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Abstract 

The escalating global energy demand, coupled with the depletion of conventional fossil fuels, necessitates innovative 

approaches to harness renewable energy. This study explores the feasibility of generating electricity from vehicular 

kinetic energy using a modified speed breaker system. The proposed design integrates a rack-and-pinion mechanism to 

convert vertical vehicle motion into rotational energy, amplified via a gear train to drive a DC generator. Generated 

electricity is stored in lithium-ion batteries and distributed to two primary applications: automated LED 

streetlights controlled by light-dependent resistors (LDRs) and a wireless power transfer (WPT) system for electric 

vehicle (EV) charging. 

Experimental validation involved prototyping and testing under simulated traffic conditions, achieving an average 

output of 180–200W per vehicle pass and 84% wireless charging efficiency at a 15 cm transmission distance. The 

system’s modularity and use of existing road infrastructure highlight its cost-effectiveness and scalability, with a 

projected return on investment (ROI) of 3.2 years compared to solar alternatives. Challenges such as traffic-dependent 

output and structural limitations for heavy vehicles were identified, prompting recommendations for material 

reinforcement and hybrid energy integration. 

This research underscores the potential of speed-breaker energy systems as a sustainable solution for urban and rural 

electrification, reducing grid dependency and carbon emissions. Future work will focus on IoT-enabled load 

management, hybrid solar-kinetic systems, and policy frameworks to accelerate adoption. By transforming passive 

infrastructure into active power hubs, this innovation aligns with global net-zero goals, offering a scalable pathway 

toward energy resilience and smart city development. 

Keywords: Renewable energy, kinetic energy harvesting, speed breaker, rack-and-pinion mechanism, wireless power 

transfer (WPT), sustainable infrastructure. 

 

1: INTRODUCTION 

1.1 General Overview 

Energy is the cornerstone of all natural and human activities, manifesting in various forms to drive processes and 

innovations. Electricity, a scientific marvel, has revolutionized industries, transportation, and daily life, earning our era 

the title "Age of Electricity"[10]. However, escalating demand and finite fossil fuel reserves necessitate exploring 

renewable alternatives[2]. This study investigates converting vehicular kinetic energy into electricity via speed 

breakers—a sustainable solution leveraging existing infrastructure to address energy shortages. 

1.2 Electricity Generation Using Speed Breakers 

Traditional speed bumps are retrofitted with rack-and-pinion mechanisms to capture kinetic energy from passing 

vehicles[3]. As vehicles depress the breaker, mechanical motion drives a generator, producing electricity. High-traffic 

zones like intersections and highways optimize energy yield, which can power streetlights, signals, and nearby 

facilities[5]. This method capitalizes on increasing vehicular numbers, transforming wasted kinetic energy into a 

renewable resource. 

1.3 Hybrid Power Generation 

Hybrid systems integrate speed-breaker mechanisms with complementary technologies, such as solar panels, to enhance 

efficiency[9]. For instance, a 400 kg vehicle can generate approximately 224 watts per pass. Such systems function as 

decentralized power plants, ideal for regions with erratic grid access[19], and align with global renewable energy trends. 

1.4 Wireless Power Transfer (WPT) for EV Applications 

WPT via magnetic resonance enables contactless EV charging, demonstrated by MIT’s 2007 breakthrough transmitting 

60W over 1.8 meters[7]. Innovations by KAIST (OLEV) [8] and Oak Ridge National Laboratory (90% efficiency at 3 

kW) [4] highlight progress, though challenges like limited transmission range and costs persist. Integrating WPT with 

speed-breaker systems could create self-sustaining EV charging stations along highways [15]. 
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1.5 Project Management 

 Effective management ensures alignment with objectives, resource optimization, and risk mitigation[18]. Gantt charts 

and budget tracking facilitate timely execution, while stakeholder communication ensures adaptability[20]. This project 

emphasizes eco-design, cost-efficiency, and scalability, adhering to renewable energy goals. 

1.6 SWOT Analysis 

• Strengths: Eco-friendly, renewable, simple mechanism[21]. 

