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Abstract: Carbon Capture has become a hot topic since people felt the need to curb the pollution and the methods to
capture it economically are evolving. Many countries due lack of technology are just storing the carbon dioxide. Carbon
Dioxide has found its application as precursor of chemicals, Food additive, carbonation of soft drinks, Solvent at
supercritical conditions. Apart from applications, Carbon dioxide is used to manufacture fuels on large scale. The fuels
obtained post converting carbon dioxide to its monoxide form and converting to Methanol, Gasoline by Syngas to
Methanol process (STM), Methanol to Gasoline process (MTG).
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Introduction:
Carbon dioxide emissions are observed mainly in thermoelectric power plant where coal is the main resource
for the production of electricity. There has been many developments in novel technologies to reduce the usage
of coal for power production but the world still is relying on the same power due to increase in demands with
the growth in world population.

Fig1: Pie-Chart describing the data given in Table1
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Table1: Greenhouse gas emission by gas globally in 2010[1]

The main pollutants among which are Carbon Dioxide, Carbon Monoxide, SOX and NOX are mainly released
to the environment. There are existing technologies for Carbon capture and Storage used by top notch
industries like Shell, Chevron and NRG energy which are still working out to optimize the Carbon Capture
and storage methods [2].

Moreover Carbon capture and storage method is obsolete as most industries haven’t readily retrofitted the
utilization or Production of gasoline plant due to their huge investment cost. That is why they choose to store
the carbon dioxide over further treatment and production.

FIG2: GENERALISED FLOWSHEET OF CARBON CAPTURE SEQUESTERATION OR APPLICATION
OR FUEL PRODUCTION
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CARBON CAPTURE TECHNOLOGY:

FIG 3: FLOWSHEET FOR CARBON CAPTURE METHODS

OXY-FUELCOMBUSTION:
In conventional coal fired power plants direct air is used for combustion which reduces the carbon dioxide
formation and gets diluted by nitrogen present. The presence of all the gases in the air causes the reduction of
pure carbon dioxide concentration or it gets diluted [3][4]. Oxy-Fuel is the simplest process to readily capture
carbon dioxide without further treatment. In this process, High purity oxygen is sent to the furnace for
combustion by separating the oxygen from the air by using membrane technology[6]. For flame temperature
control, the flue gases are recycled back to furnace. The gases obtained will be Carbon Dioxide and water
after combustion. The flue gases replace the missing nitrogen to carry the heat throughout the boiler [5]

POST COMBUSTION:
In post combustion process, CO2 produced with other gases is passed through the absorbing solvent column.
CO2 gets selectively absorbed in the solvent. Solvent absorption occurs at 40°C with pressure application 9.5
K Pa while desorption occurs at 80°C at 1.0K Pa in Mono Ethyl Amine[7]. This process is most widely used
in Coal fired power plant. Solvents used should show high absorptivity and less expensive[8].
Tetraethylenepentamine absorption has the highest affinity towards CO2 absorption[9]

Pre-Combustion:
In pre-combustion process, Synthesis gas is formed which is the mixture of Carbon Monoxide and Hydrogen.
Water-gas shift reaction takes place for Syngas(Synthesis gas) conversion. This is “at source” Capture method
done before combustion reaction [13].

Fig: Pre-combustion Method of Carbon capture [13]

Pre-Combustion method is preferred for the production of fuels or GTL (Gas to Liquid) Applications.
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UTILIZATION:
There are many applications of Captured Carbon dioxide, either it can be transported to other industries where
absorbed CO2 is used as a base chemical for the production of dry ice or can be used in food industry to
remove caffeine from Coffee. More over SOx produced can also be used for the production of Sulfuric Acid.
For Economic gain CO2 can be utilized for enhanced oil recovery.

Dry Ice: Dry ice is produced by compressing the carbon dioxide gas and efficient cryogenics are used to cool
the system. The system is slowly expanded causing the gas to vaporize, which reduces the liquid to solid due
to reduction temperature [10]. The solid passes through the dyes for getting exact shapes[11] or extruded to
get tube like structure[12]

Decaffeination: As it is of general knowledge that Coffee consists of caffeine and needs to be reduced due to
the health concerns. The caffeine is removed by Carbon Dioxide at supercritical conditions. A continuous
operation is used where Supercritical carbon dioxide is flown through the tubular column and it is found to be
most effective as the rate of decaffeination increased with temperature and pressure [14]

Enhanced Oil Recovery: In this method, instead of pumping water, carbon dioxide is pumped which does
not change the chemistry of crude oil and the pumping can be easily done. Crude oil can be obtained hassle
free.Carbon dioxide is entrained with a hydrocarbon polymer and entrained using glycol or Alcohol [15]

GTL(Gas To Liquids) METHODS:
Pre-Combustion method is preferred over Post-Combustion flue gases due to CO production in former method
on water gas shift reaction gives SynGas. SynGas on further processing over catalyst like Zeolite or process
like electro catalytic reduction gives synthetic fuel [16].Three main challenges for the production of fuels
from syngas, Methanol and gasoline over catalyst by Fischer-Tropsch method, Syngas synthesis and
developments of them[17]

For Post Combustion, CO2 and Hydrogen  needs to be converted into CO and H2 which is Syngas by passing
it over the activated Carbon[18], Ni/γAl2O3[19] catalyst and partial oxidation in an oxygen permeating
membrane with Ni oxide catalyst or Magnesium oxide catalyst[20].

Syngas to Methanol synthesis Stage 1:Syngas obtained at high temperatures is cooled or quenched. The
quenched syngas is scrubbed or passed through knock-out drums to remove particulate matter and mist
respectively. Then the scrubbed gas composition is adjusted to 2:1 ratio. The gas obtained is compressed
which gives out crudeMeOH. Crude MeOH is distilled to obtain pure MeOH and unconverted H2 is sent back
for the reuse. The acid gas obtained in the process is forwarded to Sulfur Recovery Unit[21].

Figure: Methanol conversion from Syngas[21]
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Methanol to Gasoline:
MTG process which is patented by ExxonMobil explains that Methanol formed [22] in the above process is
forwarded to the petrol unit and is heated to vaporize the methanol. The methanol vapors formed are sent to
the catalytic chamber of Aluminium oxide(Al2O3), H-ZSM-5 or Amorphous Silica Alumina for conversion of
Alcohol into DME. The selectivity of DME is found to be 20% over ZSM-5 catalyst at 280oC[23]. Hydro
carbons obtained by post-processing are distilled to obtain different cuts at different boiling points.

Fig: Block flow process of Methanol to Gasoline [24]

Conclusion: Due to decrease in the crude oil reserves and increase in demands, a better way for the
production of fuels from the waste gases like CO2 and to make a synthetic cycle which takes few seconds
when compared to natural cycle which takes few billion years to form crude oil. The processes like Syngas to
Gasoline, MTG, Fischer Tropsch Process, Exxon-Mobil process convert Methanol to Gasoline.
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