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A B S T R A C T   A R T I C L E   I N F O 

Currently, carbon derived from biomass waste or residues is being 
intensively utilized as electrodes due to its excellent electrical 
properties, including high conductivity, appropriate porosity, and a 
specific surface area suitable for supercapacitor applications. Despite 
its advantages, the performance of supercapacitors made from 
biomass-derived carbon is insufficient for engineering applications 
because of the challenges in obtaining the mesoporous structure of 
activated carbon (AC). Therefore, this study highlights the potential of 
biomass-based carbon as the electrodes of a highly efficient 
supercapacitor, which can facilitate highly efficient current transport 
in energy storage systems. It comprehensively discusses various 
biomass material sources and activation methods to produce carbon, 
with a focus on the physical and electrical properties. Initially, the 
study discusses carbon activation methods and mechanisms to 
understand why activating agents and electrolyte solutions have a 
high specific surface area and specific capacitance. It then 
concentrates on the chemical activation method and its importance 
in making AC useful as an efficient electrode. Finally, in this study, 
various biomass sources were discussed to highlight the performance 
of supercapacitors electrodes originating from agricultural and wood 
residues relating to the specific capacitance and capacitance 
retention. Based on the obtained results, it is concluded that biomass-
based carbon materials could be the most advantageous platform 
material for energy conversion and storage. 
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1. INTRODUCTION 

In the past, there was a growing concern 
that fossil fuel reserves would eventually run 
out at some point (Kong et al., 2020; 
Maheshvari, 2022; Haritha, 2023). This has 
prompted efforts toward reducing the rate at 
which these fuels are widely consumed. One 
approach towards achieving this has been to 
explore alternative energy sources, such as 
hydrogen combustion gas in car engines 
(Hamidah et al., 2018) and electric-powered 
vehicles (Cano et al., 2018). To facilitate this 
transition towards renewable energy 
sources, machines, and other electrical 
devices have been designed to align with 
technological advancements and innovative 
ideas.  

Electricity can be generated by converting 
different types of energy, such as photon 
energy (Liu et al., 2021), mechanical rotation 
and vibration energy  (Said et al., 2016; Yunas 
et al., 2020), heat energy transfer from waste 
(Seralathan et al., 2020; Tian et al., 2021), 
electrochemical power generator in fuel cells 
(Zhang et al., 2021; Qiu et al., 2021),  and 
energy capture from environmental 
electromagnetic pollution (Surducan et al., 
2020; Shi et al., 2018). 

One significant breakthrough in the shift 
towards renewable energy sources is the fast 
development of electric vehicles, and this 
coincides with the development of various 
energy storage technologies such as sodium-
ion, zinc-air, lithium-ion, and aluminum-air 
batteries (Chuhadiya et al., 2021; Sellali et al., 
2019). Meanwhile, supercapacitors are 
expected to have a comparative advantage 
over batteries, making them a promising 
alternative for energy storage systems that 
play a significant key in preparing a 
continuous power supply for portable mobile 
electronic equipment (Vukajlović et al., 
2020).  

However, hybrid energy storage 
batteries/supercapacitors were employed in 
electric vehicles because of their high energy 
density (Zhang et al., 2020; Rahman et al., 
2020), while a voltage stabilizer is added to 

the automobile to stabilize power 
consumption (Hamidah et al., 2020). To meet 
the requirements of the automobile industry, 
energy storage applications must be highly 
efficient, cost-effective, compact, and 
produce low harmful exhaust gas (Zou et al., 
2015). Furthermore, with the increasing 
need for high-performance energy storage 
devices in compact and highly mobile 
applications, such as the use of implanted 
biomedical devices (Veneri et al., 2018; 
Seman et al., 2017) and aerospace 
applications (Pan et al., 2014; Xu et al., 2017), 
the demand for compact and high-
performance energy storage devices grows 
rapidly.  

The energy storage system itself is critical 
for addressing intermittent power 
generation problems and improving stability 
in electrical devices. Electric vehicles require 
kinetic energy storage when accelerating and 
recharging using electricity. To meet the 
supply and demand, electrochemical 
capacitors and batteries are among the most 
efficient energy storage systems (Sellai et al., 
2019; Veneri et al., 2018). However, both 
have limitations. Batteries have a higher 
energy density than supercapacitors, 
whereas electrochemical capacitors can be 
charged and discharged in a matter of 
seconds but have a lower energy density 
than Lithium-ion batteries (Seman et al., 
2017; Pan et al., 2014).  

Supercapacitors are emerging as one of 
the most promising candidates for batteries 
due to their improved performance and 
reduced costs. However, significant 
improvements in energy storage systems are 
necessary to address the increasing demand 
in the need for future energy systems, 
including hybrid electric vehicles, electronic 
gadgets, and industrial equipment (Xu et al., 
2017). Improving the electrode properties of 
supercapacitors is one of the most critical 
elements in enhancing its performance.  

Figure 1 shows detailed information 
regarding the charge transport mechanism of 
common supercapacitors electrodes. By 
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employing Equation 1, enlarging the 
electrode's surface area permitted a 
significant boosting of the capacity of the 
capacitor and shortened the distance 
between electrodes. This can be achieved by 
using a material with a huge number of free 
electrons gathered on its surface (Karaphun 
et al., 2021). As a result, with careful 
electrode material selection and the use of 
simple and low-cost synthesis procedures, 
larger-scale commercial applications for 
supercapacitors can be developed (Ghosh et 
al., 2019). 

𝐶 =  𝜀𝑟𝜀0
𝐴

𝑑
              (1) 

where εr and ε0 are, respectively, the 
permittivity of electrolyte and vacuum. d and 
A are the distance between two electrodes 
and the specific surface area, respectively. 

Many reports have been published 
concerning the utilization of carbon-based 

materials (Anshar et al., 2016; N’diaye, 2023; 
Ragadhita & Nandiyanto, 2023; Nandiyanto 
et al., 2017; Nandiyanto, 2018; Sukmafitri et 
al., 2020; Fiandini et al., 2020; Anggraeni et 
al., 2021; Nandiyanto et al., 2022a; 
Nandiyanto et al., 2022b). It has been applied 
as electrodes, especially for improving 
energy storage systems. These materials 
were selected because of their distinct 
properties, which include tunable porosities 
(Zhao et al., 2016), large surface areas (Duan 
et al., 2021), varying morphologies 
(Chuhadiya et al., 2021), layer-by-layer 
design (Nabais et al., 2011), and the superior 
quality of their crystalline products 
(BoopathiRaja & Parthibavarman, 2020). As 
shown in Table 1, carbon-based material can 
consist of nanoparticles, carbon nanotubes, 
graphene, graphite, diamonds, and 
microfibers. 

 

Figure 1. The schematic of the supercapacitors structure highlighting the role of carbon-
based electrodes. 
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Table 1. Carbon-based electrode materials and their potential applications. 

Materials 
Physical 
property 

Electrical 
property 

Applications Ref. 

Carbon 
nanotube 

1 Dimensional 
material, 
porous flexible 
free-standing 
films, 
electrodes coat 

Giant 
thermoelectric 
power factor, 
anodes for 
battery 

Sensors, 
nanomedicine, 
photocatalyst, 
thermoelectric, 
energy storage 

Pietrzak and Wardak 
(2021); Kulakovskaya et 
al. (2021); Zouli (2021); 
Tefera et al. (2021) 

Graphene Two-
dimensional 
material, 
lightweight, 
high optical 
transparency, 
and excellent 
mechanical 
properties 

Ion transport 
requires the 
opening of 2D 
channels; For 
rapid charge 
storage and low 
sheet resistance, 
the entire 
surface is 
available. 

Sensors, 
electrochemical 
nanomedicine, energy 
storage 

Salleh et al., (2021); Ke 
and Wang (2016); 
Bashir et al. (2021); 
Rahim et al. (2021) 

Graphite Three-
dimensional 
materials,  
Porosity range 
22-28%, 
electrodes coat 

Thick electrodes 
with substantial 
surface and 
volume storage 
capacities, low 
resistances 

Bioelectrochemical 
systems, sensors 

Aval et al. (2018); Dai et 
al. (2020); Kim et al. 
(2021) 

Boron-
doped 
Diamond 

Chemical and 
mechanical 
stability 

Semiconducting 
electrodes 

Flow injection 
systems, Retinal 
electrodes, 
electrochemical, 
electrochemical 
sensors 

Liu et al. (2011); 
Dettlaff et al. (2021); 
Bogdanowicz et al. 
(2020); Wood et al. 
(2021) 

In addition to the aforementioned carbon-
based electrode materials, biocarbon-based 
electrodes derived from biomass have 
attracted the most interest because of their 
potential as a source of green and 
sustainable energy (Saini et al., 2021). 
Biomass refers to organic compounds 
derived from plants, algae, and organic 
waste. Accordingly, this compound has been 
identified as the electrode of a promising 
supercapacitor due to its abundance, 
recyclability, and eco-friendliness. The use of 
this biomass can also help reduce the volume 
of organic waste globally (Priya et al., 2020).  

In this regard, this review is structured to 
first discuss the carbon activation mechanism 
using chemical or physical activation 
methods. The key elements of this topic 
include characterizing the carbon content of 

various biomass and their usefulness as 
electrodes for supercapacitors applications, 
as well as understanding chemical activation 
processes used to enhance the attributes of 
biomass-based electrodes. The second 
section of this review concentrates on 
various types of biomass sources that can be 
converted into value-added carbon products 
to serve as a critical component of 
supercapacitors electrodes. 

2. METHODS 
2.1. Presentation of the Study Area 

This paper is a literature survey. Data were 
obtained from internet sources, specifically, 
articles published in international journals. 
Data were collected and compiled to form 
explanation. Data were also compared to the 
current situation. To support analysis, we 
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also used VOS viewer. Detailed information 
for the use of VOSviewer is explained in 
previous studies (Azizah et al., 2021; Al 
Husaeni & Nandiyanto, 2022). 

3. RESULTS AND DISCUSSION 
3.1. The Structure and Charge Transfer 

Mechanism of Supercapacitors 

The structure of supercapacitors, as 
shown in Figure 1, consists of electrodes, 
electrolytes, electrolyte separators, and 
current collectors. The active component of 
supercapacitors is electrodes, as the charge 
within them is dependent on the type of 
electrode-active materials used. Therefore, 
electrodes should have high electrical 
conductivity, a large surface area, a 
mesoporous structure, and a standard 
electrode potential to perform redox activity.  

The power density of carbon is 
significantly influenced by its electrical 
conductivity, which is fully reliant on its 
morphology (Sharma & Kumar, 2019) and 
because electrodes have a large surface area, 
electrolyte ions can easily diffuse through 
their pores, thereby improving their 
performance (Sun et al., 2016). Moreover, 
materials with a high porosity structure can 
store a large number of voids on the atomic, 
nanometer, or molecular scales and have 
tunable dimensions, enhancing their ability 
to interact with their environment (Hassan et 
al., 2021). It is also noteworthy that redox 
activity could be advantageous for 
supercapacitors with a high specific capacity 
(Lakraychi et al., 2020), hence, selecting 
electrode-active materials is a prerequisite 
for optimal performance.  

