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ABSTRACT 

 
Triboelectric nanogenerators, known as TENGs, offer great potential as 

versatile energy harvesting devices. In recent years, there has been a rise in 

TENG designs that prioritize compatibility with sustainable biomaterials, 
leading to new possibilities in green technology. The novelty of this work lies 

in its pioneering exploration of utilizing sustainable biomaterials, particularly 

coconut husk, within the field of Tribo-electric nanogenerators (TENGs). This 
study focuses on evaluating and characterizing coconut husk as TENG 

material considering factors such as rotational speed, vane count, and 

coarseness, all of which influence the output potential of the B-TENG. The B-
TENG model employed in this research operates on a rotational sliding mode, 

featuring a biobased material layer of coconut husk, a layer of PTFE, and 

copper as electrodes. The B-TENG has a diameter of 100 mm with varying 
vane configurations (3-vane, 4-vane, and 5-vane). The sliding mode 

demonstrated impressive versatility, yielding output voltages spanning from 

0.73 V to 4.0 V across rotational speeds of 200 RPM to 1400 RPM. 
Remarkably, the 5-vane fine-grained coconut husks achieved a maximum 

power of 121.10 mW at 10 Ohm and a power density of 3.84 mW/cm2. This 

research carries global significance, contributing to the advancement of 
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energy harvesting technology. Its applications range from harnessing the 

motion of human bodies to rotating machineries in any industry. 
 

Keywords: Bio-Based Triboelectric Nanogenerator; Biomaterial; Self-

Powered Sensor; Energy Harvesting 
 

 

Introduction 
 

Until recently, the main mechanisms used for mechanical energy harvesting 

techniques developed over the last few decades were electromagnetic 
induction, piezoelectric, and electrostatic effects [1]-[2]. Triboelectric 

nanogenerators utilize the triboelectric effect to generate useable electricity, 

which is then used to power small circuits and devices. Triboelectric 
nanogenerators (TENG) use the concepts of contacting electrification and 

electrostatic production from mechanical energy to electrical energy [3]. 

Triboelectric nanogenerators, utilizing transducer elements, can harness 
diverse environmental energy forms, enabling self-sustained operation 

independent of conventional energy sources; characterized by a 

straightforward design, cost-effectiveness, compact dimensions, robust 
biocompatibility, and elevated instantaneous power density, they have 

emerged as a compelling auxiliary technology in the realm of Internet of 

Things [4]. Triboelectric Nanogenerators (TENGs) have several benefits, 
including high conversion efficiency, low cost, great output power, and easy 

production [5]-[6]. The generation of tribo-charges during contact and 

separation arises from the characteristics of the materials in contact and 
typically exhibits opposite polarities, as per the conventional perspective [7]-

[8]. The materials create an electrical potential within the system when they 

come into contact and then separate. The self-powering capability can be 
achieved by harvesting ambient environmental energy readily available in the 

natural ecosystem by converting mainly mechanical energy to electricity [9]. 

This process, known as electrostatic induction, involves the transfer of 
electrons from one electrode to the other through the external load to equalize 

the potential difference. The electrostatic charges formed as a capacitive 

energy unit when two distinct triboelectric surfaces are separated played a 

crucial role in the early development of electrostatic generators. The 

combination of this triboelectric effect with electrostatic induction is key to the 

operation of TENGs [10]. Capable of transforming micro-/nano-scale 
mechanical energy into electrical energy utilizing the principles of both 

piezoelectricity and triboelectricity [11]. 

