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Abstract: This paper is a summary and comparison of different types of energy harvesting devices 

known as nanogenerators which are suitable for wireless sensor network and IoT applications. 

There is brief introduction of common types of energy harvesting devices in chapter two, than there 

are actual types of selected nanogenerators described in third chapter. There is a table with 

comparison of key features of selected nanogenerators in conclusion. 
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1. INTRODUCTION 

The Internet of Things (IoT) is the network of objects embedded with electronics, sensors and 

software with network connection that allows these objects to collect and exchange data remotely 

via existing network infrastructure [1]. A wireless sensor network (WSN) is a network formed by 

nodes equipped with sensor to detect physical phenomena such as light, heat, pressure etc. [2] 

WSN are autonomous sensors that cooperatively pass their data through the network to a main 

location [3]. Communication system formed by WSNs improves reliability, efficiency and 

flexibility of infrastructure systems compared to wired solution. Wireless sensor networks becomes 

the key technology for IoT [2]. 

The powering the WSNs becomes common problem due to high flexibility of these systems. The 

possible solution could be energy harvesting. Energy harvesting is the process when energy is 

derived from external source such as solar power, thermal energy, wind energy, kinetic energy etc. 

[4] The device using energy harvesting itself should be low-energy designed to save power, 

because energy harvesting provides relatively small amount of power. The energy source for 

harvesters is presented as ambient background and it is free [4]. As the natural reserves are limited, 

the modern electronic devices should focus on renewable energy sources. 

2. COMMON TYPES OF ENERGY HARVESTING DEVICES 

The most common types of energy harvesting devices can be divided into two main categories. 

First are devices that uses ambient sources such as photovoltaic, ambient-radiation, magnetic 

induction etc. Second category are devices that converts mechanical energy into electricity [5]. 

These harvesters can use small-scale physical changes and are suitable for example in smart 

wearables applications and one of these devices are nanogenerators. 

3. NANOGENERATOR 

Nanogenerator has three typical approaches: piezoelectric, triboelectric and pyroelectric 

nanogenerators. Both piezoelectric and triboelectric nanogenerators can convert mechanical energy 

into electricity. However, the pyroelectric can be used to harvest thermal energy from a time-

dependent temperature fluctuation [5]. 
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3.1. PIEZOELECTRIC NANOGENERATORS 

Piezoelectric nanogenerators are energy harvesting devices that converts external kinetic energy 

into an electrical energy based on conversion by nano-structured piezoelectic material [5]. It is 

source of electricity with high effective efficiency using low-cost, non semiconducting, organic 

nanomaterials are attractive for many applications, including IoT. The article proposed by group 

led by Prof. Zhong Lin Wang shows first self-powered system with data transition [6]. The 

structure of nanogenerator can be seen on Fig. 1 and it was made of free cantilever beam that 

consisted of a five-layer structure: a flexible polymer substrate, ZnO nanowire textured films on its 

top and bottom surfaces, and electrodes on the surfaces. The measured output voltage reached 10 

V, and the output current exceeded 0,6 µA corresponding to power density 10 mW/cm
3
. This 

system transmit wireless signal for distances of 5-10m [6]. 

 

Figure 1: Nanogenerator fabrication and its working mechanism. (a) Fabrication process of the 

nanogenerator. (b) Cross section SEM image of the as-grown nanowire textured film on the 

substrate. The insert is the top view of the nanowire film. (c) Simulation of tensile stress and photos 

of a fabricated nanogenerator after packaging. The bending of the nanogenerator shows its good 

mechanical flexibility. (Image source: [6]) 

The piezoelectric nanogenerators have wide variety of usage, it can be used in biomedical 

applications such as harvester in a pacemaker or in a knee-joint replacement. There is also usage of 

these nanogenerators in self-powered nano-devices that can transmit data wirelessly. This will 

enable these tiny devices to operate without battery [6]. There is sample usage in shoe that can be 

seen on Fig. 2. As user walks the nanogenerator is generating power for wireless sensor that can 

transmit data without battery. 

 

Figure 2: In-shoe device that harvests energy created by walking (on left). The nanodevice consists 

of a sensor and transmitter (left), a capacitor (middle), and a nanogenerator (right) (Image source: 

Georgia Tech and [6]) . 

3.2. TRIBOELECTRIC NANOGENERATORS 

A triboelectric nanogenerator (TENG) is energy harvesting device that converts external 

mechanical energy into electricity by conjunction of triboelectric effect and electrostatic induction 

[5]. The potential is created by the triboelectric effect due to charge transfer between two thin 

organic/inorganic films that exhibit opposite tribo-polarity. Since the most useful material for 

TENG are organic, it is also named organic nanogenerator, which is first of using organic materials 

for harvesting mechanical energy [5].  
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The new type of high-output triboelectric nanogenerator using frequency-multiplication have been 

proposed by Prof. Zhong Lin Wang's group at Peking University in China. There is novel type of 

sandwich-shape TENG in their article, to convert low-frequency mechanical energy to electric 

energy with double frequency [7]. As seen on Fig.3, there is an aluminum film that is placed 

between two polydimethylsiloxane (PDMS) membranes for frequency multiplication by twice 

contact electrifications within one cycle of external force. The output peak voltage, current density 

and energy volume density with this structure was achieved 465 V, 13.4 µA/cm
2
 and 53.4 mW/cm

3 

[7]. 

