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Abstract - Nigeria continues to face persistent challenges in 

energy generation, transmission, and distribution, 

resulting in frequent power shortages and reliance on 

fossil-fuel-based generators. Exploring alternative 

renewable energy sources is therefore essential for 

sustainable national development. This paper examines 

piezoelectric energy harvesting as an underutilized yet 

promising renewable energy option in Nigeria. 

Piezoelectric materials generate electrical energy when 

subjected to mechanical stress such as vibrations, pressure, 

or motion. The study reviews the principles of piezoelectric 

energy harvesting, its global applications, and its relevance 

to Nigeria’s infrastructure and transportation sectors. The 

analysis indicates that piezoelectric systems can provide 

decentralized, low-cost, and sustainable power for small-

scale applications such as street lighting, sensors, and 

smart transportation. The paper further identifies 

technological, economic, and infrastructural barriers to 

adoption, while highlighting opportunities in local 

manufacturing, research collaboration, and startup 

ecosystems. With appropriate policy support, investment, 

and interdisciplinary collaboration among universities, 

government, and private industries, piezoelectric energy 

harvesting could contribute meaningfully to Nigeria’s 

energy mix and sustainable development goals. 
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I. INTRODUCTION 

Energy availability is a critical factor influencing 

economic growth, industrial productivity, and social 

development. Nigeria, despite being rich in natural resources, 

continues to struggle with unreliable electricity supply due to 

insufficient generation capacity, aging infrastructure, and 

transmission losses. As the nation seeks sustainable 

alternatives, renewable energy technologies such as solar, 

wind, and biomass have gained attention. However, lesser-

explored options such as piezoelectric energy harvesting offer 

additional opportunities for decentralized power generation. 

Piezoelectric energy harvesting involves converting 

mechanical energy from vibrations, human motion, or 

vehicular movement into electrical energy. This technology is 

particularly relevant in densely populated and high-traffic 

environments where mechanical stress is abundant. 

Considering Nigeria’s expanding urban infrastructure, 

transportation networks, and population density, piezoelectric 

systems could serve as a supplementary renewable energy 

source. This paper explores the feasibility, benefits, 

challenges, and future prospects of integrating piezoelectric 

energy harvesting into Nigeria’s energy ecosystem. 

II. OVERVIEW OF PIEZOELECTRIC ENERGY 

HARVESTING TECHNOLOGY 

Piezoelectric materials, such as lead zirconate titanate 

(PZT), quartz, and polyvinylidene fluoride (PVDF), generate 

electrical charges when subjected to mechanical strain. These 

materials can be embedded in roads, walkways, rail tracks, 

and industrial equipment to capture otherwise wasted 

mechanical energy. 

A typical piezoelectric harvesting system consists of a 

transducer, rectifier circuit, energy storage element (battery or 

supercapacitor), and power management unit. Recent research 

focuses on improving energy conversion efficiency through 

hybrid systems combining piezoelectric with solar or 

electromagnetic harvesting. Advances in lead-free materials 

and nanostructured piezoelectric composites also aim to 

improve environmental sustainability and performance. 

Technological, Economic, and Infrastructural Barriers 

Despite its potential, several barriers hinder the adoption 

of piezoelectric energy harvesting in Nigeria. Technologically, 

the efficiency of current piezoelectric materials remains 

relatively low for large-scale power generation. Most systems 

are suitable only for low-power applications, which limits 

immediate large-scale deployment. Additionally, limited local 
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expertise and insufficient research facilities constrain 

innovation and testing. 

 

From an economic perspective, the initial installation cost 

of piezoelectric infrastructure can be high, especially when 

imported materials and specialized electronics are required. 

The absence of dedicated funding mechanisms and incentives 

discourages investment in emerging technologies. 

Infrastructural challenges also exist, including poor road 

conditions, inconsistent maintenance culture, and limited 

smart infrastructure integration. Without stable infrastructure, 

the durability and effectiveness of embedded piezoelectric 

devices may be compromised. Furthermore, policy gaps and 

lack of regulatory frameworks for energy harvesting 

technologies slow adoption. 

Opportunities in Local Manufacturing and Small-Scale 

Startups 

Nigeria possesses significant opportunities for developing 

local manufacturing capabilities in piezoelectric components 

and supporting electronics. Encouraging domestic production 

of sensors, transducers, and control circuits could reduce 

dependence on imports and lower system costs. 