The novelty of this work lies in its pioneering exploration of utilizing 
sustainable biomaterials, particularly coconut husk, within the field of 

Triboelectric nanogenerators (TENGs). This represents a significant departure 

from traditional TENG designs that often rely on non-renewable or less eco-
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friendly materials. By leveraging Malaysia's abundant resources in 

biomaterials, the study showcases the potential of incorporating locally 
available, renewable resources into energy harvesting technologies. The focus 

on coconut husk as a key component in the development of a biobased 

Triboelectric nanogenerator (B-TENG) underscores the commitment to 
sustainability and environmental responsibility. Coconut husk, an agricultural 

byproduct, offers a compelling alternative to conventional materials, tapping 

into a rich yet underutilized resource stream. Biomaterials sourced from nature, 
known for their eco-friendly nature, lack of toxicity, ease of acquisition, and 

abundance, have become indispensable materials across various industries 

[12]. Material improvement, structural optimization, surface modification, and 
other methods have proved to be effective in improving the output performance 

of TENG [13]. To date, a plethora of bio-based materials, including cellulose, 

chitin-chitosan, polylactic acid, and polybutylene succinate, have been 
recognized for their excellence, with a particular emphasis on cellulose and its 

derivatives as crucial biomasses [14]. Hence, in this work, the utilization of 

pollutant waste toward energy conversion has been proposed by fabricating a 
sliding TENG from recycled coconut waste. The coconut husk is composed of 

30% fiber and 70% with high lignin and phenolic content [15]. Lignin 

molecules have proven to be highly effective tribopositive nanofillers, 
significantly enhancing the triboelectric charge density in biopolymer-based 

Triboelectric Nanogenerators (TENG) [16]-[17]. Coconut stands as Malaysia's 

fourth most crucial agricultural commodity, following palm oil, rubber, and 
paddy, holding the distinction of being the country's oldest industrial crop, 

contributing RM70.1 million, equivalent to 0.06% of Malaysia's agricultural 

export revenue [18]. To meet both small- and large-scale energy needs, energy 
harvesting, and storage technologies play an essential role in society. Although 

current battery technologies meet current needs, their short life, frequent 

recharging, and toxicity keep them from being widely used. Harnessing 
mechanical energy as an environmentally friendly method holds great promise, 

playing a pivotal role in energizing wearable electronics, sensor networks 

within the Internet of Things (IoTs), and artificial intelligence (AI) systems 
[19]-[21]. 

This research endeavors to characterize a Coconut husk-based Bio-

Based Triboelectric Nanogenerator (B-TENG) by optimizing parameters such 
as the number of vanes and material coarseness to attain the highest output 

voltage, with a comprehensive examination of the finalized design's 

performance, including assessments of maximum voltage output, maximum 
power output, and power density. 
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Materials and Methods                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
 
The experimental materials and methods encompass various critical aspects of 

triboelectric nanogenerator (TENG) research, including material selection, 

fabrication, measurement procedures, characterization methods, and overall 
methodology. The most significance of choosing natural materials lies in their 

abundance, sustainability, low cost, biocompatibility, and durability, all of 

which directly impact TENG performance. This experiment will use the 
coconut husk as material selection. Precision in fabrication is paramount to 

ensure consistent device performance and desired structural attributes. 

Techniques such as micro/nanofabrication, printing, and assembly processes 
play pivotal roles in shaping TENG architectures. Accurate measurement and 

characterization techniques are indispensable for evaluating TENG 

performance metrics such as output voltage, current, power, and charge 
density. Ongoing research endeavors aim to enhance TENG functionality and 

performance through innovative methodologies, including novel approaches 

for energy harvesting, device integration, and system optimization. 
 

Materials and fabrication 
Based on Figure 1, the fabrication design and detailed layers are presented for 
the sliding mode of the B-TENG. The sliding mode comprises two sides: the 

stator and the rotor, each composed of copper and acrylic materials. The rotor 

layer of the B-TENG features side-facing Polytetrafluoroethylene (PTFE) on 
the copper plate, serving as the conductor and attached to an acrylic substrate. 

On the stator side, a layer of coconut husk is affixed to the copper plate, with 

acrylic acting as the substrate. The coconut husks were ground in a blender for 
5 minutes to 10 minutes to obtain a powder-like consistency. To create a 

smooth contact between the PTFE surfaces, the coconut husk was immersed in 

a PDMS solution and left to dry, forming a plastic layer. The fabrication 
process for the rotary sliding-mode B-TENG's bottom plate supporting layer 

involved evaluating two different coarseness levels of coconut husks: coarse-

grained and fine-grained. Initially, PTFE functioned as a dielectric and rotating 
component, making full physical contact with the static element which is the 

coconut husk. 

