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Abstract
Biochar obtained from the thermal conversion of biomass has high potential as a substitute 
material for activated carbon and other carbon-based materials because it is economical, en-
vironmentally friendly, and carbon-neutral. The physicochemical properties of biochar can 
also be controlled by a range of activation methods such as physical, chemical, and hydro-
thermal treatments. Activated biochar can be used as a catalyst for the catalytic pyrolysis of a 
biomass and as an absorbent for the removal of heavy metal ions and atmospheric pollutants. 
The applications of biochar are also expanding not only as a key component in producing 
energy storage materials, such as supercapacitors, lithium ion batteries, and fuel cells, but 
also in carbon capture and storage. This paper reviews the recent progress on the activation 
of biochar and its diverse present and future applications. 
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1. Introduction

The worldwide interest in renewable energy sources is being raised by accelerated global 
warming, air contamination, and fossil fuel shortage. Among the various types of renewable 
energy sources, biomasses are particularly important because they are the only carbon source 
that can replace fossil fuels [1-3]. 

Biomasses can also be converted into fuels and chemicals using suitable thermochemical 
conversion technologies such as torrefaction, gasification, and pyrolysis [4]. Torrefaction, a 
mild heat treatment at relatively low temperatures between 200 and 320 oC, can improve the 
biomass feed property for gasification, combustion, and pyrolysis processes [5-6]. Gasifica-
tion, which is usually applied to carbonaceous materials, such as a biomass, is a partial oxi-
dation process using gasification agents such as steam, CO2, and gas mixtures. This process 
can produce large amounts of gaseous products, such as H2 and CO, mostly together with 
oil and solid products (char and ash) [7-8]. Pyrolysis is a thermal decomposition reaction 
of polymeric materials at temperatures ranging from 300 to 900 oC under a non-oxygen 
atmosphere producing gas, oil, and solid products. The yields and properties of the gas, oil, 
and solid products produced by the pyrolysis of a biomass are differentiated not only by the 
properties of the feeding biomass but also by the pyrolysis reaction conditions such as the 
temperature, heating rate, and residence time [9-10]. 

Biochar is a solid product produced as a byproduct of the thermal conversion processes of 
a biomass. The effective use of biochar has also been emphasized because of its high carbon 
content and rapid increase in production. The low cost and high porosity are also accelerat-
ing research into the use of biochar in a wide range of industries [11]. Biochar has also been 
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2.4. Other activation methods

Recently, microwave-induced/assisted activation was also 
applied to the activation of biochar. Duan et al. [47] sug-
gested microwave heating as a better activation method of 
biochar than conventional heating because the distorted and 
inhomogeneous microstructure of the biochar activated by 
conventional heating can be improved by applying micro-
wave heating, which enables a smaller temperature difference 
between the inside and outside of the biochar particles. In ad-
dition, other activation methods using a range of chemicals, 
such as HNO3, H2O2, H2SO4, ammonium peroxydisulfate, and 
ammonia water, as the activation agent have also been used 
for biochar activation [48].  

3. Biochar for the catalytic pyrolysis of a biomass

Biomass pyrolysis produces large amounts of bio-oil. On 
the other hand, biomass pyrolysis oil has a few important 
drawbacks. Its oxygen content is much higher than that of 
petroleum oil, and it has high acidity and reactivity, because 
of the high contents of organic acids, and a low heating value, 
and it is difficult to mix it well with petrochemical fuels such 
as gasoline. Therefore, the additional catalytic upgrading of 
biomass pyrolysis oil is considered an essential process to 
produce high-quality oil containing large amounts of hydro-
carbons by decreasing the contents of oxygenated compounds 
such as organic acids [49-51]. 

