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Abstract
   The United States emitted 5.27 billion tonnes of carbon dioxide into 
the atmosphere in 2018, less than one-sixth of the global emissions 
that year. The immense amount of greenhouse gases in the air have 
a detrimental effect on the planet. Rising global temperatures, 
rising sea levels, drought, wildfires, and other natural disasters 
are all being accelerated because of carbon emissions. Carbon 
capture is one solution that could reduce emissions tremendously. 
The topics of energy consumption, transportation phenomena, and 
thermodynamics of a wide range of carbon capture methods will be 
discussed.
Keywords: Climate Change, Post-combustion, Carbon Dioxide, 
Carbon Capture, Absorption, Desorption
Introduction
   In 2018, the United States emitted 5.27 billion tonnes of carbon 
dioxide (CO2) into the atmosphere [1], while global energy-related 
emissions rose to a historic high of 33.1 billion tonnes of CO2 [2]. 
And with global emissions projected to increase by a third from 
2012 to 2040 [3], drastic changes are needed in order to mitigate the 
effects of climate change.
   CO2 is the most abundant greenhouse gas (GHG) at 83.83% of total 
GHGs [4]. Although CO2 absorbs less heat per molecule than other 
GHGs, like methane and nitrous oxide, it is more concentrated and 
lasts longer in the atmosphere [5]. It is emitted from the burning of 
fossil fuels such as coal and petroleum-based products as well as 
other sources, including biomass. After combustion, CO2 is released 
into the atmosphere, which causes a warming effect on the planet. 
This will cause a rise in global temperature, a rise in sea levels and 
a greater intensity of droughts, wildfires, and other natural disasters. 
Even though GHGs have been directly linked to climate change, fossil 
fuels still control the energy market in the United States and around 
the world. In 2015, 81.5% of the United States’ total energy demand 
was provided by fossil fuels [6]. Once the CO2 is in the air, there 
are few ways in which it can be removed. Only about half of annual 
emissions are absorbed by the ocean and vegetation. Even if humans 
were to stop burning fossil fuels altogether, removing the remaining 
CO2 with natural sinks would take a long time. Researchers have 
estimated that about 50% of the manmade CO2 would be absorbed 
in 50 years, and the remaining 50% would be in the atmosphere for 
upwards of tens of thousands of years [7].
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   Because it is highly unlikely that the use of fossil fuels will be 
extinguished in the next few years, practical solutions for CO2 
removal must be implemented. Carbon capture technologies could 
drastically reduce carbon emissions by stopping CO2 from entering 
the atmosphere. Carbon capture involves the separation of CO2 from 
industrial processes and energy-related point sources, such as power 
plants and other industrial plants that consume large amounts of 
energy. The concept of carbon capture is not new as the separation. 
The separation of CO2 has been a common practice in the oil and gas 
industry since the 1920s [8]. The process, first developed to enhance 
the quality of the products coming from crude oil, is still being 
used. The product is “sweetened” by the reduction in acidity with 
the extraction of CO2. The first Carbon Capture and Sequestration 
(CCS) program was not started until 1989 at the Massachusetts 
Institute of Technology. This program was started as a means to find 
different ways of removing CO2 from emission sources such as gas 
processing and ethanol production [9]. Since then, there have been 
many advances in carbon capture technology and development of 
several different methods.
   The three main categories of carbon capture are pre-combustion, 
post-combustion and oxyfuel combustion. Pre-combustion carbon 
capture is mainly used during the production of a gaseous mixture 
called syngas, which consists primarily of carbon monoxide and 
hydrogen. The carbon monoxide is converted to CO2 and separated 
from the mixture, yielding a raw syngas that can be used for chemical 
production or energy feedstock of heat. Oxy fuel combustion 
uses nearly pure oxygen, rather than air, to combust fuel that will 
produce a flue gas that is mostly composed of CO2 and water vapor. 
This stream is dehydrated to obtain high-purity CO2. Lastly, post-
combustion capture focuses on capturing the CO2 after fossil fuels 
have been combusted, usually in an industrial or power plant [10]. 
Post-combustion carbon capture will be the focus of the remainder 
of this paper.
   Carbon capture is a vital technology for mitigating the effects 
of climate change. One German study illustrates the potential that 
carbon capture can have on global emissions. It states that chemical 
production is set to become the largest consumer of global oil by 
2030. By capturing CO2 from industrial processes, or directly from 
the air, and utilizing it as an alternative carbon source for chemicals, 
this technology has the potential to reduce annual GHG emissions 
by up to 3.5 gigatonnes of CO2 equivalents in 2030 [11]. Such a 
dramatic decrease in emissions would have numerous benefits,
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including slowing the rate of climate change. Of the models cited in 
the Intergovernmental Panel on Climate Change's Fifth Assessment 
Report, more than half require carbon capture to obtain the goal of 
staying within 2°C of warming from the pre-industrial period [12]. 
The remaining models without carbon capture rose in price by 138% 
to reduce the same amount of emissions. Although carbon capture 
can provide an economical method of effectively reducing emissions, 
there are only 18 global carbon capture projects in operation today 
[13].
   Liquid solvents are the most popular method of carbon capture in 
operation today. All of the major carbon capture facilities in 2015 
were using either physical or chemical solvents for their method of 
capture [14]. Physical and chemical solvents have similar physical 
properties but differ in that physical solvents are based on gas 
solubility instead of a chemical reaction. Physical solvents typically 
have a larger absorption capacity than chemical solvents, which 
enable lower solvent recirculation rates. However, physical solvents 
often have difficulty meeting gas specifications because they are 
less selective than chemical solvents. For these reasons, physical 
solvents are usually seen in pre-combustion carbon capture facilities. 
Chemical solvents such as methyldiethanolamine (MDEA) are 
primarily used in post-combustion facilities because of their large 
CO2 absorption capacity.
   Monoethanolamine (MEA) is another chemical solvent that is 
widely used in post-combustion carbon capture. MEA is a clear, 
colorless, viscous liquid often used for detergents, personal care 
products and wood treatment [15]. Amine solvents are the most used 
chemical for carbon capture. Other amines such as diethanolamine 
(DEA) and MDEA have been used in industry for many years for gas 
purification [16]. However, MEA has advantages over other amines 
because of its unique features, such as high loading capacity for 
CO2 at low partial pressures, fast reaction kinetics and high removal 
efficiencies [17]. The cost of the solvent is also relatively low, but it 
is known to be corrosive and its regeneration requires a significant 
amount of energy [18]. MEA is one of the most researched and 
which suggests commercial availability to me. The aforementioned 
disadvantages of MEA could be why carbon capture has not been 
more widely implemented.
   The use of ionic liquids for carbon capture has been gaining 
traction. This is a relatively new process, with the first industrial 
use occurring in 2003. The term “ionic liquid” refers to any liquid 
that is composed entirely of ions at a temperature around or below 
100°C [19]. A primary reason why ionic liquids are being researched 
to replace conventional solvents is their low volatility. Because ionic 
liquids have virtually nonexistent vapor pressure, the replacement of
conventional solvents with ionic liquids would prevent the emission 
of volatile organic compounds (VOCs), which are a major source of 
environmental pollution. Another advantage of ionic liquids is the 
number of possible solvents. There are at least one million different 
binary ionic liquids and as many as 1,018 ternary ionic liquids that 
are potentially possible. This is compared to the 600 molecular 
solvents that are in use today. The number of possibilities allows the 
solvent to be designed to achieve optimal absorption and selectivity. 
Other appealing properties of ionic liquids are their high thermal 
stability, large electrochemical window and ability to dissolve 
compounds with various polarities [20]. One drawback of ionic 
liquids for carbon capture, however, is their high viscosity due to the 
complex synthesis and purification processes. Higher viscosities are 
not suitable for carbon capture because this slows the absorption rate 
and increases the costs for pumping due to the increase in resistance 
of flow. This can be improved by using the proper combination of 
cations and anions. Because the cation usually has little effect on the 
viscosity, decreasing the alkyl chain of cations can also decrease the 
viscosity. Ionic liquid research is still in the very early stages.
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   Solid sorbents are another method of post-combustion carbon 
capture with promising features, including potential energy savings, 
Is this greater adsorption capacity?, selectivity, and ease of handling 
[21]. An adsorbent system with a working capacity of at least 3 
mmol/g could see a reduction in the energy requirement by 30-50% 
compared to that of an amine-based system [22]. Samanta et al. 
proposed the following criteria to consider when selecting a sorbent 
material.
• Adsorption capacity: this indicates the amount of sorbent 

