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ABSTRACT 
 

Globally major concern is increasing concentration of greenhouse gases in the atmosphere as 
its dominating impact on climate change. Globally 49 GtCO2-eq. per year emission is 
occurring, in which carbon dioxide is the major contributor.  In India, total amount of GHGs 
emitted is 2.0 billion tonnes per annum, which account for only 4 per cent of the total global 
emissions. Majority of CO2 emission is due to fuel combustion in the energy and industrial 
processes like cement and steel production and road transport. Disposing of the carbon 
dioxide (CO2) into long-lived pools (terrestrial biosphere, underground, or ocean) and 
storing it securely so it is not immediately reemitted is referred as carbon sequestration. 
Biotic C sequestration involves capture of atmospheric C through photosynthesis and storage 
in biota, soil and wetlands. Land use, vegetation and soil management have a strong impact 
on the biotic processes of C sequestration. In geological formations, sequestration of CO2 is 
possible in oil and coal gas reservoirs for storage and enhancing the recovery but maximum 
possibility of storage is in deep saline aquifers. Ocean is the largest potential sink for CO2, 
ocean fertilization and deeper injections is more efficient than shallower ones. Mineral 
sequestration is the safest way of carbon sequestration with the limitation that process is very 
slow and takes thousands of years. Understanding the C sequestration process in view of cost 
would help in better agricultural land use and management practices.  

Key Words : Climate change, Greenhouse gases, Carbon sequestration, Biotic process, 
Ocean sequestration 
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INTRODUCTION 
Carbon sequestration refers to the provision 
of long-term storage of carbon in the 
terrestrial biosphere, underground, or the 
oceans so that the buildup of carbon dioxide 
(the principal greenhouse gas) concentration 
in the atmosphere will reduce or slow. In 
some cases, this is accomplished by maint-
ainning or enhancing natural processes; in 
other cases, novel techniques are developed 
to dispose of carbon.1 
The burning of fossil fuels and other 
anthropogenic activities have increased the 
atmospheric carbon dioxide (CO2) concentra-
tions from 315 ppm in the year 1958 to about 
378 ppm at the end of 2004. Perturbation in 
the global carbon cycle over the past century 
has exerted a discernable influence on the 
global climate change, leading to warmer 
temperatures, increased ice melts, especially 
in the Polar Regions and rise in sea levels. It  

is now evident that the rise in CO2 
concentration within the atmosphere is one 
of the main causes for the apparent rise in the 
average global temperature. India, being a 
fast developing country with high growth 
rate of industrial development, is experience-
ing a dramatic rise in fossil-fuel CO2 
emissions and has become the world’s fourth 
largest CO2 emitter in the world. The rising 
CO2 levels resulting in climate change may 
affect the prevailing weather, river basins, 
rainfall, coastal areas, ecosystem and forestry 
in India. With the Indian population being 
more dependent on climate-sensitive factors 
like agriculture and forestry for sustenance, 
India has strong reasons to be concerned 
about the impact of increased CO2 emission. 
This problem can be partly resolved by 
disposing of the excess CO2 by capturing it 
from the point sources, separating it from 
flue gases and storing into potential 
reservoirs other than the atmosphere.2  

Table 1 : Comparative trends of greenhouse gas emissions (Gt/year) for some countries.9 

Country   YEAR 1990   YEAR 2000   CAGR*(%) 

 Russian Federation    3.21    1.83  -3 
 Germany    1.25    1.02   -2 
 United Kingdom    0.74    0.64   -1 
 Japan    1.10   1.30   2 
 USA    5.08   6.21   2 
 India    0.99    1.49   4 
 China    3.84   4.82  5 

 Brazil    1.19   1.48  6 
              *CAGR (Compounded annual growth rate) (%) 

Sources of CO2 
This section describes the major current 
anthropogenic sources of CO2 emissions and 
their relation to potential storage sites. Wood 
was the first major source of energy used by 

humans. With the dawn of the Industrial 
Revolution in the 18th century, coal became 
the dominant energy source. By the mid-19th 
century oil had replaced coal in dominance, 
fueling the internal combustion engines that 
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were eventually used in automobiles. By the 
20th century, natural gas began to be used 
worldwide for heating and lighting. In this 
progression, combustion of natural gas releases 
less carbon dioxide than oil, which in turn 
releases less of the gas than do either coal or 
wood. Nuclear energy, though controversial for 
reasons of safety and the high costs of nuclear 
waste disposal, releases no Carbon dioxide at 
all. Solar power, wind power, and hydrogen 
fuel cells do no emit greenhouse gases. 
Someday these alternative energy sources may 
prove to be practical, low-pollution energy 
sources,   although   progress   today   is    slow. 