Biomass pyrolysis oil can be upgraded using a range of 
technologies such as hydrotreating, hydrocracking, catalytic 
pyrolysis, esterification, emulsification, and steam reform-
ing [52]. Among them, catalytic pyrolysis has been applied 
widely to produce high quality bio-oil because it can be per-
formed under ambient pressure without the use of hydrogen. 
The increased content of hydrocarbon, such as aromatic hy-
drocarbons, in bio-oil by applying a range of catalysts, such 
as zeolites, activated alumina, fluid catalytic cracking (FCC) 
catalyst, and transition metal catalysts, to the catalytic py-

assessed widely as a key material for environmental applications 
such as soil remediation, waste water treatment, greenhouse gas 
reduction, biofuel upgrading, and energy storage equipment 
(e.g., supercapacitors, lithium-ion batteries, and fuel cells) [12]. 
Recently, improvements in the biochar quality have become an 
important research area, and various types of activation tech-
nologies, such as physical and/or chemical activation, have been 
applied to the production of high quality biochar depending on 
the purpose of its use [13,14]. The manufacture of biochar-based 
nano-composites, such as nano-metal oxide/hydroxide-, mag-
netic-, and functional biochar nano-composites, is also an im-
portant research area [15-18]. As a large number of new studies 
on the use of biochar are being reported, a systematic review is 
necessary to provide a better understanding of the recent techni-
cal trends of the applications of biochar. 

Therefore, in this article, the manufacturing processes of acti-
vated biochar and biochar-based nano-composites are reviewed 
together with their applications in biofuel upgrading, energy 
storage, and removal of environmental pollutants. 

 

2. Biochar activation

The physico-chemical properties of biochar can be improved 
by its activation. The methods of activating biochar and the syn-
thesis of biochar-based nano-composites are differentiated by 
the use of biochar (Table 1).

2.1. Physical activation

The activation of biochar by physical activation is normally 
processed by a two-step treatment. In the first step, the carbon-
ization step, a relatively low temperature between 700 and 1150 
K is applied. A higher temperature (900-1200 K) is applied to 
the activation of carbonized biochar [19,20]. Due to the high 
energy and time consumption, the actual application of physi-
cal activation is limited, and other activation technologies have 
been attempted by many researchers.  

2.2. Chemical activation

Chemical activation can produce high quality biochar with a 
higher surface area and porosity than physically activated bio-
char (Fig. 1). In addition, the chemical activation of biochar can 
proceed at a lower temperature than the physical activation of 
biochar. A long processing time and high energy are required 
in chemical activation during the washing step to eliminate the 
residual impurities [43,44].  

2.3. Hydrothermal carbonization

Hydrothermal carbonization (HTC), which is an effective 
method to produce nanostructured carbon, can control the mor-
phology, surface chemistry, and functionality of biochar. For 
structural aromaticity and the high yield of biochar, a relatively 
low temperature (180-250oC) is applied to the HTC process. 
The surface area and chemical activity of the biochar can also 
be further increased by applying the HTC process together with 
chemical activation [45,46]. 

Fig. 1. Nitrogen sorption isotherms of activated biochar [36].
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4. Biochar as an energy storage material

Worldwide energy consumption is increasing, and the im-
portance of energy conversion without increasing the level of 
environmental contamination has become an important factor 
in social and economic development. To meet the energy de-
mand, it is necessary to develop a system to store clean energy 
that can reduce the fossil fuel consumption [58,59]. One of the 
possible solutions is the development of clean energy storage 
devices using waste. Typical examples include lithium ion bat-
teries, fuel cells, and supercapacitors (SCs). Among them, SCs 
are promising electrochemical energy storage systems that can 
be used in wireless terminals and electric vehicles. Therefore, 
there has been intensive research into the development of more 
powerful devices producing stronger forces with rapid charg-
ing and discharge performance [60]. On the other hand, SCs are 
not renewable and sustainable because they use graphite and in-
organic materials containing rare metals as the core elements. 
In contrast, biomass-based materials are environment-friendly 
and naturally abundant, have inherent mechanical strength and 
flexibility because of their diverse structure, and can be used 
together with other materials. Therefore, extensive research on 
the use of biomass-based materials is being performed to de-
velop SCs with a high power density and batteries with ultrahigh 
capacity [61]. 