During an electrochemical analysis, two 
primary forms of electrode characteristics 
exist, they are the Faradaic and non-Faradaic 
processes. At electrodes, charge transfer 
occurs during the redox reaction in the 
Faradaic process, whereas in the non-
Faradaic process, the charge is collected 
through induction (Fleischmann et al., 2022).  

The ionic and electronic charges should 
remain at or in electrodes, similar to the 

adsorption and desorption processes. Non-
Faradaic processes are exhibited by 
intercalation, Electric Double-Layer Capacitor 
(EDLC), and electrodes with redox-active 
surface functionalities (Bartzis & Sarris, 
2021). In charge transfer electrodes, both 
Faradaic and non-Faradaic processes occur 
concurrently. However, for supercapacitors 
to overwhelm the bottleneck of low energy 
density, a faradaic process must be 
implemented right away (Wei et al., 2020). In 
this regard, synergistic interactions between 
redox-active electrolytes and binder-free 
functionalization are being explored to 
enhance the performance of supercapacitors 
(Mai et al., 2013; Wang et al., 2019).  

3.2. Carbon Activation Mechanism and 
Method 

To make biomass material usable as 
electrodes in supercapacitors, carbon 
activation techniques are required to 
increase activated carbon (AC) surface area. 
AC synthesis consists of two fundamental 
steps, the include activation and 
carbonization (Ayinla et al., 2019; Kleszyk et 
al., 2015). Carbonization is the process of 
reducing the volatile content of raw 
materials by pyrolyzing carbon raw 
materials/precursors, resulting in the 
production of AC with high fixed carbon 
content and primary porosity. Activation, on 
the other hand, is the process of increasing 
the specific surface area or pore volume of 
AC through the formation of new pore 
structures and the expansion of existing ones 
(Gao et al., 2020).  

From these two steps, activation is more 
important than carbonization in terms of AC 
properties, which is why increased emphasis 
has been placed on activation. Currently, 
three primary activation procedures are 
utilized to create AC (namely physical 
activation) (Shrestha et al., 2021; Ettish et al., 
2021), chemical activation (Duan et al., 2021; 
Hu et al., 2021), and physiochemical 
activation (Tobi et al., 2019; Fan et al., 2013). 
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Figure 2 illustrates the use of biomass-
derived carbon for energy and 
environmental purposes. Initially, pyrolysis 
and hydrothermal carbonization were the 
main biomass carbon extraction 
technologies. Hydrothermal carbonization is 
a thermochemical process that converts 
biomass into carbon, while pyrolysis is 
carried out in a low-oxygen or inert 
atmosphere at a set temperature. Chemical 
and physical processes can then be used to 
convert biomass into value-added carbon 
products, with the resulting carbon materials 
being affected by chemical, surface 
properties, time, and availability (Thomas et 
al., 2019; Anggraeni et al., 2022a; Anggraeni 
et al., 2022b). 

3.2.1. Pyrolysis 

Pyrolysis is a process that occurs in an 
oxygen-free, inert environment at a specific 
temperature, and the biomass of its products 

is determined by the feedstock, an activation 
reagent catalyst, a temperature controller, 
and the AC impregnation ratio (Zhang et al., 
2020; Pebrianti & Salamah, 2021). The AC 
derived through pyrolysis of biomass usually 
results in more micropore structures, which 
has large pore volume and a substantial 
specific surface area (Fu et al., 2020). Carbon 
nanofibers, for instance, can be produced by 
solar pyrolysis of pinewood and exhibit a 
substantial specific surface area and a rich 
microstructure as binder-free electrodes, 
which is critical to their electrochemical 
performance relating to specific capacitance 
(Wang et al., 2020). Furthermore, a study 
found that CoMoO4 electrodes for lithium-
ion batteries and supercapacitors could be 
efficiently prepared through a polymer-
pyrolysis method. These electrodes have 
been found to have a high specific 
capacitance and capacity retention (Wang et 
al., 2020).  

 

Figure 2. The schematic overview of AC originating from biomass for energy and 
environment applications. 
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3.2.2. Hydrothermal carbonization 

Hydrothermal carbonization (HTC) is a 
thermochemical process (Nandiyanto, 2019). 
It turns biomass into carbon with or without 
the presence of a catalyst. This process takes 
place in environments with temperatures 
within the range of 120 and 250 °C (Wang et 
al., 2014).  The resulting materials from 
hydrothermal carbonization typically have a 
low specific surface area and contain 
functional groups that are good for 
adsorption. To preserve some functional 
groups while increasing the surface area of 
these materials, higher-temperature steam 
activation was employed (Beri et al., 2021). 
Similarly, it was concluded in another study 
that an increase in temperature and time 
during the hydrothermal carbonization 
process potentially permits an increase in the 
amount of carbon that is contained within 
the material (Wilk et al., 2021). 

3.2.3. Physical activation 

The physical activation of carbon involves 
a high-temperature pyrolysis process, 

typically between 400 and 1200C (Wang et 
al., 2014). This type of activation is less 
complicated and more environmentally 
friendly than chemical activation. Also, 
activating agents commonly used in this 
activation method include CO2, steam, and 
air (Mai et al., 2021). Physical activation can 
be combined with pyrolysis to create a cost-
effective and advantageous activation 
method for biomass materials. The 
combination of these two methods causes or 
contributes to the development of high 
porosity and larger surface area (Lima et al., 
2010). It is also important to note that AC can 
be increased by raising the temperature of 
activating agents (Mopoung & Dejang, 2021).  

3.2.4. Chemical activation 

Chemical activation requires less 
activation time and temperature than 
physical activation. In a single phase, which is 
a combination of carbonization and 

activation, chemical activation makes it 
possible to produce porous carbon with large 
surface areas. This ultimately results in a 
lower energy requirement for the process 
(Mayoral et al., 2021). It has also been proven 
that chemical activation can boost carbon 
material capacitance (Xiong et al., 2020). 
Chemical activation has two activation steps, 
they are one-step and two-step activation, 
which are for the activation of acid-activating 
agents and, alkaline and neutral activating 
agents respectively. The activating agent is 
chemically impregnated into the precursor, 
and the mixture is then heated to the desired 
temperature. Regarding the two-step 
activation, the first step involves carbonizing 
the precursor at 300-600°C to produce 
charcoal, which is then mixed with activating 
agent and heated to a temperature ranging 
from 400 to 900°C (Oginni et al., 2019). It is 
important to note that the long heating time 
and manufacturing process of the two-step 
activation necessitates the requirement for a 
lot of energy. However, the most important 
benefit of this activation method is that it 
results in a high specific surface area 
(Heimböckel et al., 2018). 

3.2.5. Physiochemical activation 

The activation process is carried out either 
physically, chemically, or through a 
combination of the two processes, called the 
physiochemical method (Ayinla et al., 2019; 
Tobi et al., 2019). Although it costs more and 
takes longer to prepare, this method is very 
popular due to its ability to create high-
quality AC with increased surface area (Din, 
2009). The process involves carbonization at 
high temperatures ranging from 600 to 850°C 
and activation with chemical activating 
agents (e.g. KOH and NaOH) (Erabee et al., 
2017). In addition to producing high-quality 
AC, physiochemical activation can also be 
used to remove pollutants such as Zn(II) from 
the surface area of AC (Latiff et al, 2016). This 
process also increases the volume of the 
mesopore and the surface area of carbon. 
Table 2 outlines the summaries of the carbon 
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activation methods regarding their 
advantages and disadvantages.  

From the analysis of the advantages and 
disadvantages of all methods for carbon 
activation, the chemical activation method 
was found to be of particular interest for 
further study and this is because it offers a 
simple, cost-efficient, controlled, and stable 
process. Following this point, Hu et al. 
reported that this method was successfully 
utilized to produce AC with a large surface 
area from biomass-based sources like 
coconut shells (Hu et al., 1999). The 
correlation between AC from biomass using 
the chemical activation method for 
supercapacitors applications has been 
thoroughly analyzed using Vosviewer. The 
analysis results from 8,403 articles sourced 
from the Scopus database (data taken by Apr 
12th, 2023) show a strong correlation 
between biomass, supercapacitors, AC, and 
chemical activation (Figure 3). This 
bibliometric analysis gives additional 
information regarding current trend 

research, as discussed in previous studies 
(Nandiyanto et al., 2020; Hamidah et al., 
2020; Ramadhan et al., 2022; Shidiq, 2023; 
Nandiyanto et al., 2024; Ragadhita & 
Nandiyanto, 2022; Nugraha & Nandiyanto, 
2022; Fauziah & Nandiyanto, 2022; Pramanik 
& Rahmanita, 2023; Wirzal & Putra, 2022; Al 
Husaeni et al., 2023; Nordin, 2022; Al 
Husaeni et al., 2023; Mulyawati & 
Ramadhan, 2021; Al Husaeni & Nandiyanto, 
2023; Hofifah & Nandiyanto, 2024; 
Nandiyanto et al., 2023; Ruzmetov & 
Ibragimov, 2023; Nordin, 2022; Bilad, 2022; 
Sudarjat, 2023; Nursaniah & Nandiyanto, 
2023; Al Husaeni, 2023; Firdaus et al., 2023; 
Nandiyanto et al., 2021; Wiendartun et al., 
2022; Solehuddin et al., 2023; Sukyadi et al., 
2023). 

The strong correlation between biomass, 
supercapacitors, AC, and chemical activation 
strengthens the hypothesis that a more in-
depth analysis of the relationship between 
these four variables is needed.

Table 2. The advantages and disadvantages of the activation method. 

Method Advantages Disadvantages Ref 
Physical 
Activation 

Clean and green production 
without any secondary waste 
disposals;  

Low specific surface 
area, high activation 
temperature, low 
carbon yield, and long 
processing time 

Wang et al. (2014); 
Mopoung and Dejang 
(2021); Ettish et al. 
(2021); Taer et al. 
(2020); Yi et al. (2021) 

Chemical 
Activation 

An effective way for increasing 
the capacitance of carbon 
materials;  
characterized by a low 
activation temperature, a 
short processing time, an 
increasing carbon yield, a 
broad surface area that is well 
dispersed and formed 
microporous structure, well-
controlled porosity,  
and better control of the 
textural properties.  

The drastic corrosively 
and inevitable 
washing process 
 

Gao et al. (2020); 
Xiong et al. (2020); 
Kanjana et al. (2021); 
Bhandari and Gogate 
(2018); Kanjana et al. 
(2021); Yakaboylu et 
al. (2021); Sundriyal 
et al., (2021) 

Physiochemical 
Activation 

Can create AC of superior 
quality with a greater surface 
area 

Higher cost,  
longer preparation 
time, higher 
temperature,  
higher emission of 
heavy metals. 

Mai et al. (2021); Din 
et al. (2009); Ao et al. 
(2018); Rawat et al. 
(2022) 
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Figure 3. The correlation between biomass, supercapacitors, AC, and chemical activation. 

