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Abstract - Energy utilization for power generation and industrial purposes is a key to the development of any nation. 
However, over dependence on fossil fuels as a major source of energy is a cause of concern due to its high emission of 
greenhouse gases. Carbon dioxides (CO2) emission is believed to be the greatest contributor to global warming. The best 
way to mitigate the release of CO2 into the atmosphere is to capture it from the point source. Amine solution that is used 
commercially to absorb CO2 from point source is energy intensive, easily degraded, corrosive and difficult to regenerate. 
Adsorption is considered to be an alternative technology due to the ease of adsorbent regeneration, high thermal stability, 
low energy consumption and cost. Activated carbons prepared from different biomass materials were reported to have good 
adsorption capacity. The activated carbons (ACs) were prepared via carbonization and activation. The synthesis and 
modification methods determine the quality and properties of the ACs produced. The effectiveness of the adsorbent is 
dependent on the textural characteristics, surface chemistry of the adsorbent and the adsorption/regeneration technique used. 
This review highlights the potentials and adsorption capacity of modified and un-modified activated carbon derived from 
biomass materials for CO2 capture. 
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I. INTRODUCTION 
 
The increase in CO2 level in the atmosphere is 
attributed to burning of fossil fuels which are used as 
primary sources of energy. CO2 is believed to be the 
major greenhouse gas that contributes immensely to 
global warming [1]. Although, greenhouse gases 
(GHGs) such as methane (CH4)and 
chlorofluorocarbons (CFCs) have a much greater 
greenhouse effect per mass of gases than CO2, the 
latter is still responsible for 70% of global warming 
[2]. Major effects of global warming includes: sea 
level rise, change of ocean acidity, increase in violent 
weather phenomena [3], stress on wild life and  
 

 
ecosystem, new environmental condition which 
affects food security, harm humans, settlement and 
infrastructure.  The gradual increase in concentration 
of CO2 from 1965 - 2013 is shown in Figure 1 [4]. 
From the graph, it could be seen that before year 
2000 annual CO2 emission is not up to a billion but 
from 2002 onwards it increases to a billion or more. 
Due to this serious environmental problem, there is 
pressure all over the word to address this issue. 
International agreement known as the Kyoto protocol 
was reached under the United Nations Framework 
Convention on Climate Change (UNFCC) to limit 
greenhouse gas (GHGs) emissions of industrialized 
nations by 5.2% on an average of 2008-2012 [5].  

 
 

 
Fig.1.World carbon dioxide emissions from the consumption and flaring of fossil fuels, 1965-2013 (Data Source: BP: Statistical 

review of world energy [4]). 
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The commitment covers six greenhouse gases: carbon 
dioxide, methane, nitrous oxide, sulphur 
hexafluoride, hydroflurocarbons and perflurocarbons. 
The Kyoto protocol ordered all countries to develop 
their national schemes in meeting the emission targets 
[5]. 
 
II. CARBON CAPTURE TECHNOLOGY 
 
The best option for reducing CO2 emission is to 
capture it from point source, transport it and then 
store it in an environment isolated from the 
atmosphere. Carbon Capture technology can be 
applied to large carbon point sources like: electric 
power-generation or cogeneration (CHP) facilities, 
synthetic fuel plants, natural gas fields and chemical 
industrial facilities [6]. Stationary CO2 sources 
associated with fossil-fuel energy use produce the 
bulk of the world’s CO2 emissions. Electricity and 
heat production, industry and transport account for 
over 80% of total CO2 emissions. Manufacturing 
industry (e.g iron and steel, non-metallic minerals, 
chemicals and petroleum, petrochemicals, and pulp 
and papers) accounts for 20.13% of total global CO2 
emissions [7] Emissions from electricity and heat 
production and Stationary CO2 sources associated 
with fossil-fuel energy use produce the bulk of the 
world’s CO2 emissions. This indicates that this sector 
may offer great potential for carbon capture and 
storage, CCS [8]. 
CO2 capture is a core technology and accounts for 
70–80% of the total costs of CCS technologies. There 
three pathways for CCS (i) post-combustion, (ii) pre-
combustion, and (iii) oxy-fuel combustion. As the 
name implies post combustion involve removal of 
CO2 from flue gas after combustion, it has more 
potential to be utilized in existing plants. Pre-
combustion involves fuel conversion prior to 
combustion (e.g. gasification), it’s more expensive 
but the CO2 is easy to separate. Oxy-fuel involves 
used of pure oxygen which results in high density 
CO2 stream, but it’s also expensive [9]. 
Post combustion carbon capture is seen as a viable 
option for CCS because it can be retrofitted to 
existing power plants [10]. The methods used for 
carbon capture includes: absorption, adsorption, bio-
processes, membrane separations and cryogenic 
separations. Currently, absorption using amine 
solutions is the technology that is more studied [11] 
and it’s commercially used for CO2 capture in power 
plants. The major drawback in using amine solutions 
are: High energy consumption, degradation and 
vapourization of solvent and corrosion of process 
equipment [12]. Adsorption is considered to be a 
promising method [13], because of its low energy 
consumption, low cost, high stability over wide range 
of pressure and temperature [14], [12] and the sorbent 
could be dispose safely after use. 
Adsorbents such as silica, metal oxides, metal organic 
frame works, zeolites and activated carbon have been 

