
Carbon Capture Technologies 

 

Introduction 
Carbon dioxide is most prominent natural and biogenic greenhouse gas that traps heat in 
the atmosphere. Its presence at a concentration of 0.03 per cent by volume in the 
atmosphere is critical in maintaining the planet earth at a temperature suitable for human 
beings. A natural carbon balance is maintained through ‘carbon cycle’ in the earth system. 
It involves exchanges of carbon dioxide in the Atmosphere with the Hydrosphere, Biosphere 
and Lithosphere. 

Post industrialization long-term increase in carbon dioxide content in the air is seen to be of 
the order of 30% since 1850, increasing from 280 ppm to 374 ppm in 2005. As the 
concentration of CO2 in the atmosphere is building-up, natural carbon cycle is getting 
disturbed and global warming is being caused. Intergovernmental Panel for Climate Change 
(IPCC) provides evidence that the average earth’s temperature has risen by 0.74°C, in 2005 
from what it was in 1906. The rising concentrations of CO2 are mainly ascribed to the use 
of fossil fuels - coal, oil and gas for energy production and consumption. Carbon capture 
and storage (CCS) is amongst the range of energy technology strategies for addressing 
concerns of increasing greenhouse gas emissions in the atmosphere and achieving 
sustainable energy from fossil fuel use. 

The CCS technology 

 

The various components of CCS are depicted in Fig. 1. 

The CO2 sequestration – Carbon 
Capture and Storage (CCS), may be 
subdivided into three systems. 

1. CO2 capture and compression 
system: This system may also 
comprise conditioning units for 
transport 

2. Transport system for taking the 
captured CO2 to appropriate 
locations. 

3. Injection and storage system for 
its permanent storage away from 
the atmosphere. The injection 
system comprises wellhead(s) 
and the injection wells. The 
storage system comprises the 
geological formation (reservoir) in 
which CO2 is injected as well as 
its surrounding medium (cap-
rock, overburden, etc). 



CO2 capture technology 

The carbon dioxide in the atmosphere can most appropriately be captured at locations 
where it is produced, such as thermal power plants or industrial. The CO2 capture using 
chemical, physical and biological techniques can be adapted to power plant flue gas as well 
as to steel plants, cement works, ammonia, gas processing industries, and refineries as its 
other point sources. The main considerations in CO2 capture application to a point source, 
besides technology are; cost and efficiency penalty. The captured CO2 is compressed to 
liquid form. 

Coal is having relatively highest carbon-to-hydrogen ratio among other fossil fuels and 
therefore its use results in higher CO2 emissions per unit heat output than oil or natural 
gas. Three basic options for CO2 capture are distinguished as post-combustion capture, 
pre-combustion capture, and modified combustion (oxy fuel and chemical looping) 
processes.  

 

CO2 capture from the flue gas of a coal power plant 

Post-combustion 

Chemical and physical separation using: absorption in solvents, adsorption on solid 
sorbents, membrane separation and cryogenic processes, are developed or developing. 

a) Absorption in solvents: Post-combustion flue gas from a coal based thermal power 
plant comprises of 8-14% CO2. At such low concentrations of CO2, chemical 
absorption processes are more reasonable. Amine based CO2 separation technologies 
are commercially proven and are industrial bench mark. The power plant flue gas 
reacts with amines at 40 to 60°C, but the process of CO2 separation from the CO2 rich 
solvent needs higher temperature. The solvent can be recycled after use. 

b) Adsorption on solid sorbents: Monoethanol amine (MEA) and Diethanol amine (DEA) 
impregnated activated carbon, Zeolites and Alumina have been studied for adsorption, 
desorption with further optimization in progress. Amine processes have high energy 
penalty and the cost of electricity increases by as much as 70%. Low partial pressure, 
high temperature of flue gas and presence of other gases are some of the other key 
problems encountered in their use. Amine functionalized materials including natural 



biopolymers and synthesized nitrogenous activated carbon offer vast scope in 
reducing energy penalty for CO2 capture. 

To offset some of other limitations of solvent based separation i.e. high solvent losses 
by evaporation and high rate of corrosion of the equipment, search for novel solvents 
is on. 

c) Membrane separation: Commercially proven as gas purification technology, the 
membrane technology for CO2 separation is under development. Membrane separation 
process can perform in two ways: either a membrane filters CO2 or it filters gases 
other than CO2 by a solution-diffusion mechanism. Materials for membranes with 
preferential CO2 transport include functionalized polymers, metal organic framework 
and polymer composites. These operate close to ambient temperatures. Porous and 
non-porous inorganic nano-membranes offer new possibility of integration with power 
plants to provide cost-effective CO2 capture solutions. Recent developments include 
polymer-inorganic hybrid membranes and nanostructures for higher efficiency and 
reduction of total cost for CO2 capture. Ionic transport membranes are also under 
development. 