3.3. Evaluation of The Electrochemical 
Performance of Carbon-Based 
Supercapacitors Made from Different 
Sources of Biomass  

Carbon materials derived from biomass 
are the highest-performing electrode 
materials for a variety of applications. These 
materials are particularly well-suited for use 
as effective electrodes in supercapacitors 
due to their ease of activation with chemical 
and their ability to be produced in large 
quantities at low cost. There are five 
categories of biomass sources, including (1) 
agricultural biomass, (2) urban and industrial 
waste, (3) aquatic biomass, (4) livestock 
waste, and (5) wood and woody biomass. 
However, the focus of this study is on 
agricultural biomass as well as wood and 
woody biomass sources, which can be 
considered sustainable sources of raw 
materials for biochar manufacture and their 
use in supercapacitors. 

Agricultural biomass refers to biomass 
obtained from agricultural products such as 
fruits, vegetables, and parts of the plant itself 
such as leaves, flowers, and flower petals. 

Many research regarding agriculture has 
been well-documented (Permatasari et al., 
2016; Ragadhita et al., 2023; Bhosale, 2022). 
It can be further classified into two categories 
namely agriculture residues/wastes and 
energy crops (Yadav et al., 2017).  

Agriculture residues consist of basic by-
products such as cornstalk and rice straw, as 
well as secondary by-products from biomass 
processing like coffee husk, rice husk, and 
sugarcane bagasse. Energy crops include 
poplars, willows, eucalyptus, sugarcane, 
sorghum, artichokes, rapeseed, and 
sunflowers, which are produced specifically 
for biofuel and bioproduct production.  

Meanwhile, wood and woody biomass are 
derived from plant residues such as twigs, 
powder, and dried leaves. Before plant 
wastes can be used as electrodes in 
supercapacitors, they first have to be 
chemically activated to create pore sizes 
ranging from micropores to mesopores. 
Several studies have been conducted on the 
two types of biomass and their suitability for 
use in supercapacitors. The properties of 
these materials are listed in Table 3. 
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Table 3. The characteristics of supercapacitors derived from biomass sources of agricultural. 

Biomass 
Source 

Chemical Solution 
Electrical 

Properties 
Physical 

Properties 
Ref. 

Activating 
Agent 

Electrolyte 
in SC 

SpC 
(F/g) 

CR (%) 
PD 

(nm) 

SSA 

(𝒎𝟐/𝒈) 
Aloe vera* KOH Aqueous 410 62 3.8 - 

12.5 
~1890 Karnan et al. 

(2016) 
Arenga 
Pinnata 

KOH 1 M H2SO4 202  2-10 1232 Farma et al. 
(2022) 

Bamboo 
Fibers* 

KOH 3 M KOH 512 103 1.22 1120 Zequine et al. 
(2016) 

Bamboo 
Shoots* 

KOH, 
NaOH 

1 M KOH 412 65.5  972 Chen et al. 
(2017) 

Banana Peel KOH 2 M KOH 227 97 - - Tripathy et al. 
(2021) 

Banana 
Stem Fibers 

ZnCl2 H2SO4 179 - 145.67 788.09 Taer et al. 
(2020) 

Beer Leaves KOH 0.1 M 𝐻2SO4 188 - 2.2 2584 Lee et al. 
(2011) 

Carrot ZnCl2 6 M KOH 135.5  3.22  Ahmed et al. 
(2018) 

Celtuse 
Leaves* 

KOH 6 M KOH 421 92.6 0.5-5 3404 Wang et al. 
(2012) 

Cinnamon 
Sticks 

KOH** NaClO4 in EC/ 
DMC 

225 62 1.91 3405 Thangavel et 
al. (2017) 

Cinnamon 
Sticks 

ZnCl2** 𝑁𝑎𝐶𝑙𝑂4 in 
EC/ DMC 

212 70 2.24 2440 Thangavel et 
al. (2017) 

Cinnamon 
Sticks 

H3PO4** 𝑁𝑎𝐶𝑙𝑂4 in 
EC/ DMC 

217 80 1.84 1810 Thangavel et 
al. (2017) 

Coffee 
Grounds 

KOH BMIMBF4/AN 121 90.5  1945.7 Yun et al. 
(2015) 

Corncob* KOH 0.5 M 
H2SO4*** 

401.6 91 after 
10000 
cycles 

- 1899 Wang et al. 
(2015) 

Corncob KOH 6 M KOH*** 309.81 93.9 1. 199 215.42 Pramanik et 
al. (2018) 

Cornstalk KCl and 
NaCl 

1 M 
H2SO4*** 

413 92.6 
after 

20000 
cycles 

 1588 Wang et al. 
(2018) 

Corn Stalk KOH 6 M KOH*** 256-
260 

97.9 1.97 2495 Cao et al. 
(2016) 

Cotton Stalk KOH 4 M KOH 111.1 79.7  1227.2 Tian et al. 
(2021) 

Elm 
Samara* 

KOH 6 M KOH 470 72 2.19 1947 Chen et al. 
(2016) 

Ficus 
Religiosa 
Leaves 

No 
activation 

PVA-H2PO4 
 

3.14 88 2 157 Senthilkumar 
and Selvan 
(2015) 

Garlic Skin* KOH 6M KOH 461 - 2.36 >2000 Zhang et al. 
(2018) 

Garlic 
Seedling 

KOH 6M KOH 320 92 after 
5000 
cycles 

2.22 2370 Li et al. (2019) 
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Table 3  (Continue). The characteristics of supercapacitors derived from biomass sources of 
agricultural. 

Biomass 
Source 

Chemical Solution 
Electrical 

Properties 
Physical 

Properties 
Ref. 

Activating 
Agent 

Electrolyte 
in SC 

SpC 
(F/g) 

CR (%) 
PD 

(nm) 
SSA  

(𝒎𝟐/𝒈) 
Jute Fibers* KOH 3 M KOH 408 100 2.9 1769 Zequine et al. 

(2017) 
Lacquer 
Wood 

H3PO4 1 m H2SO4 
 

354 95.3 
after 
1000 
cycles 

- 1609.09 Hu et al. 
(2021) 

Litchi Shell KOH 6 M KOH 162.7 93.5 
after 
5000 
cycles 

- 1486 Zhao et al. 
(2020) 

Lotus Leaf KOH 6 M KOH 379 90 2.45 2450 Qu et al. 
(2018) 

Mangosteen NaOH 6 M 
KOH 

357 80 after 
10000 
cycles 

- 2623 Yang et al. 
(2019) 

Miscanthus 
Grass 

KOH 6 M 
KOH 

188 89-91 
after 
2500 
cycles 

1.79-
1.92 

- Yakaboylu et 
al. (2021) 

Onion KOH 6M KOH 395 92 after 
5000 
cycles 

2.65 2342 Thangavel et 
al. (2017) 

Onion 
Leaves 

No 
activation 

3 M KOH 158.6 96 0.6-1.2 551.7 Yu et al. (2016) 

Orange 
Peel* 

KOH 6 M 
KOH 

407 100 3-4 1391 Ranaweera et 
al. (2017) 

Palm Kernel 
Shell 

KOH 1 M KOH 210 95-97 1.4 462.1 Misnon et al. 
(2015) 

Pattail NaCl 1 M 419 86.4 5-10 - Yu et al. (2018) 
Peanut Shell NaOH 6 M KOH 339 80 after 

10000 
cycles 

2.36 2936.76 Zhan et al. 
(2018) 

Perilla 
Frutescenes 

No 
activation 

6 M KOH 270 96.1 1.2 655 Liu et al. 
(2017) 

Pine Pollen-
cone 

KOH 1 M 𝑁𝑎2SO4 
 

117 98-100 
after 

10000 
cycles 

2.23 2314 Hor and 
Hashmi (2020) 

Pine Tree 
Powder 

KOH IL EMIMBF4 224 67 0.32 1018 Wang et al. 
(2017)  

Pistachios 
Nutshell 

KOH 6 M KOH 330 - 0.5 – 
2.0 

1665 Xu et al. (2014)  

Rice Husk KOH 6 M KOH 278 76.6 0.5-3 2804 Liu et al. 
(2019)  

Rice Straws KOH 6 M KOH 324 95 after 
10000 
cycles 

- 2651 Divya & 
Rajalakshmi 
(2020)  
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Table 3  (Continue). The characteristics of supercapacitors derived from biomass sources of 
agricultural. 

Biomass 
Source 

Chemical Solution 
Electrical 

Properties 
Physical 

Properties 
Ref. 

Activating 
Agent 

Electrolyte 
in SC 

SpC 
(F/g) 

CR (%) 
PD 

(nm) 
SSA  

(𝒎𝟐/𝒈) 
Sisal Leaves KOH, 

NaOH, 
Na2CO3 

1 M LiOH 204 85.5  171 Li et al. (2015)  

Solanum 
Lycoperium 
Leaves 

No 
activation 

1 M H2SO4 
 

345 87.3 10 325,046 Divya & 
Rajalakshmi 
(2020) 

Soybean 
Pods 

Zn𝐶𝑙2 6 M KOH 321.1 91.1 3.03 
and 
1.92 

2245 Liu et al. 
(2018) 

Syzygium 
Oleana 
Leaves 

KOH 1 M H2SO4 188 - 2.51 1218 Taer et al. 
(2020) 

Tamarind 
Fruit Shell* 

KOH H2SO4 412 93 23.5 1040 Senthilkumar 
et al. (2013) 

Tea Leaves KOH 2M KOH 330 92% 
after 
2000 
cycles 

 2841 Peng et al. 
(2013) 

Tea-Waste KOH 6 M KOH 332 97.8 
after 

100000 

- 1610 Khan et al. 
(2020) 

Green Tea-
Waste 

KOH H2SO4 162 121 2.35 1057.8 Sankar et al. 
(2019) 

Tobacco 
Rods 

KOH 6 M KOH 286.6 96 ~2.6, 
~3.7, 
~45.8 

1761-
2115 

Zhao et al. 
(2016) 

Walnut 
Shell 
 

𝐾2CO3 1 M KOH 255 96 - 62 Xu et al. (2017) 

Wood 
Carbon 
Monolith 

No 
activation 

2 M KOH 234 97 3.7 467 Liu et al. 
(2012) 

Note: SpC = specific capacitance; CR = capacitance retention; PD = pore diameter; SSA=specific 
surface area 
*Biomass that produces specific capacitance over 400 F/g. 
**Different activating agents applied to the same biomass 
*** Different electrolytes in SC applied to the same biomass

Table 3 presents the physical and 
electrical characteristics of each type of 
biomass with various chemical solutions. 
Among the different activating agents, KOH is 
the most commonly used and has been found 
to produce better specific capacitance 
compared to other agents. Due to its 
environmental friendliness, KOH has also 

garnered a lot of interest as an activator, and 
the treatment with this substance results in 
porosity with a narrow pore size distribution 
(Li et al., 2020). Additionally, this activator 
has been shown to enhance specific surface 
area, specific capacitance, and specific 
energy (Zhan et al., 2021). Thangavel et al. 
(2017) demonstrated the effectiveness of 
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KOH in producing a high specific surface area 
when they AC from cinnamon sticks.  

