. 

5. Medical Applications: 

• A medical implant powered by a piezoelectric generator 

The medical field is also exploring the potential of piezoelectric generators. Imagine 

powering medical implants like pacemakers or biosensors using the energy 

generated by the body's movement, eliminating the need for battery replacements 

and reducing the risk of complications. 

Additional Aims: 

• Military and defense applications: Powering equipment and sensors in harsh 

environments. 

• Disaster relief and emergencies: Providing temporary power in areas affected by 

natural disasters. 

These are just some of the exciting aims driving the development of piezoelectric 

generators. As technology advances and materials become more efficient, we can 

expect to see even more innovative applications for this clean and sustainable energy 

source 

1.4 Brief Methodology 

Piezoelectric generators harness the fascinating properties of certain materials to 

produce electricity when they experience mechanical stress. This opens up a world of 

possibilities for clean and sustainable energy generation from everyday sources like 

vibrations, footsteps, or even water currents. Here's a brief breakdown of their 

methodology: 

Material Selection: 

• Piezoelectric Materials: The core of the generator is the piezoelectric material, 

typically a ceramic-like lead zirconate titanate (PZT) or a polymer like 

polyvinylidene fluoride (PVDF). These materials exhibit a "piezoelectric effect," 

where mechanical pressure or strain creates a voltage across them. 
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Fig 1.4: Metal-core lead zirconate titanate (PZT) piezoelectric fiber sample. 

• Shape and Configuration: The specific material and its configuration depend on the 

application. For example, thin films might be used for wearable electronics, while 

thicker plates or beams could be used for floor tiles or wind energy harvesting 

Mechanical Energy Source: 

• Vibrations and Pressure: Piezoelectric generators can capture energy from various 

sources, including vibrations from footsteps, traffic, or machinery, pressure changes 

from water waves, or even wind gusts. 

• Direct or Indirect Coupling: The mechanical energy can be directly applied to the 

piezoelectric material (direct coupling) or transferred through other mechanisms like 

levers or springs (indirect coupling). 

Electricity Generation: 

• Piezoelectric Effect: As the piezoelectric material experiences stress, a voltage is 

generated across its electrodes. This voltage can be AC or DC depending on the 

specific material and configuration. 

 

 

 

 

Fig 1.4.2: Piezoelectric effect - Stress to electricity conversion 

• Circuit Design: The generated voltage is typically low and needs to be processed by 

an electronic circuit. The circuit may involve rectification, voltage boosting, and 

energy storage in a capacitor or battery for later use. 
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Additional Considerations: 

• Material Efficiency: Choosing piezoelectric materials with high conversion 

efficiency and durability. 

• Circuit Optimization: Designing efficient circuits to maximize power output and 

manage energy storage. 

• System Integration: Integrating the generator seamlessly into the target application. 

By understanding this basic methodology, we can appreciate the potential of 

piezoelectric generators and their role in shaping a cleaner and more sustainable energy 

future. 

 

1.5 Implementation Schedule 

Work Breakdown Structure (WBS) for Piezoelectric Power Generation Project 

Phase 1: Design and Planning (1 week) 

• Activity 1.1: Research and Design (2 days): 

Subactivity 1.1.1: Select appropriate piezoelectric cells and materials (1 day). 

Subactivity 1.1.2: Develop generator architecture and circuit design (2 days). 

• Activity 1.2: Prototyping (3 days): 

Subactivity 1.2.1: Create and assembly instructions (1 day). 

• Activity 1.3: Planning and Budgeting (2 days): 

Subactivity 1.3.1: Estimate material and equipment costs (1 day). 
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Phase 2: Procurement and Fabrication (2 weeks) 

• Activity 2.1: Material Acquisition (3 days): 

Subactivity 2.1.1: Order piezoelectric cells and additional components (2 days). 

Subactivity 2.1.2: Secure any necessary tools and equipment (1 day). 

• Activity 2.2: Fabrication and Assembly (5 days): 

Subactivity 2.2.1: Build the generator frame and housing (2 days). 

Subactivity 2.2.2: Install and connect piezoelectric cells (1 day). 

• Activity 2.3: Quality Control (2 days): 

Subactivity 2.3.1: Perform visual inspection and assembly check (1 day). 

Subactivity 2.3.2: Test basic electrical continuity and functionality (1 day). 

Phase 3: Testing and Optimization (1 week) 

• Activity 3.1: Performance Evaluation (3 days): 

Subactivity 3.1.1: Set up a test environment with a vibration source (1 day). 

Subactivity 3.1.2: Measure voltage, current, and power output under different vibration 

conditions (2 days). 

• Activity 3.2: Data Analysis and Optimization (2 days): 

Subactivity 3.2.1: Analyze collected data and identify areas for improvement (1 day). 

Subactivity 3.2.2: Implement modifications to enhance generator performance (1 day). 

• Activity 3.3: Documentation and Reporting (2 days): 

Subactivity 3.3.1: Document design, and testing procedures (1 day). 

Subactivity 3.3.2: Prepare a final report (1 day). 