Small-scale startups can leverage piezoelectric 

technology to develop innovative solutions such as energy-

harvesting floor tiles, smart pedestrian pathways, and 

vibration-powered monitoring systems. Government-backed 

innovation hubs and technology incubation centers can 

support prototype development and commercialization. 

Public–private partnerships (PPPs) and capital subsidies 

may help bridge the funding gap for early-stage ventures. 

Lessons from successful renewable energy initiatives across 

West Africa suggest that localized manufacturing and 

community-driven entrepreneurship can accelerate adoption 

while creating employment opportunities. 

III. EXPLANATION OF WORKING PRINCIPLE 

When mechanical force such as vehicular movement, 

human footsteps, or structural vibration is applied to a 

piezoelectric material, internal crystal deformation occurs due 

to the direct piezoelectric effect. This deformation produces an 

electrical charge across the material surfaces, generating an 

alternating voltage. The generated AC signal is passed through 

a bridge rectifier to convert it into DC power. The converted 

energy is stored in an energy storage unit such as a 

rechargeable battery or supercapacitor. A power management 

circuit regulates the voltage to provide a stable supply to 

connected loads such as LED streetlights, wireless sensor 

nodes, or IoT monitoring devices. Continuous mechanical 

excitation results in periodic energy generation, making the 

system suitable for decentralized micro-power applications. 

Interpretation of Results 

The numerical analysis indicates that a single 

piezoelectric element produces very low power output. 

However, when multiple elements are arranged in arrays and 

installed in high-vibration environments such as highways, rail 

tracks, or pedestrian walkways, the cumulative energy 

becomes sufficient for micro-power applications. This 

supports the feasibility of piezoelectric harvesting as a 

supplementary decentralized energy source in Nigeria. 

Efficiency can be further improved by: 

 Operating near resonant frequency 

 Using high d33d_{33}d33 coefficient materials 

 Employing hybrid solar–piezoelectric systems 

 Optimizing load impedance matching 

Potential Applications of Piezoelectric Energy Harvesting 

in Nigeria 

Piezoelectric technology has diverse applications suited 

to Nigeria’s socio-economic and infrastructural context. In 

transportation, piezoelectric sensors embedded in highways 

and rail tracks can harvest energy from vehicular vibrations 

while also enabling traffic monitoring. 

Piezoelectric energy harvesting involves converting 

mechanical energy from vibrations, human motion, or 

vehicular movement into electrical energy. This technology is 

particularly relevant in densely populated and high-traffic 

environments where mechanical stress is abundant. 

Considering Nigeria’s expanding urban infrastructure, 

transportation networks, and population density, piezoelectric 
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systems could serve as a supplementary renewable energy 

source. This paper explores the feasibility, benefits, 

challenges, and future prospects of integrating piezoelectric 

energy harvesting into Nigeria’s energy ecosystem. 

 

Urban environments can utilize piezoelectric tiles in 

crowded areas such as markets, bus terminals, and university 

campuses to power street lighting or IoT-based surveillance 

systems. Industrial sectors can harvest vibration energy from 

machinery to power wireless sensors for predictive 

maintenance. 

Rural applications include powering low-energy devices 

such as environmental sensors, agricultural monitoring 

systems, and remote communication nodes. These 

decentralized solutions are particularly beneficial in off-grid 

communities where extending conventional power 

infrastructure is costly. 

Collaborative Framework for Sustainable Implementation 

Effective deployment of piezoelectric energy harvesting 

in Nigeria requires collaboration among universities, 

government agencies, and private industries. Universities 

should lead research on hybrid systems, lead-free materials, 

and mathematical modeling to improve efficiency, with a 

focus on local vibration-rich environments. 

Government institutions must establish supportive 

policies, regulatory standards, and funding programs to 

encourage innovation. Private sector participation is essential 

for commercialization, mass production, and deployment. 

Technology transfer hubs can bridge the gap between 

academic research and practical implementation, while 

training programs can raise awareness and build technical 

capacity among engineers and technicians. 