Based on Figure 2, the sliding mode utilizes a stator and rotor each 
measuring 10 cm, operating in rotational motion. The stator houses positive 

charges on the coconut husk layer and negative charges on the electrode, 

enabling charge transfer for the sliding mechanism. In the initial stage, as the 
rotator turns, friction arises between the biomaterial film and either the PTFE 

plate or coconut husk plate, generating opposite charges due to their distinct 

triboelectric polarities. During this stage, the B-TENG does not experience 
electron flow. There is no charge transfer between the two plates in the initial 

state, so there is no electric potential [18].  
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Figure 1: The multiple layers of B-TENG which the colour indicates the 
materials for both stator and rotor 

 

In the second stage, when a gap forms between the coconut husk film 
and the PTFE plate, the inability to compensate for the triboelectric charges 

induces electron flow between the copper electrodes through electrostatic 

induction in the B-TENG. This generates output voltage and current signals. 
The third stage sees a continuous flow of electrons in the B-TENG until the 

gap distance reaches its maximum. At this point, reversed current/voltage 

signals occur when the same area of PTFE contacts the biomaterial, leading to 
the fourth stage. When the top plate is pressed, electrons transfer from the 

positive to the negative material, and upon load removal, the two plates 

separate, establishing an electric potential difference between them. In the 
fourth stage, the flow of electrons is repeated as same as the second stage 

process and as a result, Vac (Voltage alternate current) output signals are 

developed in the B-TENG. During the fifth stage, the maximum current flow 
is achieved, and the operating principle is repeated based on the first step. This 

process allows the B-TENG to produce Vac output signals in a repetitive cycle. 

 
Measurement and characterization  
Based on Figure 3, the dimension of B-TENG for different numbers of vanes 

with 10 cm of diameter and 0.8 cm for inner diameter specifically for shaft for 
both stator and rotor. The B-TENG with 3-vane has 60o for each segment, 

while 45o for 4-vane and 36o for 5-vane. This experiment determined the output 

based on the effective area of TENG. Enhancing the performance of TENG 
can be effectively achieved through the augmentation of the actual contact area 

between frictional layers, leading to the generation of higher local pressure. 

The incorporation of micro or nanostructures serves this purpose, significantly 
increasing the density of triboelectric charges [22]-[23]. 
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Figure 2: The working principle of B-TENG is based on sliding mode from 
phase 1 to phase 5 

 

The angle of the sectors varies depending on the number of vanes for 

each B-TENG and is found by dividing 360° by the number of vanes per 

sample. The effective area which is represented by the shaded region depicted 
in Figure 3 can be calculated by using Equation (1). The r1 represents the radius 

for the whole TENG, while r2 for the small circle in the middle of TENG, and 

r3 is the radius of the sector of B-TENG. According to Table 1, the 3-vane 
configuration exhibits a larger effective area for each vane compared to both 

the 4-vane and 5-vane configurations. Consequently, a smaller vane area 
concentrates charges more densely over a reduced surface area, leading to 

increased voltage output.  
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 (a) 

 

 
(b) 

 
Figure 3: Dimension of B-TENG for each of vanes; (a) stator and (b) rotor 

 

Using Equation (1) and Equation (2), the total effective area of the stator 
for each type of vane is 46.23 cm2 and 31.56 cm2 for the rotor as stated in Table 

2. Even though the B-TENG comprises a variety number of vanes for each 

sample, the sum of the effective area is the same for all the vanes for both stator 
and rotor due to the same total angle of the shaded region accumulated. This 

leads to the same effective area with a number of vanes as the manipulated 

variables.  