The activation process using KOH calls for 
more intricate procedures, but the resulting 
structure is extremely porous (Wang & 
Kaskel, 2012). The following are some 
suggested equations to describe the 
concrete process of carbon activation using 
KOH (Otowa et al., 1993): 
2 KOH → K2O + H2O (dehydration)           (2) 

C + H2O → H2 + CO (water-gas reaction)    (3) 

CO + H2O → H2 + CO2 (water-gas shift 
reaction)             (4) 

K2O + CO2 → K2CO3  
(carbonate formation)                (5) 

Once the activation temperature was 
higher than 700oC, a significant amount of 
metallic potassium was spotted. This 
element is considered to be formed as a 
result of the reduction of K2O by carbon or 
hydrogen at high temperatures: 
K2O + H2 → 2K + H2O (reduction by 
hydrogen)              (6) 

K2O + C →2K + CO (reduction by carbon)      (7) 

Considering the fact that metallic 
potassium is easily moved and shifted 
(mobile) at activation temperatures, the 
element intercalated with the carbon matrix. 

As a consequence, the atomic layers of 
carbon were stretched, creating pores that 
can be used to boost the material's surface 
area and capacitance. 

Figure 4 shows the specific capacitance of 
all biomass previously listed in Table 3, which 
have a value over 400 Fg-1. In Figure 4, it can 
be seen that bamboo fibers exhibit the 
highest specific capacitance (reaching 512 
F/cm-1) compared to other biomass. The 
outstanding features of bamboo fibers 
include a large specific surface area (1120 
m2/g) with an excellent pore diameter (1.22 
nm) and capacitance retention (103%). These 
good characteristics of bamboo fibers have 
attracted the interest of many, hence, it is 
crucial to evaluate further the effect of the 
KOH concentration on its physical properties 
(see Figure 5). Figure 5 shows that AC from 
bamboo without KOH activation (Figure 5a) 
possesses numerous pores uniformly 
distributed across its entire surface. 
However, when AC from bamboo is activated 
by 1M KOH, the atomic layer of carbon 
widens due to the intercalation of potassium 
(as explained in the process of carbon 
activation). This intercalation increased with 
an increase in the concentration of KOH (see 
Fig. 5b to Fig. 5e), but it starts to decrease 
when the concentration reached 5M.

 

Figure 4. The specific capacitance of biomass activated by KOH. 
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Figure 5. SEM micrograph for bamboo sticks using KOH activating agent: (a) no activation, 
(b) 1M, (c) 2 M, (d) 3M, (e) 4 M, (f) 5M. 
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Upon further analysis of the role of KOH as 
an electrolyte, the element was found to 
produce higher capacitance retention 
compared to that of H2SO4 (see the triple 
asterisk in Table 3). On the other hand, H2SO4 
as an electrolyte produced a capacitance 
with a higher specific value than KOH.  

According to Liu et al. (2022), the K+ ion is 
smaller in size than SO4

2-, enabling it to enter 
the microporous AC through its small pores, 
which SO4

2- cannot penetrate. The 
penetration of ions into the pore of 
microporous AC creates an Electric Double 
Layer (EDL) capacitance. However, when the 
pore diameter of the microporous AC is 
larger than 0.6 nm, SO4

2- will be able to 
penetrate the pore and form EDL 
capacitance.  

In addition, when the pore size is 
sufficiently large, a redox reaction occurs. 
The hydration of H+ in the redox reaction can 
result in the pseudocapacitance of 
supercapacitors. By combining EDL with SO4

2- 
and pseudocapacitance with H+, micropore 
carbon attained a higher capacitance in 
H2SO4 than KOH. 

Even though biomass has more generated 
specific capacitance with KOH activation, the 
percentage of capacity retention needs 
improvement. Lastly, the carbon activation 
method used for this biomass source is the 
chemical activation method carried out using 
KOH. After undergoing the characterization 
process, these agricultural biomass sources 
produce an average of microporous to 
mesoporous size pores. 

4. CONCLUSION 
 

Carbon materials derived from biomass 
have shown great prospects as excellent 
electrodes for supercapacitors. This is 
because biomass comprises diverse chemical 
and structural properties that can be easily 
tailored as per the requirements. This study 
focuses on the chemical activation of carbon, 

which was obtained from biomass. The pore 
structure and the surface area created 
through this carbon activation method 
resulted in an increased current collection at 
electrode surfaces. Furthermore, specific 
capacitance is directly proportional to the 
highest surface area of AC. Among all 
biomass analyzed in this study, bamboo 
fibers show the highest specific capacitance 
with capacitance retention, a pore diameter, 
and a specific surface area. KOH-activated 
bamboo-based carbon has a higher specific 
surface area than unactivated carbon. The 
KOH activating agents produced a very 
porous structure due to their more complex 
activation.  

The average pore diameter of carbon, 
which produced high specific capacitance, 
was within the range of microporous (<2 nm) 
and mesoporous (2<d<50 nm). Generally, 
biomass with mesoporous pores yields a high 
capacitance value because of the larger pore 
size, which captures both cations and anions 
in electrodes. It was also found that the meso 
and macro-sized pores are not always more 
effective than the micro-sized pores in the 
production of high capacitance values. Lastly, 
this subject matter has excellent potential for 
further study in scientific fundamentals and 
applications. 

5. ACKNOWLEDGMENTS 
 

The authors express their heartfelt 
appreciation to Universitas Pendidikan 
Indonesia for providing financial support 
through the Riset Kolaborasi Indonesia (RKI) 
2023 project under contract number: 
913/UN40/PT.01.02/2023. 

6. AUTHORS’ NOTE 
  

The authors declare that there is no 
conflict of interest regarding the publication 
of this article. The authors confirmed that the 
paper was free of plagiarism.

 
 
 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 454 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

7. REFERENCES 
 
Ahmed, S., Ahmed, A., and Rafat, M. (2018). Supercapacitor performance of activated carbon 

derived from rotten carrot in aqueous, organic and ionic liquid based 
electrolytes. Journal of Saudi Chemical Society, 22(8), 993-1002. 

Al Husaeni, D.F., and Nandiyanto, A.B.D. (2022). Bibliometric using VOSviewer with publish or 
perish (using google scholar data): From step-by-step processing for users to the 
practical examples in the analysis of digital learning articles in pre and post covid-19 
pandemic. ASEAN Journal of Science and Engineering, 2(1), 19-46. 

Al Husaeni, D.F., Nandiyanto, A.B.D., and Maryanti, R. (2023). Bibliometric analysis of 
educational research in 2017 to 2021 using VOSviewer: Google scholar indexed research. 
Indonesian Journal of Teaching in Science, 3(1), 1-8. 

Al Husaeni, D.N. (2023). Bibliometric analysis of research development in sports science with 
vosviewer. ASEAN Journal of Physical Education and Sport Science, 2(1), 9-16. 

Al Husaeni, D.N., and Nandiyanto, A.B.D. (2023). A bibliometric analysis of vocational school 
keywords using VOSviewer. ASEAN Journal of Science and Engineering Education, 3(1), 
1-10. 

Al Husaeni, D.N., Nandiyanto, A.B.D., and Maryanti, R. (2023). Bibliometric analysis of special 
needs education keyword using VOSviewer indexed by google scholar. Indonesian 
Journal of Community and Special Needs Education, 3(1), 1-10. 

Anggraeni, S., Girsang, G.C.S., Nandiyanto, A.B.D., and Bilad, M.R. (2021). Effects of particle 
size and composition of sawdust/carbon from rice husk on the briquette performance. 
Journal of Engineering, Science and Technology, 16(3), 2298-2311. 

Anggraeni, S., Nandiyanto, A.B.D., Ainisyifa, Z.N., Al Husaeni, D.F. and Siswanto, A. (2022b). 
The effect of addition of rubbing ash and corncob ash biomass on the mechanical 
properties of paving blocks. Journal of Engineering, Science and Technology, 17(4), 2336-
2345. 

Anggraeni, S., Nandiyanto, A.B.D., Hofifah, S.N., Sopian, O. and Saputra, Z. (2022a). Effect of 
biomass comparison of rice straw and eggshell in a porous concrete mixture. Journal of 
Engineering, Science and Technology, 17(3), 1857-1866 

Anshar, A.M., Taba, P., and Raya, I. (2016). Kinetic and thermodynamics studies the 
adsorption of phenol on activated carbon from rice husk activated by ZnCl2. Indonesian 
Journal of Science and Technology, 1(1), 47-60. 

Ao, W., Fu, J., Mao, X., Kang, Q., Ran, C., Liu, Y., and Dai, J. (2018). Microwave assisted 
preparation of activated carbon from biomass: A review. Renewable and Sustainable 
Energy Reviews, 92, 958-979. 

Aval, L. F., Ghoranneviss, M., and Pour, G. B. (2018). High-performance supercapacitors based 
on the carbon nanotubes, graphene and graphite nanoparticles 
electrodes. Heliyon, 4(11), 1-17. 

Ayinla, R. T., Dennis, J. O., Zaid, H. M., Sanusi, Y. K., Usman, F., and Adebayo, L. L. (2019). A 
review of technical advances of recent palm bio-waste conversion to activated carbon 
for energy storage. Journal of Cleaner Production, 229, 1427-1442. 



455 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Azizah, N.N., Maryanti, R., and Nandiyanto, A.B.D. (2021). How to search and manage 
references with a specific referencing style using google scholar: From step-by-step 
processing for users to the practical examples in the referencing education. Indonesian 
Journal of Multidiciplinary Research, 1(2), 267-294. 

Bartzis, V., and Sarris, I. E. (2021). Time evolution study of the electric field distribution and 
charge density due to ion movement in salty water. Water, 13(16), 2185. 

Bashir, S., Hasan, K., Hina, M., Soomro, R. A., Mujtaba, M. A., Ramesh, S., Duraisamy, N. and 
Manikam, R. (2021). Conducting polymer/graphene hydrogel electrodes based aqueous 
smart Supercapacitors: A review and future prospects. Journal of Electroanalytical 
Chemistry, 898, 115626. 

Beri, K. Y. V., Barbosa, D. P., Zbair, M., Ojala, S., and de Oliveira, S. B. (2021). Adsorption of 
Estradiol from aqueous solution by hydrothermally carbonized and steam activated 
palm kernel shells. Energy Nexus, 1, 100009. 

Bhandari, P. S., and Gogate, P. R. (2018). Kinetic and thermodynamic study of adsorptive 
removal of sodium dodecyl benzene sulfonate using adsorbent based on thermo-
chemical activation of coconut shell. Journal of Molecular Liquids, 252, 495-505. 

Bhosale, S.K. (2022). Development of a solar-powered submersible pump system without the 
use of batteries in agriculture. Indonesian Journal of Educational Research and 
Technology, 2(1), 57-64. 

Bilad, M.R. (2022). Bibliometric analysis for understanding the correlation between chemistry 
and special needs education using VOSviewer indexed by Google. ASEAN Journal of 
Community and Special Needs Education, 1(2), 61-68. 

Bogdanowicz, R., Ficek, M., Malinowska, N., Gupta, S., Meek, R., Niedziałkowski, P., Rycewicz, 
M., Sawczak, M., Ryl, J.  and Ossowski, T. (2020). Electrochemical performance of thin 
free-standing boron-doped diamond nanosheet electrodes. Journal of Electroanalytical 
Chemistry, 862, 114016. 

BoopathiRaja, R., and Parthibavarman, M. (2020). Desert rose like heterostructure of 
NiCo2O4/NF@ PPy composite has high stability and excellent electrochemical 
performance for asymmetric super capacitor application. Electrochimica Acta, 346, 
136270. 

