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Abstract - With the development of the wireless sensor 
networks, more complicated and challenging applications can 
be targeted by small but smart systems. Although most of these 
applications require little power, the lifetime of the system is 
thereby limited by the energy capacity of the batteries used. 
Gradual degradation of the batteries further decreases the useable 
lifetime of the WSN systems. Aside from relying on revolutionary 
development of battery technologies, one of the most important 
ways to improve the system lifetime is to “harvest” energy 
from ambient environmental energy sources. Several common 
energy sources are targeted, namely, light (both indoor and 
outdoor), thermal energy (waste heat from AC/heating system/ 
body heat), vibration (electromagnetic and piezoelectric), and 
Radio frequency Energy Harvesting (RFH). Finally, it is shown 
that RFH with super capacitor storage has maximum gain (up to 
50%) above all wireless energy harvesting technologies. 

Keywords: Energy Harvesting Technologies, Piezoelectric 
Energy, Vibration Energy Harvesting, Ambient Energy, Super-
capacitors.

I. INTRODUCTION
WIRELESS Sensor Networks (WSN) are spatially distributed 
autonomous sensors used to monitor physical or environmental 
conditions, such as temperature, sound, pressure, etc. and to 
cooperatively pass their data through the network to a main 
location. Traditionally, energy has been taken from fuels that 
occur in the ground - coal, gas, etc. However to ensure that 
greenhouse gasses and other forms of pollution are not created, 
energy harvesting techniques can be used. These have a much 
smaller impact on the environment as shown in Figure 1. 

Energy harvesting technology aims to convert ambient energy 
into electrical energy that can be used for a variety of purposes. 
There are many energy harvesting techniques that are available. 
The actual techniques to be employed will obviously vary 
according to the source and the form of energy to be harvested 
and also the load to be supplied - some will be very small (e.g. 
remote wireless sensors, etc.) others will be much larger (e.g. 
to provide energy for motors, etc.) as discussed in [1]. 

II. SURVEY OF ENERGY HARVESTING SOURCES FOR 
WIRELESS SENSOR NETWORKS

Figure 2 shows different forms of energy harvesting sensor 
platforms from which we extract energy and their related nodes 

[2]. There are following types of energy sources suitable for 
wireless sensor nodes:-

Mechanical energy harvesting nodes: The sum of the kinetic 
and potential energy in any object that is used to do work is 
called mechanical energy. Basically, it  is the energy in an object 
due to motion or position, or both. 

Figure 1. Energy scavenging from different energy sources suitable 
for Wireless Sensor Networks.

 Figure 2. Different energy types and their sources. 
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It has two different nodes:                         
Piezoelectric Energy Harvesting Node: The use of 
piezoelectricity to convert mechanical to electrical energy can 
be shown through a example described in [4] as the proposed 
floor tile energy harvester can be replaced on the ground as a 
regular floor tile would be, but has the ability to capture the 
kinetic energy carried in a footstep and convert that energy 
into electric power. This device can act as a localized energy 
source, which can be used to power nearby electronic device. 
              
 

Figure 3. Floor tile piezoelectric energy harvesting system.

Ultimately, the energy harvesting system includes a power 
conditioning unit and a super capacitor in order to store the 
generated electric power, as shown in Figure 3. The concept 
of Vibration Energy Harvesting is to convert vibrations in an 
electrical power. Actually, turning ambient vibrations into 
electricity is a two steps conversion in Figure 3 as discussed 
in [9]. Vibrations are first converted in a relative motion 
between two elements, and then converted into electricity that 
is mechanical-to-electrical converter (piezoelectric material, 
magnet-coil, or variable capacitor). An equivalent model for a 
piezoelectric vibration energy harvesting system is shown in 
Figure 4. The output power is given as:  

                                          (1)                                                                                       

where Pmax is the maximum power required to control vibration 
on a large airplane wing,  is the frequency of the control law 
output signal, Ci is the effective capacitance of actuator i, n is 
the number of actuators being used, vmax is the maximum voltage 
the piezoelectric actuator can withstand before it breaks down.
                                

Figure 4. An equivalent model for a piezoelectric vibration  
energy harvesting system.

 Electromagnetic Energy Harvesting Node: A low power clock 
synchronization using electromagnetic energy radiating from 
AC power lines is proposed in Fig.5 as discussed in [3].The 
equivalent circuit of the experiment expressed in Fig.5 is shown 
in Fig.6. There are also sensor network systems that harvest 
energy from the visible part of the electromagnetic spectrum.

Figure 5. Experimental setup showing the inductors placed in 
between two parallel conductors carrying the live and return cur-
rent. We measured the voltage across the inductors to estimate the 

maximum power available from the magnetic field. 

Figure 6. Equivalent circuit of experiment shown in Figure 5.

The maximum available average power is given as:
 

              (2)

where P is the available power delivered, Rs is the series 
resistance of the inductor, and Vrms is the effective value of 
varying voltage.

Photovoltaic energy harvesting nodes: It involves energy 
harvesting from light whether it is solar or artificial light. Solar 
energy is the most prominent source today. Figure 7 shows 
a circuit implementation of photovoltaic energy harvesting 
system. Designing most of the research in routing in WSN 
assumes that all nodes are battery driven. Some of these nodes 
can be powered by solar or gravitational power. Nodes powered 
by these sources can transmit and receive packets without 
consuming battery energy. Therefore routing packets through 
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these solar powered nodes is made use of in a simplified version 
of directed diffusion [5] as shown in Figure 8.

 Figure 7. Circuit diagram of photovoltaic energy harvesting.
       

Figure  8. Solar Panel connected to sensor board.

Power generated by solar energy is given as:
 

 P = A × r × H × PR      (3)

where, E = Energy (kWh)  
           A = Total solar panel Area (m²)  
           r = solar panel yield (%)  
           H = Annual average solar radiation on tilted panels        
          PR = Performance ratio, coefficient for losses
 
(Range between 0.5 and 0.9, default  value = 0.75) 

Hybrid energy harvesting nodes: Devices that harvest 
energy from the environment require specific environmental 
conditions; for instance, solar cells and piezoelectric generators 
require sunlight and mechanical vibration, respectively. Figure 
9 shows a basic format of hybrid energy combining vibration, 

solar, wind and hydro.  Since these conditions don’t exist all 
the time, most energy harvesters don’t generate a constant 
stream of electricity. In order to harvest ubiquitous energy 
continuously, researchers have designed and fabricated a hybrid 
energy harvester that integrates a solar cell and piezoelectric 
generator, enabling it to harvest energy from both sunlight and 
sound vibration simultaneously. Figure 10 shows such type of 
this combination as described in [6].

Figure  9. Basic form of hybrid energy.

Figure 10 (a) Diagram of the silicon nano-pillar solar cell, 
(b) Diagram of the hybrid energy harvester consisting of a 
piezoelectric nano-generator integrated on to of a silicon 

nano-pillar solar cell. 

Nano-Sensor harvesting nodes: A piezoelectric nano-
generator is an energy harvesting device converting the 
external kinetic energy into an electrical energy based on the 
energy conversion by nano-structured piezoelectric material. 
Although its definition may include any types of energy 
harvesting devices with nano-structure converting the various 
types of the ambient energy (e.g. solar power and thermal 
energy), it is used in most of times to specifically indicate 
the kinetic energy harvesting devices utilizing nano scaled 
piezoelectric material. 