4.1. SCs

SCs consist of two of the same electrodes (anode and cath-
ode), both of which are attached to electrolytes (bilayers). The 
charging mechanism of SCs is determined by the charging effect 
of the double layer. Electrode materials enabling the operation of 
SCs are classified into three categories: carbon-based materials, 
transition metal oxide, and conducting polymers. Various kinds 
of carbon-based materials, such as activated carbon, carbon 
aerogels, graphite, carbon nanotubes, carbon nanofibers, and 
nanosized carbon, have been used as the electrode materials in 
SCs because of their accessibility, easy processability, non-tox-
icity, high chemical stability, and wide application temperature 
range. Activated carbon is used mainly as a capacitor because 
of its high porosity and large surface area, which can increase 
charging at the contact surface [62]. Most carbon electrodes are 
produced from fossil fuel-based precursors (e.g., petroleum coke 
and coal); hence, they are not economical and reproducible. On 
the other hand, carbon electrodes require high energy consump-
tion because high temperature and vacuum conditions are re-
quired for their manufacture. Recently, biomass-based materials 
and byproducts have been used to develop new carbon electrodes 
as a potential solution from the view point of the environment 
and energy. Various types of biomasses, such as wood, plant tis-
sues, agricultural waste, and industrial biomass wastes, can be 
used for manufacturing electrodes because of their low price. 
Active research on the production of SCs from biochar is also 
being performed, whose main purpose is to increase the specific 
capacitance through the appropriate proper activation of biochar 
shown in Table 2. Zhao et al. [63] synthesized powdered acti-
vated carbon (PAC) from potato starch and activated it via sta-
bilization, carbonization, and KOH activation for application in 

rolysis of a biomass has been reported [53,54]. The catalytic 
upgrading of biomass pyrolysis oil by an esterification re-
action using WO3/ZrO2, and an Amberlyst catalyst at low 
temperatures was also used to reduce the total acid number 
(TAN) and the viscosity of bio-oil [55]. Nevertheless, com-
mercialization of the catalytic pyrolysis of a biomass and the 
catalytic upgrading of pyrolysis oil is difficult because of the 
low efficiency and high catalyst price [21].

Biochar is regarded by many researchers as a cost-competi-
tive catalyst for the catalytic pyrolysis of a biomass. Ren et al. 
[21] used corn stover biochar as a catalyst for the microwave 
pyrolysis of torrefied Douglas fir sawdust pellets. They reported 
that the yields of phenolics and hydrocarbons in the product oil 
and the contents of H2, CO, and CH4 were increased using the 
corn stover biochar shown in Fig. 2. 

Li et al. [56] examined the effects of activated biochars on 
the catalytic pyrolysis of lignin using a bubbling fluidized bed 
reactor. The activated biochars were obtained from the activa-
tion of lignin and birch bark in a batch reactor at 800oC under 
a CO2 atmosphere. They suggested that the activated biochars 
produced larger amounts of bio-oil with a lower water content 
and smaller average molecular weight than the nonactivated 
chars. The phenolics content was also increased with decreasing 
acidity by applying the activated biochars as a catalyst. Poggi 
et al. [57] also attempted the catalytic decomposition of acetic 
acid, which is one of the typical oxygenates in biomass pyrolysis 
oil, using biochar and a fluid catalytic cracking (FCC) catalyst 
as the catalyst. They reported that the activated bio-chars led 
to higher conversion efficiencies of acetic acid than that of the 
FCC catalyst.

From these studies, it was concluded that biochar has a 
strong potential for replacing commercial catalysts using bio-
energy products. Despite the potential of biochar catalysts, 
their actual catalytic performance is still lower than that of 
conventional zeolite catalysts. Therefore, more intensive re-
search will be needed to increase the performance of acti-
vated biochar by increasing its functionality or co-use with 
high performance catalysts. 