Cano, Z. P., Banham, D., Ye, S., Hintennach, A., Lu, J., Fowler, M., and Chen, Z. (2018). Batteries 
and fuel cells for emerging electric vehicle markets. Nat Energy, 3, 279–289. 

Cao, Y., Wang, K., Wang, X., Gu, Z., Fan, Q., Gibbons, W., Hoefelmeyer, J.D., Kharel, P.R. and 
Shrestha, M. (2016). Hierarchical porous activated carbon for supercapacitor derived 
from corn stalk core by potassium hydroxide activation. Electrochimica Acta, 212, 839-
847. 

Chen, C., Yu, D., Zhao, G., Du, B., Tang, W., Sun, L., Sun, Y., Besenbacher, F. and Yu, M. (2016). 
Three-dimensional scaffolding framework of porous carbon nanosheets derived from 
plant wastes for high-performance supercapacitors. Nano Energy, 27, 377-389. 

Chen, X., Zhang, J., Zhang, B., Dong, S., Guo, X., Mu, X., and Fei, B. (2017). A novel hierarchical 
porous nitrogen-doped carbon derived from bamboo shoot for high performance 
supercapacitor. Scientific Reports, 7(1), 7362. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 456 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Chuhadiya, S., Suthar, D., Patel, S. L., and Dhaka, M. S. (2021). Metal organic frameworks as 
hybrid porous materials for energy storage and conversion devices: A 
review. Coordination Chemistry Reviews, 446, 214115. 

Dai, S., Hower, J. C., Finkelman, R. B., Graham, I. T., French, D., Ward, C. R., Eskenazy, G., Wei, 
Q. and Zhao, L. (2020). Organic associations of non-mineral elements in coal: A 
review. International Journal of Coal Geology, 218, 103347. 

Dettlaff, A., Sobaszek, M., Klimczuk, T., and Bogdanowicz, R. (2021). Enhanced 
electrochemical kinetics of highly-oriented (111)-textured boron-doped diamond 
electrodes induced by deuterium plasma chemistry. Carbon, 174, 594-604. 

Din, A. T. M., Hameed, B. H., and Ahmad, A. L. (2009). Batch adsorption of phenol onto 
physiochemical-activated coconut shell. Journal of Hazardous Materials, 161(2-3), 1522-
1529.. 

Divya, P., and Rajalakshmi, R. (2020). Renewable low cost green functional mesoporous 
electrodes from Solanum lycopersicum leaves for supercapacitors. Journal of Energy 
Storage, 27, 101149. 

Duan, D., Chen, D., Huang, L., Zhang, Y., Zhang, Y., Wang, Q., Xio, G., Zhang, W., Lei, H. and 
Ruan, R. (2021). Activated carbon from lignocellulosic biomass as catalyst: A review of 
the applications in fast pyrolysis process. Journal of Analytical and Applied Pyrolysis, 158, 
105246. 

Duan, D., Dong, X., Wang, Q., Zhang, Y., Ruan, R., Wang, Y., and Lei, H. (2021). Production of 
renewable phenols from corn cob using catalytic pyrolysis over self-derived activated 
carbons prepared with torrefaction pretreatment and chemical activation. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 623, 126507. 

Erabee, I. K., Ahsan, A., Zularisam, A. W., Idrus, S., Daud, N. N. N., Arunkumar, T., 
Sathyamurthy, R. and Al-Rawajfeh, A. E. (2017). A new activated carbon prepared from 
sago palm bark through physiochemical activated process with zinc 
chloride. Engineering Journal, 21(5), 1-14. 

Ettish, M. N., El-Sayyad, G. S., Elsayed, M. A., and Abuzalat, O. (2021). Preparation and 
characterization of new adsorbent from Cinnamon waste by physical activation for 
removal of Chlorpyrifos. Environmental Challenges, 5, 100208. 

Fan, L., Chen, J., Guo, J., Jiang, X., and Jiang, W. (2013). Influence of manganese, iron and 
pyrolusite blending on the physiochemical properties and desulfurization activities of 
activated carbons from walnut shell. Journal of Analytical and Applied Pyrolysis, 104, 
353-360. 

Farma, R., Apriyani, I., Awitdrus, A., Taer, E., and Apriwandi, A. (2022). Hemicellulosa-derived 
Arenga pinnata bunches as free-standing carbon nanofiber membranes for electrode 
material supercapacitors. Scientific Reports, 12(1), 2572. 

Fauziah, A., and Nandiyanto, A.B.D. (2022). A bibliometric analysis of nanocrystalline cellulose 
production research as drug delivery system using VOSviewer. Indonesian Journal of 
Multidiciplinary Research, 2(2), 333-338. 



457 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Fiandini, M., Ragadhita, R., Nandiyanto, A.B.D., Nugraha, W.C. (2020). Adsorption 
characteristics of submicron porous carbon particles prepared from rice husk. Journal of 
Engineering, Science and Technology, 15(1), 22-31 

Firdaus, I.R., Febrianty, M.F., Awwaludin, P.N., Ilsya, M.N.F., Nurcahya, Y., and Sultoni, K. 
(2023). Nutritional research mapping for endurance sports: A bibliometric analysis. 
ASEAN Journal of Physical Education and Sport Science, 2(1), 23-38. 

Fleischmann, S., Zhang, Y., Wang, X., Cummings, P. T., Wu, J., Simon, P., Gogotsi, Y., Presser, 
V. and Augustyn, V. (2022). Continuous transition from double-layer to Faradaic charge 
storage in confined electrolytes. Nature Energy, 7(3), 222-228. 

Fu, J., Zhang, J., Jin, C., Wang, Z., Wang, T., Cheng, X., and Ma, C. (2020). Effects of 
temperature, oxygen and steam on pore structure characteristics of coconut husk 
activated carbon powders prepared by one-step rapid pyrolysis activation 
process. Bioresource Technology, 310, 123413. 

Gao, Y., Yue, Q., Gao, B., and Li, A. (2020). Insight into activated carbon from different kinds 
of chemical activating agents: A review. Science of the Total Environment, 746, 141094. 

Ghosh, S., Santhosh, R., Jeniffer, S., Raghavan, V., Jacob, G., Nanaji, K., Kollu P., Jeong, S.K. and 
Grace, A. N. (2019). Natural biomass derived hard carbon and activated carbons as 
electrochemical supercapacitor electrodes. Scientific Reports, 9(1), 16315. 

Hamidah, I., Ramadhan, D. F., Mustagisin, I., Sriyono, A. G. A., and Solehudin, A. (2020). The 
performance comparison between commercial automatic voltage stabilizer and 
programmable automatic voltage stabilizer. Journal of Engineering Science and 
Technology, 15(2), 1011-1017. 

Hamidah, I., Solehudin, A., Setiawan, A., Hasanah, L., Mulyanti, B., Nandiyanto, A. B. D., and 
Khairurrijal, K. (2018). Surface of AISI 316 as Electrode Material for Water Electrolysis 
Under Potassium Hydroxide for Hybrid Car Application. International Journal of 
Automotive and Mechanical Engineering, 15(4), 5863-5873. 

Hamidah, I., Sriyono, S., and Hudha, M.N. (2020). A bibliometric analysis of covid-19 research 
using VOSviewer. Indonesian Journal of Science and Technology, 5(2), 209-216. 

Haritha, K. (2023). A review of recent advancements in geophysical technologies and their 
implications for mineral and hydrocarbon exploration. ASEAN Journal for Science and 
Engineering in Materials, 2(2), 95-108. 

Hassan, I. U., Salim, H., Naikoo, G. A., Awan, T., Dar, R. A., Arshad, F., Tabidi, M.A., Das, R., 
Ahmed, W., Asiri, A.M. and Qurashi, A. (2021). A review on recent advances in 
hierarchically porous metal and metal oxide nanostructures as electrode materials for 
supercapacitors and non-enzymatic glucose sensors. Journal of Saudi Chemical 
Society, 25(5), 101228. 

Heimböckel, R., Kraas, S., Hoffmann, F., and Fröba, M. (2018). Increase of porosity by 
combining semi-carbonization and KOH activation of formaldehyde resins to prepare 
high surface area carbons for supercapacitor applications. Applied Surface Science, 427, 
1055-1064. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 458 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Hofifah, S.N., and Nandiyanto, A.B.D. (2024). Water hyacinth and education research trends 
from the scopus database: A bibliometric literature review. ASEAN Journal of Science 
and Engineering Education, 4(2), 121-132 

Hor, A. A., and Hashmi, S. A. (2020). Optimization of hierarchical porous carbon derived from 
a biomass pollen-cone as high-performance electrodes for 
supercapacitors. Electrochimica Acta, 356, 136826. 

Hu, S. C., Cheng, J., Wang, W. P., Sun, G. T., Hu, L. L., Zhu, M. Q., and Huang, X. H. (2021). 
Structural changes and electrochemical properties of lacquer wood activated carbon 
prepared by phosphoric acid-chemical activation for supercapacitor 
applications. Renewable Energy, 177, 82-94. 

Hu, Z., and Srinivasan, M. P. (1999). Preparation of high-surface-area activated carbons from 
coconut shell. Microporous and Mesoporous Materials, 27(1), 11-18. 

Kanjana, K., Harding, P., Kwamman, T., Kingkam, W., and Chutimasakul, T. (2021). Biomass-
derived activated carbons with extremely narrow pore size distribution via eco-friendly 
synthesis for supercapacitor application. Biomass and Bioenergy, 153, 106206. 

Karaphun, A., Phrompet, C., Tuichai, W., Chanlek, N., Sriwong, C., and Ruttanapun, C. (2021). 
The influence of annealing on a large specific surface area and enhancing 
electrochemical properties of reduced graphene oxide to improve the performance of 
the active electrode of supercapacitor devices. Materials Science and Engineering: 
B, 264, 114941. 

Karnan, M., Subramani, K., Sudhan, N., Ilayaraja, N., and Sathish, M. (2016). Aloe vera derived 
activated high-surface-area carbon for flexible and high-energy supercapacitors. ACS 
Applied Materials and Interfaces, 8(51), 35191-35202. 

Ke, Q., and Wang, J. (2016). Graphene-based materials for supercapacitor electrodes–A 
review. Journal of Materiomics, 2(1), 37-54. 

Khan, A., Senthil, R. A., Pan, J., Osman, S., Sun, Y., and Shu, X. (2020). A new biomass derived 
rod-like porous carbon from tea-waste as inexpensive and sustainable energy material 
for advanced supercapacitor application. Electrochimica Acta, 335, 135588. 

 Kim, J., Eum, J. H., Kang, J., Kwon, O., Kim, H., and Kim, D. W. (2021). Tuning the hierarchical 
pore structure of graphene oxide through dual thermal activation for high-performance 
supercapacitor. Scientific Reports, 11(1), 2063. 

Kleszyk, P., Ratajczak, P., Skowron, P., Jagiello, J., Abbas, Q., Frąckowiak, E., and Béguin, F. 
(2015). Carbons with narrow pore size distribution prepared by simultaneous 
carbonization and self-activation of tobacco stems and their application to 
supercapacitors. Carbon, 81, 148-157. 

Kong, S., Bressel, M., Hilairet, M., and Roche, R. (2020). Advanced passivity-based, aging-
tolerant control for a fuel cell/super-capacitor hybrid system. Control Engineering 
Practice, 105, 104636.. 