As noted earlier, CO2 emissions from human 
activity arise from a number of different 
sources, mainly from the combustion of fossil 
fuels used in power generation, transportation, 
industrial processes, and residential and 
commercial buildings. CO2 is also emitted 
during certain industrial processes like cement 
manufacture or hydrogen production and 
during the combustion of biomass. Globally, 
emissions of CO2 from fossil-fuel use in the 
year 2000 calculated about 23.5 GtCO2 yr-1    
(6 GtC yr-1), Close to 60% of this was 
attributed to large (>0.1 MtCO2 yr-1) stationary 
emission sources (Table 2). However, not all 
of these sources are amenable to CO2 capture.  

Table 2 : Profile by process or industrial activity of worldwide large stationary CO2   
                sources with emissions of more than 0.1 MtCO2 per year.2 

Process  Number of sources  Emissions (Mt CO2 yr-1)  

Fossil fuels    

Power  4,942  10,539  

Cement production  1,175  932  

Refineries  638  798  

Iron and steel industry  269  646  

Petrochemical industry  470  379  

Oil and gas processing  N/A  50  

Other sources  90  33  

Biomass    

Bioethanol and bioenergy  303  91  

Total  7,887  13,466  

 



Journal of Environmental Research And Development               Vol. 5 No. 1, July-September 2010 

 243

The distance between an emission location 
and a storage site can have a significant 
bearing on whether or not Carbon capture 
and Storage can play a significant role in 
reducing CO2 emissions. The major CO2 
emission sources, evaluated are distributed 
throughout the world, the database reveals 
four particular clusters of emissions: North 
America (Midwest and Eastern USA), 
Europe (northwest region), East Asia 
(eastern coast of China) and South Asia 
(Indian subcontinent). By contrast, large-
scale biomass sources are much smaller in 
number and less globally distributed.3 

Property of CO2 storage medium 
 The storage period should be prolonged, 

preferably hundreds to thousands of 
years 

 The cost of storage, including the cost of 
transportation from the source to the 
storage site, should be minimized 

 The risk of accidents should be 
eliminated 

 The environmental impact should be 
minimal 

 The storage method should not violate 
any national or international laws and 
regulations. 
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Table 3 : Estimated worldwide capacities for CO2 storage in the various media.1 

Sequestration option Worldwide capacity (Gt C) 
Ocean Deep saline formations 1000–10,000 
Depleted oil and gas reservoirs 100–1000 

Coal seams 10–1000 
Terrestrial 10–100 
Utilization Currently 0.1 Gt C/yr 

 
DISCUSSION 

Biotic process of Carbon Sequestration  
In Terrestrial system carbon sequestration is 
essentially the process of transforming 
carbon in the air (carbon dioxide or CO2) into 
stored soil carbon.4,5 Carbon dioxide is taken 
up by plants through the process of 
photosynthesis and incorporated into living 
plant matter. As the plants die, the carbon-
based leaves, stems and roots decay in the 
soil and become soil organic matter. This is 
the basic process of terrestrial carbon 
sequestration. It has been estimated that 20% 
or more of targeted CO2 emission reductions 
could be met by agriculture soil carbon 
sequestration.6 
The simplest way to sequester carbon is to 
preserve trees and to plant more. Trees, 
especially young and fast-growing ones, soak 
up a great deal of carbon dioxide, break it 
down in photosynthesis, and store the carbon 
in new wood. Worldwide, forests are being 
cut down at an alarming rate, particularly in 
the tropics. In many areas, there is little 
regrowth as land loses fertility or is changed 
to other uses, such as farming or housing 
developments. Reforestation could offset 
these losses and counter the greenhouse 
buildup. 