Fig. 2. Reaction pathway of catalytic pyrolysis using biochar catalyst 
under microwave heating [21].
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tery has an approximately 10 times higher accumulation amount 
(3800 mAh/g) than that of the carbon-based LiC6 anode (372 
mAh/g). On the other hand, the overall lifetime of the lithium metal 
anode is short because it reacts with both aprotic and protic solvents 
at the surface. This short lifetime can cause many problems, such 
as electrochemical reactions with the anodes and electrolytes and 
the loss of electrical contact with the electrodes and the dendritic 
lithium. Therefore, it is essential to develop a new material that is 
cheaper, more active, and can provide a higher ion accumulation 
capacity [73]. 

Various solid byproducts obtained from the pyrolysis of bio-
masses, such as rice husk, cherry stones, tea leaves, and sugar-
cane bagasse, have also been applied to lithium-ion batteries. 
The low specific capacities of biochar (63-291 mAh/g) obtained 
from the pyrolysis of biomasses were increased by proper acti-
vation using a proprietary porogenic agent, KOH, and ZnCl2, 
shown in Table 3. Kuo et al. [76,77] examined lithium ion bat-
teries using the biochar of rice husk that had been activated us-
ing a proprietary porogenic agent. The specific area of the bio-
char was increased from 20 to 1597 m2/g by the activation, and 
its capacity was also increased dramatically. Stephan et al. [78] 
applied banana fiber biochar to lithium ion batteries. They ob-
tained specific capacities of 3,123 and 921 mAh/g by the ZnCl2 
and KOH activation of porogen-treated biochar, respectively. 
The specific capacity of the biochar was low (625 mAh/g) when 
a porogen was not used to activate the biochar. Kuo et al. [80-
81] investigated the porogen treatment of disordered carbon pro-
duced from the pyrolysis of peanut shells. They reported that 
the first-cycle lithium insertion capacity of the porogen-treated 
carbon was increased by up to 3504 mAh/g because of its high 
surface area (2099 m2/g) formed by its activation. They also 
carbonized the peanut shell through a two-step process between 
300 and 600 oC and treated it with proprietary porogenic agents. 
Both untreated and porogen-treated shells produced carbon ma-
terials that could be used as a cathode material for lithium-ion 
batteries. Using porogenic agents as an activator, its surface area 
was increased 66 fold compared to that of the untreated carbon 
material, and its initial lithium intake capacity also increased up 
to 4,765 mAh/g. 

A lithium-sulfur battery with a theoretical ultrahigh specific 
capacity of 1650 mAh/g and an energy density of 2600 Wh/kg 
is a next-generation high-energy battery that is particularly suit-

SCs (Fig. 3). The activated PACs showed a high specific capaci-
tance (335 F/g), and their specific surface area increased with an 
increasing KOH/PACs ratio and with a decreasing carbonization 
temperature. They also observed a linear dependence between 
the specific surface area and specific capacitance. Rufford et al. 
[66] tested the electrochemical performance of activated carbon 
electrodes synthesized from the activation of sugarcane bagasse 
by ZnCl2. They revealed that the activated carbon electrodes in 
the supercapacitor cell containing 1 M of H2SO4 electrolyte has 
a high specific capacitance (300 F/g) and explained that the high 
specific capacitance is made by the formation of a high surface 
area and the presence of mesopores when ZnCl2 acts as an acti-
vator. Rufford et al. [68,69] synthesized activated carbon from 
waste coffee grounds and obtained specific capacitances of 100 
and 368 F/g through the activation using organic (C2H5)4NBF4/
CH3CN and inorganic H2SO4 electrolytes, respectively. Jurewicz 
et al. [71] also produced activated carbon with a large specific 
surface area and high capacitance using coconut shell/melamine 
as the precursor. 

4.2. Electrodes in lithium-ion batteries

Lithium-ion batteries have attracted considerable attention as a 
secondary battery because of their high energy charging capacity. 
A lithium-ion battery is composed of a carbon material used as the 
anode and a lithium transition metal oxide used as the cathode [72]. 
The theoretical charging capacity of graphitic carbon used as the 
anode of lithium-ion batteries is 372 mAh/g. The development of 
a material that can increase the level of lithium ion accumulation is 
important because the overall capacity of a lithium-ion cell depends 
strongly on the lithium-ion charging amount of the carbon structure. 
The lithium metal used as the anode of the lithium secondary bat-

Table 2. List of carbon derived from biomasses for electrode materials in capacitors.