Advanced CO2 capture options 

Pre-combustion 

Zeolites (crystalline aluminum silicates) act as effective membranes for a wide range of CO2 
separation applications. New class of nano-materials, which selectively attract CO2 
molecules at 220°C, i.e. nearer the temperature at which water gas shift reaction occurs in 
IGCC (Integrated Gasification Combined Cycle) are being developed. The “synthesis gas” 
(mainly CO + H2, plus some CO2) produced from coal gasification process undergoes a 
further catalytic “gas-shift” process with water vapour transforming most of the CO into 
additional CO2 and H2. The capture of CO2 is then combined with the necessary purification 
of hydrogen. Hydrogen, together with the non-shifted CO acts as the feed for a combustion 
gas turbine for producing electricity. Nanostructures for the abatement of carbon dioxide 
(CO2) at the pre-combustion stage of gasification-based power generation include lithium 
silicate nanoparticles and membranes that consist of CO2-philic ionic liquids encapsulated 
into a polymeric substrate. 

Modified combustion 

Modified combustion processes are the other options being developed to increase the 
efficiency of coal based generation and concentration of CO2 in the flue gas. In a highly 
oxygen enriched atmosphere used in oxy fuel combustion, the thermal ballast is recycled 
CO2. The other advantage is that the flue gas in this case is essentially composed of CO2 
and water instead of nitrogen from air. It does not require separation of inert gases 
normally present. The energy penalty in this case comes from the additional cost of 
separating oxygen from air. 

CO2 transport 
Once the CO2 is captured and compressed, it can be transported to storage sites. The 
transport of CO2 is not a scientific problem. Pipelines and ships are considered the most 
likely means of long distance CO2 transport. Using existing oil pipelines facilities is the most 
feasible transportation option for distances up to 1000 km. Shipping of CO2 for longer 
distances or overseas would be similar to shipping liquefied natural gas. In the absence of 
oil pipeline networks, new high pressure pipelines are major infrastructure costs. The 
pressurization energy requirement and recycling of CO2 at the receiving end also add to the 
cost. 



CO2 storage 

For geological storage CO2 is injected underground in a variety of geological environment in 
sedimentary basins. Within these basins oil & gas reservoirs and empty fields; unmineable 
coal seams; and saline formations are possible sites. Other potential storage sites for 
sequestration of carbon dioxide include caverns, basalt rocks and organic shales. These 
kind of geological formations are found both on and offshore in various locations around 
the world. To achieve successful storage in terms of mitigating the damaging environmental 
effects of CO2 accumulations in the atmosphere, such storage must be relatively 
permanent. Permanence would means that the CO2 does not leak back into the atmosphere 
at any significant rate for hundreds to thousands of years. To achieve this injection of CO2 
must take place at depths in excess of 800 metres so that geological cap rock can prevent 
the gas from migrating back to the surface. 

The carbon dioxide exists in gas, liquid, solid and supercritical phase. The CO2 is normally 
stored underground in super-critical phase, which is attained at 31.1°C temperature and at 
pressure greater than 73.9 bars. Injection of CO2 is done using infrastructure and 
experience of oil industry. 

 

Trapping mechanisms 

Inside the earth, pore space between the rock grains or minerals is occupied by fluids. Open 
fracture and cavities are also filled with fluid. These act as trapping sites. Depending on the 
permeability and thickness of the formation, CO2 injection raises the pressure near an 
empty reservoir the well, allows the liquid gas to enter pore spaces. The CO2 may dissolve in 
or mix with the fluid, displace the in-situ fluid or react with mineral grains or combination 
of the processes may occur. In case of saline aquifers, CO2 solubility in formation water 
decreases as temperature and salinity increases. The CO2 dissolved in water can form 
CaCO3 and it also reacts with sodium, potassium, silicates, magnesium etc. Reaction can 
be rapid in case of carbonate materials, but slow in case of silicate materials. Once 
formation fluid is saturated with CO2, its absorption slows down and is controlled by 
diffusion and convection. The CO2 storage process changes the reservoir properties. Thus 
different trapping mechanisms for injected CO2 are expected to occur. 
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