Atmospheric carbon dioxide and other 
greenhouse gases like methane, nitrous oxide 
act as a barrier of heat reflected from the 
earth’s surface. This buildup of heat could 
lead to global warming. Through terrestrial 
carbon sequestration, atmospheric carbon 
dioxide levels are reduced as soil organic 
carbon level increases. If the soil organic 
carbon is undisturbed, then it can remain in 
the soil for many years as stable organic 
matter. Soil consists of decomposed plant 
and animal matter. It helps in binding soil 
mineral particles together into aggregates. 
Higher levels of soil organic matter lead to 
more stable soil aggregates, better soil 
infiltration capability and aeration, better 
water-holding capacity, more resistance to 
wind erosion, reduced potential for 
compaction, and better overall soil fertility. 
Organic matter helps in holding soil 
nutrients, so they are not lost to runoff or 
erosion. If left undisturbed, soil organic 
matter can eventually be transformed into 
long lasting humus, a very stable form of 
organic matter. However, if the soil is tilled, 
soil organic matter will be oxidized and 
carbon will be lost to the atmosphere as CO2. 
Native levels of soil organic matter for any 
particular site are determined largely by the 
latitude location on the earth and by the 
annual precipitation received. Native soil 
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organic matter levels will generally increase 
as move either north or south of the equator.6 
Enhancement of biotic carbon 
sequestration 
No-till or reduced-till increases biomass 
decomposition rate with provision that no 
gas excretion occurs from soil to atmosphere. 
To enhance this practice diversified crop 
rotations may be adopted. Reduction of 
summer fallow with vegetation buffers is 
also helpful. Reduction in soil erosion 
through conservation measures like, high 
residue crops such as corn, grain sorghum 
and wheat should grown as winter cover 
crops. Modern hybrid crop varieties store 
more carbon due to bigger biomass. 
Abiotic carbon sequestration 
Geological sinks for CO2 include depleted oil 
and gas reservoirs, enhanced oil recovery 
operation formations, unminable coal seams, 
and deep porous formations. Together, these 
can hold hundreds to thousands of gigatons 
of carbon (Gt C), and the technology to inject 
CO2 into the ground is well established. CO2 
is stored in geologic formations by a number 
of different trapping mechanisms, with the 
exact mechanism depending on the formation 
type. 
Carbon dioxide has traditionally been 
injected into oil wells to force more 
petroleum out of the ground or seafloor. Now 
it is being injected simply to isolate it 
underground in oil fields, coal beds, or 
aquifers. At one natural gas drilling platform 
off the coast of Norway, carbon dioxide 
brought to the surface with the natural gas is 
captured and reinjected into an aquifer from 
which it cannot escape. The same process 
can be used to store carbon dioxide released 
by a power plant, factory, or any large 
stationary source.  

Capture, transport and storage, are the three 
main components of this process. All the 
three components are found in industrial 
operations today, although mostly not for the 
purpose of CO2 storage. The capture step 
involves separation of CO2 from other 
gaseous products. For fuel burning processes 
such as those in power plants, separation 
technologies can be used to capture CO2 after 
combustion or to decarbonize the fuel before 
combustion. The transport step requires to 
carry captured CO2 to a suitable storage site 
located at a distance from the CO2 source. To 
facilitate both transport and storage, the 
captured CO2 gas is typically compressed to 
a high density at the capture facility. 
Potential storage methods include injection 
into underground geological formations, 
injection into the Deep Ocean, or industrial 
fixation in inorganic carbonates. Some 
industrial processes also might utilize and 
store small amounts of captured CO2 in 
manufactured products. 