𝐴𝑡𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒,𝑠𝑡𝑎𝑡𝑜𝑟 =  𝜋𝑟1
2 − 𝜋𝑟2

2 − 𝑛 (
𝜃

360
× 𝜋𝑟3

2) (1) 

 

 𝐴𝑡𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒,𝑟𝑜𝑡𝑜𝑟 = 
𝜋𝑟3

2 − 𝜋𝑟2
2

2
  (2) 

 
where r1 = 5 cm, r2 = 0.4 cm, and r3 = 4.5 cm. 

 

        Table 1: Effective area for both stator and rotor for different vanes 
 

Properties 
Effective area for each vane or gap (cm2) 

Stator Rotor 

3-vane 15.41 10.52 

4-vane 11.56 7.89 

5-vane 9.25 6.31 
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Table 2: Total effective area for both stator and rotor for different vanes 

 
Total effective area (cm2) 

Stator Rotor 

46.23 31.56 

 

Equation (3) shows how the general voltage-charge (V-Q) relationship 

and Ohm's law can be used together to perform the resistive analysis where R, 
C, and VOC are the external resistor, capacitance value, and open-circuit voltage 

respectively [31]. 

 

𝑉𝑐ℎ𝑎𝑟𝑔𝑒 = 𝑅
𝑑𝑄

𝑑𝑡
=  

−1

𝐶
𝑄 + 𝑉𝑜𝑐 (3) 

 

Equation (4), the thickness of the triboelectric films is insignificant 

compared to other directions, the theory of parallel plates can be used to present 
the capacitance formulation. Where A is the total contact area of all 

segmentations; d1 and d2 are the thickness of the triboelectric layers, and ε0 

shows the absolute dielectric permittivity [32]. 
 

𝐶 = 
𝜀0𝐴

𝑑1

𝛿1
+

𝑑2

𝛿2
+ ℎ

 
(4) 

 

However, the edge effects have been ignored. Considering the position 
of the top triboelectric layer, the contact area can be calculated on Equation (5) 

where r2
2 and r1

2 denote the inner and outer radius of the disk and return the 

absolute positive value [33]. 
 

𝐴𝑐𝑜𝑛𝑡𝑎𝑐𝑡 = 
|𝜃0 − 𝜃|(𝑟2

2 − 𝑟1
2)

2
 (5) 

 
Then, because the output power of B-TENG varies concerning time, the 

average power is used in the calculations on Equation (6) where the time-
varying electric field, together with the material's dielectric polarization and 

the tiny, time-varying movements of atomic bound charges, affects the 

displacement current [31].  
 

𝑃𝑎𝑣𝑒 = 
∫ 𝑉𝐼 𝑑𝑡

𝑇
0

𝑇
  = 

∫ 𝑅𝐼2  𝑑𝑡
𝑇

0

𝑇
 (6) 

 

Consequently, using the parallel-plate capacitor model, the following 

equation can be used to estimate the total capacitance, C based on Equation 
(7). Where d0 is the effective dielectric’s thickness, w is the angular velocity 
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(rotation speed in rpm), C represents the total capacitance, l is the length of the 

board, and x is the gap distance or thickness. As in sliding mode, the two 
separate films with the back electrodes completely intersect at first. They each 

have positive and negative charges as a result of their different capacities for 

gaining and losing electrons. The contact area between the two materials 
decreases as it slides outward, resulting in the separation of charges in the plane 

and the generation of a potential difference [34]. 

 

𝐶𝑡𝑜𝑡𝑎𝑙 =  
𝜀0𝑤(𝑙 − 𝑥)

𝑑0

 (7) 

 
The Voc can be calculated based on Equation (8) where σ represents 

charge density, d0 stands for effective thickness constant, x is for non-

overlapped length, ε0 stands for vacuum dielectric constant or permittivity 
(8.85 x 10-12 Fm-1), and I is the board length or the outer circle perimeter. The 

average surface charge density of the dielectric layer was calculated and is 

2.363 x10-8. The average dielectric layer surface charge density is assumed to 
be constant. 

