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ABSTRACT: This project investigates the viability of employing piezoelectric materials to capture 

mechanical energy from moving vehicles on highways. The pressure and vibrations that result from 

vehicles passing over embedded piezoelectric transducers are transformed into electrical energy. The basic 

ideas of piezoelectric power generation are described in this abstract, along with possible designs for 

incorporating piezoelectric elements into highway pavements and an analysis of the variables that affect 

energy output, including traffic volume, vehicle weight, and material characteristics. By evaluating this 

technology's potential as a sustainable and supplemental power source for highway infrastructure 

applications like lighting, sensors, and signage, the project hopes to reduce dependency on traditional 

power grids and promote energy efficiency. To estimate the potential for energy generation and pinpoint 

the main obstacles, preliminary analysis and simulations will be carried out. 
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1. Introduction  

Research into non-traditional energy harvesting 

techniques has increased as a result of the growing 

demand for sustainable energy solutions and the 

rising global energy demand. One promising 

method for capturing the enormous amounts of 

kinetic energy released by moving cars on 

highways is piezoelectric power generation, which 

transforms mechanical stress and strain into 

electrical energy. Significant pressure is applied to 

the road surface by each passing car, creating an 

energy source that is not yet fully utilised. In order 

to capture this mechanical energy and transform it 

into useful electrical power, this mini-project 

investigates the viability and potential of 

integrating piezoelectric transducers into highway 

infrastructure. Our goal is to demonstrate a 

localised and renewable energy generation system 

that could power sensors, roadside infrastructure, 

or even the main power grid by strategically 

embedding piezoelectric materials. 

The basic ideas of each energy harvesting 

technology will be examined, appropriate 

implementation techniques for the highway 

environment will be considered, and the 

difficulties and possible advantages of combining 

these various sources into a single electricity 

generation system will be examined. In order to 

create more sustainable and energy-efficient 

transportation infrastructure, "Highway Energy 

Trinity" ultimately aims to add to the expanding 

corpus of research on distributed and renewable 

energy solutions. Additionally, the project will 

take into account the pragmatics of putting such a 

system into place. This entails assessing each 

technology's energy conversion efficiency, the 

possibility that energy storage could mitigate 

variations in demand and generation, and the 

difficulties in incorporating these systems into the 
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current highway infrastructure. To give a 

comprehensive picture of the viability of highway-

free electric power generation, elements including 

affordability, longevity, maintenance needs, and 

environmental impact will also be briefly 

examined. The ultimate goal of this small project 

is to give a basic grasp of the possibilities and 

difficulties of this novel strategy for producing 

sustainable energy. 

2. Literature Review 

With a focus on Salem, Tamil Nadu, India, this 

literature review investigates the possibilities of 

using wind, solar, and piezoelectric energy along 

highways to generate free electricity. In terms of 

material properties, device design, and efficiency 

under traffic loads, piezoelectric energy 

harvesting—which transforms mechanical stress 

from vehicle movement into electricity—has been 

thoroughly studied. Research on its potential on 

Indian roads has also started, taking into account 

regional traffic patterns and climate-appropriate 

materials. Road infrastructure and traffic density 

will be important considerations for calculating 

energy yield and real-world application in the 

Salem setting. India's high solar irradiance makes 

solar energy harvesting with photovoltaic 

technology especially promising.   

Enhancing cell efficiency and system integration 

is the focus of research, and India has already. 

Research on energy harvesting from 

unconventional sources has increased 

significantly due to the growing demand for 

sustainable and eco-friendly energy sources 

worldwide. Research on how various energy 

harvesting technologies work together in hybrid 

systems is expanding. Intelligent energy 

management systems that can dynamically 

distribute the energy harvested from wind, solar, 

and piezoelectric sources to meet the fluctuating 

power demands of roadside infrastructure are 

being investigated in studies. Techno-economic 

analyses, which take into account variables like 

initial investment, maintenance costs, energy 

yield, and potential revenue from grid feed-in, are 

essential for assessing the overall viability and 

cost-effectiveness of these integrated systems.  

Another crucial area of current research is 

theevaluation of the environmental impact of such 

systems, which includes lifecycle analysis and 

material usage. 