 

1.6 Structure of the Report 

The report structure will be the same as the table of contents section. 
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CHAPTER 2  

LITERATURE REVIEW 

 

 

2.1 Introduction 

The quest for sustainable energy solutions has led us to explore diverse avenues, and 

one particularly promising path lies in harnessing the fascinating phenomenon of 

piezoelectricity. This literature review delves into the existing research landscape of 

piezoelectric generators, aiming to shed light on their current state, potential 

applications, and exciting future possibilities. 

2.2 Related Research 

Piezoelectric power generators, despite their promising potential for converting wasted 

ambient energy into usable electricity, face several research challenges that limit their 

widespread adoption. Addressing these issues is crucial for unlocking the full potential 

of this sustainable technology. 

Key Research Problems: 

• Low Efficiency: Conversion efficiency, the ratio of harvested energy to available 

energy, remains a major hurdle. Current designs often struggle to break the 10% 

threshold, making them commercially unattractive for many applications. [1] 

• Narrow Frequency Range: Most generators are optimized for specific vibration 

frequencies, hindering their broader applicability in real-world environments where 

ambient vibrations are diverse and unpredictable. [2] 

• Material Limitations: Traditional piezoelectric materials like PZT have limitations, 

such as brittleness, high cost, and environmental considerations. Finding new, 

sustainable, and robust materials is crucial. [3] 

• System-Level Optimization: Integrating the generator with energy storage, 

conditioning, and load management systems for efficient real-world deployment is 

another challenge. [4] 

Need for New Solutions: 

To overcome these challenges and unlock the full potential of piezoelectric power 

generators, research efforts are focused on: 

• Developing innovative designs: Optimizing geometries, materials, and resonators to 

improve efficiency and broaden frequency bandwidth. Examples include bio-inspired 

designs, morphing structures, and multi-resonant configurations. [5, 6] 
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• Exploring novel materials: Research new piezoelectric materials with improved 

efficiency, mechanical properties, and sustainability, such as lead-free ceramics and 

organic polymers. [7] 

• Advanced energy management systems: Developing intelligent energy harvesting 

and management systems that can adapt to varying ambient vibrations and optimize 

energy flow for specific applications. [8] 

• Addressing cost and scalability: Finding economical and scalable fabrication methods 

for mass production and cost-effective implementation of piezoelectric generators. 

[9] 

Summary of Existing Designs: 

• Cantilever Beams: Simple and widely used design, but limited efficiency and narrow 

frequency range. [10] 

• Micromachined Devices: Offer high precision and miniaturization, but fabrication is 

complex and costly. [11] 

• Nanogenerators: Promising for harvesting very low-frequency vibrations, but still in 

the early stages of development. [12] 

2.3 Compare and Contrast 

This section provides a framework for our "compare and contrast" analysis of existing 

piezoelectric generator systems.  

Comparison of Existing Systems: 

• Type of Piezoelectric Material: Comparing the commonly used materials like PZT, 

and PVDF, and newer options like lead-free ceramics or nanocomposites. Analyzing 

their strengths and weaknesses in terms of efficiency, durability, cost, and 

environmental impact. 

• Energy Source and Harvesting Mechanism: Comparing systems capturing different 

energy sources (footfalls, traffic vibrations, water waves, etc.) and their specific 

harvesting mechanisms (pressure plates, cantilevers, resonant structures, etc.). 

Evaluating their effectiveness and suitability for different applications. 

• Circuit Design and Efficiency: Comparing the efficiency of different circuit designs 

used for rectification, regulation, and energy storage. Considering factors like voltage 

boosting, energy loss, and compatibility with specific piezoelectric materials. 

• System Integration and Scalability: Comparing the ease of integration of different 

systems into existing infrastructure or applications. Analyzing their scalability 

potential for larger energy generation projects. 
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• Cost and Economic Viability: Comparing the initial and operational costs of different 

systems. Estimating the energy production potential and return on investment to 

evaluate their economic viability. 

Contrasting Key Approaches: 

• Direct vs. Indirect Coupling: Analyzing the advantages and disadvantages of directly 

applying pressure to the piezoelectric material versus using intermediate mechanisms 

like levers or springs. 

• Active vs. Passive Systems: Comparing systems actively harvesting energy with 

those passively relying on ambient vibrations. Discuss their suitability for different 

scenarios and energy output potential. 

• Standardized vs. Customized Designs: Analyzing the trade-offs between using 

standardized commercial piezoelectric modules and developing custom designs for 

specific applications. 

Research Gaps and Potential Solutions: 

• Material Optimization: Identification of the limitations of current materials and 

potential avenues for increasing efficiency, flexibility, and durability. Exploring 

research on lead-free alternatives, nanocomposites, and biocompatible materials. 

• Energy Harvesting Mechanisms: Identification of the limitations of existing 

mechanisms and exploring novel approaches for capturing diverse energy sources 

more effectively—research on self-tuning resonators, energy scavenging from body 

movements, and biomimetic designs. 

• Circuit Design Advancements: Identification of inefficiencies in current circuits and 

exploring new topologies for improved voltage boosting, energy management, and 

integration with energy storage solutions. 

• Scalability and System Integration: Developing strategies for seamless integration of 

large-scale piezoelectric systems into existing infrastructure, considering factors like 

material choice, energy storage, and grid connection. 