Injection of CO2 as a supercritical fluid 

To geologically store CO2, first it would be 
compressed, usually to a dense fluid state 
known as ‘supercritical’ (At a temperature 
and pressure above the critical temperature 
and pressure of the substance concerned. The 
critical point represents the highest 
temperature and pressure at which the 
substance can exist as a vapour and liquid in 
equilibrium). Depending on the rate that 
temperature increases with depth (the 
geothermal gradient), the density of CO2 will 
increase with depth, until at about 800 m or 
greater, the injected CO2 will be in a dense 
supercritical state. Geological storage of CO2 
can be undertaken in a variety of geological 
settings in sedimentary basins. Supercritical 
CO2 is sometimes used as a non-toxic 
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method for decaffeinating coffee and dry 
cleaning clothes. 
Security and duration of CO2 storage in 
geological formations 
Evidence from oil and gas fields indicates 
that hydrocarbons and other gases and fluids 
including CO2 can remain trapped for 
millions of years. Carbon dioxide has a 
tendency to remain in the subsurface 
(relative to hydrocarbons) via its many 
physicochemical immobilization mechan-
isms. World-class petroleum provinces have 
storage times for oil and gas of 5–100 
million years, others for 350 million years, 
while some minor petroleum accumulations 
have been stored for up to 1400 million 
years. However, some natural traps do leak, 
which reinforces the need for careful site 
selection, characterization and injection 
practices.7 
General site-selection criteria 
There are many sedimentary regions in the 
world variously suited for CO2 storage. In 
general, geological storage sites should have 
(1) adequate capacity and injectivity, (2) a 
satisfactory sealing caprock or confining unit 
and (3) a sufficiently stable geological 
environment. The suitability of sedimentary 
basins for CO2 storage depends in part on 
their location on the continental plate. Basins 
formed in mid-continent locations or near the 
edge of stable continental plates, are 
excellent targets for long-term CO2 storage 
because of their stability and structure. Such 
basins are found within most continents and 
around the Atlantic, Arctic and Indian 
Oceans. Basins located in tectonically active 
areas, such as those around the Pacific Ocean 
or the northern Mediterranean, may be less 
suitable for CO2 storage and sites in these 
regions must be selected carefully because of 

the potential for CO2 leakage. In general, 
sedimentary basins are likely to be the most 
prospective areas for storage sites. However, 
storage sites may also be found in some areas 
of fold belts and in some of the highs. Shield 
areas constitute regions with low pros-
pectiveity for storage.  
Adequate porosity and thickness (for storage 
capacity) and permeability (for injectivity) 
are critical; porosity usually decreases with 
depth because of compaction and cementa-
tion, which reduces storage capacity and 
efficiency. The storage formation should be 
capped by extensive confining units (such as 
shale, salt or anhydrite beds) to ensure that 
CO2 does not escape into overlying, 
shallower rock units and ultimately to the 
surface. Extensively faulted and fractured 
sedimentary basins or parts thereof, 
particularly in seismically active areas, 
require careful characterization to be good 
candidates for CO2 storage, unless the faults 
and fractures are sealed and CO2 injection 
will not open them.  
Storage in oil and gas fields 
Abandoned oil and gas fields 
Depleted oil and gas reservoirs are prime 
candidates for CO2 storage because the oil 
and gas that originally accumulated in traps 
(structural and stratigraphic) did not escape 
(in some cases for many millions of years), 
demonstrates their integrity for safety and the 
geological structure and physical properties 
of most oil and gas fields have been 
extensively studied and characterized.  
Enhanced oil recovery 
Enhanced oil recovery (EOR) through CO2 
flooding (by injection) offers potential 
economic gain from incremental oil 
production. Of the original oil in place, 5–
40% is usually recovered by conventional 
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primary production. An additional 10–20% 
of oil in place is produced by secondary 
recovery that uses water flooding. Various 
miscible agents, among them CO2, have been 
used for enhanced (tertiary) oil recovery or 
EOR, with an incremental oil recovery of 7–
23% (average 13.2%) of the original oil in 
place. These mechanisms range from oil 
swelling and viscosity reduction for injection 
of immiscible fluids (at low pressures) to 
completely miscible displacement in high-
pressure applications. 
Enhanced gas recovery 
Carbon dioxide could potentially be injected 
into depleted gas reservoirs to enhance gas 
recovery by repressurizing the reservoir. By 
this process about 95% of original gas in 
place can be produced. Enhanced gas 
recovery has so far been implemented only at 
pilot scale (Gaz de France K12B project, 
Netherlands). 
Storage in saline formations 
Saline formations are deep sedimentary rocks 
saturated with formation waters or brines 
containing high concentrations of dissolved 
salts. These formations are widespread and 
contain enormous quantities of water, but are 
unsuitable for agriculture or human 
consumption. Saline brines are used locally 
by the chemical industry and formation 
waters of varying salinity are used in health 
spas and for producing low-enthalpy 
geothermal energy. Because the use of 
geothermal energy is likely to increase, 
potential geothermal areas may not be 
suitable for CO2 storage. Areas with good 
geothermal energy potential are generally 
less favorable for CO2 storage because of the 
high degree of faulting and fracturing and the 
sharp increase of temperature with depth. 

