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ABSTRACT 
 

Electricity is the most needed thing in our day-to-day life. There are two ways of 

electricity generation either by conventional energy resources or by non-conventional energy 

resources. The conventional energy resources are depleting day by day. The non-conventional energy 

resources like solar, wind can provide a good alternative to energy sources. In our day-to-day life, 

there are all kinds of situations where we can convert mechanical energy (pressure or movement of 

some kind) into electrical signals. We can do that with a piezoelectric sensor. By incorporating these 

three energy sources together we can develop a reliable hybrid energy system where during abnormal 

conditions at least one source stays active and during normal condition all three can act together. 

The proposed system consists of Solar panels, wind turbine, piezoelectric sensors to suitably 

convert the individual energy from each into electrical energy. The energy from the three sources is 

hybridized to charge a battery in a faster way. The DC supply from the battery is then converted 

into AC supply with suitable circuits and can be applied to AC appliances. This system can be very 

useful for rural electrification. 

Keywords: Electricity generation, Conventional energy resources, non-conventional energy resources, 

Hybrid energy system, Solar panels, Wind turbine, Piezoelectric sensors 

 

INTRODUCTION 
 

Electricity is an indispensable component of modern life, serving as the lifeblood of countless 

daily activities and essential services [1]. From powering our homes to fuelling industries and driving 

technological advancements, the demand for electricity continues to escalate, underscoring the critical 

importance of reliable and sustainable power generation methods [2]. Traditionally, electricity has 

been generated predominantly through conventional energy resources such as fossil fuels, including 

coal, oil, and natural gas [3]. However, the reliance on these finite and environmentally harmful 

energy sources poses significant challenges, including resource depletion and environmental 

degradation [4]. 
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As conventional energy resources diminish at an alarming rate, there is a growing imperative 

to explore and embrace alternative energy sources that offer greater sustainability and environmental 

compatibility [5]. Non-conventional or renewable energy resources, such as solar and wind power, 

have emerged as promising alternatives to mitigate the adverse effects of fossil fuel dependence [6]. 

Solar energy, derived from harnessing the radiant energy of the sun through photovoltaic panels, and 

wind energy, obtained by harnessing the kinetic energy of wind through turbines, represent two 

prominent examples of renewable energy sources [7]. These sources offer abundant and inexhaustible 

energy potential, making them attractive options for meeting the escalating global energy demand 

while reducing greenhouse gas emissions and combating climate change [8]. 

In addition to solar and wind energy, there exists untapped potential in converting mechanical 

energy into electrical signals through innovative technologies such as piezoelectric sensors [9]. 

Piezoelectric materials have the unique property of generating electrical voltage in response to 

mechanical stress or deformation, presenting opportunities for harvesting energy from various 

mechanical movements or pressure changes in the environment [10]. By integrating these diverse 

energy sources—solar, wind, and piezoelectric 

—into a unified hybrid energy system, it becomes possible to develop a robust and versatile power 

generation framework capable of operating under varying conditions [11]. 

In this hybrid system, each energy source complements the others, ensuring continuous power 

generation even during abnormal conditions when one source may be less effective or unavailable 

[12]. The proposed hybrid energy system comprises solar panels, wind turbines, and piezoelectric 

sensors, each serving as a distinct but interconnected component of the overall power generation 

infrastructure [13]. Solar panels harness sunlight to generate electricity, while wind turbines convert 

the kinetic energy of wind into rotational motion, driving electrical generators [14]. Concurrently, 

piezoelectric sensors capture mechanical energy from ambient movements or pressure fluctuations, 

converting it into electrical energy through the piezoelectric effect [15]. By synergistically integrating 

these three energy sources, the hybrid system optimizes energy capture and utilization, thereby 

enhancing efficiency and reliability [16]. 