IV. RESULTS AND DISCUSSION 

Analysis of pilot studies and global implementations 

indicates that piezoelectric systems are effective for low-

power energy harvesting in high-traffic zones. When 

integrated with energy storage and smart control circuits, these 

systems can power sensors, LED lighting, and IoT devices 

reliably. 

For Nigeria, adopting piezoelectric harvesting as a 

complementary energy source rather than a primary 

generation method appears most feasible. The 

technology’s decentralized nature aligns with the need for 

distributed energy solutions in both urban and rural areas. 

However, achieving meaningful impact requires 

improvements in material efficiency, cost reduction through 

local production, and supportive policy frameworks. Hybrid 

renewable systems combining solar and piezoelectric 

harvesting could significantly enhance reliability and output. 

MATLAB-Based Simulation and Analysis 

Simulation Objective 

To evaluate the performance of the proposed 

piezoelectric energy harvesting system under varying 

vibration conditions, a MATLAB-based simulation was 

conducted. The objective was to analyze the relationship 

between vibration frequency, displacement, and generated 

electrical output power. This simulation helps estimate the 

feasibility of deploying piezoelectric harvesters in high-traffic 

Nigerian transportation infrastructure such as highways and 

rail tracks. 

Mathematical Model Used in Simulation 

The piezoelectric harvester was modeled as a second-

order mass–spring–damper system coupled with an electrical 

equivalent circuit. The governing equation is: 

 

Simulation Parameters 

Parameter Value 

Mass (m) 0.02 kg 

Damping (c) 0.1 Ns/m 

Stiffness (k) 800 N/m 

Coupling coefficient (θ\thetaθ) 2 V/mm 

Load resistance 10 kΩ 

Frequency range 5–50 Hz 
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MATLAB Simulation Procedure 

1. A sinusoidal excitation force was applied. 

2. Frequency sweep from 5 Hz to 50 Hz was performed. 

3. Displacement response was calculated. 

4. Generated voltage and power output were computed. 

5. Graphs of Power vs Frequency and Voltage vs 

Frequency were plotted. 

Simulation Results 

The simulation results indicate that the generated power 

increases as the excitation frequency approaches the natural 

frequency of the system. Maximum power output was 

observed near the resonant frequency (~32 Hz), where 

displacement amplitude was highest. 

The voltage output followed a similar trend, 

demonstrating strong dependence on vibration amplitude. At 

low frequencies (5–10 Hz), power generation was minimal, 

whereas significant improvement occurred between 25–35 Hz. 

These results confirm that operating the piezoelectric 

harvester near resonance significantly enhances energy 

conversion efficiency. 

Discussion 

 

The MATLAB analysis validates that piezoelectric 

energy harvesting is highly sensitive to vibration frequency 

and system parameters. For Nigerian transportation 

environments, where vehicle-induced vibrations often fall 

within the 20–40 Hz range, optimized piezoelectric structures 

can achieve improved performance. 

The study also highlights the importance of: 

 Resonance tuning 

 Load impedance matching 

 Use of high coupling coefficient materials 

 Multi-element array configurations 

When integrated into roads, bridges, or rail tracks, the 

cumulative energy generated can support distributed IoT 

sensors, smart traffic monitoring systems, and low-power 

lighting. 

Case Study: Lagos Highway Piezoelectric Energy 

Harvesting Potential 

Case Study Overview 

Lagos is Nigeria’s most populous city and experiences 

extremely high vehicular traffic density, making it a suitable 

candidate for vibration-based energy harvesting. This case 

study estimates the potential electrical energy that can be 

harvested from piezoelectric systems embedded in a major 

Lagos highway using realistic traffic and vibration 

assumptions. 

The objective is to quantify daily and annual energy 

generation and assess feasibility for powering low-energy 

applications such as traffic sensors, street lighting, and IoT 

monitoring devices. 