Ocean sequestration 
The ocean represents the largest potential 
sink for anthropogenic CO2. It already 
contains an estimated 40,000 GtC (billion 
metric tons of carbon) compared with only 
750 GtC in the atmosphere and 2200 GtC in 
the terrestrial biosphere. Apart from the 
surface layer, deep ocean water is 
unsaturated with respect to CO2. It is 
estimated that if all the anthropogenic CO2 
that would double the atmospheric 
concentration were injected into the deep 
ocean, it would change the ocean carbon 
concentration by less than 2%, and lower its 
pH by less than 0.15 units. Furthermore, the 
deep waters of the ocean are not hermetically 
separated from the atmosphere. Eventually, 
on a timescale of 1000 years, over 80% of 
today’s anthropogenic emissions of CO2 will 
be transferred to the ocean. Discharging CO2 
directly to the ocean would accelerate this 
ongoing but slow natural process and would 
reduce both peak atmospheric CO2 
concentrations and their rate of increase. 
Deep ocean storage approaches include 
direct injection of liquid carbon dioxide into 
the water column at intermediate depths 
(1000–3000 m), or at depths greater than 
3000 m, where liquid CO2 becomes heavier 
than seawater, so CO2 would drop to the 
ocean bottom and form a “CO2 lake”. In 
addition, other storage approaches such as 
enhanced uptake of CO2 by oceanic biota and 
mineral weathering. 
For efficiency and economics of transport, 
CO2 would be discharged in its liquid phase. 
If CO2 discharged above about 500m depth 
(that is, at a hydrostatic pressure less than 50 
atm), liquid CO2 would immediately flash 
into a vapor and bubble up back into the 
atmosphere. Between 500 and about 3000 m, 
liquid CO2 is less dense than seawater, 
therefore it would ascend by buoyancy. It has 
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been shown by hydrodynamic modeling that 
if liquid CO2 were released in these depths 
through a diffuser such that the bulk liquid 
breaks up into droplets less than about 1 cm 
in diameter, the ascending droplets would 
completely dissolve before rising 100 m. 
Because of the higher compressibility of CO2 
compared to seawater, below about 3000m 
liquid CO2 becomes denser than seawater, 
and if released there, would descend to 
greater depths. When liquid CO2 is in contact 
with water at temperatures less than 100C 
and pressures greater than 44.4 atm, a solid 
hydrate is formed in which a CO2 molecule 
occupies the center of a cage surrounded by 
water molecules. For droplets injected into 
seawater, only a thin film of hydrate forms 
around the droplets.  
Discharging CO2 into the deep ocean appears 
to elicit significant opposition, especially by 
some environmental groups. Often, dis-
chargeing CO2 is equated with dumping toxic 
materials into the ocean, ignoring that CO2 is 
not toxic, that dissolved carbon dioxide and 
carbonates are natural ingredients of 
seawater, and, as stated before, atmospheric 
CO2 will eventually penetrate into deep water 
anyway. This is not to say that seawater 
would not be acidified by injecting CO2. The 
magnitude of the impact on marine 
organisms depends on the extent of pH 
change and the duration of exposure. This 
impact can be mitigated by the method of 
CO2 injection, e.g., dispersing the injected 
CO2 by an array of diffusers, or adding 
pulverized limestone to the injected CO2 in 
order to buffer the carbonic acid.  
Processes and pathways for release of CO2 
from geological storage sites 
Carbon dioxide that exists as a separate 
phase (supercritical, liquid or gas) may 
escape from formations used for geological 
storage through the following pathways, 