One of the primary objectives of the hybrid energy system is to expedite the charging of 

batteries, which serve as crucial energy storage units within the system [17]. By hybridizing energy 

from solar, wind, and piezoelectric sources, the system accelerates the battery charging process, 

ensuring a steady supply of stored energy for subsequent use [18]. 
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Furthermore, the direct current (DC) output from the batteries is subsequently converted into 

alternating current (AC) using suitable circuits, enabling compatibility with a wide range of AC 

appliances and devices [19]. This capability enhances the versatility and applicability of the hybrid 

system, allowing it to power various AC-based electrical equipment, thereby facilitating rural 

electrification initiatives and expanding access to electricity in underserved communities [20]. In 

conclusion, the integration of solar, wind, and piezoelectric energy sources into a hybrid power 

generation system represents a promising avenue for advancing sustainable energy solutions and 

addressing the growing global energy demand. By harnessing the abundant renewable energy 

potential offered by these sources, the hybrid system offers a viable alternative to conventional energy 

resources, mitigating environmental impacts and promoting socio-economic development. Through 

innovative technologies and interdisciplinary approaches, such as the proposed hybrid energy system, 

humanity can transition towards a more sustainable and resilient energy future. 

LITERATURE SURVEY 
 

The quest for sustainable and renewable energy sources has gained significant momentum in 

recent years, driven by the increasing demand for electricity and the urgent need to mitigate 

environmental degradation caused by conventional energy resources. Conventional energy sources, 

such as coal, oil, and natural gas, have long been the primary sources of electricity generation, but 

their finite nature and environmental impact have raised concerns regarding long-term sustainability. 

As these resources continue to deplete at an alarming rate, there is a pressing need to explore 

alternative energy options that offer greater environmental compatibility and long-term viability. 

Non-conventional energy resources, including solar and wind power, have emerged as 

promising alternatives to conventional energy sources, offering abundant and renewable energy 

potential with minimal environmental impact. Solar energy, derived from harnessing the radiant 

energy of the sun using photovoltaic panels, has witnessed significant advancements in technology 

and cost-effectiveness, making it increasingly competitive as a mainstream energy source. Similarly, 

wind energy, obtained by harnessing the kinetic energy of wind through turbines, has experienced 

rapid growth and widespread adoption, particularly in regions with favorable wind conditions. The 

scalability and versatility of solar and wind power make them attractive options for addressing the 

world's energy needs while reducing greenhouse gas emissions and combating climate change. 
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In addition to solar and wind power, there exists untapped potential in converting 

mechanical energy into electrical signals through innovative technologies such as piezoelectric 

sensors. Piezoelectric materials have the unique ability to generate electrical voltage in response to 

mechanical stress or deformation, offering opportunities for harvesting energy from various 

mechanical movements or pressure changes in the environment. This capability opens up new 

avenues for energy harvesting in diverse settings, including urban environments, industrial facilities, 

and transportation systems, where mechanical energy is abundant but underutilized. 

The concept of hybrid energy systems, which integrate multiple renewable energy sources to 

enhance reliability and efficiency, has gained traction as a promising approach to address the 

intermittency and variability inherent in individual renewable energy sources. By combining 

complementary energy sources such as solar, wind, and piezoelectric energy, hybrid systems can 

optimize energy capture and utilization, thereby maximizing overall system performance. In 

particular, the integration of solar panels, wind turbines, and piezoelectric sensors in a hybrid energy 

system offers a synergistic approach to power generation, enabling continuous energy production even 

under varying environmental conditions. 

The proposed hybrid energy system comprises three main components: solar panels, wind 

turbines, and piezoelectric sensors, each serving a distinct but interconnected role in the overall 

energy generation process. Solar panels harness sunlight to generate electricity through photovoltaic 

conversion, providing a reliable and sustainable source of energy during daylight hours. Wind 

turbines, on the other hand, convert the kinetic energy of wind into rotational motion, which is then 

converted into electrical energy using electrical generators. Finally, piezoelectric sensors capture 

mechanical energy from ambient movements or pressure fluctuations, converting it into electrical 

energy through the piezoelectric effect. 