tested for CO2 capture. These adsorbents are 
evaluated in terms of their adsorption/desorption 
rates, equilibrium CO2 capabilities, Stability, 
regeneration abilities [15], Selectivity for CO2 and 
sorbent cost [10]. Carbon based materials are  
considered to be promising CO2 capture adsorbents  
due to their low cost, high surface area, high 
amenability to surface functionalization and pore 
structure modifications [16].  Currently, researches 
showed that carbon based materials are capable of 
removing CO2 together with other gaseous pollutants 
individually and simultaneously [17]. 

 
III. MODIFICATION OF ACTIVATED 
CARBON SURFACE FOR ENHANCED CO2 
UPTAKE 
 
There are various ways of modifying activated carbon 
surface to improve its CO2 adsorption capacity. These 
methods include: microwave irradiation, 
impregnation with metals, modification with base, 
and impregnation with amine solution among others. 
Amine and Ammonia treatment are done to increase 
nitrogen functionalities on activated carbon with a 
view of enhancing its ability towards uptake of acidic 
gases. It was reported that there was increase in CO2 
adsorption capacity by treating AC samples with 
ammonia [18]. Increased in CO2 adsorption capacity 
of 45% was also reported by treating AC with 
alkanolamines [19]. Microwave treatment brings 
about decrease in surface oxygen groups there by 
increasing the basic property of AC for attraction of 
acidic gas like CO2. Zhang et al. [20] modified 
commercial activated carbon via microwave heating 
in N2 atmosphere.  The modified AC had a very high 
surface area of 2546 m2/g and high CO2 adsorption 
capacity of 3.75 mmol/g. Impregnation of metals on 
AC surface also enhance its CO2 adsorption 
capacity.Somy et al. [21] studied the effect of 
impregnation of Cr2O and Fe2O3 and promotion by 
Zn2+ on activated carbon adsorptive properties of 
carbon dioxide. It showed that samples impregnation 
by Cr2O increases CO2 adsorption by about 20% 
compared to the raw activated carbon. Treatment of 
AC surface with base like KOH also increases its 
CO2 uptake. Exceptional CO2 storage of about 4.8 
mmol.g-1 at 250C was recorded on Eucalyptus saw 
dust activated carbon treated with KOH [22]. 

 
IV. CO2 CAPTURE ON BIOMASS DERIVED 
CARBONACEOUS MATERIALS 
 
There are several works on using modified and 
unmodified activated carbons for carbon dioxide 
capture. Precursors used in the preparation of the AC 
sorbents are usually derived from fossil fuels, resins 
and biomass materials. Although, fossil fuel derived 
activated carbon show high CO2 adsorption capacity, 
they are non-renewable materials. Therefore, this 
paper focus on AC derived from biomass materials.  
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There are also several studies conducted on biomass 
derived activated carbon for CO2 adsorption.Guo and 
Lua [23] characterized AC produced from palm oil 
shells by CO2 activation and found out that the 
product contains well-developed porosities and 
predominant microporosities and therefore have great 
potential applications in gas-phase adsorption for the 
removal of air pollutants. Utilization of olive stones 
and almond shells as low cost adsorbents for CO2 
adsorption wascarried out [24]. It was noticed that 
aminated AC developed from almond shells showed 
higher selectivity for CO2 than that of olive stones 
and the un-modified AC. Coconut fibre activated 
carbon was synthesized and then utilized in a PSA 
system for CO2 adsorption [25]. The BET surface 
area of the activated carbon was 214 m2/g and it 
demonstrated CO2 adsorption capacity of 2.828 
mmol/g. Sustainable palm shells were carbonized at 
7000C and activated using CO2 to produce AC. The 
activated produced demonstrated 1.66 mmol/g of CO2 
uptake [26]. 
 