Assumptions and Parameters 

The following conservative assumptions are made based 

on transportation studies and piezoelectric system 

performance reported in literature: 

Parameter Assumed Value 

Average vehicles per day 120,000 vehicles 

Average axle load 10 kN 

Effective vibration frequency 25 Hz 

Energy generated per vehicle per piezo unit 0.2 mJ 

Number of piezo units per meter 10 

Length of instrumented road section 1 km 
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Interpretation of Results 

The estimated annual energy generation of approximately 

24.3 kWh per kilometer demonstrates that piezoelectric 

harvesting is not suitable for bulk power generation but is 

highly effective for localized, low-power applications. This 

energy level is sufficient to continuously power: 

 Roadside IoT sensors 

 Traffic density monitoring systems 

 Environmental monitoring units 

 LED-based signage and indicators 

When deployed across multiple kilometers and combined 

with energy storage, the cumulative output can significantly 

reduce dependency on grid power or diesel generators for 

smart infrastructure. 

Practical Deployment Considerations for Lagos 

 High traffic density ensures continuous vibration 

input. 

 Localized microgrids allow direct consumption of 

harvested energy. 

 Hybrid integration with solar panels improves 

reliability. 

 Modular installation enables gradual scaling 

without major road reconstruction. 

V. Discussion in Nigerian Context 

Given Lagos’ persistent grid instability and heavy traffic 

congestion, piezoelectric harvesting presents a unique 

opportunity to convert mechanical waste energy into useful 

electrical power. Although the energy yield per kilometer is 

modest, its decentralized nature aligns well with smart city 

applications and sustainability goals. 

The results suggest that deploying piezoelectric systems 

in bus lanes, toll gates, speed breakers, and intersections 

would yield higher energy density due to increased 

mechanical stress and stop-and-go traffic patterns. 

The Lagos highway case study confirms that 

piezoelectric energy harvesting can contribute meaningfully to 

Nigeria’s renewable energy ecosystem when applied 

strategically. While not a replacement for conventional power 

sources, it offers a viable supplementary solution for powering 

smart transportation and monitoring infrastructure, supporting 

Nigeria’s transition toward sustainable urban development. 

VI. Policy & Implementation Roadmap for Nigeria 

1. Strategic Vision 

Nigeria faces increasing energy demand, frequent grid 

instability, and the need for sustainable infrastructure. 

Highway energy harvesting offers a decentralized, renewable 

micro-power solution that can: 

 Support smart transportation systems 

 Power street lighting and traffic signals 

 Reduce dependence on diesel generators 

 Enhance energy access in semi-urban corridors 

Vision Statement: 

Develop a nationwide smart-road infrastructure where major 

highways generate supplemental electrical energy to power 

intelligent transport and public safety systems. 

2. National Policy Objectives 

2.1 Energy Security 

 Diversify Nigeria’s energy mix with micro-

generation sources. 

 Reduce grid load for non-critical infrastructure such 

as street lighting. 

2.2 Sustainable Infrastructure 

 Integrate renewable technologies into road 

construction standards. 

 Promote green transportation corridors. 

2.3 Smart Transportation 

 Enable powered sensors, IoT devices, and traffic 

management systems. 

 Improve highway safety and monitoring. 

2.4 Local Industrial Development 

 Encourage local manufacturing of piezo modules, 

control electronics, and enclosures. 

 Create new technical jobs in installation and 

maintenance. 
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3. Institutional Framework 

3.1 Lead Government Agencies 

Agency Role 

Federal Ministry of Works 
Integration into road 

projects 

Federal Ministry of Power 
Energy regulation and 

grid interface 

Nigerian Electricity Regulatory 

Commission (NERC) 
Standards and approvals 

Federal Road Safety Corps (FRSC) Safety compliance 

Energy Commission of Nigeria Technical evaluation 

3.2 Public–Private Partnership (PPP) 

 Engage infrastructure companies for installation and 

maintenance. 

 Involve renewable energy startups. 

 Offer Build-Operate-Transfer (BOT) models. 

4. Implementation Phases 

Phase 1: Feasibility & Pilot (Year 1–2) 

Activities 

 Traffic density analysis of major highways: 

o Lagos–Ibadan Expressway 

o Abuja–Kaduna Highway 

o Port Harcourt corridors 

 Site selection for pilot deployment. 

 Cost–benefit analysis. 

 Prototype installation (100–500 m stretch). 