• Weaknesses: Intermittent output, battery maintenance costs[17]. 

• Opportunities: Government incentives, rising fossil fuel costs[10]. 

• Threats: Competing green technologies, energy storage limitations[16]. 

1.7 PEST Analysis 

• Political: Support for renewable policies[20]. 

• Economic: Cost-effective production and installation[2]. 

• Social: Community engagement in sustainable practices[12]. 

• Technological: Advances in energy storage and materials[15]. 
 

2. METHODOLOGY 

The methodology for this research integrates mechanical design, electrical engineering, and renewable energy principles 

to develop a system for generating electricity from speed breakers. The process began with the theoretical design and 

simulation of a rack-and-pinion mechanism to convert vehicular kinetic energy into rotational motion. Using CAD 

software (SolidWorks)[14], the mechanical components—including gears, springs, and a flywheel—were optimized for 

torque amplification and durability under cyclic loading. Force calculations ( ) and gear ratios (1:5) were 

validated through ANSYS [6] simulations to ensure stress resistance. Simultaneously, the electrical subsystem was 

designed, incorporating a 24V DC generator[19], a rectifier circuit (1N4007 diodes), and lithium-ion batteries for energy 

storage[17]. Control systems, such as an LDR-based relay circuit for automated streetlights [12] and a magnetic 

resonance-based wireless power transfer (WPT) system for EVs, were prototyped using Arduino and COMSOL 

Multiphysics for coil optimization[15]. 

Experimental validation involved testing the prototype under simulated traffic conditions. Weights (500–2,000 kg) were 

applied to the speed breaker to measure voltage, current, and energy output. Data acquisition tools (Arduino sensors, 

Fluke multimeters) tracked performance metrics, including battery charging efficiency (85%) and WPT transmission 

rates (84% efficiency at 15 cm)[8]. MATLAB and Excel analyzed energy yield ( )[5], while project 

management tools (Gantt charts) ensured timely execution. The system’s scalability and environmental impact were 

assessed, revealing a return on investment (ROI) of 3.2 years compared to solar alternatives[9]. Limitations, such as 

light-vehicle bias and traffic variability, were documented to guide future refinements. This end-to-end methodology 

ensures replicability and underscores the potential of speed-breaker energy systems in sustainable infrastructure. 

Steps of functions : 

1. Vehicle Motion (Input Energy Source) : Vehicles passing over the speed breaker apply kinetic energy through 

vertical displacement. This mechanical force acts as the primary input for the system. 

2. Speed Breaker Mechanism (Rack-and-Pinion Assembly) : The speed breaker is integrated with a rack-and-

pinion system. When depressed by vehicles, the rack’s linear motion is converted into rotational motion via the pinion 

gear. 

3. Gear System (Speed Amplification): A gear train amplifies the rotational speed from the pinion to increase 

torque, ensuring optimal RPM for the generator. 

4. Flywheel (Optional Energy Stabilizer): A flywheel may be added to smooth out intermittent mechanical 

input, ensuring consistent rotation for the generator. 

5. DC Generator (Energy Conversion): The rotational energy drives a DC generator, converting mechanical 

energy into electrical energy (DC output). 

6. Rectifier Circuit (AC-to-DC Conversion): If an alternator is used instead of a DC generator, a rectifier 

converts alternating current (AC) to direct current (DC). 

7. Charge Controller (Battery Management): A charge controller regulates voltage and current to prevent 

battery overcharging or deep discharge, enhancing battery lifespan. 

8. Battery Bank (Energy Storage) : Lithium-ion or lead-acid batteries store generated electricity for later use, 

ensuring continuous power supply during low-traffic periods. 

9. Voltage Regulator (Output Stabilization): Stabilizes voltage levels to ensure compatibility with connected 

devices (e.g., 12V for LEDs, 24V for inverters). 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 09 Issue: 05 | May - 2025                               SJIF Rating: 8.586                                          ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM49007                                                  |        Page 3 

1. Output Distribution System 

Branch 1: LDR-Controlled Streetlights: Light-dependent resistors (LDRs) activate LED streetlights at dusk via a 

relay circuit, conserving energy during daylight. 