There are several others works on enhanced CO2 
adsorption on KOH modified activated carbons. Used 
coffee ground impregnated with KOH was used to 
prepare activated sorbents, it demonstrated CO2 
uptake of about 3.0 and 4.7 mmol/g at 1 bar, 273 and 
298 K respectively. The coffee ground was also used 
to prepare AC via physical activation with CO2 at 
7000C, the sorbent have BET surface area and PHz of 
568 m2/g and 10.1. The sorbent have CO2 adsorption 
capacity of 3.60 and 2.40 (mmolg) at 1 bar, 273 and 
298 K respectively. Activation with KOH leads to 
higher CO2 adsorption capacities than activation with 
CO2 only, this is due to the superior texture 
development of the chemically activated samples 
[27]. In a similar study, EFB was used to produce 
low-cost microporous carbons H150–800 (EFB 
hydrothermally treated at 1500C, activated at 8000C) 
and H250–800 (EFB hydrothermally treated at 
2500C, activated at 8000C) (Parshetti et al., 2015). 
The EFB hydrothermally treated at 1500C and 
2500Cand chemical activated by KOH at 8000C have 
specific surface area of 1322 and 2511 m2g-1. The 
sorbents also have high CO2 adsorption capacity of 
3.401and 3.71 mmol g-1 at low pressures and room 
temperature [28]. Effect of modification with KOH, 
HNO3 and CH3COOH on properties of corn stalk AC 
for CO2 adsorption was studied[29]. The maximum 
CO2 adsorption capacity recorded was 7.33 wt%. The 
authors found out that, CO2 adsorption is dominantly 
dependent on mesopore volume when BET is low 
(i.e< 500 m2/g) while it depends on micropore 
volume when BET is high (i.e. > 500 m2/g) 

 
Temperature has negative effect on CO2 adsorption 
on Activated carbons [30]. High CO2 adsorption 
capacity was reported on bamboo based AC prepared 
through KOH activation, the amount adsorbed 
reached up to 7.0 and 4.5 mmol/g at 273 and 298 K 

and 1 bar respectively [31]. The authors established 
that there is linear relation between the pores in the 
range of 0.33–0.82 nm and CO2 adsorption. pine nut 
shell activated carbons using KOH as impregnating 
agent was prepared [32]. It was found out that the 
optimal activated carbon prepared at KOH/C ratio of 
2 and the activation temperature of 973 K had the 
CO2 adsorption up to 7.7 mmol/g at 273 K and 5.0 
mmol/g at 298 K at 1 bar. In a similar study, 
Influence of temperature at 25, 50, and 100 0C 
towards CO2 adsorption on coconut shells AC was 
carried out [33]. The sorbent CO2 adsorption capacity 
was 7.88, 5.58 and 1.89 wt% at 25, 50, and 100 0C. 
Maximum CO2 sorption capacity on the synthesized 
activated carbon was found to be 80 mg/g. 
 
In other studies, commercial activated carbons were 
modified to enhance their CO2 adsorption capacity.  
CO2 adsorption capacity of a commercial activated 
carbon modified with HNO3 oxidation, air oxidation, 
alkali impregnation and heat treatment under helium 
gas atmosphere was carried out [34].There is 
increased in CO2 adsorption capacities of the air and 
HNO3 oxidized samples as a result of Na2CO3 
modification. For the Na2CO3 impregnated samples, 
the mass uptakes at 20 bars and 25 0C were 8 and 7.7 
folds and at 1 bar were 15 and 17 folds, on average, 
their air oxidized and nitric acid oxidized supports, 
respectively. In another study, Commercial activated 
carbon NORIT R2030 was found to be suitable with 
high selectivity for CO2/N2 and therefore 
recommended for post combustion capture [35].In 
another work, modified commercial activated carbon 
via microwave heating in N2 atmosphere.  The 
modified AC had a very high surface area of 2546 
m2/g and high a CO2 adsorption capacity of 3.75 
mmol/g [20]. The authors claim that the high CO2 
adsorption capacity of the sorbent is related to the 
high surface area and basic character of the activated 
carbon. Modified commercial coconut shell activated 
carbon modified with alkaline NaOH was used for 
CO2 adsorption in a fixed-bed column. Effects of 
NaOH concentration and dwelling time were 
investigated. It was revealed that a 32% NaOH 
concentration with a 3 h dwelling time provided the 
best CO2 adsorption capacity; the sorbent recorded 
maximum CO2 adsorption capacity of 27.10 mg/g at 
350C [36]. 

