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ABSTRACT 

 The use of fossil fuel in power sector has not only let to increase in the amount of air pollution, but also in 

the quantity of Carbon dioxide. This increase in CO2 level in atmosphere may cause major problems like rise in sea 

level, rapid rise of earth’s surface temperature, ocean acidification, and drought. The CO2 released from 

Automobiles and Power Plants contributes about 50% (appox) of the total emissions of CO2, globally. Carbon 

capture technologies will play a vital role in reducing the green house gases and thus the Global Warming. Carbon 

Capture was done with three major methods namely post-combustion, pre-combustion and oxy fuel combustion. 

Post combustion capture is most attractive choice since this technology can be retrofitted in to the existing power 

plants. Popular technologies include physical absorption, chemical absorption, physical adsorption, chemical 

adsorption, biosorbtion, cryogenic and membrane technology are currently under research and in use. This paper 

reviews the separation of CO2 from the flue gas using the cryogenic technology.  
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INTRODUCTION 

Rise of the global temperature by 2°C is mainly due to the increase in the quantity of CO2 in the 

atmosphere. As far as January 2015, CO2 emission level reached 399.85 ppm which makes the people to think on 

reducing it. It was started by B. Sreenivasulu et al., 2015; further increase in the level, could result in sea level rise, 

weather changes and drought. It has been estimated that, if this rise continues then by the year 2100, the CO2 level 

in the atmosphere may rise up to 570 ppm, resulting in the rise of global temperature by 1.9 oC with 3.8 m rise in 

sea level which are the effects of global warming. Global Warming is defined as the observation of rapid increase 

in Earth's average surface temperature due to effect of greenhouse gases, such as carbon dioxide emissions from 

burning fossil fuels from automobiles, which trap heat that would otherwise escape from Earth.  

The strategy used to reduce the carbon dioxide (CO2) emission and reduce climate change is Carbon 

capture and storage (CCS). Erin R. Bobicki et al., 2015; stated that the CO2 emission from the industrial production 

and energy conversion was separated and transported to the storage sites and were injected to the deep underground 

by using CCS technology. Zeng Ming et al., 2014; concluded that the CCS technology is the key solution to reduce 

Carbon dioxide emission and to increase the energy production.  

Sreenivasulu et al., 2015; explains, that CO2 is removed after combustion of the fossil fuel it is said to be 

Post Combustion Capture. It is separated from combustion flue gases by imparting absorbtion, membrane 

separation and other methods for various fuels used in thermal power plants. But it needs 25 – 30% additional 

energy to operate the power plant, since the CO2 in the flue gas is diluted. When the carbon in the fuel is 

transformed to synthesis gas before the combustion process then it is Pre Combustion Capture. The process of pre 

combustion techniques can be applied to new power plants which will require more capital investment due to 

changes in heavy equipments. When the oxygen is used as a fuel, instead of air then it is said to be Oxy Fuel 

Combustion where the flue gas consists of mainly carbon dioxide and water vapour, which is condensed through 

cooling. The resultant pure carbon dioxide stream can be transported and stored, but the separation of oxygen from 

the air requires a high capital.  

 Carbon dioxide, absorbed from flue gas directly into a liquid like amine, which involves a cyclic process 

where it can be processed and removed. It is most widely used technique because of its simplicity in design and it 

can be attached to any of the power plants as a retro fits. Absorbents were explained as it was discussed by Yann 

Le Moullec, 2014. Absorbents used in this method must have a high reactivity and absorptivity, low vapour 

pressure, high thermal stability and environmental friendly, all with respect to CO2. The amines used are 

monoethanolamine (MEA), Diisopropanolamine (DIPA), AMP (2-amino-2-methyl-1-propanol), 

Piperazine(PZ)/cyclic diamines and ammonia.  

 Lin Zhang et al., 2015; suggested that the adsorption is based on a cyclical process in which carbon dioxide 

is adsorbed from a gas stream on to the surface of a solid, typically a mineral zeolite. The solid is then purified in 
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stages with the aid of differences in either pressure or temperature to remove the carbon dioxide and compress it for 

storage. The materials use in adsorption method will include Metal Organic Frameworks (MOF), Zeolites and 

Mesoporous carbons. MOF are metal ions linked by organic bridging that forms the porous structure, in which the 

gases will get trapped.  CO2 gas can be effectively sieve out by using membranes, which are made up of polymers 

or ceramics. Membrane material is selected specifically to separate the CO2 molecules in the mixture. CO2 

molecules form flue gases are absorbed into a solvent in the Gas Separation Membrane. There are a range of 

membranes types for these processes. 

2 CRYOGENIC TECHNOLOGIES 

Cryogenics is the field of science that deals with the elements which are in ultra low temperature. 

According to the thermodynamics law, temepearture can be lowered to certain limit, which is known to be called as 

Absolute Temperature. Here the molecules will have a low energy state. So achieving this much amount of ultra 

low temperature is not possible. The only possible low temperature was -273.13 K. This technology needs the 

research of materials for storing the low temperature gases. This low temperature technology is used in most of the 

space related applications where the fuel used must be stored in a low temperature. Since hydrogen is under the 

recent research of alternative fuels for automobiles, cryogenics comes into play for storage.  Other gases like 

nitrogen and helium were used in achieving cryogenic cooling of devices. Devices like pulse 

cryocoolers and Stirling cryocoolers were devised as a alternative to the above. This paper mainly focuses on the 

cryogenic technology to be used in the carbon capture method. 