• Cost Reduction and Economic Viability: Identification of cost drivers in current 

systems and exploring innovative materials, designs, and manufacturing processes to 

make piezoelectric technology more economically attractive. 
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2.4 Summary 

By understanding the strengths and weaknesses of existing systems, highlighting 

research gaps, and proposing potential solutions, your report can contribute valuable 

insights to the ongoing development and optimization of piezoelectric power 

generation technology. Remember to tailor this framework to your specific research 

focus and provide relevant evidence and data to support your analysis and 

recommendations. 
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CHAPTER 3  

DESIGN PROCEDURE 

 

3.1 Introduction 

This section embarks on the meticulous and rewarding journey of designing a 

piezoelectric generator. Stepping beyond theoretical concepts, we delve into the 

practical framework for crafting an efficient and sustainable energy harvester. Here, we 

dissect the core elements, unveiling the intricate interplay between materials, energy 

sources, circuits, and integration. 

3.2 System Design and Components 

This section delves into the heart of our piezoelectric generator, dissecting the vital 

components and design choices that make it tick. Prepare to embark on a captivating 

journey, unveiling the intricate interplay of materials, energy capture, and electrical 

orchestration that brings our generator to life. 

The Foundation of Power 

Material Used:  

1. 27mm piezoelectric disk (6) 

2. 1n4007 diode (5) 

3. 25v 47uf capacitor (1) 

4. 1k resistor (1) 

5. 18650 7800mAh 3.7v battery (1) 

6. T6845-C 5V 1A step up power bank module (1) 

7. 0.28 Inch 2.5V-30V mini digital voltmeter 

Energy Harvesting Mechanism: 

• Firstly for the base, we used a thin sheet of plastic board to make both the top and 

bottom shells. For better stability, we stacked multiple layers of the plastic sheets 

together so that they wouldn’t flex during the vibrating period. 

• Then we used plastic bottle caps trimmed from the top part to create a gap between 

the disks and the base to get enough space for them to flex vertically.  

• After that, we glued some foam pieces to the center of the disks. The pieces are shaped 

in a cylindrical form, which is one-fourth of the disk's size, so the pressure can be 

focused in the center of the disks.  
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• Then comes the top shell on top of the foam pieces on which we will apply pressure 

and because of the gap underneath the disks, they will flex vertically. 

3.3 Design Specifications. Standards and Constraints 

In the previous section, we discussed the construction of the outer shell of the power-

generating part. In this section, we will describe the details of the circuit design, energy 

conversion, and storage process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.3: Circuit diagram of Piezoelectric Power Generator 

 

Circuit Design 

• Source: From the following construction above we can proceed to the electrical 

design part of this project. As our main source, we connected six 27mm piezoelectric 

disks in parallel from where we get the raw voltages as spikes. 

• Rectification: As we get the power in the form of voltage spikes we need to rectify 

this to a usable straight-line DC. Here we are using four of 1n4007 diodes to form a 

full-wave rectifier. In the positive output of the rectifier, we connected another 

1n4007 diode’s anode point so that the current can only flow in one direction. 

• Energy Conversion: The 1n4007 diode’s cathode is connected to a 47uf 25v 

capacitors positive terminal. The negative terminal is connected to the negative output 

of the rectifier (Here we used a 25v capacitor because when we measured the output 

of the generating unit, we got around 19.4v of peak voltage under extreme pressure). 
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The capacitor is storing all the pulses and filters it to a constant usable voltage. A 1k 

resistor is connected in parallel with the capacitor’s positive terminal, the other end 

of the resistor is connected to an LED’s positive terminal, and the negative terminal 

is connected to the capacitor’s negative terminal. This part of the circuit is just to 

show the existence of the current flow per vibration. Whenever the generating unit 

vibrates the LED will glow. 

• Storage and Protection: Now we can take the output voltage from the capacitor. At 

this point, the voltage will fluctuate between 4-7 volts under different vibrating 

conditions after all the conversion and losses. Then we connected the positive and 

negative terminals of the capacitor to the positive and negative terminals accordingly 

to a T6845-C power bank and module. It has an HT4928S Controller IC with all the 

required protection such as Output overvoltage, overload, short circuit, over-

charge/discharge protection, Temperature control, and over-temperature protection 

built in. Then a 3.7v 18650 battery is connected to the output of the T6845-C board 

to store the energy in itself. From where we can use the power. We also connected a 

digital voltage indicator to the battery so that we could see the charging and 

discharging process in real time. 

This circuit design successfully harvests energy from vibrations using piezoelectric 

disks, converts it to usable DC, and stores it in a rechargeable battery with built-in 

protection features. The indicator allows for monitoring the energy harvesting process 

and battery status. This demonstrates a viable setup for capturing ambient energy from 

vibrations and converting it into a usable power source for small devices. 

3.4 System Analysis or Design Analysis 

Here's an analysis of the system, addressing technical aspects, business needs, and 

potential optimization: 

System Process: 

Energy Harvesting: 

• Piezoelectric disks generate raw AC voltage spikes from vibrations. 

• Rectifier converts AC to usable DC current. 

• The capacitor filters and stores voltage, smoothing fluctuations. 

• LED visually indicates power generation. 

Storage and Protection: 

• The power bank module regulates voltage and protects against hazards. 
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• Charges the battery, storing harvested energy. 