 
In other studies metals were impregnated on the 
activated carbon surface to improve its adsorption 
property. Impregnation of Cr2O on AC brought about 
20% increase in the CO2 adsorption capacity of the 
AC [21]. Hossein et al. [37] prepared sorbents by 
impregnation of Cu and Zn on the surface of acid 
modified AC. The adsorption capacity for unmodified 
AC at the temperature of 30°C, pressure 100kP and 
15% CO2 concentration is 1.52 mol/kg, and after 
modification (20% of metal loading) the capacity 
increased to 2.25 mol/kg. The authors explained that 
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modification increased the adsorption capacity by 
about 49%.  
 
Some authors studied adsorption of CO2 with other 
gases for different intended applications. CO2/CH4 
adsorption at high pressure is usually carried out for 
application in natural gas processing where removal 
of CO2 is required. Another area of application is post 
combustion capture in power plants, where CO2 needs 
to be removed from a diluted (<15% by volume) flue 
gas stream consisting mainly N2 gas.An alternative 
power plant designs that involves pre-combustion 
capture where integrated gasification combined cycle 
(IGCC) plants, where the CO2 can be selectively 
separated from the shifted-syngas (CO2/H2) prior to 
the generation of electricity [38]. 
 
Aroua et al. [39] used palm shell-based activated 
carbon (AC) to produced carbon molecular basket 
(CMB) via impregnation of polyethyleneimine (PEI). 
Effect of amount PEI (i.e. PEI weight percentages of 
0.06, 0.11, 0.13, 0.26, 0.27 and 0.28 wt%.) on the 
sorbent for adsorption of CO2, N2, O2 and CH4 was 
studied. It was found out that the optimum amount for 
uptake of gas was 0.26 wt% PEI/AC, the adsorption 
capacity follows the sequence:CO2> CH4 > O2> N2. 
Adsorption equilibrium of carbon dioxide, methane 
and nitrogen on microwave activated carbon (MAC) 
was studied. The capacities of pure gas CO2, CH4 and 
N2 were reported to be 2.13, 0.98 and 0.33 mmol g-1 
at 298 K and the partial pressure of 100 kPa [40]. 
Adsorption of methane and carbon dioxide on two 
microwave-activated carbon samples at different 
temperatures from 298 and 323 K. The results 
showed that the activated carbon modified by 
potassium carbonate sample has the higher 
equilibrium selectivity for CO2 over CH4. The 
adsorption capacities of CO2 for unmodified and 
K2CO3 modified AC was 1.31 mmol/g and 1.63 
mmol/g at 298 K and the pressure of 50 KPa, 
respectively [41]. High-pressure adsorption of CO2 
and CH4 on activated carbon was evaluated.  
 
Adsorption equilibrium isotherms were measured at 
298, 313 and 343 K up to 5000 kPa for CO2 and 8000 
kPa for CH4. The CO2/CH4 selectivity was low, 
though CO2 is more adsorbed than CH4 [42]. There is 
deviation of up to 20% between results obtained from 
static and dynamic adsorption. commercial activated 
carbon (Norit R2030CO2) was used as a solid sorbent 
for pre-combustion CO2 capture.The influent gas 
consist of CO2/H2/N2 gas mixture (20/70/10 vol. %) at 
25- 65 0C and 1- 3 bar CO2 partial pressure. 
Maximum CO2 capture capacity of 3.96 mol/kg 
adsorbent and breakthrough time of 10.50 min was 
obtained at 25 ◦C and 3 bar CO2 partial pressure [43].  
After review of literatures on CO2 sorbents at 0 
and250C, CO2 adsorption performance of activated 
carbon can be summarized as given in Table 1. It 
shows that biomass derived AC demonstrated up to 

8.60 and 5.0 mmol/g CO2 adsorption capacity at 0 
and 25 0C, 1 bar (Table 1).  The data at 0 0C was 
obtained from review by Chen et al. [29]. 

 
Table 1.CO2 adsorption on activated carbon 

 
 
CONCLUSIONS 
 
Adsorption is one of such technology use in carbon 
capture. However the sorbent success is assess in 
terms of cost, high adsorption capacity, ease to 
regenerate, high selectivity and stability after several 
adsorptions-desorption cycles. There are several 
studies on synthesis of AC from biomass materials 
for CO2 capture. This is due to their low cost, easy 
modification of both physical and chemical properties 
and relative ease of regeneration. However, most 
activated carbon exhibit low CO2 uptake necessary to 
be considered for commercial application. Not only 
that, most studies conducted on utilization of 
activated carbon material for CO2 capture are carried 
out at room temperature. Thermo-chemical 
modifications of these materials will improve their 
adsorption capacity and application at low and high 
temperature; therefore it’s an area worth researching.  
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