No Biomass Activating agent Electrolyte BET surface area (m2/g) Specific capacitance (F/g) ref.

1 Potato starch KOH KOH 2342 335 [63]

2 Sunflower KOH KOH 1371-2821 311 [64]

3 Walnut shell Physical/chemical activation KOH 1197 292 [65]

4 Sugar cane bagasse ZnCl2 H2SO4 1788 300 [66]

5 Waste newspaper pyrolysis (without activation) KOH 459 300 [67]

6 Waste coffee ground ZnCl2 H2SO4 1021 368 [68-69]

7 Eggshell pyrolysis
(without activation)

Acidic
221

284
[70]

Basic 297

Fig. 3. A schematic diagram of SCs using activated biochar [44, 63].
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high current (64.2 mA/cm2) and power density (32.8 mW/cm2 
at 0.5 V) compared to commercial hard coal and carbon black 
(about 55 mA/cm2 and 28 mW/cm2 at 0.5V) [84]. Elleuch et al. 
[85-86] used almond shell biochar in a DCFC and compared its 
efficiency with that of commercial activated carbon. They re-
ported that the almond shell biochar had a current density of 480 
mA/cm2 and a maximum power output of 127 mW/cm2, which 
is double the efficiency of commercial activated carbon. Biochar 
is normally used as a low-cost anode material and catalyst in 
different types of fuel cells, such as microbial fuel cells (MFC). 
Although biochar has shown lower efficiencies (532-457 mW/
m2) than activated carbon (674 mW/m2) and graphite (566 mW/
m2), it can provide an economical advantage due to its low cost 
because the power output cost of biochar (17-35 $/W) is much 
lower than that of activated carbon (402 mW/m2) and graphite 
(392 mW/m2) [87]. Research into the use of biochar as a cata-
lyst for MFCs has also been reported. The catalytic layer-coated 
cathode is used for MFCs, and wet-proofed carbon is used as 
the catalytic layer. Yuan et al. [88] used sewage sludge-derived 
biochar and Pt/C as the cathode of MFCs. Although sewage 
sludge-derived biochar showed a similar efficiency as Pt/C, it 
had a better stability in terms of the change in voltage output and 
anti-depolarization ability.

Despite the high potential and extensive studies of biochar, 
its commercialization as an energy storage material is limited 
by its lower performance compared to conventional energy stor-
age materials. To increase the energy storage efficiency, more 
study will be needed to understand the interactions between the 
biochar properties and energy storage as well as to increase the 
overall efficiency. 

able for applications requiring a higher energy transfer such as 
electric vehicles and grid scale stationary storage. Sulfur, which 
is rich in nature, inexpensive, and environmentally friendly, is a 
core component of lithium-sulfur batteries. On the other hand, 
its commercialization is limited due to several problems includ-
ing low sulfur utilization, rapid capacity decay, and low cycling 
stability. These problems are caused by the dissolution of lithi-
um polysulfides and the large volume change between sulfur and 
sulfide during the electrochemical process [44, 83]. 

Until now, a variety of approaches, such as new electrolyte 
development, separator modification, lithium anode protection, 
and new configuration design, have been adopted to mitigate the 
'shuttle effect' of polysulfides and extend the circulation cycle. 
Among the various approaches, the most effective way has been 
to hybridize sulfur with conductive carbon substrates to pro-
duce C/S composites. For this, various carbon materials, such as 
microporous carbon, mesoporous carbon, interconnected pore-
structured hierarchical carbon, graphene nanosheets, carbon 
nanotubes, and hollow carbon fibers, have been found to exhibit 
excellent conductivity, chemical stability, and mechanical dura-
bility [44].

