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Abstract: Harvesting power from walking-related motions can be a sustainable energy source for
powering wearables. This paper proposes a shoe insole with a 3D stackable self-supporting structure
and energy harvesting capability based on triboelectrification. Initial tests showed that a unit cell of
the structure could produce an open-circuit voltage of 164.5 V with a charge density of 2.02 nC/cm2,
and the performance can be further improved with a higher force and a structure of multiple cells.

Keywords: triboelectric energy harvesting; self-powered sensing

1. Introduction

Triboelectric nanogenerators (TENG) have proven their potential in wearable energy
harvesting. Many TENG-based wearable energy harvester designs have emerged, utiliz-
ing different human body motions for various applications [1]. Harvesting energy from
walking-related motions is a reliable approach and can be implemented easily [2]. In this
work, we propose a shoe insole design with an hourglass-shaped self-supporting structure
made from silicone rubber and copper tape, and the strong electron affinities enable its tri-
boelectric energy harvesting functionality. The conceptual design and the output of the unit
cell of the structure show promising performance for self-powered sensing applications.

2. Materials and Methods

Figure 1a illustrates the conceptual design of the proposed hourglass-shaped TENG
(H-TENG) shoe insole. Such a structure design is to maximize the space usage of TENG
within the shoe. When a force is applied vertically, the structure only changes size vertically
while keeping the same length horizontally, as shown in Figure 1b, which is ideal for
confined space applications such as insole.

 

 
 

 

 
Proceedings 2024, 97, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/proceedings 

Abstract 

Triboelectric Energy Harvesting Shoe Insole † 

Zifan Li 1,*, Lihua Tang 1, Wee Chen Gan 2 and Kean Chin Aw 1 

1 Mechanical and Mechatronics Engineering, The University of Auckland, Auckland 1010, New Zealand;  

l.tang@auckland.ac.nz (L.T.); k.aw@auckland.ac.nz (K.C.A.) 
2 New Energy Science and Engineering, Xiamen University, Malaysia Campus, Selangor 43900, Malaysia; 

wcgan@xmu.edu.my 

* Correspondence: zli343@aucklanduni.ac.nz 
† Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10–13 September 2023. 

Abstract: Harvesting power from walking-related motions can be a sustainable energy source for 

powering wearables. This paper proposes a shoe insole with a 3D stackable self-supporting struc-

ture and energy harvesting capability based on triboelectrification. Initial tests showed that a unit 

cell of the structure could produce an open-circuit voltage of 164.5 V with a charge density of 2.02 

nC/cm2, and the performance can be further improved with a higher force and a structure of multi-

ple cells. 

Keywords: triboelectric energy harvesting; self-powered sensing 

 

1. Introduction 

Triboelectric nanogenerators (TENG) have proven their potential in wearable energy 

harvesting. Many TENG-based wearable energy harvester designs have emerged, utilizing 

different human body motions for various applications [1]. Harvesting energy from walk-

ing-related motions is a reliable approach and can be implemented easily [2]. In this work, 

we propose a shoe insole design with an hourglass-shaped self-supporting structure made 

from silicone rubber and copper tape, and the strong electron affinities enable its triboe-

lectric energy harvesting functionality. The conceptual design and the output of the unit 

cell of the structure show promising performance for self-powered sensing applications. 

2. Materials and Methods 

Figure 1a illustrates the conceptual design of the proposed hourglass-shaped TENG 

(H-TENG) shoe insole. Such a structure design is to maximize the space usage of TENG 

within the shoe. When a force is applied vertically, the structure only changes size verti-

cally while keeping the same length horizontally, as shown in Figure 1b, which is ideal for 

confined space applications such as insole. 

Citation: Li, Z.; Tang, L.; Gan, W.C.; 

Aw, K.C. Triboelectric Energy  

Harvesting Shoe Insole. Proceedings 

2024, 97, x. https://doi.org/ 

10.3390/xxxxx 

Academic Editors: Pietro Siciliano 

and Luca Francioso 

Published: 15 April 2024 

 

Copyright: © 2024 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 

 
 

(a) (b) 

Figure 1. Cont.

Proceedings 2024, 97, 186. https://doi.org/10.3390/proceedings2024097186 https://www.mdpi.com/journal/proceedings

https://doi.org/10.3390/proceedings2024097186
https://doi.org/10.3390/proceedings2024097186
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0002-4699-0578
https://orcid.org/0000-0001-9031-4190
https://orcid.org/0000-0001-8157-8995
https://orcid.org/0000-0001-9308-508X
https://doi.org/10.3390/proceedings2024097186
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com/article/10.3390/proceedings2024097186?type=check_update&version=1


Proceedings 2024, 97, 186 2 of 3Proceedings 2024, 97, x 2 of 3 
 

 

  
(c) (d) 

Figure 1. (a) Conceptual design of the shoe insole; (b) illustration of H-TENG structure under com-

pression; (c) unit cell of the shoe insole; (d) TENG configuration on the unit cell. 

