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ABSTRACT 

Affordable and clean energy is one of the major sustainable development goals that can transform our world. 
Currently, researchers are focusing on cheap carbon electrode materials to develop energy storage devices, 
including high energy density supercapacitors and li-ion batteries. In this review article, the prime focus has 
been given on different types of natural carbon sources used for synthesis of graphene and carbon products/ 
derivatives towards the fabrication of supercapacitors with high electrochemical performance. The review also 
contains the recent status of the synthetic methods of such type of materials and their subsequent application as 
electrodes in supercapacitors along with the technological aspects of the supercapacitors made out of those 
natural resources. The main outlook of the review article is to understand the importance of these natural 
resources for using as precursors in large-scale synthesis of various carbon products/derivatives in an economic 
way. This is the first review article describing all possible directions related to such typical natural resources and 
application of their carbon derivatives/products for better electrochemical properties. The article will be very 
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helpful for future resean:h work in the field of carbon electrode materials derived from coal, graphite, and 
biomass and their gainful utilization in supercapacitor energy storage devices. 

1. Introduction 

The need for the new material gives birth to new technology. 
However, economic viability for any new technology is the prime re
quirement for its sustainability. The graphene and natural carbon de
rivative in the form of oxides (Graphene oxide-GO), dots (Graphene 
quantum dots-GQD), and tubes (Carbon nanotubes-CNT) is an output of 
the same need. In view of the development of future technologies, the 
present world requires enormous amount of carbon nanomaterials with 
promising and excellent chemical, physical, mechanical, and thermal 
properties [1-3] . The year 1991 is known for the invention of graphene, 
a sp2 hybridized material with extraordinary properties, which opened 
a wide opportunity for researchers and industries towards the devel
opment of various applications such as batteries, fuel cells, and elec
tronics devices [ 4-7]. Graphene is also known for its large conjugated 
structure, which signifies the delocalization effects of ,..;-electrons. This 
effect makes a graphene a zero-band gap material and restricts its usage 
in optronics applications [8,9]. There are several graphene derivatives 
varied in the structural and chemical manner from each other. To en
hance the properties of these derivatives is an important aspect for its 
usage in various applications which can be done by intercalating de
rivatives with the polymer matrix. 

Here, the focus is mainly on the carbon materials derived from 
natural carbon precursors, graphene oxide (GO), and the reduced form 
of graphene oxide (rGO) which are common and most important deri
vatives of graphene. Graphene is known for its electrical conductivity, 
whereas GO behaves most probably as an insulator. In general, the 
oxidation process leads towards the loss of conductivity. The funda
mental properties of GO depend on the degree of oxidation. The con
ductivity of graphene derivatives mainly relies on the oxide network of 
the precursor. The conversion from conducting to insulating properties 
is due to the disruption of sp2 bonding [10-12] . There are several ap
proaches has been developed for synthesizing graphene derivatives, but 
production at low cost and high yield is still the biggest challenge. Thus, 
the precursor materials such as graphite, coal, coke, anthracite, and 
biomass are very important towards the large-scale production of gra
phene derivatives for high-end applications. Every precursor has dif
ferent structure and basic properties, for example, graphite is a hex
agonal structured carbon form with sp2 orbital planes with each layer is 
separated by 0.34 nm [13] . There are different ranks of coal (anthra
cite, bituminous, lignite) also used for the synthesis of graphene deri
vatives [14,15] . The precursor in the form of coal is also known as 
three-dimensional cross-linked heterogeneous carbon materials. The 
different ranks of coal vary from each other, for example ca.70%, 75%, 

Table 1 

85%, and 94% of carbon concentration present in lignite, sub
bituminous, bituminous, and anthracite respectively [16-19] . There 
have been many studies on the synthesis of graphene derivatives by 
using graphite and coal. For example, Pandey et al. [20] used graphite 
for the synthesis of reduced graphene oxide (rGO). Similarly, the 
synthesis of graphene oxide [21,22] , carbon nanomaterials [23,24] , 
and carbon nanotubes [25-27] was studied by several researchers using 
coal as a precursor. 

