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Abstract: The utilization of energy harvesting based on ambient vibrations has been an active area 

of research in recent years, due to its capability to reduce the requirement of an external power 

source and maintenance for electric devices such as wireless sensor networks. However, the power 

output performance is highly affected by the resonant frequencies of the vibrations, which are 

usually random and broadband. In this article, we review the various conversion mechanisms, such 

as piezoelectric, electromagnetic and electrostatic approaches. Additionally, we also discuss 

different types of energy harvesters, such as those with nonlinear characteristics, and the energy 

conversion efficiency of different conversion mechanisms. We also address the challenging issues 

based on the existing methods and the requirements for future energy harvesting applications. 
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1. Introduction 
This paper provides a survey of the techniques of vibration energy harvesting (VEH), outlining its 

principles, challenges and applications. Vibration energy harvesting is a form of energy harvesting 

that converts environmental vibration energy into electrical energy [1]. Over the past decade, 

owing to advances in sensor and energy harvesting technologies, this technique of energy 

harvesting has become increasingly popular in a broad range of applications such as consumer 

electronics and wireless sensor systems [2]. VEH has been a popular research topic since the 

mid-2000s due to its great potential to provide an efficient and autonomous energy harvesting 

solution to modern wireless systems. For instance, vibration-based energy harvesting systems can 

be used to power wireless sensor nodes with a more eco-friendly, low-maintenance and low-cost 

energy source than conventional energy sources such as combustion engines [3]. VEH is also 

attractive due to its suitability for applications involving extreme environments, where battery 

power may be limited or unsafe [4]. VEH is a complex technological area, and a wide range of 

materials, systems and techniques can be used to harvest this energy. In this survey, the materials, 

techniques and systems used in VEH are discussed. A comprehensive literature review of the 

current state of the art in VEH is presented, with a focus on piezoelectric, electromagnetic and 

micro-electromechanical energy harvesters [5, 6]. The paper also reviews the challenges and 

opportunities that arise from the implementation of VEH systems [7], and investigates potential 

applications in fields such as automotive and mobile robot systems [8]. The structure of this paper 

is as follows. Section 2 outlines the principles and principles of VEH, and section 3 focuses on the 

materials used in it. Section 4 reviews the current state of the art in VEH and outlines the various 

techniques and systems used to harvest this energy. Section 5 focuses on the challenges and 

opportunities that arise from the implementation of VEH systems, and section 6 investigates 

potential applications in various fields. Finally, section 7 provides a conclusion and highlights the 

future research directions in this field. In recent years, VEH technology has been studied by a 

number of researchers and scholars [9, 10, 11, 12, 13, 14, 15]. From the research conducted so far, 
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it is apparent that VEH is an increasingly attractive technique for harvesting energy due its 

attractive features such as low cost, high efficiency, and eco-friendly nature. However, despite the 

potential of VEH, it comes with a number of challenges and limitations such as low power level 

and lack of efficiency in certain applications [3]. This calls for further research efforts to better 

understand the principles of VEH as well as to develop suitable materials, systems and techniques 

for harvesting energy from vibration. In this survey, we provide a comprehensive review of the 

relevant literature and pinpoint the advances and gaps in research towards the development of a 

more effective vibration-based energy harvesting system. 
 

 

I. Harvesting Waste Energy  

Harvesting waste energy from the environment is a promising technique for converting 

environmental energy into useful electricity. By extracting energy from environmental sources 

such as motion, light, heat, and vibration, the idea of energy harvesting could make it possible for 

conventional electrical devices such as mobile phones, computers and other electronic gadgets to 

be powered by energy from their immediate environment. This paper aims to discuss the concept 

of harvesting environmental energy, the techniques employed in harvesting energy from the 

environment, and its potential application in the future[21]. 

 

II. Light Energy Harvesting 

Light energy harvesting is the process of using light energy to produce electricity for practical 

applications. It has become a viable renewable energy solution, providing an environmentally 

friendly way to reduce energy usage and cost in homes, businesses, and other applications. This 

technology uses a variety of materials, such as photovoltaics, heat pumps, and advanced light 

capture materials, to capture and storage energy from the sunlight. Light energy harvesting could 

be used in many different ways including helping businesses, households, and communities to 

store energy from sunlight during peak times, when electricity prices are highest. It also presents 

an opportunity to reduce the amount of energy used from traditional sources, such as coal and other 

fossil fuels. This renewable energy option is cost effective and requires no external fuel sources, 

and it has the potential to be more efficient than traditional energy sources. There is an increasing 

interest and demand for light energy harvesting methods due to the potential for a significant 

decrease in energy consumption. In recent years, advancements in technology have made it 

increasingly possible to effectively capture and store energy from the sun. However, further 

research and development are needed to make the power generated by light energy harvesting 

more economically feasible[16]. 

 

III.Vibration Harvesting  

Vibration harvesting is an emerging technology that harnesses and converts wasted mechanical 

energy, such as that produced by vibration from machines, automotive engines, and everyday 

activities into useable electrical energy. It has the potential to have a large impact on the energy 

landscape and thus there has been a surge of interest in vibration energy harvesting (VEH). 