 

Figure 3: Frequency-Multiplication High-Output Triboelectric Nanogenerator for Sustainably 

Powering Biomedical Microsystems (Image source: [7]) 

There is also a silk-fibrion based transparent triboelectric generator which is suitable for 

autonomous sensor network proposed in article by Xiao-Sheng Zhang, J. Brugger and B. Kim. The 

novel material for this TENG is silk fibron that possesses the outstanding ability of losing electrons 

easily [8]. For instance, an oxygen plasma process is employed to improve interfacial energy 

between silk fibron film and substrate by chemical modification and nanoscale roughness increase, 

which allows for the reliable switching mechanism needed to generate the electric power [8]. 

The proposed TENG exhibits stable high-output performance with maximum voltage, current, and 

power density of 268 V, 5.78 μA/cm
2
, and 193.6 μW/cm

2
 [8]. There is one outstanding advantage 

of this TENG, it is higher than 90% transmittance in the visible spectrum which can be suitable for 

high variety of biomedical applications as well as fully integrated transducers that are needed for 

autonomous sensor networks [8]. 

 

Figure 5: Schematic view of the operating principle of the silk-based TENG: (a) the triboelectric 

pairs of silk fibroin film and PET film make contact with each other under the external force and 

charges are generated; (a)-(b)-(c) on removing the external force, the TENG reverts to the original 

arch shape under the mechanical restoring force - a process called the releasing step; (c)-(d)-(a) 

following application of the external force, the TENG deforms from the original arch shape to the 

contact state - a process called the pressing step. (e) Photograph of the silk-based TENG, and (f) 

two 4-bit liquid crystal displays driven by the silk based TENG without any external circuit 

(Image: [8]) 
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3.3. PYROELECTRIC NANOGENERATORS 

A pyroelectric nanogenerator (PENG) is an energy harvesting device converting the external 

thermal energy into an electrical energy by using nano-structured pyroelectric materials. Usually, 

harvesting thermoelectric energy mainly relies on the Seebeck effect, however, in an enviroment 

that the temperature is spatially uniform without a gradient, the pyroelectric effect has to be choice 

due to spontaneous polarization [5]. The latest article by Prof. Zhong Lin Wang's group 

demonstrates a PENG based on lead zirconate titanate (PZT) film, which provides the output open-

circuit voltage and short-circuit current density of 22 V and 171 nA/cm
2
, respectively 

corresponding to maximum power density of 0,215 mW/ cm
3 

[9]. This PENG was used to drive 

liquid crystal display for longer than 60 s, using a Li-Ion battery that was charged by this PENG at 

a different working frequencies. This PENG and Li-Ion battery have been used to power wireless 

temperature sensor successfully with working distance larger than 50 m [9], as seen on Fig. 6. 

 

Figure 6: Wireless temperature sensor. (b) The obtained temperature signals when the wireless 

temperature sensor was turned off and on. (c) The obtained temperature data in half an hour, where 

the temperature value was recorded in every 1 min. (d) Output current of the PENG.  

(Image source: [9]) 

4. CONCLUSIONS 

There are three basic categories of nanogenerators described in this paper. Each of this category 

have its specific advantages and are suitable for specific applications. Piezoelectric nanogenerators 

have wide variety of usage for example in medical, IoT or environmental applications. There is 

vertical bending model described in this article, which is one of three major models. The other 

models are lateral stretching and lateral blending nanogenerators. Second category is triboelectric 

nanogenerators which have the most outstanding output performance, especially the frequency-

multiplication sandwich structure. Second described TENG based on silk fibron have outstanding 

transmittance which is 90% in visible spectrum. The key fact that its highly transparent make this 

nanogenerator suitable for implantable biomedical applications and future self-powered wearable 

microsystems. Last category is pyroelectric nanogenerators which is mainly used as active sensors. 

Type Vout [V] Current density [A/m
2
] Power density [W/m

3
] 

ZnO nanowire 10 0,6*10
-6 10*10

-3 

TENG - PDMS based 465 13,4*10
-6 53,4*10

-3 

TENG - silk fibron 268 5,78*10
-6 193,6*10

-6 

PENG - PZT film 22 171*10
-9 215*10

-6 

Table 1: Comparison of max. output open-circuit voltage, max. short-circuit current density and 

max. power density of nanogenerators described in this article. (Data source: [6], [7], [8], [9]) 
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