Outputs 

 Real energy generation data 

 Maintenance requirements 

 Performance in Nigerian climate 

Phase 2: Demonstration Corridors (Year 3–5) 

Deployment Areas 

 Urban highways with heavy traffic 

 Toll gates and bus rapid transit lanes 

 Industrial transport routes 

Applications 

 Street lighting 

 Roadside IoT sensors 

 Traffic monitoring cameras 

Key Metrics 

 Energy generated per day 

 Cost per kWh equivalent 

 Reliability and durability 

Phase 3: Standardization & Policy Integration (Year 5–7) 

Actions 

 Develop Nigerian Smart Road Standards. 

 Include energy harvesting provisions in new road 

tenders. 

 Create technical certification procedures. 

Regulatory Measures 

 Tax incentives for green infrastructure. 

 Import duty reductions for key components. 

 Local content policy for manufacturing. 

Phase 4: National Scale Deployment (Year 7–15) 

Focus Areas 

 Major federal highways 

 Smart city initiatives 

 Border transport corridors 

Integration 

 Connect to: 

o Mini-grids 

o Smart lighting systems 

o EV charging micro-stations (future scope) 

5. Financial Model 

Funding Sources 

 Federal infrastructure budget 

 Green bonds 

 Climate finance programs 

 World Bank / AfDB sustainability funds 



  

 

International Current Journal of Engineering and Science (ICJES) 

Volume 5, Issue 2, pp 15-23, February-2026 

ISSN (Online): 2583-7257 

Article DOI: https://doi.org/10.47001/ICJES/2026.502004                   

 

© 2026 ICJES All Rights Reserved                                         www.icjes.com                   21                                                                    
 

 PPP investments 

Revenue Streams 

 Energy savings from reduced grid use 

 Smart highway service fees 

 Carbon credit trading 

6. Technical Standards & Guidelines 

Installation Standards 

 Modules must withstand: 

o High axle loads 

o Tropical temperatures 

o Heavy rainfall 

 Waterproof and anti-corrosion housing. 

Electrical Interface 

 DC storage using batteries or supercapacitors. 

 Smart charge controllers. 

 Optional grid-tie via inverters. 

Maintenance Protocol 

 Quarterly inspection. 

 Annual performance audit. 

 Remote monitoring via IoT. 

7. Socio-Economic Impact 

Benefits 

 Reduced fuel generator usage 

 Lower government electricity bills 

 Job creation in: 

o Installation 

o Electronics servicing 

o Data monitoring 

 Improved night-time road safety 

Environmental Impact 

 Reduction in CO₂ emissions. 

 Supports Nigeria’s climate commitments. 

8. Risk Assessment & Mitigation 

Risk Mitigation 

High initial cost Pilot funding and PPP model 

Device failure due to heavy 

trucks 
Reinforced mechanical design 

Vandalism 
Tamper-proof enclosures, 

surveillance 

Low energy yield Install only in high-traffic zones 

9. Capacity Building & Research 

 Partner with Nigerian universities. 

 Establish Smart Infrastructure Research Labs. 

 Encourage student innovation projects. 

 Promote local fabrication of modules. 

10. Monitoring & Evaluation Framework 

Key Performance Indicators (KPIs) 

 Energy generated per km of road 

 Reduction in grid consumption 

 System uptime percentage 

 Maintenance cost per year 

Reporting 

 Annual national smart-infrastructure report. 

 Public dashboard for transparency. 

VII. CONCLUSION 

Implementing highway energy harvesting in Nigeria 

presents a practical pathway toward smart, sustainable 

infrastructure. With phased deployment, supportive policies, 

PPP investment, and local technical capacity development, 

Nigeria can transform high-traffic corridors into distributed 

micro-power sources. This roadmap enables improved energy 

efficiency, enhanced road safety, reduced emissions, and long-

term economic benefits while positioning the country as a 

leader in innovative transport-energy integration in Africa. 

Piezoelectric energy harvesting represents a promising yet 

underutilized renewable energy resource in Nigeria. While it 

cannot replace conventional power generation, it offers a 

sustainable and decentralized solution for powering low-

energy devices and smart infrastructure. The study highlights 

that technological advancements, local manufacturing, funding 

support, and multi-sector collaboration are essential for 
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successful implementation. By investing in research, fostering 

public–private partnerships, and developing supportive 

policies, Nigeria can integrate piezoelectric energy harvesting 

into its renewable energy portfolio. Such efforts would 

contribute to reducing carbon emissions, improving energy 

accessibility, and promoting sustainable national development. 
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