 

𝑉𝑂𝐶 =
𝜎𝑥𝑑0

𝜀0(𝐼 − 𝑥)
 (8) 

 

By substituting Equation (3) into Equation (4), the V-Q- x relationship for the 

dielectric-to-dielectric B-TENG sliding mode is obtained. So, the average 
theoretical output voltage can be calculated using the following Equation (9).   

 

𝑉𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = −
1

𝐶
𝑄 + 𝑉𝑂𝐶 =

𝑑0

𝑤𝜀0(𝑙 − 𝑥)
𝑄 + 

𝜎𝑑0𝑥

𝜀0(𝑙 − 𝑥)
 (9) 

 

The experimental output voltage is determined by totaling the average 
output speed for all attempts. It can be determined by using Equation (10). 

 

𝑉 =  
𝑉1𝑜𝑐  + 𝑉2𝑜𝑐  + 𝑉3𝑜𝑐  +  𝑉4𝑜𝑐  +  𝑉5𝑜𝑐

5
 (10) 

  
The find slope output voltage is determined by using the equation of 

polynomial where 𝑥 is the speed of the motor from minimum to maximum 

output. It can be determined by using Equation (11). 

 

𝑎𝑥2 +  𝑏𝑥 +  𝑐 = 0 (11) 
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Table 3 shows the basic parameters used to determine the average 

surface charge density, σ, and the theoretical voltage for conductor to dielectric 
mode which is the control data for rotary sliding mode B-TENG. 

 

Table 3: Basic parameter 
 

         Parameters Value 

𝜀0 8.85 x 10-12 Fm-1 

Thickness constant, d 0.33 

Non-overlapped length, x   

Outer circle perimeter, I  
Transferred charge, Q 

2 ×π× 0.045 m  

0.62 m 
1.5 x 10-12 

Length of dielectric, l 
Width of dielectric, w 

0.1 m 
0.1 m 

 

Methods 
The experimental setup for characterizing the B-TENG's power output is 
illustrated in Figure 4. Several components need to be included in the 

experiment for the sliding mode mechanism. The setup includes several 

components subjected to various mechanical inputs, controlled by a speed 
controller, ranging from 200 RPM to 1400 RPM for the motor rotation speed 

and the speed indicator provides the tracking for current speed adjustment. The 

stator and rotor are accurately positioned to ensure proper contact between 
them. Additionally, the output voltage is measured using a data-measuring 

system. To evaluate the power output performance of the B-TENG, it is 

essential to characterize the device across a range of load resistances.  The load 
can be represented by a variable resistor and a self-powered sensor module. 

Optimal power generation occurs under specific loading conditions, and the 

power density of the B-TENG can be determined based on the output power. 
The measurements comprise recording the average voltage for different vane 

configurations (3-vane, 4-vane, and 5-vane) using both fine-grained and 

coarse-grained coconut husks. Once the Highest voltage for the B-TENG is 
determined, the performance of the coconut husk layer can be assessed by 

applying loads to the B-TENG, ranging from 10 ohms to 20 k ohms. 

 
 

Results and Discussion 
 
The experiment's results and discussion encompass several key analyses: 

examining the relationship between speed and output voltage, comparing 

theoretical and experimental voltage outputs, estimating surface charge 
density, and conducting a comparison with prior studies while evaluating 

power density. The comparison between theoretical and experimental voltage 

aims to gauge their agreement in TENG operation. Estimation of surface 
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charge density is crucial for understanding its impact on TENG performance, 

derived from experimental data and equations. Additionally, comparing 
findings with previous research and assessing power density provides insights 

into advancing and optimizing TENG technology performance. 

