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“Energy harvesting” is a technology that converts the 

excess energy available in an environment into usable 

energy for low power electronics. Many ambient energy 

sources have been considered for this purpose such as 

incident light, vibration, electromagnetism, radio 

frequency (RF), human body functions, temperature 

gradient etc. However, each of these energy sources has 

its own drawbacks. For example, although the solar cells 

offer excellent power supply in direct sun light, they are 

inadequate in dim office lighting. On the other hand, the 

circuit design for transmitting the power harvested from 

low level vibrations is another challenging problem. 
 

Keywords:  radio frequency (RF), human body functions, 

temperature gradient. 

 

 

INTRODUCTION 

 

Energy harvesting, also known as “Energy Scavenging”, 

“Parasitic Energy”, or “Micro Generators” in the 

literature, is a process performed by a conversion 

mechanism for generating electric power from available 

ambient energy sources. Incident light, thermal 

gradients, machine vibrations and human body functions 

are the well known examples of ambient energy sources 

receiving the attention of many researchers. Since energy 

harvesting systems offer maintenance-free, long-lasting, 

green power supply for many portable, low-powered 

electronic devices, they are likely to become an essential 

part of power management systems. In this paper the 

growing interest in the field of energy harvesting 

systems is also due to great developments in related  
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technologies such as micro-electromechanical-system 

(MEMS) technology, wireless sensor network (WSN) 

technology. In figure (1), components of a vibration 

energy harvesting system are depicted. This flow 

chart can be generalized for all energy harvesting 

systems in which an energy source, a conversion 

device, a conditioning circuit and an electric load are 

the main components of the general energy harvesting 

system.  

 

 
Figure 1: Vibration Energy Harvesting System 

Components 

 

In this paper the general system basically aims to 

accomplish five consecutive tasks:   

• Collecting the maximum energy from the energy 

source  

• Converting the ambient energy into electric 

energy efficiently  

• Rectifying and storing the maximum amount of 

electric energy  

• Regulating the output voltage level depending on 

the application  

• Transmitting the electric energy to the load when 

it is required. 

Availability of the ambient sources, the power 

densities of the converters, the duty cycles and the 

power needs of the electric loads, however, are the 

primary limitations of the energy harvesting systems. 

For example, solar cells can generate excellent power 

densities in direct sun light; but they need to be 

optimized for conditions of dim light or no light at all. 

Thermoelectric energy converters need large energy 

gradients to generate substantial power. Power 

delivery and user comfort are critical while generating 

power by means of body functions such as breathing, 

blood pressure, walking etc. 

 

 

LITERATURE REVIEW  
 

Energy harvesting from a vibration source for low 

power electronic devices and sensors is an appealing 

idea, since there are various kinds of vibration sources 

around ranging from the wind and sea waves to 

human body motion and vibrating machinery in the 

industry. Vibration sources are usually preferable to 

incident light or thermal gradient energy sources 

requiring an appropriate operating time and running 

condition. In this paper therefore many research 

programs focusing specifically on “vibration to 

electric energy converters” have been conducted for 

various medical, industrial and military applications 

for more than a decade. Despite the large variety of 

prototypes designed for this purpose so far, the 

technology behind these conversion mechanisms is 

mainly based on three well-known effects in physics, 

namely the electrostatic, electromagnetic and 

piezoelectric effects. In brief, electrostatic, 

electromagnetic and piezoelectric designs require a 

variable capacitor, a magnet and piezoelectric material 

respectively inducing a voltage on plates, in a coil and 

between the electrodes as they oscillate. However, the 

design of an energy converter, especially in 

microscale, becomes a little more sophisticated and 

therefore attractive for the researchers, when the 

system emerges as a vibration energy dissipation 

problem needing to be examined for various aspects 

to achieve a maximum power density and efficiency. 

While some of the reported generators have already 

been fabricated using MEMS techniques, others have 

been made on a mesoscale with the intention of later 

miniaturizing the devices using MEMS [2].  

 

Williams et al. (1995) [1] introduced a generic model 

for estimating the power that can be generated in a 

microscale device. In this model, any electric 

component in which the energy conversion takes 

place is considered as an energy dissipation element 
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(other than the inherent mechanical dissipation 

element) of the mechanical system.The vibration 

source here is assumed to be infinitely large with 

respect to the system so that it is not affected by the 

motion of the conversion system. 