4.3. Fuel cells

Fuel cells exhibit relatively high efficiencies and can contrib-
ute to the decrease in greenhouse gas emissions if renewable fu-
els are used. Recently, a direct carbon fuel cell (DCFC) convert-
ing a molten carbonaceous solid fuel into electricity has been 
developed using biochar and coal as the carbonaceous solid fuel 
for the DCFC [31]. A DCFC using biochar showed a relatively 

Table 3. List of carbon derived from biomasses for electrode materials in lithium-ion batteries.

No. Biomass Activation method Temperature
(oC)

specific capacity
(mAh/g) Progenic treatment Ref.

1 Pinecone hull CO2 450 357 - [74]

2 Coffee shells pyrolysis 
(without activation)

800 1150 KOH
[75]

900 1200 KOH

3 Rice husk pyrolysis 
(without activation) 500-900 1190-3253 Proprietary porogenic agent [76-77]

4 Banana fibers pyrolysis 
(without activation) 800

921 KOH
[78]

3123 ZnCl2

5 Coconut shell pyrolysis 
(without activation)

800 950 KOH&ZnCl2

[79]
900 1714 KOH&ZnCl2

6 Peanut shells pyrolysis 
(without activation) 900 3504 Proprietary porogenic agent [80]

7 Peanut shells pyrolysis 
(without activation)

500 4765 Proprietary porogenic agent

[81]
600 3504 Proprietary porogenic agent

700 2783 Proprietary porogenic agent

800 2977 Proprietary porogenic agent

8 Cotton cloth CO2 900 1400 - [82]
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et al. [34] applied the biochar produced from the pyrolysis of 
refuse derived fuel (RDF) to copper ion removal. The activa-
tion of the RDF biochar using steam and KOH increased its 
surface area, pore volume, and metal cation quantity. They re-
ported that the steam-activated RDF char had the best perfor-
mance for the removal of copper (38.17 mg/g) (Fig. 4). Zhou 
et al. [103] also reported the use of magnetic gelatin-modified 
biochar for the removal of arsenic in wastewater. They used 
chestnut shells for the production of pyrolysis biochar and 
modified the biochar using magnetic gelatin to increase its 
surface area and improve its magnetic properties. The arsenic 
adsorption capacity of the biochar was increased from 17.5 
to 45.8 mg/g by the activation of the biochar. The synthesis 
of magnetic biochar from empty palm oil bunches with FeCl3 
and from agricultural waste rice husk with FeCl3∙6H2O was 
also investigated to remove Cd and Cr [104]. In addition, the 
removal of Pb and methylene green was attempted using hy-
drochar produced from the hydrothermal treatment of corn 
straw black liquor, golden shower pods, coconut shells, and 
orange peels [105-106].

5. Biochar as an environmental material

The importance of biochar in environmental applications has 
increased in recent decades. One of the applications is carbon 
capture and storage (CCS) to decrease the levels of greenhouse 
gases such as carbon dioxide (CO2). The use of biochar as an 
absorbent to eliminate pollutants in an air or water matrix is a 
potential application that has been studied intensively.

5.1. Carbon capture and storage

CO2 is the dominant greenhouse gas emitted from the com-
bustion of fossil fuels. Research on CCS is being actively per-
formed to reduce greenhouse gas emissions from large station-
ary sources such as coal-fired power plants. In CCS, carbon 
materials can be used efficiently because of their higher stability 
and higher regeneration. The development of new materials is 
necessary because of the relatively high cost of the carbon mate-
rials used in CCS. In this aspect, biochar can be a solution thanks 
to its low price. Creamer et al. [89] produced biochar from the 
pyrolysis of sugarcane bagasse and hickory wood at 300, 450, 
and 600oC and tested their CO2 sorption efficiencies. The bio-
char produced at the highest temperature (600oC) showed the 
highest CO2 adsorption efficiency (73.55 mg/g at 25oC). Most 
of the CO2 was adsorbed onto the biochar by weak physical ad-
sorption. Creamer et al. [90] used biochar pretreated with metal 
ions for CCS. Aluminum hydroxide, magnesium hydroxide, and 
iron oxide were used for the pretreatment during the synthesis of 
carbon composites from the pyrolysis of cottonwood at 600oC. 
The synthesized material consisted of biochar and metal oxyhy-
droxide nanoparticles and showed a much larger CO2 capture 
capacity than the untreated biochar. Among the various kinds of 
composites, aluminum hydroxide-biochar composite revealed 
the highest CO2 adsorption capacity (71 mg/g at 25oC) because 
of its large surface area and metal nanoparticles.