Branch 2: Wireless Power Transfer (WPT) for EVs: A transmitter coil embedded in the road transfers power 

wirelessly to EVs via magnetic resonance, charging onboard batteries. 

 

 

 

 

 

Figure 1 Block diagram of the project 

 

3. WORKING 
The system operates by harnessing the kinetic energy of vehicles passing over a modified speed breaker. When a vehicle 

traverses the speed breaker, its weight depresses the ramp-like structure, activating a rack-and-pinion mechanism[14]. 

The vertical linear motion of the rack is converted into rotational motion via the pinion gear, which drives a connected 

shaft. A gear train amplifies the rotational speed to optimize input for the DC generator[19]. A spring 

assembly ensures the speed breaker resets to its original position after each compression, enabling continuous operation. 

This mechanical subsystem is designed to withstand cyclic loading, ensuring durability under high-traffic conditions. 

 
Figure 2 Final Image of the project  

The rotational energy from the gear system is transferred to a DC generator[19], which converts it into electrical 

energy. The generator’s output is fed through a rectifier circuit [15] to convert alternating current (AC) to direct current 

(DC) if an alternator is used, followed by a charge controller to regulate voltage and current for safe battery storage. 

A 12V lithium-ion battery bank stores the energy, which is then distributed to two primary outputs: an LDR-

controlled streetlight circuit and a wireless power transfer (WPT) system for electric vehicles (EVs). The LDR 

sensor triggers a relay to power energy-efficient LED streetlights at dusk[12], while the WPT system uses resonant 

inductive coupling between transmitter and receiver coils to charge EVs wirelessly[7]. 

The system’s efficiency is enhanced through real-time load management. During peak traffic, excess energy is stored in 

the battery bank[17], while during low-traffic periods, stored power supplements the grid or powers local infrastructure. 

Testing revealed an average output of 180–200W per vehicle pass, with the WPT system achieving 84% efficiency at a 

15 cm transmission distance. By integrating mechanical motion conversion, smart energy storage, and adaptive 

distribution, the system provides a scalable solution for renewable energy generation, reducing reliance on conventional 

power sources and lowering carbon emissions. 
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4. CONCLUSION 

This research demonstrates the feasibility of generating sustainable electricity from vehicular kinetic energy using a 

modified speed breaker system. By integrating a rack-and-pinion mechanism, gear amplification, and smart energy 

storage, the prototype achieved an average output of 180–200W per vehicle pass, sufficient to power LED streetlights 

and enable wireless EV charging at 84% efficiency. The system addresses energy scarcity by tapping into underutilized 

kinetic energy, reducing reliance on fossil fuels, and lowering carbon emissions[10]. Its modular design, cost-

effectiveness, and use of existing infrastructure make it a practical solution for urban and rural applications[12]. 

However, limitations such as dependency on traffic density and structural constraints for heavy vehicles highlight the 

need for further optimization[9]. Overall, the project underscores the potential of renewable energy innovations to 

transform public infrastructure into decentralized power hubs[20]. 

Future Scope 

1. Scalability: Adapt the system for highways and high-traffic zones by reinforcing materials and increasing gear 

ratios to handle heavier vehicles (e.g., trucks and buses). 

2. Hybrid Systems: Integrate solar panels or piezoelectric materials with speed breakers to create hybrid energy-

harvesting systems for higher output. 

3. IoT Integration: Implement IoT sensors for real-time monitoring of energy generation, battery health, and 

traffic patterns to optimize efficiency. 

4. Advanced WPT: Enhance wireless charging efficiency (>90%) and range (up to 30 cm) for broader EV 

adoption. 

5. Grid Integration: Develop bidirectional inverters to feed surplus energy into the grid, promoting energy-

sharing communities. 

6. Material Innovation: Explore lightweight, corrosion-resistant alloys for durability in harsh weather conditions. 

7. Policy Advocacy: Collaborate with urban planners and governments to incentivize green infrastructure projects. 
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