needed. A high adsorption capacity reduces both the sorbent 
quantity and size of process equipment. To compete with an 
MEA scrubbing system, the CO2 working capacity (defined for 
a short adsorption time) must be between 3 and 4 mmol/g of 
sorbent.

• Selectivity for CO2: defined as the ratio of the CO2 capacity to 
that of another component at a given flue gas composition. The 
selectivity has a direct effect on the purity of the captured CO2. 
Because flue gas is largely composed of N2 and water vapor, it 
is important to use a material with a high selectivity for CO2.

• Adsorption/desorption kinetics: this also has a large impact on 
how much adsorbent is needed for the process. The faster the 
sorbent can adsorb and desorb CO2, the less of it will be needed.

• Mechanical strength of sorbent particles: this includes the 
microstructure and morphological stability of the sorbent. Good 
retention of stability during multiple cycles of regeneration is 
key for high kinetics. The mechanical strength of the sorbent is 
also very important for minimizing the makeup rate, which will 
render the process more cost-effective.

• Chemical stability/tolerance to impurities: solid sorbents should 
exhibit stability in an oxidizing flue gas and resistance to 
common contaminants, such as SOx, NOx, and heavy metals, 
which will most likely need to be removed because of their 
negative effect on the CO2 adsorption capacity.

• Regeneration of sorbents: the heat of adsorption should be 
substantially should be low, ranging from -25 to -50 kJ/mol for 
physisorption and -60 to -90 kJ/mol for chemisorption. Low 
heat of adsorption will reduce energy requirements and costs 
for regeneration.

• Sorbent costs: According to a sensitivity analysis done by Tarka 
et al. [23], a sorbent's cost should be from $5 to $15 per kg. $5/
kg is the best-case scenario, while the most realistic scenario 
would be near $10/kg.

   Once an adsorbent is chosen based on the aforementioned criteria, a 
method of cyclic adsorption is considered. The adsorption-desorption 
process is accomplished by three main methods: temperature swing 
adsorption (TSA), pressure swing adsorption (PSA) and vacuum 
swing adsorption (VSA) [24]. Both PSA and VSA utilize a reduction 
in pressure of the adsorbent fixed column. The difference lies in how 
the pressure is decreased. In PSA, the column is filled with gas until 
saturation, after which the pressure in the column is decreased to 
atmospheric pressure, which results in desorption. In VSA, desorption 
occurs due to an applied vacuum in the column. TSA is a method of 
desorption that involves heating the adsorbent until the desorption 
temperature is reached. The temperature swing more easily forces 
the CO2 off the surface of the adsorbent, while changing the pressure 
more easily moves the gas out of the column after desorption.
   Activated carbon is another solid being researched as a potential 
method of carbon capture. Activated carbon is a purified, powdered 
charcoal that is treated either physically or chemically to create 
microfissures that drastically increase the surface area of adsorption. 
The surface area of activated carbon can be as large as 500 to 1500 
m2/g [25]. The use of porous carbon in the form of charcoal can be 
traced as far back as early 1550 BC in ancient Egyptian papyrus. 
However, it was not commercially produced until the beginning of 
the 20th century during World War I to be used in protective gas
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masks [26]. Today, activated carbon is commonly used for puri-
fication of water and products in the chemical, pharmaceutical and 
food industries. Common commercial activated carbons include 
FPV, WG-12, and CWZ-22, which are intended for water treatment, 
but have been used for testing of carbon capture [27]. 
   Coconut shell is often used as a raw material for activated carbon 
because of its low cost, high Brunauer-Emmett-Teller (BET) specific 
surface area (the amount of adsorbate gas per unit of surface area) 
and high porosity [28]. The coconut shells are usually gathered 
from the country of origin to later be prepared by drying the shell, 
cutting into small pieces, and putting into a high-temperature kiln 
for carbonization. Testing by Huang et al. showed how activation 
temperature and activation times affected the resulting activated 
carbon. Increasing the activation temperature and time increases the 
ash content, pH, BET specific surface area and total pore volume 
(which would increase the CO2 adsorption capacity), but significantly 
reduces the charcoal yield. Their results also showed that coconut 
shell activated carbon has a higher instantaneous adsorption capacity 
than commercial activated carbon.
   Metal Organic Frameworks (MOFs) are a relatively new class 
of crystalline porous materials constructed from multi-metallic 
units called secondary building units (SBUs) and organic linkers 
[29]. MOFs' physical and chemical properties can be finely tuned 
for the desired product by designing and functionalizing SBUs, 
linkers and pore environments, rendering them useful for a variety 
of applications, such as gas storage and separation, heterogeneous 
catalysis, sensing, drug delivery and more. In terms of carbon 
capture, MOFs have numerous unique features: e.g., predictable, 
functionalizable structures (predicting the structures of many MOFs 
to allow for incorporation of different types of accessible capture 
and catalytically active sites); hybrid structures (e.g., MOFs are 
compatible with other materials and can be used as a template 
for other MOF derivatives with specific chemical and physical 
properties); and particular strengths for catalysis (e.g., MOFs have 
the ability to combine beneficial features of homogeneous and 
heterogeneous catalysts such as high catalytic efficiency, reusability, 
and stability).
   MOFs consist of metal-based nodes (single ions or clusters) 
and are connected by organic linking groups to form a one-, two-
, or three- dimensional coordination network. The basis for the 
synthesis of MOFs is achieved by employing a modular synthesis 
(metal ions and organic ligands are combined to form a crystalline, 
por-ous network) [30]. There are several synthesis methods, each 
resulting in various desired properties. The synthetic procedures 
usually include a wide range of temperatures, solvent compositions, 
reagent ratios and concentrations, and reaction times. The fine-
tuning of these parameters is critical for optimizing the synthesis of 
the specific material. One of the most studied MOFs is Zn4O(BDC)3 
(MOF-5) which consists of tetrahedral [Zn4O]6+ clusters bridged by 
ditopic BDC2-ligands that form a cubic, three-dimensional network. 
Functionalized derivatives of MOF-5 can be prepared using other 
linear dicarboxylate linkers.
   One of the greatest advantages of using MOFs for carbon capture 
is also one of its disadvantages. There is a massive variety of 
MOFs with different properties that can be produced by changing 
the combination of metal clusters and organic ligands; searching 
through the different MOFs for certain applications is time 
consuming. However, molecular simulations have been utilized 
to determine which materials in a MOF are best suited for carbon 
capture [31]. Daglar et al. screened through the most complete and 
recent MOF database, the Cambridge Structural Database, to find 
the best materials for membrane-based CO2/N2 separation. Two 
simulations (grand canonical Monte Carlo (GCMC) and Molecular 
Dynamics (MD)) were performed to acquire data for adsorption 
and diffusion of CO2 and N2 in all MOFs under infinite dilution 
conditions. Using these results, the selectivity and gas permeability