In this review, the compatibility of other active and inactive com
ponent of supercapacitors with the activated carbon derived from bio
mass and natural sources will also be optimized. Also, various compo
nents of the activated carbon-based electric double layer capacitance 
(EDLC) and their type will be reviewed and the novel state-of-art 
methods of developing superior electrolyte, current collector, separator, 
and binder which exhibit superior electrochemical performance will be 
discussed. Many reports on various types of porous carbon obtained 
from different sources have been found which are chemically activated 
and used as electrode materials in supercapacitor [28,29] . In this re
gard, naturally available biomass can be very useful as source material 
for the synthesis of porous carbon. Porous carbon prepared from these 
materials has an upper hand over the others in terms of sustainability as 
they are obtained in an environmentally friendly way from renewable 
waste biomass as well as natural sources [30]. Also, because of the in 
situ nano-adsorbent formations in the biomass-derived activated carbon 
in a very cost-efficient and easy, the results are quite fulfilling. How
ever, most of the reports available in the literature for porous carbon 
are focused on the electro-catalytic and pollutant removal applications 
[31,32] . There are very few reports on developing of porous carbon 
materials from waste biomass and other natural sources to be used in 
EDLC. In this review, the emphasis is also given on activated carbon 
obtained from biomass. A lot of biomass materials have been used as 
precursors for obtaining the carbon powder which includes animal 
bones, dead leaves, coconut husk, chicken eggshell membranes, cow
dung, food waste, etc. [33]. The biomass material sources can be 
broadly summarized in five significant categories i.e. plant-derived, 
food-derived, microorganism-derived, animal-derived, and lastly 
carbon materials derived from natural sources such as coal. 

The various reactions that take place in the carbonization stage and 
the subsequent oxidation of the biochar could eventually transform the 
initial structure and chemical composition of the tinal carbon-derived 
material. The high yield of carbon from biochar, doping, and hetero
atom greatly depends on the composition of elements as well as the 
chemical constitution of the biomass precursors. Biochar contains high 
amount of silica, inorganic mineral compounds, and/or thermally 

Few of the activated carbon obtained from different biomass and their important parameters and application. 

Biomass precui30fS 

Production of activated carbollll from 
agricultunl residues 

Lignoc:ellulosic biomass 

~grown in wastewater 

Rice straw 

P8Iliiiieterll 

Surface areu, ranging between 250 and 2410 m2/g and pore 
volwnes of 0.022 and 91.4 c:m• /g 
Surface ;uea of 1247 m• /g and micropore volume of 0.51 c:m3 /g 

21% o,.;co, atmosphere i.l at least effective tn reduce NO emlsslon 
from most algal blamasa combustion compared to air-based 
atmosphere 
Biomass productivity (0.076 g L - 1 d-1

) and lipid productivity 
(0.014 g L - 1 d-1 ) 

Surface area of 1007 m2/g, mamnum capacitance 332P/g 

Superior specific suiface area 1672 m2 /g, total pore volume 
0.8lc.m3/g, muimwn specific capacity 226F/g 
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AppUcati01111 Refa. 

Most effective In removing the metals copper {Cu2 + ), [34] 
lead {Pb'+J and zinc (Zn2 +), from drinking WBter 

Applications of biolii8S5-based carbon molec:ular sieves [35] 
(CMSs) in gas sepanotion 
Control of NO,. emissions from direct combustion or co- [36] 
flrlng of algal biomass for energy utilization 

Improved fatty add profile In the biomass and biodiesel [37] 
quality-related parameters 
High enerzy symmetric supercapadtor In aqueous and [38] 
non-aqueous electrolytes 
Production of commerdal activated carbon with high [39] 
porosity for supercapadton 
