Bouchra Belaissaoui et al., 2012; stated that the gas mixtures can be separated by fractional condensation 

and distillation at low temperatures by cryogenic technology. A low temperature, CO2 desublimates or changes 

from gas to solid state. This solid CO2 can now be separated, pressurized and stored. Cryogenic carbon capture 

used in multi-compression stages along with the intercoolers, for post combustion capture was reviewed in. The 

main advantage of using cryogenic technology is the energy requirement is low. The cryogenic technology was 

used in the form of CryoCell CO2 removal technology by Allan Hart et al., 2009; in which the CO2 gas was 

removed from the natural gas.  It makes use of thermodynamic properties of the CO2 gases along with the Joule 

Thompson Valve. The main parameters control in Cryocell is isenthalpic flash pressure and pre-cooling 

temperature.  

 Cryogenic technology can sometimes be used clubbed in to the membrane technology. A work done by 

Chunfeng Song et al., 2014; is a three membrane stages with cryogenic separation. Membrane stage was used to 

concentrate CO2 from the stream and then the cryogenic technology was involved for liquefaction of CO2. At every 

stages of membrane, the CO2 was recovered and recycled, so that the energy requirements will be minimum. A 

sweep gas will be involved in order to maximize CO2 recovery. In the same work, the CO2 gas from the flue gas 

was separated by using three units free piston Stirling coolers. In the first unit, the water in the flue gas was 

condensed to water, so the dry flue gas was sent to second unit. In the second unit, the dried flue gas was 

maintained to a cryogenic temperature so that CO2 can be solidified (de sublimated). Other gases in the flue gas are 

let free and the solid CO2 will be sent to third unit. In the final unit it will be sublimated and stored as a CO2 gas. 

The heat required to sublimate will be used from incoming flue gas for exergy efficiency. 

 Carbon capture by cryogenic technology was compared experimentally and numerically with the 

membrane and amine scrubbing technology, both in design and economy by M.J. Tuinier et al., 2011; the 

absorption technique was compared based on equipment costs and the electricity, steam, MEA and corrosion 

inhibitor consumption etc. It was concluded that the costs of cryogenic and amines were the same in compare to the 

membrane. All technologies costs were based on the source availability. Cryogenic technology will be preferable 

only when Liquefied Natural Gas cost is low. Cryogenic technology for CO2 capture was done on a fuel cell in a 

power plant, and its efficiency and the power output were discussed by Wilkinson MB et al., 2001; the studies were 

based on Molten Carbonate Fuel Cells (MCFC), from where the flue gas after the turbine was treated for CO2 

capture. The exhaust of the MCFC which will be at 666oC, will be brought down with the help of heat recovery 

steam generator and three-pressure level with reheat pattern of the main stream. So this stream of flue gas was 

compressed and cooled to low temperature for capture of CO2.   

Based on the above procedure, the CO2 capture was done on a two step flash separator in order to reduce 

the power consumption of compressor by Paolo Chiesa et al., 2011; it uses four stage intercooled compressor, so 

that the pressure will be of a maximum of 27 bar. Then this stream was cooled and condensed in a multi flow heat 

exchanger.  The temperature difference should be less in order to reduce the power consumption of the compressor. 
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And the results had shown that the plant with cryogenic CO2 capture was far better in efficiency and specific 

energy consumption than the oxy fuel combustion.  

 The separation of CO2 as it was illustrated in K. Atsonios et al., 2013; can be done by two methods: double 

flash separation - internal cooling and distillation column - external & internal cooling. The process before the 

separation will be the same as we discussed in the above papers. In the first process, CO2 rich stream was throttled 

adiabatically and the temperature difference was reduced by Joule Thomson effect. So it is purely based on the 

temperature and pressure differences of first and second flashes. The latter method will use distillation column, a 

heat exchanger, a flash separator and an external refrigeration system. Here a part of the exhaust gas will be 

condensed and separated at flash generator. The remaining gas is further cooled, through expansion process. Both 

these streams will be sent to the distillation column and separated. Hence the carbon capture will be done in the 

external refrigeration system. 

3. CONCLUSION  

The CO2 emissions drastically increases annually by 4.4%, this method of CCS through Cryogenic 

Technology, if installed in power plants, will reduce the Green House Gas constantly. The use of other carbon 

technologies that makes the cost to get reduced and to improve the carbon capture capacity is a must needed 

technique to sustain the climatic change. Cryogenic technology gives one method of capturing the carbon which is 

mainly oriented to power plant sectors, while the other carbon capture techniques will be under the research in 

order to reduce the carbon globally from automobiles and other sources. The demand and the research for the use of 

CO2 capture technique is increasing day by day based on the climatic condition of the globe. Carbon once captured 

has to be permanently stored so that we can avoid the problems faced due to temporary storage like sudden release 

of the gas etc. So the concept should be changed from older to newer one for the betterment of the future 

emission control technology. 
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