of 3,806 different MOFs were estimated and compared with widely 
studied polymers and zeolites. Further GCMC and MD simulations 
of 15/85 CO2/N2 mixtures were then carried out on the top 15 
MOFs to find the separation performances of flue gas. These MOFs 
were found to have a selectivity ranging from 15-820 and CO2 

permeability of 1.19E5 – 1.95E6 Barrers. A final simulation was 
performed to investigate the effect of water on the selectivity and 
permeability of these MOFs. The gas mixture, which was 10/87/3 
CO2/N2/H2O, showed that the presence of water produced inferior 
results compared to the dry simulation. Lastly, it was determined 
that the best MOFs for CO2/N2 membrane-based gas separation were 
made from materials with more narrow pores, lower surface area, 
and which contained monoclinic and lanthanide.
   Porous amino-solids were first coined in 2015 by Didas et al. [32] 
and can be divided into three subclasses based on their bond structure 
and preparation methods. Materials found in class 1 rely on physical 
amine impregnation into available pore windows of a mesoporous 
solid support (usually silica), which is usually silica. This is done by 
stirring the support for 12 to 24 hours with the amine in methanol. The 
solvent is then extracted at approximately 70°C to impregnate high 
levels of amine into the pore windows and is retained in that space 
via van der Waals’ forces. Larger aminopolymers are typically used 
for the class 1 materials. Aminopolymers such as polyethyleneimine 
(PEI) have larger chains, which produce greater van der Waals’ 
forces and therefore have better cyclic retention. Shorter amines like 
MEA and MDEA are usually used for class 2 and class 3 adsorbents 
because of their lower activation energy; this aids the facilitation of 
tethering. Class 2 amino-solids utilize covalent organosilane grafting 
onto the target interfaces. These materials are prepared by dissolving 
the amino-silane in a volatile solvent such as toluene. The adsorbent 
is then added to the solution and heated under reflux at approximately 
80°C for 24 hours. After the grafting occurs, the primary solvent is 
replaced with a secondary volatile solvent, usually hexane, to fully 
activate the adsorbent. Class 2 materials have multiple covalent 
bonds per amine center. Class 3 materials are prepared in the same 
fashion as class 2, but only contain one covalent bond for each amine 
molecule.
   A membrane is defined as a physical barrier that either completely 
stops or reduces the flow of a given compound and can be used as a 
method of separation [33]. It is a porous media that only allows for 
the flow of compounds smaller than the pore diameter. Some factors 
allow molecules with a larger diameter than the membrane's pore size 
to flow, but this only occurs in specific situations. Membranes can 
be seen in nature in several different processes. Without membrane 
filtration, trees would not be able to stand straight, and human life 
would look drastically different because there would be no way to 
create a cellular environment that is different from the surrounding 
environment. Separation with membranes is possible because of the 
gradient across the membrane. Membranes can be classified based 
on the type of gradient. The two main groups are pressure-driven 
and non-pressure-driven flows. The pressure gradient is called 
the transmembrane pressure (TMP) and is the driving force of the 
pressure-driven membrane processes. Examples of such pressure-
driven processes are microfiltration, ultrafiltration, nanofiltration and 
reverse osmosis. The most common gradient in non-pressure-driven 
flows is a concentration gradient. Examples of such non-pressure-
driven flows are dialysis (concentration-driven), electrodialysis 
(electrically-driven) and forward osmosis. This technology can be 
applied to carbon capture as well. Polymeric membranes are one 
of the most common with several advantages such as adaptability, 
operational simplicity, low energy consumption, capital cost and 
fewer environmental impacts [34].
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   Cryogenic separation is different than the previously discussed 
methods because it is a mostly physical process that depends on the 
condensation and freezing point of the components in the flue gas. 
In other words, this process will drastically increase the pressure 
and decrease the temperature in order to achieve a phase change 
of the CO2 gas to a liquid or solid to then be separated. Cryogenic 
separation does not use chemical absorbents, and it delivers a high-
purity, dry CO2 product stream [35]. There are two sub-categories 
of cryogenic separation. This method: desublimation and cryogenic. 
Desublimation processes separate the CO2 as a solid frost at conditions 
below the sublimation temperature (195 K at 1 bara). The frost is 
later warmed above sublimation conditions to produce a pure CO2 
stream. Cryogenic processes achieve similar results by separating 
CO2 in liquid form. Desublimation systems are almost solely based 
on temperature change and operate at atmospheric pressure, while 
cryogenic separation involves energy-intensive raw gas compression 
stages. Desublimation processes can also achieve capture ratios of 
nearly 100% while removing both water and CO2, eliminating the 
need for drying stages. For this process to be competitive, it is vital 
to effectively integrate a refrigeration system or low-cost chilling 
source that can meet cooling demands.
   There have been several studies on combining cryogenic separation 
with other methods, such as membrane separation. Combining the 
two methods could eliminate some of the limitations of each. For 
example, with a fixed permeability, the CO2/N2 selectivity reaches 
an upper limit, the same being true for the reverse [36]. The use of 
a membrane will reduce the amount of N2 that needs to be cooled 
during the cryogenic process, which will substantially decrease costs. 
Furthermore, specific membranes, when operated below -20°C, have 
up to a 400% increase in CO2/N2 selectivity compared to operation at 
room temperature [37]. The process proposed by Hasse et al. starts by 
compressing the flue gas to 220 psi, followed by drying and cooling 
to -30°C. It then passes through the membrane which separates the 
CO2 from the rest of the stream. The flow through the membrane 
is counter-current with a small fraction of the CO2-depleted stream 
offsetting the negative effect a higher recovery has on membrane 
productivity. This has been shown experimentally and via simulations 
to reduce the minimum area of the membrane, which will reduce 
cost. The CO2 is re-compressed and fed into a cryo-phase separator 
to create liquid CO2 at 60 bar and 20°C. Similar processes have also 
been proposed and optimized. A study by Mat et al. determined the 
most cost-effective way to run a hybrid membrane-cryogenic post-
combustion carbon capture process. Several variables were analyzed, 
such as condensation pressure and temperature, O2 concentration in 
the boiler, and membrane design. The product constraints consisted 
of a 90% CO2 recovery and a minimum purity of 95%. It was found 
that the O2 concentration in the boiler should be approximately 18% 
and that a lower pressure does not necessarily mean lower cost. 
Although there would be less compression, to achieve the same 
selectivity, the area of the membrane must increase, which increases 
capital costs. The levelized cost of energy (LCOE) was not greatly 
affected by the pressure ratio at fixed condensation conditions nor 
varying condensation conditions at a fixed selectivity. The optimum 
CO2/N2 selectivity to minimize the LCOE ranged from 55-70.
   Although capture efficiency in terms of absorption and desorption 
rates are very important for a carbon capture facility, costs are more 
than likely the limiting factor. No matter how efficient a sorbent is, if 
it is not economical, there is only a minimal chance of a successful, 
long-term commercial operation. Duke Energy Inc., North America’s 
largest power generator, partnered with Huaneng Power Group, the 
world’s largest power company, to determine the most economical 
amine-based carbon capture method [38]. In this study, they 
evaluated the costs of using 30 wt% MEA, 35 wt% amine blend and 
a 20 wt% MEA plus TiO(OH)2 catalyst [39] at two different natural 
gas combined cycle (NGCC) plants. Both carbon capture processes