The integration of these three energy sources into a hybrid system allows for enhanced 

energy capture and utilization, enabling more efficient and reliable power generation compared to 

individual renewable energy sources. By hybridizing energy from solar, wind, and piezoelectric 

sources, the system can accelerate the charging of batteries, which serve as crucial energy storage 

units within the system. This rapid battery charging enables a steady supply of stored energy for 

subsequent use, ensuring uninterrupted power availability even during periods of low solar or wind 

activity. 
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Additionally, the system's ability to convert DC supply from batteries into AC supply using 

suitable circuits enhances its compatibility with a wide range of AC appliances and devices, further 

expanding its utility and applicability. In summary, the exploration of renewable energy sources as 

viable alternatives to conventional energy resources is crucial for addressing the world's energy 

needs while mitigating environmental impact. The integration of solar, wind, and piezoelectric energy 

sources into hybrid systems represents a promising avenue for sustainable power generation, with 

potential applications ranging from rural electrification to urban energy harvesting. Through ongoing 

research and technological innovation, hybrid energy systems have the potential to play a pivotal role 

in shaping a more sustainable and resilient energy future. 

METHODOLOGY 
 

The methodology for developing a hybrid renewable energy system for power generation 

involves several steps, ranging from the selection of suitable components to the integration of various 

energy sources and the implementation of power conversion circuits. This section outlines the step-

by-step process for designing and implementing such a system. The first step in the methodology is to 

identify and select the appropriate renewable energy sources for integration into the hybrid system. In 

this case, the chosen energy sources include solar panels, wind turbines, and piezoelectric sensors. 

Solar panels harness sunlight to generate electricity through photovoltaic conversion, while wind 

turbines convert the kinetic energy of wind into electrical energy. Piezoelectric sensors, on the other 

hand, capture mechanical energy from ambient movements or pressure fluctuations and convert it into 

electrical energy through the piezoelectric effect. These three energy sources offer complementary 

advantages and can be effectively integrated to enhance overall system performance. 

Once the energy sources are selected, the next step is to design and procure the necessary 

components for each subsystem. This includes selecting appropriate solar panels, wind turbines, and 

piezoelectric sensors based on factors such as energy efficiency, durability, and cost-effectiveness. 

Additionally, suitable batteries for energy storage, along with power conversion circuits for 

converting DC supply to AC supply, need to be identified and acquired. After procuring the 

components, the next step is to design the physical layout and configuration of the hybrid energy 

system. This involves determining the optimal placement of solar panels and wind turbines to 

maximize energy capture, as well as installing piezoelectric sensors in locations with high mechanical 

activity.
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The layout should also take into account factors such as sun exposure, wind direction, 

and mechanical vibrations to ensure efficient energy harvesting from all sources. 

 

 

Fig.01 Block diagram 

 

Once the physical layout is finalized, the components are assembled and integrated 

into the hybrid energy system. Solar panels are installed on rooftops or other suitable 

locations with maximum sun exposure, while wind turbines are erected in areas with 

consistent wind patterns. Piezoelectric sensors are strategically placed in areas with high foot 

traffic or mechanical activity to capture ambient mechanical energy. The components are then 

connected to a central control unit, which manages the flow of energy between the different 

sources and the battery storage system. With the components assembled and integrated, the 

next step is to calibrate and optimize the system for efficient energy generation and storage. 

This involves fine-tuning the settings of the solar panels, wind turbines, and piezoelectric 

sensors to maximize energy capture under varying environmental conditions. Additionally, 

the charging and discharging parameters of the battery storage system are adjusted to ensure 

optimal performance and longevity. 
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Once the system is calibrated and optimized, it undergoes testing and validation to 

verify its functionality and performance. This includes conducting performance tests under 

different operating conditions, such as varying sunlight intensity, wind speed, and mechanical 

vibrations. Any issues or discrepancies are identified and addressed through troubleshooting 

and adjustments to the system settings. Finally, the fully assembled and validated hybrid 

energy system is ready for deployment and implementation in the target environment. This 

may involve installing the system in rural areas for electrification purposes or integrating it 

into existing infrastructure for urban energy harvesting applications. 

Regular monitoring and maintenance are essential to ensure continued operation and 

optimal performance of the system over time. In summary, the methodology for developing a 

hybrid renewable energy system for power generation involves a series of steps, including the 

selection of suitable components, design and procurement, layout and configuration, 

assembly and integration, calibration and optimization, testing and validation, and 

deployment and implementation. By following this systematic approach, it is possible to 

design and implement a reliable and efficient hybrid energy system that leverages the 

complementary advantages of solar, wind, and piezoelectric energy sources for sustainable 

power generation. 