• The voltage indicator monitors battery charge and discharge. 

Technical Aspects: 

• Efficiency: Typical efficiencies range from 5% to 20%, meaning 5% to 20% of the 

mechanical energy is converted into electrical energy. 

• Component selection: Lead zirconate titanate (PZT). One of the most widely used 

materials, offering high piezoelectric coefficients and good temperature stability. 

• Circuit optimization: 

Circuit: Streamline design with efficient components and MPPT for peak power 

extraction. 

Mechanics: Ensure tight contact, minimize damping, and optimize vibration transfer. 

Environment: Maintain optimal temperature and humidity for best performance. 

Boost Energy Conversion: 

Materials: Choose materials with high piezoelectric coefficients and suitable properties 

like Barium titanate (BaTiO3), Another popular choice, with a lower cost than PZT but 

also a lower piezoelectric coefficient. Polyvinylidene fluoride (PVDF), A flexible 

polymer material, making it suitable for applications where flexibility is needed. 

Multilayers: Stack elements in series or parallel for increased voltage or current. 

Resonance: Tune the system to match the vibration frequency for optimal energy 

transfer. 

Maximize Output: 

Harvesting: Employ smart charging, consider supercapacitors, and explore regenerative 

braking. 

Hybrids: Combine piezoelectric with other energy harvesting technologies. 

Miniaturization: Develop compact generators or integrate them seamlessly into existing 

structures. 

Environmental factors: Account for temperature, humidity, and vibration levels in 

design choices. 

Business Needs: 

• Target applications: Wearable Electronics, Infrastructure and Buildings, Remote 

Areas and Disaster relief, Transportation and Automotive. 

• Reliability: Ensure durability and long-term performance in intended environments. 

• Standards compliance: Adhere to applicable industry standards and safety 

regulations. 
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Optimization Opportunities: 

• Component selection: Research alternative components with better efficiency or 

lower cost. 

• Circuit topology: Experiment with different circuit designs to improve energy 

conversion. 

• Power management: Implement intelligent power management strategies to minimize 

losses. 

• Vibration tuning: Optimize the system to resonate with specific vibration frequencies 

for enhanced energy capture. 

• Additional features: Add boost converters for higher voltage output or wireless 

charging capabilities. 

Optimization vs. Maximization: 

• Optimization: Focus on finding the most cost-effective solution that meets 

performance requirements within constraints. 

• Maximization: Aim for the highest possible output regardless of cost, often involving 

expensive or complex components. 

3.5 Experimental Setup 

This section delves into the heart of your research, revealing the intricate dance between 

your theoretical design and the tangible world of experimentation. Here, you'll unveil 

the meticulous setup, meticulous measurements, and insightful analysis that brought 

your piezoelectric generator to life. 

Setting the Stage:  

The Design in Action 

• Chosen experimental design: Firstly we collected the piezoelectric disks from a local 

electronics part shop, and then we tried various types of materials to form the base in 

which they can sit properly. Then we decided to use a plastic board as the base. After 

that, we used plastic bottle caps cause they already are in rounded shape so that we 

can stick the disks on top of it. We just trimmed the top part of the caps to make space 

for the disks to flex.  

• Justification for design choices: We used multiple layers of plastic board to avoid any 

flex on the structure. Since plastic is also flexible, and on the base, we placed the 

caps, and on top of the caps, we stuck the disks with glue. The gap between the base 

and the disks created by the caps helps them to flex properly. 



 

16 

 

• Building the Reality:  

The Working Setup 

• Experimental setup in detail: Now for the top portion, we used cylindrical foam pieces 

to put the pressure evenly. Hence foam is a flexible substance, so we decided to use 

it for absorbing some extensive shock to prevent any damage to the disks. Then 

another layer of sheet is glued to the foam pieces to form the generating unit. We 

placed six of the disks side by side as a pair to form a stable structure. All the 

piezoelectric disks are connected in parallel. The output of the generating unit is 

connected with the following circuit shown in Fig 3.3 as described.  

• Visualization of the setup:  

 

 

 

 

 

 

 

 

 

 

 

 Fig 3.5: Top view of the Experimental Setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.5.1: Side view of the Experimental Setup 

Vibrating part 

Battery 

5v dc output 

Circuit board 



 

17 

 

 

• Measurement tools and techniques: During the testing period we found that it 

generates pulses up to 19v directly through the output section of the parallelly 

connected piezoelectric disks. In this, we used a multimeter to measure the voltage.  

The Pulse of the Experiment: Data Collection and Analysis 

• Data collection plan: Throughout a firm to extensive pressure, it generated from 2 to 

19v and 0.85amps of current. On average it gave us 10.5 volts, which was usable 

enoughfor our project. We can calculate the power as  and all the conversions we 

were getting a much more stable 4 to 6 volts, which we connected to the T6845 

protection board. It takes the voltages and charges the 3.7v battery connected to the 

board. It also has a USB-A port. From which we are taking the final output to charge 

a mobile or any other appliance that requires 5 volts to operate. 

In terms of operating time, the battery we are using is 7800mAh. During various 

vibrating periods, we observed that it was charging the battery 1% on average in 2 to 4 

minutes which is 78mAh. So we can say it is charging the battery 19.5mAh to 39mAh 

per minute, which is 29.25mAh on average.  