 

 
 

Figure 4: Experimental setup for sliding mode 

 
Speed versus output voltage  
The averages of output values were calculated based on the data shown in both 

Figure 5 and Figure 6. In each subsequent test, the rotational speed was 
systematically increased by 200 RPM to investigate how different speeds 

affect the output voltage. Specifically, at a motor speed of 1400 RPM, the 

open-circuit voltage (VOC) exhibited a peak value of 4.00 V for configurations 
featuring a 5-vane. This was followed by measurements of 3.90 V and 3.68 V 

for configurations with 4-vane and 3-vane, respectively. The intricate 

relationship between the voltage response and the count of vanes underscored 
the nuanced impact of geometric variables on performance. This observation 

is substantiated by the empirical data presented in Figure 5. In contrast, the 

voltage response of coarse-grained coconut husk combined with PTFE 
displayed a distinct profile. Operating consistently at 1400 RPM, the 

configurations involving 5-vane, 4-vane, and 3-vane yielded maximum VOC 

values of 3.45 V, 3.08 V, and 2.87 V, respectively. These findings, 
meticulously illustrated in Figure 6, accentuated the complex interplay 

between material properties and geometric arrangement, elucidating their 

combined influence on shaping the electrical performance of the B-TENG. 
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Figure 5: Average output voltage on the open circuit output voltage (V) for 
fine-grained coconut husk with PTFE  

 

 
 

Figure 6: Average output voltage on the open circuit Output voltage (V) for 

coarse-grained coconut husk with PTFE 

 
Theoretical voltage versus experimental voltage 
Based on the data presented in Table 4, Table 5, and Table 6, it is evident that 

as the RPM increases, both the theoretical output voltage and the experimental 
output voltage show a corresponding increase. This observation indicates a 

positive correlation between RPM and the generated voltages. The finer-

grained data provides additional insights, revealing that higher rotational 
speeds result in higher theoretical and experimental output voltages within the 

system. The theoretical output voltage is calculated using Equation (9), with 
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the fixed average surface charge density, while the voltage experimental is 

obtained using Equation (10). The percentage difference was calculated based 
on the theoretical and experimental voltages for fine and coarse-grained, 

respectively. 

In Table 4, the highest percentage difference (%) occurs at 200 RPM for 
the fine-grained data, with a value of 32.50%, and for the coarse-grained data 

at 1400 RPM, with a value of 31.70%. In Table 5, the highest percentage 

difference (%) is observed at 200 RPM for the fine-grained data, reaching 
23.15%, and for the coarse-grained data, it is at 200 RPM, with a value of 

37.03%. Lastly, in Table 6, the highest percentage difference (%) is recorded 

at 200 RPM for the fine-grained data, measuring 39.32%, and for the coarse-
grained data, it is at 200 RPM, with a value of 33.33%. Overall, the data from 

these tables consistently demonstrates that increasing RPM leads to higher 

theoretical and experimental output voltages, with varying degrees of 
percentage difference depending on the granularity of the data and rotational 

speed. The percentage difference between 200 RPM and 1400 RPM leads to 

the highest number of differences. 
 

Table 4: Percentage difference between theoretical and experimental voltage 

output for 3-vane 
 

Speed 

(RPM) 

Theory 

(Volt) 

Fine-grained Coarse-grained 

Experiment 

(Volt) 
Diff (%) 

Experiment 

(Volt) 
Diff (%) 

200 0.54 0.80 32.50 0.73 26.02 

400 1.08 0.88 22.72 1.26 14.28 

600 1.62 1.38 17.39 1.62 0.10 

800 2.16 2.09 3.34 1.86 16.12 

1000 2.70 2.29 17.90 2.46 9.75 

1200 3.24 3.32 2.40 2.63 23.19 

1400 3.78 3.68 2.71 2.87 31.70 

 
Estimation of surface charge density 
Enhancing the output power density of TENGs is pivotal, as empirical 

evidence reveals a quadratic relationship with their surface charge density (σ) 
[24]. Based on experimental findings, the charge density serves as sigma, and 

the surface charge density (σ) can be estimated using Equation (10) and 

Equation (11) alongside experimental data. 
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Table 5: Percentage difference between theoretical and experimental voltage 

output for 4-vane 
 

Speed 

(RPM) 