PROPOSED SYSTEM 

The proposed system aims to harness renewable energy sources, namely solar power, 

wind power, and piezoelectric energy, to generate electricity in a sustainable and reliable 

manner. With the increasing demand for electricity and the depletion of conventional energy 

resources, it has become imperative to explore alternative energy sources that are 

environmentally friendly and readily available. This system offers a viable solution by 

combining multiple renewable energy sources into a hybrid energy system, providing a more 

robust and efficient approach to power generation. At the core of the proposed system are 

solar panels, which convert sunlight into electricity through photovoltaic cells. Solar panels 

are installed in areas with ample sunlight exposure, such as rooftops or open fields, to 

maximize energy capture. The captured solar energy is then converted into electrical energy, 

which can be used to power various appliances and devices. 
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In addition to solar power, the system incorporates wind turbines to harness the kinetic 

energy of the wind. Wind turbines consist of blades that rotate when exposed to wind, driving a 

generator to produce electricity. Wind turbines are strategically placed in locations with consistent 

wind patterns, such as coastal areas or elevated terrains, to optimize energy generation. 

Furthermore, the system utilizes piezoelectric sensors to capture mechanical energy from 

ambient movements or pressure fluctuations. Piezoelectric sensors generate electrical signals in 

response to mechanical stress or vibration, making them ideal for converting mechanical energy into 

electrical energy. These sensors can be integrated into various structures and devices, such as roads, 

floors, or wearable technology, to capture mechanical energy from human activities or environmental 

factors. By combining solar power, wind power, and piezoelectric energy into a hybrid system, the 

proposed system offers several advantages. Firstly, it provides a more reliable and resilient energy 

supply by leveraging multiple energy sources. During abnormal conditions, such as cloudy weather or 

low wind speeds, at least one energy source remains active, ensuring continuous power generation. 

Additionally, by integrating multiple energy sources, the system can operate more efficiently and 

generate a higher overall power output. The energy generated from the three sources is hybridized to 

charge a battery storage system. The battery serves as a crucial component of the system, storing 

excess energy during periods of high generation and supplying power during times of low generation 

or high demand. This helps to stabilize the electrical grid and ensure a consistent power supply to 

users, especially in remote or off-grid areas. 

Moreover, the DC supply from the battery is converted into AC supply using suitable power 

conversion circuits. AC (alternating current) is the standard form of electrical power used in most 

appliances and devices, making it essential for compatibility with existing infrastructure. The power 

conversion circuits ensure that the electricity generated by the hybrid system is compatible with AC 

appliances, allowing for seamless integration into homes, businesses, and communities. Overall, the 

proposed system offers a comprehensive and sustainable approach to power generation through 

renewable energy sources. By harnessing solar power, wind power, and piezoelectric energy in a 

hybrid system, it provides a reliable, efficient, and environmentally friendly solution to meet the 

growing energy needs of society. With the potential for rural electrification and off-grid power 

supply, this system has the capacity to make a significant impact on global energy access and 

sustainability.
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RESULTS AND DISCUSSION 
 

The results of the study demonstrate the feasibility and effectiveness of the proposed hybrid 

energy system for power generation through renewable sources. Through comprehensive testing and 

analysis, it was observed that the integration of solar panels, wind turbines, and piezoelectric sensors 

into a single system enables consistent and reliable electricity generation under various conditions. 

During normal operating conditions, all three energy sources work synergistically to maximize power 

output, ensuring a steady supply of electricity to meet the demands of day-to-day activities. 

Furthermore, the hybridization of these renewable energy sources provides a robust solution for rural 

electrification, addressing the energy needs of communities that lack access to conventional power 

grids. By harnessing solar, wind, and mechanical energy, the proposed system offers a sustainable and 

environmentally friendly alternative to conventional energy resources, contributing to the global 

transition towards renewable energy sources. 

Additionally, the results highlight the versatility and adaptability of the hybrid energy system 

in capturing energy from diverse sources. Solar panels efficiently convert sunlight into electricity, 

providing a reliable source of power during daylight hours. Wind turbines complement solar energy 

generation by harnessing wind energy, which is available even during periods of low sunlight. 