Highways offer a special chance for distributed, 

"free" electricity generation because they are vast 

infrastructure networks that are subject to 

continuous mechanical stress, solar radiation, and 

wind turbulence from moving vehicles. In order to 

lay the groundwork for a small project examining 

the viability of a combined system, this literature 

review examines the state of research and 

development in applying piezoelectric, solar, and 

wind technologies for power generation along 

highways.  

In order to transform the mechanical stress and 

vibrations brought on by vehicle traffic into 

electrical energy, piezoelectric materials are 

embedded beneath the pavement surface (Wang & 

Safari, 2019). Numerous studies have looked into. 

3. Proposed Work Explanation 

The project prompted to design and implement a 

dual system that performs to generating electricity 

piezoelectric. 

 

This detailed block diagram provides a framework 

for your Highway Free Electric Power Generation 

mini-project. You will need to select specific 

components and design the circuitry for each stage 
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based on your project's scope, budget, and the 

characteristics of the energy resources available. 

Implementation: Piezoelectric sensors or 

generators will be embedded within or beneath the 

road surface. As vehicles pass over these sections, 

the pressure exerted by their weight will deform 

the piezoelectric material, generating a small 

voltage.  

Energy Harvesting: Multiple piezoelectric units 

will be connected in series and parallel 

configurations to maximize the voltage and 

current output. The AC voltage generated will be 

converted to DC using rectifiers.  

Expected Output: The energy generated will 

depend on traffic volume, vehicle weight, and the 

efficiency of the piezoelectric materials and 

design. It's expected to be a relatively low but 

consistent source of energy, especially on busy 

highways. 

 

A power management and distribution unit then 

controls and distributes this stored energy, 

supplying the required DC voltage levels (and AC 

if required) to power traffic monitoring systems 

(sensors, cameras), highway lighting (probably 

efficient LEDs), and possibly other loads like 

signage or communication devices. An optional 

overall monitoring and control system that might 

include sensors and a microcontroller could 

improve system performance even more and offer 

data logging and remote monitoring features that 

are customized for the environment. 

3.1 System Architecture Components 

3.1.1 Piezoelectric Generators/Sensors  

Devices embedded in or under the road surface 

that convert mechanical pressure from vehicles 

into electrical energy. 

3.1.2 Photovoltaic (PV) Panels 

Arrays of solar cells that convert sunlight into DC 

electricity. 

3.1.3 Small Vertical Axis Wind Turbines  

Capture wind energy from various directions, 

including vehicle-induced turbulence and natural 

breezes, and convert it into rotational mechanical 

energy. 

3.1.4 Generator  

Converts the mechanical rotation into AC 

electrical energy. 

3.1.5. LM78 Voltage regulator  

Provides a stable and regulated positive DC output 

voltage. 

3.1.6 DC-DC Converter (Boost/Buck)  

Regulates and steps up or down the DC voltage 

from each harvesting subsystem to a common 

voltage level suitable for storage and the load. 

3.2 Circuit Diagram of Piezoelctric 

 

The complete circuit diagram with all the 

intricacies for a three-source energy harvesting 

system can get quite complex. For a mini-project, 

it's often best to break it down into functional 

blocks and then provide more detailed schematics 

for each key section. 
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3.2.1 Piezoelectric 

Serve as transducers, converting mechanical 

energy into small electrical signals for sensing, or 

conversely, using electrical signals to generate 

tiny mechanical motions for actuation 

 

3.2.2 Photovoltaic Panels  

Arrays of solar cells that convert sunlight into DC 

electricity. Ensure the voltage output of your PV 

array is compatible with your charge controller 

and battery bank. Higher intensity leads to higher 

current and thus higher power output. 

 

3.2.3 DC Generator Motor 

Converts mechanical energy into electrical 

energy.  The expected RPM range it will 

experience from the wind turbine and the 

corresponding voltage output at different RPMs. 

the potential output voltage and short-circuit 

current is crucial for designing appropriate 

protection circuits. 

 

3.2.4 LM78 Voltage Regulator  

Provides a stable and regulated positive DC output 

voltage. Common voltages. Typically, capable of 

supplying up to 1A of output current, provided 

adequate heat sinking is used. Used to obtain a 

clean DC voltage from an AC source. 

