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Abstract: Due to the increasing demand for electrical energy and the depletion of conventional energy
resources, there is a strong need to develop alternative and renewable sources of power. Electricity
generation using piezoelectricity is one such innovative method. Piezoelectric materials produce
electrical energy when mechanical pressure or vibration is applied to them. This principle can be used to
generate electricity from everyday activities such as walking, vehicle movement, and mechanical
vibrations. In this project, a piezoelectric-based system is developed to convert mechanical energy into
electrical energy. The generated power is stored using suitable circuits for later use. Although the power
output is small, it is sufficient for low-power applications like LED lighting, sensors, and small electronic
devices. This method is eco-friendly, cost-effective, and suitable for sustainable energy generation. The
project demonstrates the practical application of piezoelectric technology for future emergy-saving
solutions.
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I. INTRODUCTION
The rapid growth of population, urbanization, and industrial development has resulted in a continuous increase in the
demand for electrical energy. Most of the electricity used today is generated from conventional energy sources such as
coal, petroleum, and natural gas. These sources are non-renewable and their excessive use leads to serious
environmental issues including air pollution, greenhouse gas emissions, and climate change. Hence, there is an urgent
need to develop alternative and sustainable sources of energy.
Piezoelectricity is a unique property of certain materials in which electrical energy is generated when mechanical stress,
pressure, or vibration is applied to them. Common piezoelectric materials include quartz, lead zirconate titanate (PZT),
and ceramic crystals. When these materials are subjected to external force, an electric charge is produced across their
surfaces. This phenomenon provides an effective method for converting mechanical energy into electrical energy.
Large amounts of mechanical energy are wasted every day in the form of vibrations, human movement, and vehicular
motion. Piezoelectric energy harvesting makes it possible to capture this unused energy and convert it into useful
electrical power. This method is particularly suitable for locations such as roads, railway tracks, footpaths, and
industrial environments where continuous mechanical stress is available.
Although the electrical power generated by a single piezoelectric element is relatively small, combining multiple
elements and using energy storage devices can improve the overall output. The generated electricity can be used for
low-power applications such as LED lighting, streetlights, wireless sensors, and small electronic devices. This project
focuses on studying the working principle, design, and practical implementation of an electricity generation system
using piezoelectric materials, highlighting its importance as a clean, renewable, and eco-friendly energy solution for the
future.
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II. LITERATURE REVIEW
In recent years, several researchers have explored the concept of electricity generation using piezoelectric materials as
an alternative energy harvesting technique. The literature shows that piezoelectricity has gained attention due to its
ability to convert mechanical energy directly into electrical energy without producing pollution.
Early studies focused on understanding the basic piezoelectric effect and identifying suitable materials such as quartz
and lead zirconate titanate (PZT). Researchers found that PZT materials provide higher electrical output compared to
natural crystals, making them more suitable for practical applications. These studies laid the foundation for the
development of piezoelectric energy harvesting systems.
Many researchers have investigated the use of piezoelectric generators in footpaths and flooring systems. Experimental
results showed that electricity could be generated from human footsteps and stored in batteries or capacitors. Although
the power output was limited, it was sufficient for operating low-power devices such as LEDs and sensors.
Several studies have also examined piezoelectric energy generation from road traffic and speed breakers. It was
observed that placing piezoelectric sensors beneath road surfaces can generate electrical energy from vehicle
movement. Researchers concluded that integrating multiple piezoelectric elements increases the overall power output
and improves efficiency.
Recent literature highlights the importance of power conditioning circuits and energy storage systems in piezoelectric
applications. Rectifiers, voltage regulators, and storage devices are necessary to convert the generated alternating
voltage into usable direct current. Studies emphasize that proper circuit design significantly improves system
performance.
Overall, the literature indicates that piezoelectric energy harvesting is a promising and eco-friendly technology for
renewable energy generation. While the power output is relatively low, continuous research and technological
advancements can enhance efficiency, making piezoelectric systems suitable for future sustainable energy solutions.

I11. PROPOSED SYSTEM

The proposed system aims to generate electrical energy using the piezoelectric effect by converting mechanical
pressure into electrical power. The system is designed to capture mechanical energy from external forces such as
footsteps or vehicle movement and transform it into usable electrical energy through piezoelectric materials.

In this system, piezoelectric sensors are placed in locations where mechanical stress is frequently available, such as
walkways, floors, or road surfaces. When pressure is applied to the sensors, they produce an alternating electrical
voltage due to deformation of the piezoelectric material. Multiple piezoelectric elements are connected together in
series or parallel to increase the overall voltage and current output.

The electrical energy generated by the piezoelectric sensors is initially in alternating current (AC) form. A rectifier
circuit is used to convert this AC voltage into direct current (DC). The converted DC voltage is then regulated using a
voltage regulator to ensure a stable output suitable for storage and usage. The regulated power is stored in rechargeable
batteries or capacitors for later use.

The stored energy can be utilized for low-power applications such as LED lighting, display units, wireless sensors, and
small electronic devices. The proposed system is compact, eco-friendly, and requires mlmmal maintenance. By
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efficiently utilizing mechanical energy that is otherwise wasted, this system provides a sustainable and innovative
solution for suppleentary power generation.