for each plant were simulated in Aspen Plus. Each plant had a 
CO2 capture capacity of 1 million short tons with a 90% capture 
efficiency. A full technoeconomic evaluation compared these three 
methods of capture at the two different plants. The factors that lead 
to the total variable costs were losses to energy generation, costs 
for consumed materials and utility costs. At both locations, the 
variable cost associated with the use of 20 wt% MEA with catalyst 
was substantially lower, with a 43.5% reduction compared to the 
base case (30 wt% MEA), while the 35 wt% mixed amine method 
averaged only 26.5%.
Energy Consumption
Reaction Kinetics
   As mentioned, a major limitation of the benchmark absorbent, 30 
wt% MEA, is the amount of energy required for regeneration. This 
is mainly due to the high specific heat and enthalpy of vaporization 
of the water solvent. The energy required for solvent regeneration 
alone accounts for approximately 70% of the total cost of carbon 
capture [40]. Li tested the performance of newly developed 
absorbents for energy-efficient carbon capture using a variety of 
absorbents, including aqueous potassium lysinate, blends of MEA 
with 2-methoxyethanol (EGME) and 2- ethoxyethanol (EGEE), 
2-(methylamino)ethanol (MAE) with diethylene glycol dimethyl 
ether (DEGDME), potassium prolinate/EGME/water, and potassium 
sarcosinate/EGME/water. The purpose of the testing was to see if 
replacing the water in common absorbents with organics would 
improve the desired characteristics and address the disadvantages of 
the high-performing conventional aqueous amines. In comparison 
to water, these solvents have higher boiling points, lower specific 
heat capacities and low vaporization enthalpies. These properties can 
reduce energy demands for regeneration by lowering sensible and 
latent heat. Amino acid salts could be a good alternative because of 
their high kinetics, low volatility and good resistance to degradation. 
In terms of CO2 loading, the results showed numerous improvements. 
The base comparison was 5.0 M MEA solution, which had a cyclic 
capacity of 0.841 mol CO2/kg solution. (The cyclic absorption 
capacity is estimated from the difference of CO2 loadings under the 
absorption and desorption conditions, 313 K and 353 K with N2 strip 
method, respectively.) By replacing water in the MEA solution with 
non-aqueous glycol ether solvents, the cyclic capacities increased 
45-65%. The aqueous 5.0 M MEA was estimated to have an overall 
heat duty of 415 kJ/mol CO2. By using the single-phase, non-aqueous 
absorbents, the CO2 desorption efficiency was similar to the baseline
with a nearly 50% reduction in overall energy consumption. This 
research is promising for increasing CO2 loading and decreasing 
energy consumption.
   Another method for improving the performance of MEA is through  
the addition of a catalyst to speed regeneration of the solvent and 
allow for desorption to occur at much lower temperatures. This 
could dramatically reduce energy consumption and amine losses, 
while preventing emissions of amine-based byproducts from 
decomposition [41]. Lai et al. tested the effects of using TiO(OH)2 as 
a catalyst for both the absorption and desorption with MEA. The flue 
gas consisted of 10 vol% CO2, 10 vol% O2, and 80 vol% N2. When 
compared to 20 wt% MEA with and without TiO(OH)2, the effective 
sorption period drastically increased when the catalyst was present. 
90% of CO2 in the flue gas was able to be captured, corresponding 
to a 75% improvement over MEA without catalyst (162 mmol CO2 
absorbed) and MEA with a catalyst (283 mmol CO2 absorbed). The 
rate of desorption is also much higher at low temperatures. The 
highest desorption rate of spent MEA with the presence of TiO(OH)2 
was 0.204 mmol/s; this was achieved after only 792 s. The spent 
MEA without catalyst was only able to reach 0.0162 mmol/s after 
the same period of time. Because the rate of desorption is increased 
with the catalyst, the total amount of CO2 desorbed also increased by 
approximately 86%, from 34.5 mmol CO2 with just MEA to 64.1 mmol
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CO2 when the catalyst is added. A similar improvement was seen 
with other amines, such as MDEA. Only 2.12 mmol CO2 is desorbed 
from the spent 20 wt% MDEA solution, while 8.72 mmol CO2 can be 
desorbed with the presence of TiO(OH)2. The stability of TiO(OH)2 
was also investigated to determine how well the catalyst retains its 
catalytic properties after several cycles. After 50 sorption-desorption 
cycles, there was no obvious decrease in CO2 sorption or desorption.
With these improvements, the simple addition of TiO(OH)2 to MEA 
can significantly accelerate both absorption and desorption, lower the 
temperature needed for desorption and, in turn, drastically lower the 
energy requirements and operating costs for carbon capture.
   Similar to organic sorbents, inorganic sorbents are very inefficient 
in terms of desorption. The desorption process is very energy-
intensive, which drastically increases costs. But, organic-based 
capture methods are less cost-effective due to high decomposition 
rates and toxicity. Inorganic aqueous sorbents are much more cost-
effective and have been proven to be suitable for carbon capture 
through the Benfield Process [42]. Toan, et al. tested the effects of 
TiO(OH)2 on the CO2 desorption rate at lower temperatures. They 
used a 10 wt% water solution of KHCO3 as the inorganic sorbent and 
3 wt% nanostructured TiO(OH)2. The rate of desorption improved 
by as much as 360% when the catalyst was added. They also tested 
how the concentration of the catalyst affected the desorption rate. 
The percent ratio of the desorption rate with the catalyst compared to
that without peaked at over 1200% with a catalyst concentration of 
4 wt%. These tests were completed at 60°C, which was found to be 
a sufficient temperature when using TiO(OH)2, compared to 100°C 
when the catalyst was not used. These findings provide multiple 
benefits: a faster desorption rate, resulting in smaller reactors and 
lower capital costs; lower desorption temperatures leading to lower 
energy requirements that could be satisfied by the existing waste-
heat energy streams; and use of inorganic sorbents, which reduces 
(and possibly eliminates) the toxic emissions and sorbent losses 
commonly found with amine sorbents.
   The process of using potassium-based sorbents, more specifically 
potassium carbonate (K2CO3), for the removal of CO2 from high 
pressure gases such as synthesis gas has a long history. Challenges 
with using K2CO3 for carbon capture include slow rate of reaction 
and high solvent circulation rates, leading to large solvent 
regeneration energy requirements [43]. However, there are several 
benefits to using potassium-based sorbents as opposed to MEA. 
There is a patent from 2013 by CO2CRC of a precipitating potassium 
carbonate process (also known as UNO MK 3) [44], which uses 
a highly concentrated solvent that could improve the kinetics and 
reduce energy consumption. A pilot plant was built at the University 
of Melbourne to test the hydraulic aspects of carbon capture with a 
precipitating solvent and to validate a simulation model developed in
Aspen Plus. The concentration of the solvent ranged from 20 to 30 
wt% and the pilot plant was able to capture 4 to 10 kg/hr of CO2 from 
an air-CO2 mixture of 30 to 55 kg/hr.
   Ionic liquids are sorbents that have advantages over MEA as 
well. Although the CO2 absorption capacity in previously studied 
ionic liquids is only about 0.03 mol CO2/mol ionic liquid [45], the 
low absorption is largely due to the extremely high viscosity and 
the complex synthetic routes of most task-specific ionic liquids. A 
specific type of ionic liquid called protic ionic liquids (PILs) have 
recently gained attention for carbon capture due to their simple 
synthetic routes and lower costs compared to other ionic liquids. PILs 
are easily obtained through the neutralization of a Brønsted acid and 
base. Because basicity of ionic liquids plays such a large role in the 
absorption of CO2, Li et al. designed and synthesized three basic PILs 
by neutralizing tetramethylguanidine (TMG) with different weak 
proton donors: imidazole (Im), pyrrole (Pyrr) and phenol (PhO) with 
different pKa values. CO2 absorption performance, effects of anions 
and temperature on absorption, and recyclability in the absence and