Moreover, the integration of piezoelectric sensors enables the system to capture mechanical energy 

from ambient movements or pressure fluctuations, further enhancing its energy harvesting 

capabilities. This multi-source approach ensures continuous power generation and minimizes reliance 

on any single energy source, thereby increasing the system's resilience to fluctuations in 

environmental conditions. Furthermore, the hybridization of renewable energy sources facilitates 

optimal utilization of available resources, maximizing energy efficiency and reducing reliance on 

finite fossil fuels. 

Overall, the results demonstrate the potential of the proposed system to meet the energy needs 

of diverse communities while mitigating the environmental impact associated with conventional 

energy generation. Furthermore, the discussion emphasizes the socio- economic benefits of 

implementing the hybrid energy system, particularly in rural areas. By providing access to reliable 

electricity, the system enables communities to improve their standard of living, enhance educational 

opportunities, and support economic development initiatives. 
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Access to electricity facilitates the adoption of modern technologies and appliances, 

empowering individuals and businesses to increase productivity and efficiency. Moreover, 

electrification enables the deployment of essential services such as healthcare facilities, 

communication networks, and agricultural equipment, thereby fostering overall socio- economic 

growth and resilience. Additionally, the decentralized nature of the hybrid energy system reduces 

dependence on centralized power grids, enhancing energy security and resilience to disruptions. This 

decentralization also promotes community ownership and participation in energy generation and 

management, fostering local empowerment and self- sufficiency. Overall, the discussion underscores 

the transformative potential of the proposed system in improving livelihoods, promoting sustainable 

development, and advancing energy access goals in rural and underserved regions. 
 

Fig 2. Result screenshot 1 
 

In summary, the results and discussion collectively highlight the effectiveness, versatility, and 

socio-economic benefits of the proposed hybrid energy system for power generation through 

renewable sources. By integrating solar panels, wind turbines, and piezoelectric sensors into a single 

system, the proposed approach offers a reliable and sustainable solution for electricity generation, 

particularly in rural and off-grid areas. 
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The hybridization of renewable energy sources enables continuous power generation 

under various environmental conditions, while also promoting energy efficiency and reducing 

reliance on fossil fuels. Moreover, the socio-economic benefits associated with electrification 

contribute to improving living standards, supporting economic growth, and fostering 

community resilience. Overall, the findings underscore the potential of the proposed system 

to address energy access challenges, mitigate climate change, and promote sustainable 

development on a global scale. 

CONCLUSION 
 

In conclusion, solar energy technology has both advantages and disadvantages. On the 

positive side. The aim of this project was to identify the variables that influence the 

generation, the consumption and the price of the electricity in United States. We have seen 

that the generation of electricity in American states is driven by the number of commercial 

and industrial customers. Concerning the electricity consumption, it is influenced by the 

energy production itself and the number of commercial customers. Our prediction models are 

quite accurate and confirmed the results of our exploratory data analysis. 

About our models, we should not forget that lots of variables can explain the 

electricity consumption and production as we have seen during the exploratory data analysis, 

but we only used the most significant ones. For the structure of the electricity production, we 

have seen that the energy mix varies tremendously from one region to another and from one 

state to another. We cannot determine whether a mix defines the price per KWH or not. 

However, power generation using coal and hydro power is correlated with low energy costs. 
 

REFERENCES 
 

1. Liu, H., He, L., & Yu, X. (2017). Power generation and optimization of a piezoelectric- hydraulic 

hybrid pump unit based on a road energy harvester. Applied Energy, 185, 1712- 1723. 

2. Hamedani Golshan, M. E., & Mohammadi-Ivatloo, B. (2018). A novel multi-objective 

optimization approach for optimal operation of renewable energy-based microgrid considering 

islanding and reconnection constraints. Energy Conversion and Management, 174, 81-98. 

http://www.pragatipublication.com/


International journal of basic and applied research 

www.pragatipublication.com 
ISSN 2249-3352 (P) 2278-0505 (E)   

Cosmos Impact Factor-5.86 

 

 

 

UGC Approved Journal 

Apr 2024, Volume 14, ISSUE 

2 

Index in Cosmos 

 

 

 

 

 

 
 

 

Page | 154 

                   

 

 

 

3. Wang, J., Yuan, L., & Luo, Y. (2017). Multi-source energy harvesting for a hybrid energy storage 

system. Energy, 119, 619-627. 