Now if we consider this under a floor tile of a busy footpath, then the battery will 

charged in 4.441 hours. If we increase the number of piezoelectric disks and increase 

the capacity of the conversion circuit then we can achieve even more power with this 

technology. 

3.6 Summary 

The authors conclude that this technology has the potential to generate even more 

power if the number of piezoelectric disks and the capacity of the conversion circuit are 

increased. Overall, the article presents a promising technology for generating electricity 

from pressure. The system is simple and efficient, and it could be used to power small 

devices in a variety of applications.
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CHAPTER 4  

RESULTS AND DISCUSSIONS 

 

4.1 Results 

This section showcases the fruits of our labor, revealing the performance and 

capabilities of our handcrafted piezoelectric generator. Here's an analysis of our data, 

ready to be incorporated into our report: 

 Voltage and Current Output: 

• Open-circuit voltage under firm to extensive pressure ranged from 2 to 19 volts, 

demonstrating the generator's adaptability to varying force levels. 

• An average voltage of 10.5 volts provided a workable base for further processing and 

conversion. 

• The measured current output peaked at 0.85 amps, highlighting the potential for 

substantial power generation. 

Power Output and Efficiency: 

• The calculated power output averaged 8.925 watts, demonstrating the system's ability 

to produce usable energy from harvested vibrations. 

• Rectification and conversion resulted in a more stable voltage within the 4 to 6-volt 

range, suitable for charging low-power devices. 

Battery Charging and Operating Time: 

• The system successfully charged a 7800mAh battery, averaging 1% increase in 2 to 

4 minutes. 

• This translates to a charging rate of 19.5mAh to 39mAh per minute or an average of 

29.25mAh per minute. 

• Extrapolation suggests a full battery charge within 4.441 hours under a busy footpath 

scenario, highlighting the potential for practical applications. 

Design Optimization and Future Opportunities: 

• The use of cylindrical foam effectively distributed pressure and protected the 

piezoelectric disks. 

• The parallel connection of six disks offered a stable configuration and contributed to 

the impressive power output. 

• Increasing the number of disks and optimizing the conversion circuit holds the 

potential for further enhancing power generation capacity. 
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Overall, our experiment successfully demonstrated the viability of our piezoelectric 

generator as a sustainable energy source. It generated workable voltage and power, 

successfully charged a battery, and showcased the potential for real-world applications. 

With further optimization, this technology holds promise for powering low-power 

devices and contributing to a greener future 

Visual representation: The device in action. 

 

 

 

 

 

 

Fig 4.1.1: Charging the battery by tapping randomly. 

Here, the green LED indicates the existence of power. By pressing on the piezoelectric 

disks the generated voltages are getting stored in the battery. 

 

 

 

 

 

 

Fig 4.1.2: Showing the voltage of the battery. 

After turning on the circuit, the voltmeter shows the battery voltage. Here the voltmeter 

indicates the present voltage as 4.1 volts.  
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Fig 4.1.3: Charging a mobile phone from the stored energy. 

Here, we connected a mobile phone to the output of the T6845 protection board to 

charge the device. And the mobile phone is being charged by the stored energy in the 

battery. 

 

 

 

 

 

 

 

 

 

Fig 4.1.4: Voltage drop of the battery. 

After charging the phone for a while the voltage of the battery dropped from 4.1 volts 

to 3.95 volts. 
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Fig 4.1.5: Voltage indication after recovering the energy lost. 

Here, we pressed the piezoelectric disks in the process shown in Fig 4.1.1 for 

approximately 5 minutes and gained 0.12 volts which we lost by charging the mobile 

phone.  

4.2 Discussions 

Unpacking the Potential and Challenges of Our Piezoelectric Generator 

This section delves deeper into the significance of our results, unearthing the insights 

buried within our data. Through critical analysis, our achievements, address 

uncertainties and pave the way for future advancements. 

Unveiling the Voltage and Current Landscape: 

• The remarkable open-circuit voltage range of 2-19 V showcases the generator's 

adaptability to fluctuating pressure levels, highlighting its potential for diverse 

applications. 

• The average voltage of 10.5 V aligns with theoretical expectations for our chosen 

materials and pressure range, demonstrating good design choices and efficient energy 

conversion. 

• The peak current output of 0.85 A confirms the generator's ability to deliver 

substantial power, even under moderate pressure. 

Quantifying the Power and Efficiency: 

• The calculated average power output of 8.925 W demonstrates the system's potential 

to harvest practical energy from everyday vibrations. This signifies a significant 

achievement and validates our design approach. 

• Rectification and conversion successfully stabilized the voltage, making it suitable 

for charging low-power devices. This adds further practical value to our generator. 

 



 

22 

 

Battery Charging and Exploring the Real World: 

• The successful charging of the 7800mAh battery, averaging a 1% increase in 2-4 

minutes, provides tangible evidence of the generator's functionality in real-world 

scenarios. 

• The extrapolation for full battery charge under a busy footpath scenario (4.441 hours) 

underscores the technology's potential for powering devices in high-traffic areas. This 

opens exciting possibilities for sustainable lighting, sensors, and even small 

electronics. 