Theory 

(Volt) 

Fine-grained Coarse-grained 

Experiment 

(Volt) 
Diff (%) 

Experiment 

(Volt) 
Diff (%) 

200 0.54 0.85 23.15 0.74 37.03 

400 1.08 0.98 9.17 1.28 18.51 

600 1.62 1.56 3.21 1.79 10.49 

800 2.16 2.22 3.10 2.32 7.40 

1000 2.70 2.85 5.78 2.62 2.96 

1200 3.24 3.40 5.09 2.86 11.72 

1400 3.78 3.90 3.17 3.08 18.51 

 
Table 6: Percentage difference between theoretical and experimental voltage 

output for 5-vane 

 

Speed 

(RPM) 

Theory 

(Volt) 

Fine-grained Coarse-grained 

Experiment 

(Volt) 
Diff (%) 

Experiment 

(Volt) 
Diff (%) 

200 0.54 0.89 39.32 0.81 33.33 

400 1.08 1.10 1.81 1.21 10.74 

600 1.62 1.72 5.81 2.10 22.85 

800 2.16 2.88 25.00 2.63 17.87 

1000 2.70 2.93 7.84 2.99 9.68 

1200 3.24 3.68 11.95 3.10 4.51 

1400 3.78 4.00 5.50 3.45 9.56 

 

Analysis of data presented in Tables 7, 8, and 9 reveals an increment 
pattern, particularly noteworthy is the gradual increment in experimental 

voltage measurements correlating with speed, reaching a peak at maximum 

speed. Sigma values derived from Table 7 indicate a significant disparity, with 
coarse-grained data yielding a sigma of 3.35E-08 compared to 3.25E-08 for 

fine-grained data. Similar trends are observed in Tables 8 and 9, with the most 

substantial sigma values appearing in fine-grained data which is 3.41E-08 for 
4-vane and 3.64E-08 for 5-vane while for coarse-grained 2.96E-08 for 4-vane 

and 2.23E-08 for 5-vane. Notably, the discrepancies in sigma values greatly 

impact the percentage disparity between theoretical and experimental output 
voltage, underscoring the importance of even minor differences in empirical 

sigma values. This emphasis on identifying significant disparities is crucial for 

accurate analysis, given the amplified contrasts resulting from minor 
discrepancies in smaller empirical sigma values.  
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Table 7: Sigma for 3-vane for fine-grained and coarse-grained 

 
Speed (RPM) Sigma (Fine-grained) Sigma (Coarse-grained) 

200 7.08E-09 5.35E-09 

400 7.78E-09 1.01E-08 

600 1.22E-08 1.41E-08 

800 1.84E-08 1.91E-08 

1000 2.02E-08 2.39E-08 

200 2.93E-08 2.87E-08 

1400 3.25E-08 3.35E-08 

 
Table 8: Sigma for 4-vane for fine-grained and coarse-grained 

 

Speed (RPM) Sigma (Fine-grained) Sigma (Coarse-grained) 

200 6.20E-09 6.73E-09 
400 9.61E-09 1.10E-08 

600 1.45E-08 1.47E-08 
800 1.93E-08 1.84E-08 

1000 2.42E-08 2.21E-08 

200 2.92E-08 2.58E-08 
1400 3.41E-08 2.96E-08 

 
Table 9: Sigma for 5-vane for fine-grained and coarse-grained 

 

Speed (RPM) Sigma (Fine-grained) Sigma (Coarse-grained) 

200 6.05E-09 7.43E-09 
400 1.18E-08 1.35E-08 

600 1.73E-08 1.81E-08 
800 2.25E-08 2.12E-08 

1000 2.74E-08 2.30E-08 

200 3.21E-08 2.34E-08 
1400 3.64E-08 2.23E-08 

 
Comparison with previous work and power density 
TENG typically consists of friction materials, conductive materials, and base 

materials. These devices capture environmental mechanical energy and offer 
distinct advantages, including high efficiency, a straightforward structure, and 

compatibility with various materials. Table 10 summarizes the current 

characteristics associated with materials derived from general bio-based 
sources, particularly bio-based material, in the context of TENGs. The coconut 

husk generates a substantial output compared to other materials such as corn 

[25], eggshell [26], CNF [27], leaves [28], and Methyl-CNF [29]. This 
approach supports the environmentally friendly and large-scale production of 