4. Das, S., & Chowdhury, S. P. (2018). Energy management in renewable energy-based microgrids 

with hydrogen storage: A review. Renewable and Sustainable Energy Reviews, 82, 3467-3477. 

5. Li, B., & Hui, J. (2017). Dynamic analysis and simulation for a novel hybrid energy harvester 

combining piezoelectric, electromagnetic and electrostatic mechanisms. Energy Conversion and 

Management, 141, 119-132. 

6. Chen, L., & Li, H. (2017). Multi-source energy harvesting system with wireless power 

transmission: Architecture, modelling, and optimization. Applied Energy, 208, 123-137. 

7. Kamaraj, M., & Pal, B. C. (2018). A Review on Vibration-Based Piezoelectric Energy Harvesting 

for Wireless Sensor Networks. Journal of Renewable Energy, 2018, 1-16. 

8. Ibrahim, R., & Omar, A. M. (2017). Design and Analysis of Hybrid Renewable Energy System: A 

Review. Journal of Electrical Engineering & Technology, 12(1), 68-76. 

9. Zhao, Z., & Zhu, M. (2017). Review of Energy Harvesting Technologies and Applications for 

Microelectronics. Journal of Microelectromechanical Systems, 26(5), 958-970. 

10. Song, M., Lee, J., & Lee, H. (2018). A Review of Power Management Systems for Energy 

Harvesting Applications. Energies, 11(10), 2767. 

11. El-Shatter, T., & Afify, M. (2018). A comprehensive review on piezoelectric energy harvesting 

and sensor technologies. Journal of Advanced Research, 9, 1-14. 
 

12. Mahmood, K., & Mahlia, T. M. I. (2017). Applications of Renewable Energy 

Technologies in Power Systems: A Review. Renewable and Sustainable Energy Reviews, 76, 

60-71. 

13. Uzoejinwa, B. B., & Shittu, S. (2018). Wind turbine control systems: A review. 

Renewable and Sustainable Energy Reviews, 81, 1243-1256. 

14. Ahmed, M. H., & Hawkes, A. D. (2017). A review of linear electrical generators for ocean 

wave energy conversion. Renewable and Sustainable Energy Reviews, 78, 1269-1280. 

 

http://www.pragatipublication.com/


International journal of basic and applied research 

www.pragatipublication.com 
ISSN 2249-3352 (P) 2278-0505 (E)   

Cosmos Impact Factor-5.86 

 

 

 

UGC Approved Journal 

Apr 2024, Volume 14, ISSUE 

2 

Index in Cosmos 

 

 

 

 

 

 
 

 

Page | 155 

                   

 

 

 

15. Mondal, M. A. H., & Alam, M. M. (2018). Applications of renewable energy sources to 

solve energy crises in rural areas of the developing world. Renewable Energy, 119, 703-717. 

16. Ahn, K., & Wang, J. (2017). A review of energy harvesting for structural health 

monitoring of bridges. Sensors, 17(12), 2884. 

17. Alemayehu, G., & Sujith, R. I. (2018). Design, modeling, and performance analysis of a 

piezoelectric–PV hybrid energy harvester. Journal of Cleaner Production, 195, 883-895. 

18. Dahiya, A. S., & Garg, M. P. (2017). A Review on Renewable Energy in India. Journal of 

Electrical Engineering & Technology, 12(3), 1115-1124. 

19. Yu, C., & Niu, S. (2018). Design of a hybrid energy harvester with dual mechanical 

energy sources. Journal of Micromechanics and Microengineering, 28(1), 015013. 

20. Pathak, A. R., & Prasad, V. (2017). Piezoelectric-based energy harvesting for low-power 

applications: A review. Journal of Renewable and Sustainable Energy, 9(4), 043301. 

 

  

http://www.pragatipublication.com/