presence of water were evaluated. The results showed that the basicity 
of the PIL directly affected the CO2 absorption. The ionic liquids with 
a higher pKa value had a higher absorption. The highest absorption 
capacity was found to be 0.83 mol CO2/mol PIL and was obtained at 
40°C and 1 bar in a 93 wt% [TMGH][Im]-7 wt% H2O system. Good 
recyclability was also found in this PIL. Four absorption-desorption 
cycles were conducted, indicating that [TMGH][Im] could be a 
viable alternative for carbon capture.
   Deep eutectic solvents (DESs) are an advanced sub-category of ionic 
liquids that possess many of the advantages of ionic liquids; however, 
compared to conventional ionic liquids, the cost to synthesize them 
is lower and the method is less complex [46]. Previous studies have 
obtained DESs by mixing a hydrogen-bond acceptor (HBA), such as 
choline chloride, with a hydrogen-bond donor (HBD), such as urea. 
Although ChCl-glycerol (1:2) achieved a solubility capacity of 1.20 
mol CO2/mol DES, it was only possible at 58.6 bar. When this same 
DES was tested again at 1.87 bar, the solubility dropped to only 0.047 
mol CO2/mol DES. Conventional DESs cannot obtain adequate 
absorption at ambient pressures, primarily because the capture of 
CO2 is done via physical interactions (hydrogen bonds, van der 
Waals forces, etc.). Efforts to mitigate this problem have been made, 
including changing the absorption mode of DESs from physical to 
chemical. Much of this research used HBA or HBD with an amino 
group and found great improvements in absorption capacity. In the 
case of [MEA. Cl][EDA] (1:3), the absorption was increased to 1.456 
mol CO2/mol DES; however, the stability of this DES was reduced. 
The decomposition temperature of one such DES, BmimCl−MEA 
(1:1), was only 86°C. With such a low decomposition temperature, 
there will be absorbent loss in the regeneration process, which 
results in higher operating costs. Na et al. studied ways to mitigate 
these problems by using a task-specific DES containing an aprotic 
heterocyclic anion with high thermal stability. A series of imidazole-
derived DESs were obtained by mixing BmimCl and imidazole at 
varying molar ratios. 1,5-diazabicyclo [4.3.0] non-5-ene (DBN) 
was then added to the DES to make the task-specific DES. DBN− 
BmimCl−Im showed the greatest absorption, with a value of 1.02 
mol CO2/mol ionic liquid. By changing the mole ratio of BmimCl 
and imidazole, the absorption rate also changed. DBN− BmimCl−
Im (1:1:2) reached absorption equilibrium in only 30 minutes, while 
only slightly decreasing the absorption capacity. The absorption 
enthalpies were able to be manipulated by changing the ratio. DBN− 
BmimCl−Im (1:1:2) had the lowest absorption enthalpy, -40 kJ/mol, 
which allowed for better recirculation. This DES also had the highest 
decomposition temperature of 146.5°C. In addition, the reusability 
of the DES proved to be sufficient after six absorption-desorption 
cycles.
   Activated carbon is commonly derived from coal, but it can also 
be derived from walnut and coconut shells due to their high density, 
high cellulose content, ease of access and low cost. Asadi-Sangachini 
et al., who studied the use of activated carbon from walnut shells, 
tried to reduce costs using chemical activation instead of physical 
activation. Chemical activation has advantages such as lower 
applied temperature, shorter running time, higher carbon yield and 
no formation of tar or volatile matter [47]. These characteristics 
were tested by using KOH (KH) and H3PO4 (HP) to activate the 
walnut shells. These activating agents were chosen because of their 
availability, BET surface areas? and high activated carbon yields. 
Two methods of activation were tested: carbonizing the walnut shells 
at 600°C (precursor) and using the chemical activating agent (KH, 
HP). The CO2 adsorptions and porosities of the activated carbon were 
measured, as well as adsorption optimization, comparison of CO2 
adsorption with other organic materials, and costs. By comparing the 
CO2 adsorption capacity of each test that varied the pressure (1-25 
bars), temperature (15-75°C) and activation ratio (0.5-2.5% w/w) of 
KH and HP, it was found that the optimum precursor is at ambient 
pressure and 30°C, and the activating agent ratios were 1:2.5 and
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1:1.5. The optimum temperatures were 550 and 900°C for activation 
with HP and KH, respectively. Furthermore, HP2.5 showed the 
highest capture of 3.55 mmol CO2/g at 1 bar and 30°C. This was a 
significant improvement over commercial activated carbon, which 
has a capture of 1.67 mmol/g. HP2.5 did, however, see a reduction 
in reversibility potential of 2.79 after 10 regeneration cycles. The 
price of this walnut shell-based activated carbon was calculated to 
be $1.83/kg, which is highly competitive with most commercially 
available activated carbon. 
   There have been studies on various inorganic activated carbons, 
such as activated nanoporous carbon adsorbent derived from waste 
plastic or polyethylene terephthalate (PET). PET is an incredibly 
abundant resource with little economic value and high carbon content 
[48]. This activated carbon was produced by directly carbonizing the 
plastic at different temperatures (500-800°C) followed by chemical 
activation using a range of KOH-to-carbon impregnation ratios. 
Breakthrough experiments to assess the adsorption-desorption 
performance were completed under dynamic conditions in a fixed-
bed adsorption set up. The activated carbon sample with the best 
textural properties was obtained at 700°C with a 3:1 KOH-to-carbon 
mass ratio. It showed a BET surface area of 1690 m2/g, a micropore 
volume of 0.78 cm3/g and the highest CO2 uptake of 1.31 mmol/g at 
30°C and a CO2 concentration of 12.5%. This could be an effective 
method for capturing carbon while simultaneously utilizing waste 
plastic. 
   Solid amine sorbents combine the benefits of amine sorbents, such 
as MEA and MDEA, with various adsorbents. It involves a suitable 
adsorbent with a porous surface that allows an amine to be attached. 
Common porous support materials include three mesoporous 
silica (MCM-41, SBA-15, and KIT-6) and two polymeric supports 
(PMMA and PS) [49]. But amino-solids can be seen in multiple 
different adsorbents such as amine-functionalized metal oxides, 
zeolites, activated carbon and metal-organic frameworks [50]. Silica 
is also used for amino-solids that of its high resistance to steam and 
good mechanical and thermal stability.
   MCM-41 is a silicon dioxide-based mesostructured compound 
usually found in a powdered form [51]. When MCM-41 is 
impregnated with tetraethylenepentamine (TEPA), the amine 
adsorbent M-MCM-T is created. When analyzing this adsorbent, Zhou 
et al. took interest in the mechanical strength, textural properties and 
CO2 adsorption capacity [52]. By crushing samples, the mechanical 
strength of MCM-41 was found to be 60 N/cm. The addition of 
montmorillonite, used as a binder in the making of M-MCM-T, on 
average, increased the strength up to 112.2 N/cm for 40M-MCM. The 
surface area of the samples was calculated using the BET method 
and the pore volume and size distribution were calculated using the 
Barrett-Joyner- Halenda model. The BET surface area ranged from 
861 to 648 m2/g, with a negative correlation between the amount of 
added montmorillonite and BET surface area. The pore volume also
decreased as the montmorillonite increased, ranging from 1.07 
to 0.59 cm3/g. Lastly, the CO2 adsorption was measured by 
thermogravimetric analysis (TGA) to find the incremental weight in
a 12% CO2/88% N2 stream at 75°C. Both the amount of montmorillonite 
and TEPA were varied in this experiment. When the impregnation 
amount was held constant, the adsorption capacity decreased with 
increasing amounts of montmorillonite. However, as TEPA amounts 
increased, so did adsorption capacity, with a maximum of 112.8 mg 
CO2/g adsorbent in 25M-MCM-T55. To analyze energy consumption 
and costs, the process was modeled after a four-step temperature 
vacuum swing cycle (TVS). The adsorption occurred at 75°C and 
ambient pressure while the desorption occurred at 100°C and low 
pressure. The heat required for desorption came from the low-
pressure steam from the flue gas heat recovery. The reason TVS was 
chosen over other processes is because of its thorough desorption, 
output of high purity product, and low energy consumption. The 
total cost of the carbon capture process using 25M-MCM-55T was 