5.2. Removal of heavy metal ions

Many studies have used biomasses or biomass composites 
to remove heavy metals and other water pollutants [91-96] 
and found that biochar is a more powerful absorbent for re-
moving pollutants in wastewater than biomasses. The effec-
tive removal of heavy metals such as Cu, Pb, As, Cr, and 
mercury using biochar and biochar-nano composites has been 
reported [97-98]. Various types of biochar obtained from sun-
flower plates, pomegranate husk, and sugarcane bagasse have 
also been used to remove phenol, 4-chlorophenol, p-nitrophe-
nol p-benzoquinone, tetracycline, and polyvinyl alcohol as 
well as heavy metals such as mercury, Pb and Cr in wastewa-
ter [99-101]. Park et al. [102] used red macroalga porphyra 
tenera pyrolysis char for the removal of copper ions. They 
improved the surface properties of the porphyra tenera py-
rolysis char by activation with steam and KOH. The steam-
activated biochar showed a higher copper removal efficiency 
due to the increased quantity of exchangeable cations in the 
biochar. In addition, although the KOH-activated char had 
an increased surface area and pore volume, its exchangeable 
cation quantity and copper removal efficiency were low. Lee 

Fig. 4. Comparison of the copper removal capabilities of biochars [34, 
102].



Carbon Letters Vol. 26, 1-10 (2018)

DOI: http://dx.doi.org/10.5714/CL.2018.26.001 8

of their large number of nitrogen and oxygen functional groups. 
The high adsorption capacity of the activated biochar was also 
applied to methane adsorption. Syed-Hassan et al. [110] used 
ZnCl2 as the chemical agent for the activation of palm kernel 
shell pyrolysis char and applied the activated biochar to meth-
ane gas adsorption. The methane adsorption efficiency of the 
activated char was found to be dependent on the activation con-
ditions such as the temperature and activation time. They sug-
gested the possibility of using methane adsorbed on biochar as 
a fuel or energy.

As shown above, there have been many studies on the use 
of biochars in environmental applications as well as on the ap-
propriate activation method depending on its purpose. A more 
detailed optimization to increase the functionality of biochars 
needs to be performed and its research scaled up. In addition, the 
availability of the biochar used needs to be further investigated 
to make the carbon cycle safer.  

6. Conclusion

Biochar produced from biomass pyrolysis is a carbon-rich 
porous solid that already has applications as a fuel, low qual-
ity adsorbent, soil ameliorator, and additive with good physical 
and chemical properties. The material can be upgraded further 
to a value-added product by physical, chemical, or hydrother-
mal treatments. Activated biochars, obtained through diverse 
treatments, are being applied to the removal of heavy metal ions 
and atmospheric pollutants. Biochar can also be used for carbon 
capture and storage as well as a core substitute in energy storage 
materials such as supercapacitors, lithium ion batteries, and fuel 
cells. Although biochar has the potential to be used as carbon 
materials, it is still difficult to replace commercial materials be-
cause of its low activities.

To meet the growing needs for biochar in many applications, 
further studies on commercial technologies of biochar produc-
tion are required. The existing slow pyrolysis technologies are 
mostly for small-scale biochar production at a few tons per day 
or smaller which often has difficulties in fully utilizing the by-
products of the pyrolysis (tar and non-condensable gases) and in 
controlling the reaction conditions for desirable biochar proper-
ties. For the increased use of biochar, it is essential to develop 
advanced pyrolysis processes with accurate control of the reac-
tion conditions, high energy efficiency, and low environmental 
impact at a lower cost. Additional study of the biochar used will 
also be needed to make the carbon cycle safer.  
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