Kulakovskaya, S. I., Kulikov, A. V., Zyubina, T. S., Zyubin, A. S., Konev, D. V., Sviridova, L. N., 
Stenina, E.V., Ryabenko, A.G. and Zolotukhina, E. V. (2021). Role of non-covalent 
interactions at the oxidation of 2, 5-di-Me-pyrazine-di-N-oxide at glassy carbon, single-
walled and multi-walled carbon nanotube paper electrodes. Carbon trends, 4, 100057. 



459 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Lakraychi, A. E., De Kreijger, S., Gupta, D., Elias, B. and Vlad, A. (2020). Phendione–transition‐
metal complexes with bipolar redox activity for lithium batteries. ChemSusChem, 13(9), 
2225-2231. 

Latiff, M. F. P. M., Abustan, I., Ahmad, M. A., Khalid, A. M. and Fauzi, M. A. (2016). Process 
optimization for Zn (II) removal by activated carbon prepared from corncob via 
physiochemical activation. AIP Conference Proceedings, 1774, 1, 1-7. 

Lee, S. G., Park, K. H., Shim, W. G. and Moon, H. (2011). Performance of electrochemical 
double layer capacitors using highly porous activated carbons prepared from beer 
lees. Journal of Industrial and Engineering Chemistry, 17(3), 450-454. 

Li, J., Gao, Y., Han, K., Qi, J., Li, M. and Teng, Z. (2019). High performance hierarchical porous 
carbon derived from distinctive plant tissue for supercapacitor. Scientific Reports, 9(1), 
17270. 

Li, Q., Liu, S., Peng, W., Zhu, W., Wang, L., Chen, F., Shao, J. and Hu, X. (2020). Preparation of 
biomass-derived porous carbons by a facile method and application to CO2 
adsorption. Journal of the Taiwan Institute of Chemical Engineers, 116, 128-136. 

Li, Y., Zhang, Q., Zhang, J., Jin, L., Zhao, X. and Xu, T. (2015). A top-down approach for 
fabricating free-standing bio-carbon supercapacitor electrodes with a hierarchical 
structure. Scientific Reports, 5(1), 14155. 

Lima, I. M., Boateng, A. A. and Klasson, K. T. (2010). Physicochemical and adsorptive 
properties of fast‐pyrolysis bio‐chars and their steam activated counterparts. Journal of 
Chemical Technology and Biotechnology, 85(11), 1515-1521. 

Liu, B., Liu, Y., Chen, H., Yang, M. and Li, H. (2017). Oxygen and nitrogen co-doped porous 
carbon nanosheets derived from Perilla frutescens for high volumetric performance 
supercapacitors. Journal of Power Sources, 341, 309-317. 

Liu, C. L., Han, Y. H., Wang, Y., Peng, G., Wu, B. J. and Gao, C. X. (2011). Preparation and 
characterization of boron doped diamond electrodes on diamond anvil for in situ 
electrical measurements under high pressure. Diamond and Related Materials, 20(2), 
250-253. 

Liu, D., Zhang, W. and Huang, W. (2019). Effect of removing silica in rice husk for the 
preparation of activated carbon for supercapacitor applications. Chinese Chemical 
Letters, 30(6), 1315-1319. 

Liu, M. C., Kong, L. B., Zhang, P., Luo, Y. C. and Kang, L. (2012). Porous wood carbon monolith 
for high-performance supercapacitors. Electrochimica Acta, 60, 443-448. 

Liu, M., Yang, X., Wu, X., Wang, X., Li, Y., Ma, F. and Zhou, J. (2022). Understanding the pore-
structure dependence of supercapacitive performance for microporous carbon in 
aqueous KOH and H2SO4 electrolytes. Electrochimica Acta, 401, 139422. 

Liu, X., Chen, T., Gong, Y., Li, C., Niu, L., Xu, S. and Eguchi, M. (2021). Light-conversion 
phosphor nanoarchitectonics for improved light harvesting in sensitized solar 
cells. Journal of Photochemistry and Photobiology C: Photochemistry Reviews, 47, 
100404. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 460 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Liu, Z., Zhu, Z., Dai, J. and Yan, Y. (2018). Waste biomass based‐activated carbons derived from 
soybean pods as electrode materials for high‐performance 
supercapacitors. ChemistrySelect, 3(21), 5726-5732. 

Maheshvari, R. (2022). Study on economic, sustainable development, and fuel consumption. 
ASEAN Journal of Economic and Economic Education, 1(1), 41-46. 

Mai, L. Q., Minhas-Khan, A., Tian, X., Hercule, K. M., Zhao, Y. L., Lin, X. and Xu, X. (2013). 
Synergistic interaction between redox-active electrolyte and binder-free functionalized 
carbon for ultrahigh supercapacitor performance. Nature Communications, 4(1), 2923. 

Mai, N. T., Nguyen, M. N., Tsubota, T., Nguyen, P. L. and Nguyen, N. H. (2021). Evolution of 
physico-chemical properties of Dicranopteris linearis-derived activated carbon under 
various physical activation atmospheres. Scientific Reports, 11(1), 14430. 

Mayoral, E. P., Matos, I., Bernardo, M., Durán-Valle, C. and Fonseca, I. (2021). Functional 
porous carbons: Synthetic strategies and catalytic application in fine chemical synthesis. 
Emerging Carbon Materials for Catalysis, 2021, 299-352. 

Misnon, I. I., Zain, N. K. M., Abd Aziz, R., Vidyadharan, B. and Jose, R. (2015). Electrochemical 
properties of carbon from oil palm kernel shell for high performance 
supercapacitors. Electrochimica Acta, 174, 78-86. 

Mopoung, S. and Dejang, N. (2021). Activated carbon preparation from eucalyptus wood chips 
using continuous carbonization–steam activation process in a batch intermittent rotary 
kiln. Scientific Reports, 11(1), 13948. 

Mulyawati, I.B. and Ramadhan, D.F. (2021). Bibliometric and visualized analysis of scientific 
publications on geotechnics fields. ASEAN Journal of Science and Engineering Education, 
1(1), 37-46. 

N’diaye, A.D. (2023). Nonlinear analysis of the kinetics and equilibrium for adsorptive removal 
of paranitrophenol by powdered activated carbon. ASEAN Journal of Science and 
Engineering, 3(3), 271-280. 

Nabais, J. V., Teixeira, J. G. and Almeida, I. (2011). Development of easy made low cost 
bindless monolithic electrodes from biomass with controlled properties to be used as 
electrochemical capacitors. Bioresource Technology, 102(3), 2781-2787. 

Nandiyanto, A.B.D. (2018). Cost analysis and economic evaluation for the fabrication of 
activated carbon and silica particles from rice straw waste. Journal of Engineering, 
Science and Technology, 13(6), 1523-1539. 

Nandiyanto, A.B.D. (2019). Hydrothermal synthesis method for the production of nanorod 
tungsten trioxide particles. Journal of Engineering, Science and Technology, 14(6), 3105-
3113. 

Nandiyanto, A.B.D., Al Husaeni, D.F. and Ragadhita, R. (2023). Bibliometric data analysis of 
research on resin-based brake-pads from 2012 to 2021 using VOSviewer mapping 
analysis computations. ASEAN Journal for Science and Engineering in Materials, 2(1), 35-
44. 



461 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Nandiyanto, A.B.D., Al Husaeni, D.N. and Al Husaeni, D.F. (2021) A bibliometric analysis of 
chemical engineering research using VOSviewer and its correlation with Covid-19 
pandemic condition. Journal of Engineering, Science and Technology, 16(6), 4414-4422 

Nandiyanto, A.B.D., Biddinika, M.K. and Triawan, F. (2020). How bibliographic dataset 
portrays decreasing number of scientific publication from Indonesia. Indonesian Journal 
of Science and Technology, 5(1), 154-175. 

Nandiyanto, A.B.D., Fiandini, M. and Al Husaeni, D.N. (2024). Research trends from the scopus 
database using keyword water hyacinth and ecosystem: A bibliometric literature review. 
ASEAN Journal of Science and Engineering, 4(1), 33-48 

Nandiyanto, A.B.D., Girsang, G.C.S. and Rizkia, R.S. (2022b). Isotherm adsorption 
characteristics of 63-um calcium carbonate particles prepared from eggshells waste. 
Journal of Engineering, Science and Technology, 17(5), 3203-3210. 

Nandiyanto, A.B.D., Putra, Z.A., Andika, R., Zulhijah, R. and Hamidah, I. (2017). Porous 
activated carbon particles from rice straw waste and their adsorption properties. Journal 
of Engineering, Science and Technology, 12(Special Issue 10), 1-11. 

Nandiyanto, A.B.D., Putri, S.R., Ragadhita, R. and Kurniawan, T. (2022a). Design of heat 
exchanger for the production of carbon particles. Journal of Engineering, Science and 
Technology, 17(4), 2788-2798 

Nordin, N.A.H.M. (2022). A bibliometric analysis of computational mapping on publishing 
teaching science engineering using VOSviewer application and correlation. Indonesian 
Journal of Teaching in Science, 2(2), 127-138. 

Nordin, N.A.H.M. (2022). Correlation between process engineering and special needs from 
bibliometric analysis perspectives. ASEAN Journal of Community and Special Needs 
Education, 1(1), 9-16. 

Nugraha, S.A. and Nandiyanto, A.B.D. (2022). Bibliometric analysis of magnetite nanoparticle 
production research during 2017-2021 using VOSviewer. Indonesian Journal of 
Multidiciplinary Research, 2(2), 327-332. 

Nursaniah, S.S.J. and Nandiyanto, A.B.D. (2023). Bibliometric analysis for understanding 
“science education” for “student with special needs” using VOSviewer. ASEAN Journal 
of Community and Special Needs Education, 2(1), 45-54. 

Oginni, O., Singh, K., Oporto, G., Dawson-Andoh, B., McDonald, L. and Sabolsky, E. (2019). 
Effect of one-step and two-step H3PO4 activation on activated carbon 
characteristics. Bioresource Technology Reports, 8, 100307. 

Otowa, T., Tanibata, R. and Itoh, M. (1993). Production and adsorption characteristics of 
MAXSORB: high-surface-area active carbon. Gas Separation and Purification, 7(4), 241-
245. 

Pan, S., Zhang, Z., Weng, W., Lin, H., Yang, Z. and Peng, H. (2014). Miniature wire-shaped solar 
cells, electrochemical capacitors and lithium-ion batteries. Materials Today, 17(6), 276-
284. 

Pebrianti, M. and Salamah, F. (2021). Learning simple pyrolysis tools for turning plastic waste 
into fuel. Indonesian Journal of Multidiciplinary Research, 1(1), 99-102. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 462 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Peng, C., Yan, X. B., Wang, R. T., Lang, J. W., Ou, Y. J. and Xue, Q. J. (2013). Promising activated 
carbons derived from waste tea-leaves and their application in high performance 
supercapacitors electrodes. Electrochimica Acta, 87, 401-408. 

Permatasari, N., Sucahya, T.N. and Nandiyanto, A.B.D. (2016). Agricultural wastes as a source 
of silica material. Indonesian Journal of Science and Technology, 1(1), 82-106. 