was estimated to be $28.32/tCO2, including both operating and 
material costs. The total energy consumption was approximately 3.82 
GJ/tCO2, which is much lower than absorption using MEA, which 
ranges from 4.2 to 4.8 GJ/tCO2.
   MUF-16 (Massey University Framework) is a series of materials 
prepared by combining 5-aminoisophthalic acid (H2aip), an 
inexpensive and commercially available linker, with cobalt(II), nickel 
(II), or manganese (II) salts in an alcoholic solvent. This creates a 
family of compounds referred to as MUF-16 (M=Co), MUF-16(Ni) 
and MUF-16(Mn). MUF-16 has the potential for carbon capture due 
to its good thermal stability, resistance to corrosion from water and air, 
large surface area, and large total pore volume [53]. These MOFs can 
also absorb a considerable amount of CO2, with MUF-16(Mn) able to 
adsorb 2.25 mmol/g (50.5 cm3/g) which equates to approximately 0.9 
CO2 molecules per metal site. Selectivity tests showed only modest 
amounts of gases commonly found in flue gas (H2, Ar, N2, CH4, O2, 
partially combusted fuel). MUF-16 only took up 1.32 cm3/g of N2 and 
1.20 cm3/g of CH4 at 1 bar and 293 K, while the highest value was 
5.35 cm3/g for C3H6. This adsorbent can take up much more CO2 than 
low-carbon hydrocarbons, with an uptake ratio between 9.0 and 15.9, 
which suggests that it is a more effective adsorbent than a typical 
physisorbent. MUF-16 can also be fully regenerated and recycled. 
The CO2 was desorbed by placing it under a dynamic vacuum or by 
purging with dry air with no effect from heating afterward. It was 
able to be regenerated over 200 times for the separation of CO2 and 
N2 with a consistent separation performance and adsorption capacity. 
Breakthrough studies were conducted for a 15/85 mixture of CO2/H2 
and showed how MUF-16 was able to retain the CO2, forming a high-
purity hydrogen stream. Other mixtures, including CH4, ethane, and 
propane, demonstrated the high performance of MUF-16. With its 
low materials cost (less than $29/kg) and ability to efficiently capture 
carbon, MUF-16 was deemed a sustainable and economical material 
for carbon capture.
Transport Phenomena and Thermodynamics\
Mass Transfer
   Under dry conditions, amino-solids can capture CO2 via the 
following mechanism:
                2(RNH2)+CO2↔RNHCO2