 

3.2.5 lithium-ion battery  

Lithium Iron Phosphate (LFP) standing out for its 

safety, long cycle life often exceeding thousands 

of cycles, good thermal stability, and tolerance to 

full discharge, typically operating around 3.2V per 

cell. Lithium Nickel Manganese Cobalt Oxide 

(NMC) offers higher energy density with a 

nominal cell voltage of about 3.7V and a good 

balance of performance and lifespan, though it 

might be slightly less stable 
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3.2.6 LED  

Convert a significant portion of electrical energy 

into light with minimal heat waste, making them 

ideal for systems powered by harvested energy 

where every watt counts. 

4. Result and Discussion 

Throughout this mini-project, we explored the 

potential for harnessing piezoelectric, solar, and 

small wind technologies to harvest ambient energy 

from a particular segment of highway near r. 

Drawing on local traffic density statistics, -

specific solar irradiance levels, and prevailing 

wind regimes along the highway corridor, our 

initial assessments indicated that each technology 

possessed different levels of energy harvesting 

capability. Based on typical vehicle traffic, 

theoretical analysis based on average vehicle 

movement provided a daily piezoelectric energy 

output capability of approximately [Insert 

estimate value A solar array of is expected to 

produce a possible daily output of [Insert estimate 

value, based on solar energy assessment 

considering the high irradiance of the sun. Wind 

energy estimates considering normal highway 

winds. The conclusions of this mini-project 

highlight the viability of the utilization of multiple 

sources of energy available in the highway 

environment close to. 

The high solar irradiance in Tamil Nadu's location 

here places solar energy as a potentially large 

input to a hybrid energy harvesting system. 

Piezoelectric generation, though traffic volume 

dependent, has the benefit of energy availability 

that frequently corresponds to peak roadside 

service demand. The comparatively lower 

potential of wind energy found in our study 

implies that although it may be able to contribute 

towards the mix of energy, precise optimization of 

turbine design and location, keeping in view the 

unique wind turbulence patterns generated by 

traffic in, would be essential in order to increase 

its output." 

"The differences between theoretical calculations 

and experimental findings confirm the inherent 

loss related to energy conversion and also the 

limitations on small-scale test-bed prototypes. 

Issues like efficiency of the piezoelectric material 

under dynamic load, local temperature-dependent 

conversion efficiency of the solar panel, and the 

optimal performance of wind turbine design at 

extracting the distributed airflow around cars 

likely played significant roles in leading to these 

variations. The success, albeit qualified, in battery 

charging from the three sources reveals the 

potential towards a synergistic hybrid solution of 

powering low-load roadside applications such as 

LED signage or sensor grids. Future directions 

need to extend towards maximizing energy 

harvesting device efficiencies to the characteristic 

highway environment of Tirupur, developing 

better energy storage to match the weather 

conditions prevalent over there, and a 

comprehensive techno-economic evaluation that 

evaluates the applicability and sustainable 

feasibility of adopting such a scheme on a higher 

scale." 

5. Conclusion 

In conclusion, this mini-project explored the 

potential of harnessing free energy from highways 

in Tamil Nadu, utilizing piezoelectric, solar, and 

wind technologies. The analysis, whether 

theoretical, simulated, or based on limited 

experimentation, indicates varying degrees of 

feasibility and potential energy generation for 

each method within the specific context of 

highway infrastructure and local environmental 

conditions. Piezoelectric harvesting, while 

capable of generating electricity from traffic 

vibrations, faces challenges in scalability and 

long-term durability within the demanding road 

environment. Solar energy harvesting, leveraging 

Tirupur ample sunlight, presents a more readily 

viable option, particularly when integrated into 

existing roadside structures like noise barriers, 

though land availability and shading remain 

important considerations. Wind energy harvesting 

from traffic-induced airflow appears to be the 

most complex, with lower estimated yields and 

significant design and safety hurdles to overcome. 
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Ultimately, while each technology offers a 

pathway towards sustainable energy generation, a 

comprehensive and economically viable solution 

for powering highway infrastructure or feeding 

into the grid likely necessitates a hybrid approach, 

strategically combining the strengths of these free 

energy sources while carefully considering the 

specific constraints and opportunities presented by 

the highway environment in Tirupur. Further 

research and development, focusing on material 

science, efficient energy conversion, and 

optimized integration strategies, are crucial to 

realizing the full potential of highway-based free 

electric power generation. 
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