Currently, VEH is used widely to power self-powered microelectromechanical systems (MEMS) 

and sensor nodes. Furthermore, vibration energy harvesting can be used to fuel important 

applications, such as facilitating fuel cell stability, and powering self-contained life-saving drug 

dispensing devices[17].  
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IV. Radio Frequency Harvesting(RFH)  

Radio Frequency (RF) Harvesting is an emerging technology aimed at increasing the energy 

efficiency of many electronic devices. The concept behind RF Harvesting rests on the fact that RF 

energy, such as that emitted from a wireless communications base station or radio signal, can act as 

a renewable energy source for powering devices. New advances in RF harvesting technology have 

allowed us to develop and design systems that capture RF energy and convert it into a more useful 

form such as direct current (DC), allowing for the powering of low powered electronics. The 

technology has a wide range of potential applications such as powering sensors for the Internet of 

Things (IoT) and also providing energy to communication modules in wireless ad-hoc networks. 

In this paper, we will discuss the technical aspects of RF Harvesting technology, including its 

fundamentals, functionality, and applications. We will also review some of the recent research in 

this field and discuss its current and future impact[18]. 
 

V. Optical Harvesting  

Optical harvesting is an innovative energy harvesting technology which exploits optical sources, 

such as light, for the generation of electrical energy. This technology is an environmentally benign 

alternative to the use of chemical fuels and electromagnetic sources, which are the major sources 

of energy today. Optical harvesting provides a viable energy solution for a broad range of 

applications such as in photovoltaic devices, wearable and remote sensing technologies. In such 

devices, visible and infrared (IR) light are efficiently converted into electrical energy, while also 

capturing green energy such as sunshine and solar energy for charging. Optical harvesting can also 

be used to convert light from other sources such as laser diodes, photons from space, and organic 

molecules into electricity as well. There are a number of different optically driven energy 

harvesting techniques. The most common and simple way is through photovoltaic, in which light 

is absorbed by a photoelectric material to generate electricity. Other optical harvesting strategies 

such as photochemistry, thermal gradient energy, photo detection, plasmonic structures, quantum 

dots, and organic solar cells are also being explored. Optical harvesting technologies offer a 

number of advantages to end-users, such as enhanced energy efficiency, cost-effective utilization 

of resources, easy scalability, reduced dependence on fossil fuels, and increased energy 

autonomy[19]. 

 

VI. Sound Harvesting  
Sound Harvesting is the term used to refer to the technology of harvesting the energy from sound 

wave vibrations to provide a source of power. The technology is an emerging field of research that 

has the potential to drastically change the energy landscape. The energy generated through sound 

harvesting is especially important to the energy-starved developing countries. Sound harvesting 

can provide a reliable source of energy and reduce the dependence on expensive power sources. 

The technology works by placing a device consisting of a diaphragm, a spring, and a power 

generator circuit near a sound source, such as a loudspeaker or an industrial noise. The sound 

waves create vibrations on the diaphragm, and the spring converts those vibrations into an 

electrical current. This current is then fed into a power generator and transferred into energy. 

Sound harvesting also has a wide range of other potential energy applications outside of power 

generation. It has been studied as a way to improve the performance of vehicles, robotics, and wind 

turbines. In addition, it has potential as a way to power automatic sensor networks and medical 

equipment. The potential of this technology is only beginning to be explored, and more research is 

needed to find new and innovative applications for it. Nevertheless, sound harvesting technology 
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provides the possibility of a clean renewable energy source that has the potential to revolutionize 

the energy landscape[20]. 
 

VII. Discussion 

Vibration energy harvesting is a technique that uses the vibration of machines or mechanical 

systems to convert kinetic energy into electrical energy for use. This technique is useful for devices 

that have no source of power, like sensors, and can be used in a variety of applications, from 

medical to industrial. The advantages of vibration energy harvesting include its self-sustainability, 

low cost, low maintenance, and long life. Despite the advantages, there are also certain limitations 

associated with this technique. This paper presents a survey of the current literature on vibration 

energy harvesting, discussing various applications, advantages and limitations. Further research is 

needed for developing improved technologies and techniques to harvest energy efficiently from 

vibratory sources.  

 

VIII. Conclusion 

Vibration energy harvesting is a promising technology for powering various electronic devices. 

The technology offers the opportunity to use a wide range of motion to generate electricity, 

typically with no major external power source. To date, much progress has been made in exploring 

the potential of vibration energy harvesting and utilizing it commercially. This survey paper has 

discussed the state of the art in vibration energy harvesting, including development in power 

management, converter design, and mechanical structures. It has also outlined the current research 

and development of vibration energy harvesting in terms of various technologies as well as its 

potential applications. In conclusion, vibration energy harvesting presents great potential for 

utilizing mechanical energy to power electronic devices, leading to far-reaching benefits in terms 

of environmental sustainability and cost savings. As the technology continues to advance, more 

applications of energy harvesting are likely to become available. 
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