-RNH3
+

   H+ is replaced by CO2 to form a carbamate, with a theoretical 
efficiency (mol CO2 adsorbed per mol N) of approximately 0.5. 
However, when there is moisture in the system and enough time is 
given, an amine efficiency of 1 is theoretically possible.
               RNH2+CO2+H2O↔RNH3

+HCO3
-↔RNH3

+CO3
2-

   Under humid conditions, water contributes a hydroxide to CO2 
which eliminates H+ removal as found in a dry process. This is 
what allows a 1:1 stoichiometric interaction between the gas and 
amino-solid. However, the formation of bicarbonate diminishes the 
efficiency to between 0.5 and 1. The improved efficiency is a unique 
trait seen in amino-solids compared to other materials. The CO2 
adsorption of zeolite 13X has been shown to decrease in the presence 
of water and through decomposition.
   Separation membranes can be divided into three main categories: 
organic (polymers), inorganic (carbon, glass, metal, ceramics) 
and hybrid (inorganic polymeric or organic-inorganic) [54]. 
Although there are advantages to each type of membrane, each is 
known to have several disadvantages in gas separation. The largest 
disadvantages are the trade-off between selectivity and permeability 
and the inverse relationship between permeability and thickness. The 
thicker the membrane, the less mass will be able to pass through. 
Single atomic layer nanoporous graphene membrane has been used 
for gas separation and has shown promising results, due to its high 
selectivity and permeability. However, separation performance is 
largely dependent on the pore size of the graphene. And although 
there are ways to precisely enlarge the pore size of the membrane, it is 
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a highly complex process. Unlike nanoporous graphene, its oxidized 
form, graphene oxide (GO), shows great potential for molecular 
separation. The GO membrane does not need holes drilled into it 
for gas separation and different interlayer spaces could form and 
be used for more effective separation by controlling humidity, 
inserting nanoparticles between adjacent layers, or modifying 
chemical groups with different chain lengths. This could make GO a 
viable and cost-effective option for gas separation. This is the basis 
of the study done by Li et al., which included the use of an MD

simulation to investigate the separation mechanism of CO2 and N2 

in the GO membrane. Figure 1 demonstrates the effect of oxidation 
on permeability and selectivity. The effects of interlayer spacing 
and GO membrane channel length were also studied. A high degree 
of oxidation was found to increase the selectivity and decrease the 
permeability, while the opposite was true for large interlayer spacing. 
Also, it was found that longer channels lowered the permeability and 
increased the selectivity.
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Figure 1: The effect of oxidation on permeability and selectivity of the GO membrane.

   It is most common to see post-combustion carbon capture processes 
in a single-stage process. That is, the CO2 is captured directly from 
the flue gas with little further processing. It has been shown that a 
CO2-selective membrane cannot achieve 90% capture and 95% 
CO2 purity simultaneously within a single-stage separation unit in 
flue gas from a typical coal-fired plant [55]. A nitrogen-selective 
membrane can produce a concentrated CO2 stream that exits on 
the high-pressure side, which could reduce the energy required 
for compression for long-term storage. Because the flue gas of a 
typical coal or natural gas combustion plant consists mostly of N2 
(70 vol%), there is a higher driving force for separation (i.e., higher 
partial pressure difference across the membrane). Several studies on 
polymer-based N2-selective membranes show N2 selectivity over 
CO2; however, the reported N2/CO2 selectivities were mostly low 
(below 20). Vanadium has several uses in environmental and energy 
applications, such as selective catalytic reaction catalysts, electrodes 
for lithium-ion batteries, hydrogen storage, and fusion systems. This 
study, conducted by Yuan et al., focused on the vanadium membrane, 
a type of metallic nitrogen selective membrane. Key steps found in 
the mechanism of this membrane include catalytic dissociation of N2 
into nitrogen atoms on the surface of the membrane and diffusion 
of nitrogen atoms across the membrane bulk. Solution-diffusion 
mechanisms have also been experimentally proven to enable the 
membrane to have N2/CO2 selectivities that are multiple orders-
of-magnitude higher than that of polymer-based membranes. One 
uncertainty that applies to not only the vanadium membrane, but any 
application of membrane technology for the use of carbon capture, 
is the effect of minor flue gas components (SOx, NOx, H2O, and O2) 
on the membrane material. The results from the thermochemical 
exposure in combination with X-ray photoelectron spectroscopy 
(XPS), scanning electron microscopy (SEM) and in situ X-ray 
diffraction (XRD) showed that SO2, NO, and NO2 are not likely to be 
adsorbed to the surface of the vanadium oxides.