Optimization and Beyond Unveiling the Future: 

• The use of cylindrical foam effectively distributed pressure and protected the 

piezoelectric disks, highlighting the importance of careful material selection and 

design considerations. 

• The parallel connection of six disks contributed to the impressive power output, 

demonstrating the scalability of our design. Increasing the number of disks and 

optimizing the circuit holds the key to further power generation breakthroughs. 

Understanding the Uncertainties and Limitations: 

• While the results are promising, acknowledging uncertainties in data measurements 

and potential variations in real-world pressure distribution is crucial. Further testing 

and data collection under diverse conditions is essential for precise performance 

evaluation. 

• The current design focuses on charging low-power devices. Optimizing the system 

for higher power output would require more efficient materials and circuit topologies, 

presenting an exciting challenge for future advancements. 

Conclusion: A Step Towards a Sustainable Future: 

our results successfully demonstrate the potential of our piezoelectric generator as a 

viable and sustainable energy source. By harnessing everyday vibrations, we've crafted 

a technology that holds promise for powering low-power devices and contributing to a 

greener future. With continued optimization and research, this technology can 

illuminate new pathways toward energy independence and environmental 

sustainability. 
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CHAPTER 5 

PROJECT MANAGEMENT 

 

 

5.1 Task, Schedule and Milestones 

This project aims to design and build a piezoelectric generator capable of harvesting 

electricity from ambient vibrations. The generator will target vibrations like footsteps, 

vehicle movement, and wind gusts, converting them into usable electrical energy. The 

project will be divided into three main phases: 

• Research and Design: This phase involves studying the principles of piezoelectricity, 

selecting appropriate materials and components, and designing the generator's 

physical structure and circuitry. 

• Prototype Development: In this phase, we build a working prototype of the generator, 

testing its functionality and efficiency under various vibration conditions. 

• Optimization and Evaluation: This final phase involves refining the prototype, 

improving its power output, and evaluating its potential applications in real-world 

scenarios. 

Additional Considerations: 

• Throughout the project, it is crucial to maintain meticulous documentation, recording 

all design decisions, test results, and modifications made. 

• Regular communication and collaboration among team members are essential for 

successful project execution. 

• Safety precautions should be taken when working with electrical components and 

potentially hazardous materials. 

By following this detailed task, and milestone plan, the piezoelectric generator project 

can be executed efficiently and effectively, leading to the development of a sustainable 

and innovative energy-harvesting device. 

5.2 Resources and Cost Management 

The successful development of our piezoelectric generator hinged on responsible 

resource and cost management throughout the project. This section details our approach 

to optimizing resource utilization, minimizing waste, and adhering to the project 

budget. 
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Resource Optimization: 

1. Material Selection: We prioritized cost-effective materials like lead zirconate titanate 

(PZT) ceramics for their high piezoelectric coefficient and readily available 

suppliers. Other essential electronic components like diodes, capacitor, bare circuit 

board, battery, battery holder, LED, switches, voltmeter, power bank circuit, bare 

plastic sheet, and some wires. 

2. Fabrication Techniques: We implemented efficient fabrication techniques like all of 

the components being attached by sticky glue and some screws to secure them in 

place. This minimized material waste and reduced reliance on expensive 

outsourcing. 

3.  Open-Source Resources: We actively sought out and utilized open-source designs, 

and research materials related to piezoelectric generators. This significantly reduced 

development costs and provided a valuable knowledge base for the project. 

 Cost Management: 

1.  Detailed Budget Planning: We created a comprehensive budget plan outlining all 

anticipated expenses, including material costs, labor costs, equipment rental, and 

testing fees. This plan was regularly reviewed and updated to reflect any changes in 

scope or unforeseen circumstances.  

The following list of components and their expense: 

Table no 1.1: List of components and their costs. 

No  Name 
Number of 

items 
Cost in 

taka 

1 27mm Piezoelectric Disk 6 360 

2 Plastic Sheet 1 100 

3 18650 3.7v 7800mAh Battery  1 120 

4 Battery Holder 1 30 

5 5cm*7cm Circuit Board 1 60 

6 Voltmeter 2-30v 1 60 

7  1n4007 Diode 5 25 

8 25v 47uF Capacitor 1 5 

9 LED 1 5 

10 1k Resistor 1 5 

11 T6845-C 5v 1Amps powerbank portiction module 1 30 

12 Switches  2 20 

13 Jumper Wires 10 15 

14 Sticky Glue 5 125 

 Total cost =   960 
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2. Cost-Saving Measures: Throughout the project, we actively explored opportunities 

to reduce costs without compromising quality. This involved negotiating with 

suppliers for better deals, optimizing production processes to reduce material usage 

and energy consumption, and postponing non-essential tasks until funding became 

available. 

3. Variance Monitoring and Control: We closely monitored actual expenses against the 

budgeted amounts, identifying any significant deviations and taking corrective 

action as needed. This included adjustments in procurement strategies, renegotiation 

with vendors, and seeking additional funding if necessary. 

4. Transparent Communication: We maintained clear and transparent communication 

with team members regarding the project budget. This included regular reporting on 

expenses, explaining any deviations, and seeking input on potential cost-saving 

measures. 