Pietrzak, K. and Wardak, C. (2021). Comparative study of nitrate all solid state ion-selective 
electrode based on multiwalled carbon nanotubes-ionic liquid nanocomposite. Sensors 
and Actuators B: Chemical, 348, 130720. 

Pramanik, A., Maiti, S., Dhawa, T., Sreemany, M. and Mahanty, S. (2018). High faradaic charge 
storage in ZnCo2S4 film on Ni-foam with a hetero-dimensional microstructure for hybrid 
supercapacitor. Materials Today Energy, 9, 416-427. 

Pramanik, P.D. and Rahmanita, M. (2023). Strengthening the role of local community in 
developing countries through community-based tourism from education perspective: 
Bibliometric analysis. Indonesian Journal of Multidiciplinary Research, 3(2), 331-348. 

Priya, M. S., Divya, P. and Rajalakshmi, R. (2020). A review status on characterization and 
electrochemical behaviour of biomass derived carbon materials for energy storage 
supercapacitors. Sustainable Chemistry and Pharmacy, 16, 100243. 

Qiu, P., Yang, X., Sun, S., Jia, L., Li, J. and Chen, F. (2021). Enhanced electrochemical 
performance and durability for direct CH4–CO2 solid oxide fuel cells with an on-cell 
reforming layer. International Journal of Hydrogen Energy, 46(44), 22974-22982. 

Qu, S., Wan, J., Dai, C., Jin, T. and Ma, F. (2018). Promising as high-performance supercapacitor 
electrode materials porous carbons derived from biological lotus leaf. Journal of Alloys 
and Compounds, 751, 107-116. 

Ragadhita, R., Al Husaeni, D.F. and Nandiyanto, A.B.D. (2023). Techno‐economic evaluation 
of the production of resin-based brake pads using agricultural wastes: Comparison of 
eggshells/banana peels brake pads and commercial asbestos brake pads. ASEAN Journal 
of Science and Engineering, 3(3), 243-250. 

Ragadhita, R. and Nandiyanto, A.B.D. (2023). Why 200°C is effective for creating carbon from 
organic waste (from thermal gravity (TG-DTA) perspective)?. ASEAN Journal for Science 
and Engineering in Materials, 2(2), 75-80. 

Ragahita, R. and Nandiyanto, A.B.D. (2022). Computational bibliometric analysis on 
publication of techno-economic education. Indonesian Journal of Multidiciplinary 
Research, 2(1), 213-220. 

Rahim, A. H. A., Ramli, N., Nordin, A. N. and Wahab, M. F. A. (2021). Supercapacitor 
performance with activated carbon and graphene nanoplatelets composite electrodes, 
and insights from the equivalent circuit model. Carbon Trends, 5, 100101. 

Rahman, A. U., Ahmad, I. and Malik, A. S. (2020). Variable structure-based control of fuel cell-
supercapacitor-battery based hybrid electric vehicle. Journal of Energy Storage, 29, 
101365. 

Ramadhan, D.F., Fabian, A.M. and Saputra, H.M. (2022). Dental suction aerosol: Bibliometric 
analysis. ASEAN Journal of Science and Engineering, 2(3), 295-302. 



463 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Ranaweera, C. K., Kahol, P. K., Ghimire, M., Mishra, S. R. and Gupta, R. K. (2017). Orange-peel-
derived carbon: designing sustainable and high-performance supercapacitor 
electrodes. C: Journal of Carbon Research, 3(3), 25. 

Rawat, S., Mishra, R. K. and Bhaskar, T. (2022). Biomass derived functional carbon materials 
for supercapacitor applications. Chemosphere, 286, 131961. 

Ruzmetov, A. and Ibragimov, A. (2023). Past, current and future trends of salicylic acid and its 
derivatives: A bibliometric review of papers from the Scopus database published from 
2000 to 2021. ASEAN Journal for Science and Engineering in Materials, 2(1), 53-68. 

Said, M. M., Yunas, J., Pawinanto, R. E., Majlis, B. Y. and Bais, B. (2016). PDMS based 
electromagnetic actuator membrane with embedded magnetic particles in polymer 
composite. Sensors and Actuators A: Physical, 245, 85-96. 

Saini, S., Chand, P. and Joshi, A. (2021). Biomass derived carbon for supercapacitor 
applications. Journal of Energy Storage, 39, 102646. 

Salleh, N. A., Kheawhom, S. and Mohamad, A. A. (2021). Chitosan as biopolymer binder for 
graphene in supercapacitor electrode. Results in Physics, 25, 104244. 

Sankar, S., Ahmed, A. T. A., Inamdar, A. I., Im, H., Im, Y. B., Lee, Y., Kim, D.Y. and Lee, S. (2019). 
Biomass-derived ultrathin mesoporous graphitic carbon nanoflakes as stable electrode 
material for high-performance supercapacitors. Materials and Design, 169, 107688. 

Sellali, M., Abdeddaim, S., Betka, A., Djerdir, A., Drid, S. and Tiar, M. (2019). Fuzzy-Super 
twisting control implementation of battery/super capacitor for electric vehicles. ISA 
Transactions, 95, 243-253. 

Seman, R. N. A. R., Azam, M. A. and Mohamad, A. A. (2017). Systematic gap analysis of carbon 
nanotube-based lithium-ion batteries and electrochemical capacitors. Renewable and 
Sustainable Energy Reviews, 75, 644-659. 

Senthilkumar, S. T. and Selvan, R. K. (2015). Flexible fiber supercapacitor using biowaste‐
derived porous carbon. ChemElectroChem, 2(8), 1111-1116. 

Senthilkumar, S. T., Selvan, R. K., Melo, J. S. and Sanjeeviraja, C. (2013). High performance 
solid-state electric double layer capacitor from redox mediated gel polymer electrolyte 
and renewable tamarind fruit shell derived porous carbon. ACS Applied Materials and 
Interfaces, 5(21), 10541-10550. 

Seralathan, S., Rao, N. N. M., Lella, J. V., Srikanth, N., Sivakumar, D. D. and Hariram, V. (2020). 
Analysis on conversion of waste heat into electrical energy using different seebeck 
coefficient materials. Materials Today: Proceedings, 33, 3702-3707. 

Sharma, P. and Kumar, V. (2020). Study of electrode and electrolyte material of 
supercapacitor. Materials Today: Proceedings, 33, 1573-1578. 

Shi, Y., Jing, J., Fan, Y., Yang, L., Li, Y. and Wang, M. (2018). A novel compact broadband 
rectenna for ambient RF energy harvesting. AEU-International Journal of Electronics and 
Communications, 95, 264-270. 

Shidiq, A.P.A. (2023). Bibliometric analysis of nano metal-organic frameworks synthesis 
research in medical science using VOSviewer. ASEAN Journal of Science and Engineering, 
3(1), 31-38. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 464 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Shrestha, D. and Rajbhandari, A. (2021). The effects of different activating agents on the 
physical and electrochemical properties of activated carbon electrodes fabricated from 
wood-dust of Shorea robusta. Heliyon, 7(9), e07917. 

Solehuddin, M., Muktiarni, M., Rahayu, N.I. and Maryanti, R. (2023). Counseling guidance in 
science education: Definition, literature review, and bibliometric analysis. Journal of 
Engineering, Science and Technology, 18(Special issue of ISCoE), 1-13. 

Sudarjat, H. (2023). Computing bibliometric analysis with mapping visualization using 
vosviewer on “pharmacy” and “special needs” research data in 2017-2021. ASEAN 
Journal of Community and Special Needs Education, 2(1), 1-8. 

Sukmafitri, A., Ragadhita, R., Nandiyanto, A.B.D., Nugraha, W.C. and Mulyanti, B. (2020). 
Effect of pH condition on the production of well-dispersed carbon nanoparticles from 
rice husks. Journal of Engineering, Science and Technology, 15(2), 991-1000. 

Sukyadi, D., Maryanti, R., Rahayu, N.I. and Muktiarni, M. (2023). Computational bibliometric 
analysis of english research in science education for students with special needs using 
vosviewer. Journal of Engineering, Science and Technology, 18(Special issue of ISCoE), 
14-26. 

Sun, F., Gao, J., Liu, X., Pi, X., Yang, Y. and Wu, S. (2016). Porous carbon with a large surface 
area and an ultrahigh carbon purity via templating carbonization coupling with KOH 
activation as excellent supercapacitor electrode materials. Applied Surface Science, 387, 
857-863. 

Sundriyal, S., Shrivastav, V., Pham, H. D., Mishra, S., Deep, A. and Dubal, D. P. (2021). Advances 
in bio-waste derived activated carbon for supercapacitors: Trends, challenges and 
prospective. Resources, Conservation and Recycling, 169, 105548. 

Surducan, V., Surducan, E. and Gutt, R. (2020). Harvesting and conversion of the 
environmental electromagnetic pollution into electrical energy by novel rectenna array 
coupled with resonant micro-converter. Energy, 211, 118645. 

Taer, E., Apriwandi, A., Taslim, R., Agutino, A. and Yusra, D. A. (2020). Conversion Syzygium 
oleana leaves biomass waste to porous activated carbon nanosheet for boosting 
supercapacitor performances. Journal of Materials Research and Technology, 9(6), 
13332-13340. 

Taer, E., Yusra, D. A., Amri, A., Taslim, R. and Putri, A. (2021). The synthesis of activated carbon 
made from banana stem fibers as the supercapacitor electrodes. Materials Today: 
Proceedings, 44, 3346-3349. 

Tefera, M., Tessema, M., Admassie, S. and Wubet, W. (2021). Voltammetric determination of 
uric acid using multiwall carbon nanotubes coated-poly (4-amino-3-hydroxy 
naphthalene sulfonic acid) modified glassy carbon electrode. Heliyon, 7(7), e07575. 

Thangavel, R., Kaliyappan, K., Ramasamy, H. V., Sun, X. and Lee, Y. S. (2017). Engineering the 
Pores of Biomass‐Derived Carbon: Insights for Achieving Ultrahigh Stability at High 
Power in High‐Energy Supercapacitors. ChemSusChem, 10(13), 2805-2815. 

Thomas, P., Lai, C. W. and Johan, M. R. B. (2019). Recent developments in biomass-derived 
carbon as a potential sustainable material for super-capacitor-based energy storage and 
environmental applications. Journal of Analytical and Applied Pyrolysis, 140, 54-85. 



465 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Tian, J., Zhang, T., Talifu, D., Abulizi, A. and Ji, Y. (2021). Porous carbon materials derived from 
waste cotton stalk with ultra-high surface area for high performance 
supercapacitors. Materials Research Bulletin, 143, 111457. 

Tian, Y., Liu, A., Wang, J., Zhou, Y., Bao, C., Xie, H., Wu, Z. and Wang, Y. (2021). Optimized 
output electricity of thermoelectric generators by matching phase change material and 
thermoelectric material for intermittent heat sources. Energy, 233, 121113. 

Tobi, A. R., Dennis, J. O., Zaid, H. M., Adekoya, A. A., Yar, A. and Fahad, U. (2019). Comparative 
analysis of physiochemical properties of physically activated carbon from palm bio-
waste. Journal of Materials Research and Technology, 8(5), 3688-3695. 