through the pore system in low-permeability 
caprocks such as shales, if the capillary entry 
pressure at which CO2 may enter the caprock 
is exceeded; through openings in the caprock 
or fractures and faults; through anthropo-
morphic pathways, such as poorly completed 
and/or abandoned pre-existing wells. For 
onshore storage sites, CO2 that has leaked 
may reach the water table and migrate into 
the overlying vadose zone. This occurrence 
would likely include CO2 contact with 
drinking water aquifers.8 With the passage of 
time, more-secure trapping mechanisms are 
increasingly likely to have significant effect. 
Which trapping mechanisms apply and the 
rates at which they work can vary widely 
with the geology. Scientists are now deve-
loping the tools to accurately predict how 
these mechanisms will work over time in a 
diverse set of specific geological settings.9 
Alternate approaches  
There are some alternative approaches for 
CO2 capture and/or storage. The enhanced 
uptake of CO2 by the terrestrial biosphere 
(e.g., afforestation) is currently a subject of 
intensive debate, but this approach falls 
outside the scope of this article.  
1. Capture by micro-algae 
The concept is to grow algae in artificial 
ponds, add the necessary nutrients, and 
fertilize the ponds with CO2 from flue gas. 
Under these conditions, it is possible to 
enhance the growth of micro algae, harvest 
the algal biomass, and convert it to food, 
feed, or fuel. At present, about 5000 tons of 
food and feed-grade micro-algae biomass is 
produced annually in large open pond 
systems. As such, this approach cannot be 
considered as a sequestration method 
because the CO2 will be returned to the 
atmosphere on digestion and respiration of 
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the food or feed. What is even worse, when 
used as a feed for ruminating animals, some 
of the ingested carbon may be converted to 
methane, which, compared to carbon 
dioxide, is a stronger greenhouse gas. But if 
the biomass is converted to biofuel and 
subsequently combusted, then it replaces 
fossil fuel, and thus the commensurate 
emission of fossil fuel-generated CO2 is 
avoided.  
2 Ocean fertilization 
It has been hypothesized that by fertilizing 
the ocean with limiting nutrients such as 
iron, the growth of marine phytoplankton 
will be stimulated, thus increasing the uptake 
of atmospheric CO2 by the ocean. The 
presumption is that a portion of the 
phytoplankton will eventually sink to the 
deep ocean. Researchers have targeted high-
nutrient/low chlorophyll (HNLC) ocean 
regions, specifically the eastern Equatorial 
Pacific, the northeastern Subarctic Pacific, 
and the Southern Ocean. Four major open-
ocean experiments have been conducted to 
test the ‘‘iron hypothesis,’’ two in the 
Equatorial Pacific (IRONEXI in 1993 and 
IRONEXII in 1995) and two in the Southern 
Ocean (SOIREE in 1999 and EISENEX in 
2000). These experiments, show conclusi-
vely that phytoplankton biomass can be 
dramatically increased by the addition of 
iron. However, although a necessary 
condition, it is not sufficient to claim iron 
fertilization will be effective as a CO2 
sequestration option. The proponents of iron 
fertilization claim very cost effective 
mitigation, on the order of $1–10/tC. 
Although iron increases uptake of CO2 from 
the atmosphere to the surface ocean, it needs 
to be exported to the deep ocean to be 
effective for sequestration. No experiments 
have yet attempted to measure export 

efficiency. There are concerns about the 
effect on ecosystems, such as inducing 
anoxia (oxygen depletion) and changing the 
composition of phytoplankton communities. 