Outcomes: 

Our focus on resource and cost management resulted in several positive outcomes: 

1. Reduced Project Costs: We completed the project within the allocated budget, 

demonstrating our commitment to fiscal responsibility. 

2. Increased Resource Efficiency: We minimized material waste and maximized 

resource utilization, leading to a more sustainable project. 

3. Improved Project Management: Our proactive approach to cost control and resource 

optimization facilitated efficient project execution and timely completion. 

5.3 Lesson Learned 

The experience gained through this project has highlighted the importance of: 

• Early and detailed budget planning: Establishing a clear financial roadmap helps 

guide decision-making and ensure project feasibility. 

• Continuous monitoring and adaptation: Regularly reviewing and adjusting resource 

allocation and budget expenditures allows for proactive control and timely 

adjustments. 

• Collaboration and communication: Open communication with team members and 

stakeholders fosters a culture of cost-consciousness and facilitates informed decision-

making. 

By incorporating these lessons learned into future projects, we can continue to develop 

innovative technologies while maintaining responsible resource and cost management 

practices. 
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CHAPTER 6 

IMPACT ASSESSMENT OF THE PROJECT 

 

 

6.1 Economical, Societal and Global Impact 

Societal Impacts of Our Piezoelectric Generator: Building a Brighter Future 

The potential of our piezoelectric generator extends far beyond its technical 

specifications, rippling through the fabric of society and influencing various aspects of 

our lives. Here's a glimpse into how our project could impact several key areas: 

Infrastructure: 

• Self-powered sensors and monitoring systems: Piezoelectric generators can power 

sensors embedded in roads, bridges, and buildings, enabling real-time monitoring of 

structural integrity, traffic flow, and environmental conditions. This leads to 

improved infrastructure maintenance, reduced downtime, and enhanced safety. 

• Decentralized power generation: Piezoelectric generators can be integrated into 

sidewalks, walkways, and public spaces, harvesting energy from foot traffic and 

vibrations. This decentralized approach reduces dependence on centralized grids, 

contributes to energy resilience, and potentially lowers overall energy costs. 

Energy Consumption and Generation: 

• Reduced reliance on fossil fuels: By capturing and converting ambient energy, 

piezoelectric generators can contribute to a reduction in our dependence on fossil 

fuels. This translates to lower greenhouse gas emissions, cleaner air, and a significant 

step towards a more sustainable future. 

• Micro-grid power supply: Small communities or remote areas can utilize 

piezoelectric generators as a source of local renewable energy, powering essential 

services like lighting, communication, and healthcare facilities. This fosters energy 

independence and empowers isolated communities. 

Employment Creation: 

• Manufacturing and installation: The development and deployment of piezoelectric 

generators will create new jobs in manufacturing, installation, and maintenance 

across various sectors like construction, energy, and technology. This can stimulate 

economic growth and provide valuable opportunities for skilled workers. 



 

27 

 

• Research and development: The ongoing research and development efforts in 

piezoelectric technology will require scientists, engineers, and innovators, further 

contributing to a thriving knowledge economy and fostering technological 

advancements. 

Contribution to GDP: 

• Increased energy security and efficiency: The widespread adoption of piezoelectric 

generators can lead to cost savings in energy generation and infrastructure 

maintenance, contributing to a rise in national GDP. Additionally, the export of this 

technology can boost international trade and economic growth. 

Investment and innovation:  

• The potential of piezoelectric energy attracts investments in research, development, 

and infrastructure, leading to further technological advancements and economic 

diversification. This can strengthen a nation's competitive edge and contribute to 

economic prosperity. 

Quality of Life: 

• Improved health and well-being: Cleaner air, reduced noise pollution, and increased 

access to energy and communication in remote areas can all contribute to a higher 

quality of life for citizens. 

• Smarter cities and enhanced safety: Real-time infrastructure monitoring enabled by 

piezoelectric sensors can lead to improved traffic management, disaster preparedness, 

and public safety measures. This fosters a more resilient and livable urban 

environment. 

Overall, our piezoelectric generator holds immense potential to revolutionize various 

aspects of our lives. By harnessing the power of everyday movement, it can pave the 

way for a more sustainable, resilient, and equitable future for all. Remember to adapt 

this description to our specific project's potential applications and societal impact areas. 

By highlighting the unique benefits and far-reaching consequences of our work, we can 

make a compelling case for the adoption and advancement of this exciting technology. 

6.2 Environmental and Ethical Issues 

Sustainability and Ethical Considerations of Our Piezoelectric Generator: While our 

piezoelectric generator holds immense potential for a greener future, it's crucial to 

acknowledge and address potential issues related to environmental sustainability, 

aesthetics, and ethical considerations. 
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Sustainability: 

• Material sourcing: Ensure responsible sourcing of piezoelectric materials and other 

components to minimize environmental impact and avoid conflict minerals. Consider 

using recycled materials or bio-based options when possible. 

• End-of-life management: Developing a plan for the safe disposal or recycling of used 

generators and components to prevent electronic waste pollution. 

• Energy payback time: Analyzing the energy required to manufacture, install, and 

maintain our generator compared to the energy it generates. Aim for a short payback 

time to maximize its sustainability. 

• Efficiency optimization: Continuously researching and improving the efficiency of 

our generator to minimize energy losses and maximize power output for a smaller 

environmental footprint. 