Tripathy, A., Mohanty, S., Nayak, S. K. and Ramadoss, A. (2021). Renewable banana-peel-
derived activated carbon as an inexpensive and efficient electrode material showing 
fascinating supercapacitive performance. Journal of Environmental Chemical 
Engineering, 9(6), 106398. 

Veneri, O., Capasso, C. and Patalano, S. (2018). Experimental investigation into the 
effectiveness of a super-capacitor based hybrid energy storage system for urban 
commercial vehicles. Applied Energy, 227, 312-323. 

Vukajlović, N., Milićević, D., Dumnić, B. and Popadić, B. (2020). Comparative analysis of the 
supercapacitor influence on lithium battery cycle life in electric vehicle energy 
storage. Journal of Energy Storage, 31, 101603. 

Wang, C., Wu, D., Wang, H., Gao, Z., Xu, F. and Jiang, K. (2018). A green and scalable route to 
yield porous carbon sheets from biomass for supercapacitors with high capacity. Journal 
of Materials Chemistry A, 6(3), 1244-1254. 

Wang, D., Geng, Z., Li, B. and Zhang, C. (2015). High performance electrode materials for 
electric double-layer capacitors based on biomass-derived activated 
carbons. Electrochimica Acta, 173, 377-384. 

Wang, H., Li, Z. and Mitlin, D. (2014). Tailoring biomass‐derived carbon nanoarchitectures for 
high‐performance supercapacitors. ChemElectroChem, 1(2), 332-337. 

Wang, J. and Kaskel, S. (2012). KOH activation of carbon-based materials for energy 
storage. Journal of Materials Chemistry, 22(45), 23710-23725. 

Wang, R., Wang, P., Yan, X., Lang, J., Peng, C. and Xue, Q. (2012). Promising porous carbon 
derived from celtuce leaves with outstanding supercapacitance and CO2 capture 
performance. ACS Applied Materials and Interfaces, 4(11), 5800-5806. 

Wang, T., Rony, A. H., Sun, K., Gong, W., He, X., Lu, W., Tang, M., Ye, R., Yu, J., Kang, L. and 
Fan, M. (2020). Carbon nanofibers prepared from solar pyrolysis of pinewood as binder-
free electrodes for flexible supercapacitors. Cell Reports Physical Science, 1(6), 100079. 

Wang, X., Li, Y., Lou, F., Buan, M. E. M., Sheridan, E. and Chen, D. (2017). Enhancing 
capacitance of supercapacitor with both organic electrolyte and ionic liquid electrolyte 
on a biomass-derived carbon. RSC Advances, 7(38), 23859-23865. 

Wang, Y., Qu, Q., Gao, S., Tang, G., Liu, K., He, S. and Huang, C. (2019). Biomass derived carbon 
as binder-free electrode materials for supercapacitors. Carbon, 155, 706-726. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 466 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Wei, W., Wan, L., Du, C., Zhang, Y., Chen, J. and Xie, M. (2020). Template induced self-
oxidative polymerization of phenols to mesoporous carbon doped with faradaic active 
oxygen for high-performance supercapacitor. Microporous and Mesoporous 
Materials, 307, 110510. 

Wiendartun, W., Wulandari, C., Fauzan, J.N., Hasanah, L., Nugroho, H.S., Pawinanto, R.E. and 
Mulyanti, B. (2022). Trends in research related to photonic crystal (PHC) from 2009 to 
2019: A bibliometric and knowledge mapping analysis. Journal of Engineering, Science 
and Technology, 17(1), 0343-0360. 

Wilk, M., Śliz, M. and Gajek, M. (2021). The effects of hydrothermal carbonization operating 
parameters on high-value hydrochar derived from beet pulp. Renewable Energy, 177, 
216-228. 

Wirzal, M.D.H. and Putra, Z.A. (2022). What is the correlation between chemical engineering 
and special needs education from the perspective of bibliometric analysis using 
VOSviewer indexed by google scholar?. Indonesian Journal of Community and Special 
Needs Education, 2(2), 103-110. 

Wood, G. F., Zvoriste-Walters, C. E., Munday, M. G., Newton, M. E., Shkirskiy, V., Unwin, P. R. 
and Macpherson, J. V. (2021). High pressure high temperature synthesis of highly boron 
doped diamond microparticles and porous electrodes for electrochemical 
applications. Carbon, 171, 845-856. 

Xiong, R., Zhang, Y., Zhou, W., Xia, K., Sun, Q., Chen, G., Han, B., Gao, Q. and Zhou, C. (2020). 
Chemical activation of carbon materials for supercapacitors: Elucidating the effect of 
spatial characteristics of the precursors. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 597, 124762. 

Xu, J., Gao, Q., Zhang, Y., Tan, Y., Tian, W., Zhu, L. and Jiang, L. (2014). Preparing two-
dimensional microporous carbon from Pistachio nutshell with high areal capacitance as 
supercapacitor materials. Scientific Reports, 4(1), 5545. 

Xu, X., Gao, J., Tian, Q., Zhai, X. and Liu, Y. (2017). Walnut shell derived porous carbon for a 
symmetric all-solid-state supercapacitor. Applied Surface Science, 411, 170-176. 

Xu, X., Nan, J., Wang, J. and Gao, Z. (2017). Estimate of super capacitor's dynamic 
capacity. Energy Procedia, 105, 2194-2200. 

Yadav, M. P., Kale, M. S., Hicks, K. B. and Hanah, K. (2017). Isolation, characterization and the 
functional properties of cellulosic arabinoxylan fiber isolated from agricultural 
processing by-products, agricultural residues and energy crops. Food Hydrocolloids, 63, 
545-551. 

Yakaboylu, G. A., Jiang, C., Yumak, T., Zondlo, J. W., Wang, J. and Sabolsky, E. M. (2021). 
Engineered hierarchical porous carbons for supercapacitor applications through 
chemical pretreatment and activation of biomass precursors. Renewable Energy, 163, 
276-287. 

Yang, V., Senthil, R. A., Pan, J., Khan, A., Osman, S., Wang, L., Jiang, W. and Sun, Y. (2019). 
Highly ordered hierarchical porous carbon derived from biomass waste mangosteen 
peel as superior cathode material for high performance supercapacitor. Journal of 
Electroanalytical Chemistry, 855, 113616. 



467 | Indonesian Journal of Science & Technology, Volume 8 Issue 3, December 2023 Hal 439-468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Yi, H., Nakabayashi, K., Yoon, S. H. and Miyawaki, J. (2021). Pressurized physical activation: A 
simple production method for activated carbon with a highly developed pore 
structure. Carbon, 183, 735-742. 

Yu, J., Gao, L. Z., Li, X. L., Wu, C., Gao, L. L. and Li, C. M. (2016). Porous carbons produced by 
the pyrolysisof green onion leaves and their capacitive behavior. New Carbon 
Materials, 31(5), 475-484. 

Yu, M., Han, Y., Li, Y., Li, J. and Wang, L. (2018). Polypyrrole-anchored cattail biomass-derived 
carbon aerogels for high performance binder-free supercapacitors. Carbohydrate 
Polymers, 199, 555-562. 

Yun, Y. S., Park, M. H., Hong, S. J., Lee, M. E., Park, Y. W. and Jin, H. J. (2015). Hierarchically 
porous carbon nanosheets from waste coffee grounds for supercapacitors. ACS Applied 
Materials and Interfaces, 7(6), 3684-3690. 

Yunas, J., Mulyanti, B., Hamidah, I., Mohd Said, M., Pawinanto, R. E., Wan Ali, W. A. F., 
Subandi, A., Hamzah, A.A., Latif, R. and Yeop Majlis, B. (2020). Polymer-based MEMS 
electromagnetic actuator for biomedical application: A review. Polymers, 12(5), 1184. 

Zequine, C., Ranaweera, C. K., Wang, Z., Dvornic, P. R., Kahol, P. K., Singh, S., Tripathi, P., 
Srivastava, O.N., Singh, S., Gupta, B.K. and Gupta, R. K. (2017). High-performance flexible 
supercapacitors obtained via recycled jute: bio-waste to energy storage 
approach. Scientific Reports, 7(1), 1174. 

Zequine, C., Ranaweera, C. K., Wang, Z., Singh, S., Tripathi, P., Srivastava, O. N., Gupta, B.K., 
Ramasamy, K., Kahol, P.K., Dvornic, P.R. and Gupta, R. K. (2016). High per formance and 
flexible supercapacitors based on carbonized bamboo fibers for wide temperature 
applications. Scientific Reports, 6(1), 31704. 

Zhang, D., Lin, X., Zhang, Q., Ren, X., Yu, W. and Cai, H. (2020). Catalytic pyrolysis of wood-
plastic composite waste over activated carbon catalyst for aromatics production: Effect 
of preparation process of activated carbon. Energy, 212, 118983. 

Zhang, J., Wang, Z., Miller, E. J., Cui, D., Liu, P. and Zhang, Z. (2023). Charging demand 
prediction in Beijing based on real-world electric vehicle data. Journal of Energy 
Storage, 57, 106294. 

Zhang, Q., Han, K., Li, S., Li, M., Li, J. and Ren, K. (2018). Synthesis of garlic skin-derived 3D 
hierarchical porous carbon for high-performance supercapacitors. Nanoscale, 10(5), 
2427-2437. 

Zhang, Q., Wang, L., Li, G. and Liu, Y. (2020). A real-time energy management control strategy 
for battery and supercapacitor hybrid energy storage systems of pure electric 
vehicles. Journal of Energy Storage, 31, 101721. 

Zhang, X., Zhang, T., Chen, H. and Cao, Y. (2021). A review of online electrochemical diagnostic 
methods of on-board proton exchange membrane fuel cells. Applied Energy, 286, 
116481. 

Zhao, N., Deng, L., Luo, D. and Zhang, P. (2020). One-step fabrication of biomass-derived 
hierarchically porous carbon/MnO nanosheets composites for symmetric hybrid 
supercapacitor. Applied Surface Science, 526, 146696. 



Hamidah et al., Biomass-Based Supercapacitors Electrodes for Electrical Energy Storage Systems… | 468 

DOI: https://doi.org/10.17509/ijost.v8i3.60688 

p- ISSN 2528-1410 e- ISSN 2527-8045 

Zhao, Y. Q., Lu, M., Tao, P. Y., Zhang, Y. J., Gong, X. T., Yang, Z., Zhang, G. H. and Li, H. L. (2016). 
Hierarchically porous and heteroatom doped carbon derived from tobacco rods for 
supercapacitors. Journal of Power Sources, 307, 391-400. 

Zhao, Y. Q., Lu, M., Tao, P. Y., Zhang, Y. J., Gong, X. T., Yang, Z., Zhang, G. Q. and Li, H. L. (2016). 
Hierarchically porous and heteroatom doped carbon derived from tobacco rods for 
supercapacitors. Journal of Power Sources, 307, 391-400. 

Zou, Z., Cao, J., Cao, B. and Chen, W. (2015). Evaluation strategy of regenerative braking 
energy for supercapacitor vehicle. ISA Transactions, 55, 234-240. 

Zouli, N. (2021). Electro-desalination of saline solutions by multiwall carbon nanotube 
electrodes. Journal of Saudi Chemical Society, 25(10), 101328. 