TENGs. Utilizing 5-vane fine-grained coconut husks as an essential 
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component. This configuration stands out as a leading candidate for material 

selection, based on power output and density parameters. Following this 
success, a subsequent iteration of the experiment was conducted, involving a 

configuration with the 5-vane ingeniously crafted from fine-grained coconut 

husks. This phase aimed to maximize power output by measuring the voltage 
across various resistances. The culmination of these efforts is summarized in 

Table 11 outlining chosen resistances and corresponding power levels. 

Notably, the peak power output of 121.10 mW was achieved with a resistance 
of 10 Ω. This peak power output was then used to calculate the power density 

in the sliding mode experiment in Table 12 highlighting the interplay between 

material characteristics and operational parameters. By dividing the maximum 
power by the sliding system's surface area of 31.56 cm2, a remarkable power 

density of 3.84 mW/cm2 was calculated. This value underscores the 

effectiveness and potential of this innovative configuration in achieving high 
power densities within a compact design. 

 

Table 10: Difference bio-based materials with its output performance 
 

     Ref. Bio-materials Active 

materials 

Output performance (V) 

This work Coconut husk PDMS 4 

[24] Corn PDMS 10 

[25] Egg Shell PTFE 15.8 

[26] CNF  FEP 5 

[27] Leaves PMMA 10 

[28] Methyl-CNF Nitro-CNF 8 

 

Table 11: Measuring current across the resistor using the highest output 
voltage from fine-grained coconut husk with different load resistance 

 

Resistance (Ω) Current (mA) Power (mW) 

10 3.480 121.10 

47 0.751 26.51 

150 0.232 8.07 

330 0.111 4.07 

510 0.075 2.87 

1000 0.035 1.22 

2000 0.026 1.35 

3000 0.022 1.45 

4700 0.018 1.52 

6000 0.016 1.54 

10000 0.011 1.21 

20000 0.007 0.98 
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Table 12: Peak power and power density 

 
       Peak power (mW) Surface area (cm2) Power density 

(mW/cm2) 121.10 31.56 3.84 

 

 

Conclusion and Future Works 
 

The exploration of coconut waste as a biomaterial for nano-powered sensors 

within the framework of B-TENG has yielded promising results. Motivated by 
the global need for sustainable energy solutions, this study focused on 

characterizing coconut waste-derived B-TENG and understanding its working 

principles. The experiment involved phases from preparing coconut waste to 
exploring the sliding mode mechanism in B-TENG. The integration of coconut 

waste into energy-harvesting devices offers extensive benefits over 
conventional synthetic materials, given its abundance and renewable nature. 

The study achieved significant objectives, including assessing the effects of 

coconut waste variations, motor speed fluctuations, and vane count on B-
TENG performance. The 5-vane configuration demonstrated a positive 

correlation between vane count and performance. Optimizing biomaterial 

thickness, vane design, and material refinement can further boost performance 
[30]. 

Noteworthy findings include achieving the highest average voltage of 4 

V and optimal power density of 3.84 mW/cm² at a 10 Ω load. These results, 
obtained with finely textured coconut husk and a 5-vane configuration, 

underscore the potential for performance improvement through biomaterial 

thickness, vane design, and material refinement. This research highlights 
coconut waste as a versatile biomaterial with substantial implications for 

enhancing B-TENG performance, particularly in powering low-energy 

applications. The experiment underscores the vast capacity of coconut waste 
as an unlimited and renewable resource in the realm of energy harvesting, 

presenting opportunities for enduring and highly effective energy solutions. 
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