IV. SYSTEM COMPONENTS
The proposed piezoelectric power generation system consists of the following main components:
1. Piezoelectric Sensor
The piezoelectric sensor is the key component of the system. It generates electrical energy when mechanical pressure or
vibration is applied. Commonly used piezoelectric materials include ceramic and PZT (Lead Zirconate Titanate). When
force is applied, the sensor produces an alternating voltage output.
2. Mechanical Pressure Source
Mechanical pressure is applied to the piezoelectric sensor through footsteps, vehicle movement, or external load. This
pressure causes deformation of the piezoelectric material, resulting in electrical energy generation.
3. Rectifier Circuit
The output voltage from the piezoelectric sensor is in AC form. A rectifier circuit, usually made using diodes, converts
the AC voltage into DC voltage, which is required for storage and practical use.
4. Voltage Regulator
The voltage regulator ensures a stable and safe DC output by controlling voltage fluctuations. It protects the storage
devices and connected loads from overvoltage conditions.
5. Energy Storage Device
Energy storage devices such as rechargeable batteries or capacitors are used to store the generated electrical energy.
The stored energy can be used when mechanical input is not available.
6. Load
The load represents the electrical device that consumes the stored energy. Typical loads include LEDs, LCD displays,
sensors, or low-power electronic circuits.
7. Connecting Wires and Supporting Structure
Connecting wires are used to connect all components of the system. A proper supporting structure ensures correct
placement of piezoelectric sensors for efficient energy generation.

V. METHODOLOGY
The methodology of the proposed system explains the step-by-step procedure used to generate electricity using
piezoelectric materials. The overall process involves mechanical energy conversion, electrical conditioning, and energy
storage.
Step 1: Selection of Piezoelectric Sensors
Suitable piezoelectric sensors are selected based on their voltage output and mechanical strength. These sensors are
capable of generating electrical energy when pressure or vibration is applied.
Step 2: Arrangement of Piezoelectric Elements
Multiple piezoelectric sensors are arranged in series or parallel connections to increase the voltage and current output.
The arrangement depends on the required power output of the system.
Step 3: Application of Mechanical Pressure
Mechanical pressure is applied to the piezoelectric sensors through external forces such as footsteps or vehicle
movement. This pressure causes deformation of the sensors, resulting in the generation of alternating electrical voltage.
Step 4: AC to DC Conversion
The electrical output obtained from the piezoelectric sensors is in AC form. A rectifier circuit is used to convert this AC
voltage into DC voltage suitable for storage and usage.
Step 5: Voltage Regulation
The rectified DC voltage may fluctuate due to varying pressure. A voltage regulator is used to stabilize the output
voltage and protect the storage unit and load from damage.
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Step 6: Energy Storage

The regulated DC voltage is stored in rechargeable batteries or capacitors. Energy storage allows the generated
electricity to be used even when mechanical pressure is not present.

Step 7: Power Utilization

The stored electrical energy is supplied to low-power loads such as LEDs, sensors, or display units. The performance of
the system is observed by measuring voltage output and load operation.

VI. RESULTS AND DISCUSSION
The piezoelectric power generation system was designed and tested by applying mechanical pressure to the
piezoelectric sensors. The experimental results demonstrate that electrical energy can be successfully generated using
the piezoelectric effect when external force is applied.
During testing, it was observed that each piezoelectric sensor produced a small alternating voltage when pressure was
applied. The output voltage increased with the increase in applied force. When multiple piezoelectric sensors were
connected in series, the overall voltage output increased, whereas parallel connections resulted in higher current output.
This confirms that proper sensor arrangement plays a crucial role in improving system performance.
The rectifier circuit effectively converted the generated AC voltage into DC voltage. However, some voltage loss was
observed due to diode forward voltage drop. The voltage regulator provided a stable DC output despite variations in
applied pressure, ensuring safe operation of the storage device and load.
The stored energy in the battery or capacitor was sufficient to power low-power devices such as LEDs. Continuous
mechanical input resulted in gradual charging of the storage unit. The results indicate that although the power output is
relatively low, the system is suitable for applications requiring small amounts of energy.
The discussion shows that piezoelectric energy harvesting is an efficient method for utilizing wasted mechanical
energy. System efficiency can be further improved by increasing the number of piezoelectric sensors and optimizing
circuit design. Overall, the experimental results validate the feasibility of using piezoelectric materials for small-scale,
sustainable power generation.

REFERENCES

[1]. S. Priya and D. J. Inman, Energy Harvesting Technologies, Springer, New York, 2009.

[2]. C. B. Williams and R. B. Yates, “Analysis of a micro-electric generator for microsystems,” Sensors and
Actuators A: Physical, vol. 52, no. 1-3, pp. 811, 1996.

[3]. S. Roundy, P. K. Wright, and J. Rabaey, “A study of low level vibrations as a power source for wireless sensor
nodes,” Computer Communications, vol. 26, no. 11, pp. 1131-1144, 2003.

[4]. A Erturk and D. J. Inman, Piezoelectric Energy Harvesting, John Wiley & Sons, 2011.

[5]- R. Anton and H. A. Sodano, “A review of power harvesting using piezoelectric materials,” Smart Materials
and Structures, vol. 16, no. 3, pp. R1-R21, 2007.

[6]. IEEE Standards Association, “IEEE Standard on Piezoelectricity,” IEEE Std 176, 1987.

[7]. S. Beeby, M. Tudor, and N. White, “Energy harvesting vibration sources for microsystems applications,”
Measurement Science and Technology, vol. 17, pp. R175-R195, 2006.

[8]. D. V. Kumar and S. P. Singh, “Power generation using piezoelectric materials,” International Journal of
Engineering Research and Applications, vol. 3, no. 5, pp. 824-827, 2013.

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-30812 66

7 1ssN W)
| 2581-9429 |}

&\ IJARSCT ¥
Q