Figure 1c illustrates the conceptual design of the unit cell of H-TENG. The unit cell is 

very similar to the X-shaped TENG proposed in 2018 [3], but their material selection, fabri-

cation procedure, and application are entirely different. H-TENG is fabricated using 

Dragon skin 10(DS-10) silicon elastomer and copper tape. DS-10 functions as the negative 

triboelectric layer, while Cu tape serves as the positive triboelectric layer and the back 

electrodes for the negative layer. Each cell consists of four copper–silicone TENGs located 

at the four corners of the unit cell, indicated in Figure 1d. 

3. Discussion 

Initial testing was conducted to gather the performance of the H-TENG structure. 

When exciting a single unit cell under 10 N force at a frequency of 3 Hz, a 3.0 cm × 3.0 cm 

× 2.5 cm unit cell produces an instantaneous peak open circuit voltage of 104.1 V (Figure 

2a) with a charge density of 2.42 nC/cm2 (Figure 2b). Furthermore, when it increases to 

two cells, the measured open circuit voltage and charge density increases to 164.5 V and 

2.02 nC/cm2. Raising the excitation force results in a significant improvement in energy 

output as well. At 20 N, a unit cell can reach an output of 133.2 V and 3.25 nC/cm2, up to 

163 V and 4.02 nC/cm2 at 30 N. The power output of a single cell connected to a varying 

load impedance was also experimented with. We found that a single cell can reach the 

highest average power output density of 0.89 μW/cm2 at a load impedance of 74 MΩ. 

  
(a) (b) 

Figure 2. The unit cell (a) open-circuit voltage and (b) charge density under different excitation 

forces. 

4. Conclusions 

We designed a TENG-based shoe insole using an hourglass-shaped pattern, with an 

explanation of the conceptual design as well as the method of fabrication. In addition, we 

conducted some initial performance tests of the structure’s unit cell. Based on the experi-

mental results, the structure performance improves with a higher force and the number 

of cells, meaning the actual insole could produce more power as the force applied by the 

foot is larger than the experimented force. 
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Figure 1. (a) Conceptual design of the shoe insole; (b) illustration of H-TENG structure under
compression; (c) unit cell of the shoe insole; (d) TENG configuration on the unit cell.

Figure 1c illustrates the conceptual design of the unit cell of H-TENG. The unit cell
is very similar to the X-shaped TENG proposed in 2018 [3], but their material selection,
fabrication procedure, and application are entirely different. H-TENG is fabricated using
Dragon skin 10(DS-10) silicon elastomer and copper tape. DS-10 functions as the negative
triboelectric layer, while Cu tape serves as the positive triboelectric layer and the back
electrodes for the negative layer. Each cell consists of four copper–silicone TENGs located
at the four corners of the unit cell, indicated in Figure 1d.

3. Discussion

Initial testing was conducted to gather the performance of the H-TENG structure.
When exciting a single unit cell under 10 N force at a frequency of 3 Hz, a 3.0 cm × 3.0 cm ×
2.5 cm unit cell produces an instantaneous peak open circuit voltage of 104.1 V (Figure 2a)
with a charge density of 2.42 nC/cm2 (Figure 2b). Furthermore, when it increases to
two cells, the measured open circuit voltage and charge density increases to 164.5 V and
2.02 nC/cm2. Raising the excitation force results in a significant improvement in energy
output as well. At 20 N, a unit cell can reach an output of 133.2 V and 3.25 nC/cm2, up to
163 V and 4.02 nC/cm2 at 30 N. The power output of a single cell connected to a varying
load impedance was also experimented with. We found that a single cell can reach the
highest average power output density of 0.89 µW/cm2 at a load impedance of 74 MΩ.
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Figure 2. The unit cell (a) open-circuit voltage and (b) charge density under different excitation forces.

4. Conclusions

We designed a TENG-based shoe insole using an hourglass-shaped pattern, with an
explanation of the conceptual design as well as the method of fabrication. In addition,
we conducted some initial performance tests of the structure’s unit cell. Based on the
experimental results, the structure performance improves with a higher force and the
number of cells, meaning the actual insole could produce more power as the force applied
by the foot is larger than the experimented force.
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