 

Mitcheson et al. (2004) [2], classified the vibration-

driven micro-generators reported in the literature so 

far based on three fundamental architectures, namely 

the velocitydamped resonant generators (VDRG), 

coulomb-damped resonant generators (CDRG), and 

coulomb-force parametric generator, for establishing a 

unified analytical framework for such devices and 

providing a methodology for designing optimized 

generators for particular applications. First of all, they 

adapted the deflection limit of the proof mass, a key 

constrained in a MEMS application, to the general 

formulation.   

 

Roundy et al. [2] analyze the design parameters of 

electrostatic and piezoelectric converters, and then 

fabricate and test their prototypes shown in figure (2).   

 

 
Figure (2) Piezoelectric (on the left) and Capacitive (on 

the right) Converter Prototypes 

 

The mathematical model introduced by Williams et al. 

is modified for each mechanism by substituting the 

system specific design parameters. The estimated 

powers of the optimized converters are given in table 

(3) where a vibration source with a fundamental 

frequency of 100Hz and an acceleration magnitude of 

2.25m/s2 is employed. On the experimental side, the 

piezoelectric prototype without an optimum design is 

reported to generate an average power of 60 µW, 

however no comparable output power is stated for the 

electrostatic converter prototype. 

 

PIEZOELECTRIC ENERGY HARVESTER 

MODEL 

A unimorph consists of a single layer of piezoelectric 

material on the substrate. A proof mass is attached to 

the free end of the cantilever beam. 

 
Fig 3. Perspective view of a typical piezoelectric 

energy harvesting cantilever 

 

In this paper in the piezoelectric energy harvesters, 

the strain energy of vibrations is converted by the 

piezoelectric material into electrical energy.The 

harvester is in the form of a piezoelectric cantilever 

beam with an end-mass as shown in Fig. 3. The 

piezoelectric layer on the substrate gets stretched and 

compressed longitudinally during vibrations. The 

alternating strain in the layer results in alternating 

charge separation across the thickness of the 

piezoelectric material. It is assumed that electrodes 

cover the piezoelectric material completely. Hence, the 

two parallel electrodes act as equipotential surfaces 

along the beam length. In order to determine the 

amount of energy generated by the harvester, a load 

resistance is connected to the two equipotential 

surfaces of the harvester. Modelling of such harvesters 

can be carried out using either Newtonian or 

Lagrangian approach. Following these approaches, 

several researchers have proposed piezoelectric 

energy harvester models[5][6]. An extension of the 

model to multilayer and multistep harvesters 

following Lagrangian approach[7]. The equations of 

motion governing the harvester dynamics. 

 

 

POWER DEVELOPED BY A HARVESTER 

 

In this paper the power developed by a piezoelectric 

harvester depends on excitation, equivalent mass, 

frequency and power factor. As these are in 

convoluted form, the dependence is delineated based 

on size, material, composition and inertia. 
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The power developed by a harvester is determined by 

noting the amplitude of the alternating voltage across 

the load resistance Rl. If the voltage drop across Rl is 

V0, the power developed is given by 

                        P =                                                (1) 

where V0 is given by the complex quantity. 

 

 

CONCLUSION 
 

In this paper the conversion mechanism is described 

by a linear model consisting of a damped spring mass 

system coupled with an oscillating platform. The 

proof mass creates a relative motion with respect to 

the vibrating platform, while the spring stores and 

discharges potential energy in the vibrating system. 

Since energy conversion can be considered as a way of 

dissipating energy, the electrical component where 

energy conversion phenomenon takes place can be 

modeled as a damper other than the inherent 

damping element of the vibrating system. Design of 

piezoelectric energy harvesters for higher power 

generation involves selecting the right geometry and 

piezoelectric material for a given size of the harvester. 

We have discussed a method to analyze the power 

generated by a unimorph that can also be extended to 

bimorphs or multilayer harvesters. The proposed 

method introduces the fewest possible variables that 

govern the power developed by a harvester. The 

power expression obtained from the previous analysis 

contains the fundamental design parameters 

including proof mass, electrically induced and total 

viscous damping factors, amplitude of the source 

acceleration and the excitation frequency. With the 

appropriate selection of these parameters maximum 

energy transformation efficiency should be achieved. 
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