3. Mineral sequestration 

The basic principle of mineral CO2 
sequestration is the acceleration of weat-
hering/alteration processes occurring in 
nature, wherein CO2reacts with Ca, Fe and/or 
Mg containing minerals, especially silicates, 
thus permanently sequestering CO2 in the 
form of carbonates as shown by the reaction: 
(Ca, Mg)O + CO2 → (Ca, Mg)CO3 
(Ca, Mg)SiO4 + CO2 → (Ca, Mg)CO3 + SiO2. 
Nature stores CO2 predominantly in 
limestone (calcium carbonate, CaCO3), 
magnesite (magnesium carbonate, MgCO3), 
dolomite (Mg, Ca carbonate), ankerite (iron 
carbonate), witherite (barium carbonate, 
BaCO3) and cerussite (lead carbonate, 
PbCO3) in different rock types. Listwanite 
represents a fossil mineral carbonation 
system, having permanently disposed of CO2 
in the form of carbonates during the reaction 
of serpentine with CO2-rich fluids. To 
harness such natural mineral carbonation 
processes as an anti-pollution measure, the 
anthropogenic CO2 is made to react with 
mafic/ultramafic rocks which are the most 
obvious source of magnesium, iron or 
calcium bearing silicate minerals present in 
nature. Examples of such a carbonation 
reaction with suitable magnesium minerals 
are: 
Mg3SiO5(OH)4 + 3CO2 → 3MgCO3 + SiO2 + H2O 

Serpentine            Magnesite  Silica 
MgSiO4 + 2CO2 → 2MgCO3 + SiO2 
Fosterite/olivine     Magnesite   Silica 
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The main advantage of mineral carbonation 
is the thermodynamic stability of the formed 
carbonates, which makes the storage 
permanent and inherently safe. Furthermore, 
carbonation reactions are exothermic, which 
enables reduction of energy consumption and 
costs. It is extremely slow in nature 
(characteristic time on the order of 100,000 
years). The challenge is to speed up the 
reaction in order to be able to design an 
economically viable process.  
4.  Non biological Capture from Air 
The terrestrial biosphere routinely removes 
CO2 from air, primarily through photo-
synthesis. It has been suggested that CO2 can 
also be removed from air via nonbiological 
means. Although some concept papers have 
been published, no viable methods to 
accomplish this goal have been proposed. 
The problem is that the partial pressure of 
CO2 in air is less than 0.0004 atm, compared 
to about 0.1 atm in flue gas and up to 20 atm 
in synthesis gas. The difficulty in capture 
increases as the partial pressure of CO2 
decreases. Therefore, it is questionable 
whether CO2 can be captured from air with 
acceptable energy penalties and costs. If so, 
it almost surely will take development of a 
capture process very different from those that 
exist today. 
5. Utilization 
CO2 from fossil fuel could be utilized as a 
raw material in the chemical industry for 
producing commercial products that are inert 
and long-lived, such as vulcanized rubber, 
polyurethane foam, and polycarbonates. 
Only a limited amount of CO2 can be stored 
in such a fashion. Estimates of the world’s 
commercial sales for CO2 are less than 0.1 
GtC equivalent, compared to annual 
emissions of close to 7 GtC equivalent. It has 

been suggested that CO2 could be recycled 
into a fuel. This would create a market on the 
same scale as the CO2 emissions. However, 
to recycle CO2 to a fuel would require a 
carbon-free energy source. If such a source 
existed, experience suggests that it would be 
more efficient and cost-effective to use that 
source directly to displace fossil fuels rather 
than to recycle CO2. 
Biotic carbon sequestration will be 
responsible for changing land use pattern, 
which is necessary to change the CO2 
concentration in environment for food 
security. Abotic process plays an important 
role to capture CO2 from large stationary 
sources with the provision of diversion from 
onshore sources CO2 in an Ocean. 

CONCLUSION 
In world top six countries are emitting about 
66% of total CO2 emission. In which 
maximum CO2 emission is from power 
sector by burning of fossil fuels. In India per 
capita CO2 emission is increased from 1.2 
tonnes to 1.5 tonnes in last 10 years. 
Contribution of agriculture in global CO2 
emission is extremely low than industries. 
Land use, vegetation and soil management 
have a strong impact on the biotic processes 
of C sequestration. Soil type is the most 
important parameter for estimating SOC 
stock. Geological pool is the second largest 
sink with the potential capacity of 9500 Gt. 
Ocean is the largest potential sink for CO2, in 
that deeper injections more than 3000 m are 
more efficient than shallower (1000 or 1500 
m) ones. Mineral sequestration is the safest 
way of C sequestration but this process 
requires longer duration. The hazards of CO2 
sequestration are well defined and the 
associated risks, small and manageable Site 
characterization, monitoring, and hazard 
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assessment and management are keys to safe 
and successful deployment of CO2. 
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