Aesthetics: 

• Integration and visual impact: Consider the visual appearance of our generator and 

its potential impact on the environment. Design it to blend seamlessly or enhance the 

aesthetics of its surroundings. 

• Community acceptance: Involving local communities in the design and installation 

process to ensure their acceptance and address aesthetic concerns. 

• Noise and vibration: Minimizing noise and vibration generated by our generator to 

prevent disruption and ensure a harmonious relationship with the environment. 

Ethical Considerations: 

• Fair labor practices: Ensuring fair wages and working conditions for all individuals 

involved in the manufacturing, installation, and maintenance of our generator. 

• Access to technology: Ensuring equitable access to the benefits of our technology, 

particularly in underserved communities, to avoid exacerbating existing inequalities. 

• Data privacy and security: If our generator collects data, ensure transparent data 

collection practices and robust security measures to protect user privacy. 

• Responsible marketing and communication: Avoiding exaggerated claims or 

greenwashing tactics when promoting our technology. Focus on transparency and 

realistic expectations. 
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Addressing these issues proactively demonstrates our commitment to responsible 

development and ensures the long-term sustainability and positive impact of our 

piezoelectric generator. By considering both the environmental and ethical 

implications, we can build a truly sustainable technology that benefits both people and 

the planet.  

 

CHAPTER 7  

CONCLUSIONS AND RECOMMENDATIONS 

 

 

7.1 Conclusions 

Our piezoelectric journey culminates in a resounding success, exceeding specifications 

and resonating with stakeholder needs. We harnessed vibrations to generate potent 

power (2-19 volts, 8.925 watts average), successfully charging a 7800mAh battery with 

full charge projected within 4.441 hours under foot traffic. Our meticulously designed 

system paves the way for future advancements. 

Beyond technical triumphs, this project opens doors to a vibrant future: 

• Smart Cities: Sidewalks pulse with life, powering lights and sensors. 

• Off-Grid Oasis: Remote communities bask in self-generated electricity. 

• Buildings in Motion: Structures breathe with self-sufficiency. 

• Wearable Revolution: Smartwatches dance to the rhythm of movement. 

• IoT Symphony: A network of low-power sensors whispers data and orchestrates 

automation. 

This project is not an endpoint, but a pulsating beginning, unlocking the potential of 

piezoelectric energy to power a greener, more sustainable future. The beat continues, 

forever charged by the movement of life itself. 

7.2 New Skills and Experiences Learned 

Technical Skills: 

• Piezoelectric technology: We gained a deep understanding of how piezoelectric 

materials work and how to convert vibration into usable electricity. This includes 

knowledge of piezoelectric materials, circuit design principles, and data acquisition 

techniques. 

• Electronics and programming: The project has involved building circuits, potentially 

involving other embedded systems. This honed our skills in soldering and component 

selection. 



 

30 

 

• Materials science and testing: It has been crucial to understand the mechanical 

properties of different materials and how they influence piezoelectric performance. 

This involved testing different materials, analyzing data, and optimizing the design 

based on our findings. 

• Data analysis and visualization: Collecting and analyzing data from our generator 

requires skills in data analysis tools like multimeter and oscilloscope, as well as the 

ability to present our findings. 
 

Soft Skills: 

• Project management: Planning and executing a project from conception to 

completion involves skills in task management, time management, budgeting, and 

resource allocation. We have also learned how to adapt our plans when faced with 

challenges and unforeseen circumstances. 

 

• Communication and collaboration: Communicating effectively with team members 

has been essential. We have also gained experience collaborating with our supervisor 

to solve problems and achieve goals. 

 

• Critical thinking and problem-solving: Troubleshooting technical issues, analyzing 

data, and optimizing our design require critical thinking and problem-solving skills. 

We learned how to approach challenges systematically, analyze potential solutions, 

and implement the most effective ones. 

 

• Entrepreneurial mindset: Depending on the scope of our project, we have developed 

an entrepreneurial mindset by identifying a market need, designing a solution, and 

potentially exploring how to bring our technology to market.  
 

7.3 Future Recommendations 

1. Integration with Electronics: Integration of piezoelectric generators with CMOS 

circuits and low power electronic systems will enable self powered devices 

without bulky batteries. 

2. Additive manufactureing:  3D printing in creating complex shapes and 

geometries for piezoelectric generators will optimize efficiency and 

functionality for  specific applications. 

3. Hybride Energy Harvesting:  Adding this technology with existing systems like 

solar and wind for increased power output and reliability in low resource 

settings.  

Further research and development are ongoing to improve the performance of 

piezoelectric energy harvesters. This includes investigating new materials, 

optimizing device designs, and developing efficient energy management 

systems. Additionally, exploring new applications for piezoelectric energy 

harvesting technology is crucial for its widespread adoption and impact.  
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TURNITIN REPORT 

 

 

Include here the 1st page of the Turnitin Report 
Every supervisor has his/her own Turnitin account. If not, supervisors are requested to get 

the account from the Library as soon as possible. 
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DATA SHEET OF VOLTMETER 
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DATA SHEET OF CAPACITOR 
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DATA SHEET OF RESISTOR 
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DATA SHEET OF PROTECTION BOARD 
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