Heat Transfer
   Lara et al. used silica as an amino-solid in their model of a 500 
MWe coal power plant [56]. The capture plant is modeled as a 
sorption reactor and a regeneration reactor, where the sorption 
reactor is a circulating fluidized bed that operates at 42.5°C and 1.3 
bar. A main point of interest was the integration of the carbon capture 
process into the power plant. This would need to be done effectively 
to avoid a significant energy penalty due to the fraction of fuel that 
must be dedicated to the carbon capture process for a fixed quantity 
of work output [57] in the regeneration step, which requires the most 
energy. In order to conduct this study and to focus on the effects of 
integration and energy penalties, the sorption capacity was assumed 
to be 42 mg CO2/g sorbent. Two objectives were defined: providing 
the energy required for sorbent regeneration while maintaining, in 
addition, maintaining the flow and final temperature of the product 
stream. One solution to achieve these objectives is through utilization 
of internal energy integration.. Based on pinch analysis, the required 
energy for preheating before the sorption reactor and regeneration 
can be supplied from the energy in the flue gas. A heat exchanger 
network is then defined to achieve this. The remaining required 
energy is provided by intermediate pressure steam bleed. Without 
this integration, the net efficiency of the power plant was calculated 
to be 38.1%, with an efficiency penalty of 8.8 points. Although this 
efficiency penalty is not high enough to deem this process infeasible, 
the heat integration does add definite improvements. With a net 
efficiency of 39.24%, the heat integration scenario had an efficiency 
penalty of 7.7. With additional improvements, this could be reduced 
to 6 efficiency penalty points.
   Cryogenic separation is one of the few methods that can effectively 
capture CO2 without the use of chemicals. However, to achieve 
the low temperatures needed for separation, immense amounts of 
energy are required for the cooling duty. Several studies have been
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completed ways to reduce the energy needed to capture carbon using 
this method have been completed. Song et al. simulated a cryogenic 
separation system based on Stirling coolers, followed by an analysis 
of energy efficiency. The energy consumption of specific stages was 
evaluated under different operating conditions such as the flow of 
the gas stream, temperature of the cooler and CO2 concentration. 
The change in CO2 concentration had the most significant effect 
on energy consumption, where [58] a variation of 5 to 40% CO2 in 
the flue gas increased the total energy consumption from 30 to 124 
W. Temperature change had the least amount of impact on energy 
consumption. Specifically, decreasing the temperature of the cooler 
from -20 to -60°C increased the total energy consumption from 53.73 
to 57.41 W.
   Several notable systems utilizing cryogenic separation have 
been proposed. Clodic et al. created a cryogenic system that uses a 
refrigeration cascade for separation [59]. The process required water 
removal before the CO2 capture stage to avoid issues associated 
with ice formation. The CO2 is then deposited on the surface of the 
frosting evaporator as a frost layer, but unfortunately, this decreases

efficiency because of the hindered heat transfer. Other systems 
utilizing packed beds have been able to overcome this problem. These 
processes can separate both water and CO2 on the packing surface 
without the need for additional drying stages. Willson et al. proposed 
a cryogenic process that attempts to reduce energy consumption and 
overall costs of CO2 separation. Their A3C separation process uses a 
moving bed of metallic beads both as the heat transfer medium and 
as the surface to collect the frost to achieve better heat transfer while 
avoiding the negative effects of heavy frost deposition. The process 
was shown to be feasible for a range of scales and CO2 concentrations 
and can be seen in Figure 2 below. After a technoeconomic analysis, 
a large-scale comparison of an MEA capture showed a similar cost 
association, while a small-scale comparison showed a significantly 
lower cost associated with the cryogenic system. It was noted that 
the results may be skewed by location, since different locations 
have varying availability and cost of heat, electricity and/or cooling 
water. Overall, this process provides several advantages over other 
cryogenic processes, including simplicity and avoidance of gas 
compression, which makes it a viable alternative for carbon capture.
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Figure 2: A3C separation process.

   Numerous parameters have been studied in desbulimaton processes 
and it was found that the initial wall temperature has little effect on the 
desublimation rate, which eliminates the need for precooling before 
capture [60]. A lower velocity and higher concentration of supplied 
CO2 will lead to a higher capture rate and lower energy consumption, 
potentially leading to a different design in which multiple tubes carry 
CO2 at low velocities to maintain the desired flow and capture rates.
Conclusion
   Climate change is a global crisis responsible for several disasters 
worldwide, such as rising temperatures, rising ocean levels, and 
greater intensity of droughts and wildfires. Climate change is 
directly correlated with emissions of GHGs? gases such as CH4, 
nitrous oxide, and CO2. This causes a greenhouse effect where the

gases are trapped in the atmosphere, which raises global temperatures. 
With emissions of GHGs? gases increasing year-over-year, 
economical and sustainable solutions must be implemented. Because 
CO2 is a main contributor to climate change and a major product of 
combustion, carbon capture could be a viable solution. A technology
originally utilized as an oil sweetener is now heavily researched 
in hopes of reducing the amount of CO2 being released into the 
atmosphere. The Inter-governmental Panel on Climate Change has 
recently released their Fifth Assessment Report, which explains 
the importance of carbon capture to mitigate climate change. Of 
the climate models that were cited, more than half required carbon 
capture to economically stay within 2°C of warming compared to the 
pre-industrial period.
   There are several carbon capture methods in varying stages of
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development, each of which has advantages and disadvantages. The 
broadest categories include post-combustion, pre-combustion and 
oxy-fuel capture. Post-combustion capture was the focus of this review 
paper due to its popularity and relatively simple implementation in 
fossil fuel-burning facilities, such as power plants and other energy-
intensive industrial facilities. Post-combustion capture can be further 
broken down into liquid, solid and miscellaneous methods, such 
as cryogenic separation. The only method of carbon capture that is 
currently commercially implemented is organic liquids (MEA and 
MDEA). MEA does an excellent job of capturing CO2, however, 
several characteristics suppress its potential. For example, the 
desorption process requires an immense amount of energy and and 
MEA is corrosive, both of which increase operational costs. Although 
MEA is the most mature method for carbon capture, many other 
methods show promising features and could result in an increase of 
carbon capture and a decrease in CO2 emissions.
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