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Introduction

The escalating levels of carbon dioxide (CO2) emissions in the environment have emerged as a pressing concern in contemporary
times, primarily due to their significant contribution to the phenomenon of global warming. This issue has garnered widespread
attention and has become a topic of paramount importance in various academic and scientific circles. The climate of the Earth is
subject to continuous variation as a result of multiple factors. These factors include changes in the Earth's orbit, fluctuations in
the intensity of solar radiation emitted by the Sun, alterations in ocean currents, emissions from volcanic activity, and the
accumulation of greenhouse gases (GHGs) in the atmosphere. One significant factor contributing to climate variability is the
Earth's orbit. Over long periods of time, the Earth's orbit undergoes cyclical changes, known as Milankovitch cycles, which affect
the amount and distribution of solar radiation received by the planet. These orbital variations can lead to shifts in global
temperatures and climate patterns. Another influential factor is the Sun's intensity. The Sun is not a constant source of energy,
and its output can vary over time. Fluctuations in solar radiation can impact the Earth's climate, causing periods of warming or
cooling. These variations in solar activity occur on both short-term and long-term timescales. Ocean currents also play a crucial
role in shaping the Earth's climate. These currents, driven by a combination of wind patterns, temperature gradients, and the
rotation of the Earth, transport heat The greenhouse effect refers to the natural process by which certain atmospheric gases, such
as water vapor, carbon dioxide (CO2), methane, and others, absorb and trap outgoing infrared radiation from the Earth's surface.
This absorption of infrared radiation leads to a subsequent increase in the Earth's temperature [1]. The presence of an excessive
amount of greenhouse gases in the Earth's atmosphere has been identified as a significant factor contributing to a range of
environmental issues. These issues include the continuous rise in sea levels, the escalating frequency of ocean storms, and the
occurrence of floods, among others [2]. Among the various greenhouse gases (GHGs) that contribute to the phenomenon of
global warming, carbon dioxide (CO2) stands out as the primary culprit. This gas is responsible for the majority of the adverse
effects associated with global warming, accounting for approximately 55% of the observed increase in global temperatures.
Carbon dioxide (CO2) in isolation has been identified as the primary contributor, accounting for approximately 64% of the overall
enhanced greenhouse effect [3].

Based on the projections made by the Intergovernmental Panel on Climate Change (IPCC), it is anticipated that by the year 2100,
the concentration of carbon dioxide (CO2) in the Earth's atmosphere could reach a level of up to 570 parts per million by volume
(ppmv). This significant increase in CO2 concentration is expected to have profound implications for the planet's climate system.
It is predicted that such a rise in CO2 levels would lead to a corresponding increase in the average global temperature, with
estimates suggesting a rise of approximately 1.9 degrees Celsius. Additionally, this rise in temperature is likely to contribute to
a rise in sea levels, with projections indicating an average increase of 3.8 meters. These projections highlight the potential
consequences of continued greenhouse gas emissions and emphasize the urgent need for effective climate change mitigation
strategies.
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At present, a significant proportion of the global energy demand, specifically 85%, is met through the utilization of fossil fuel
thermal power plants, which primarily rely on coal, oil, and gas as their energy sources. Fossil fuel power plants are responsible
for approximately 40% of total carbon dioxide (CO2) emissions, with coal-fired power plants being the primary contributor
within this category [4]. The process of capturing carbon dioxide (CO2) from the flue gas emitted by power plants is a crucial
component of carbon capture and storage (CCS) technology. In fact, it represents a significant portion, specifically three quarters,
of the overall cost associated with implementing CCS. This cost primarily encompasses the expenses incurred in the capture
phase, which involves the separation and removal of CO2 from the flue gas stream. By focusing on this critical stage, researchers
and engineers aim to develop more efficient and cost-effective methods for capturing CO2, thereby advancing the feasibility and
widespread adoption of CCS as a viable solution for mitigating greenhouse gas emissions. The research issue pertaining to global
warming has gained significant importance in recent years due to the increasing international attention it has received [5]. This
heightened focus on global warming from a global perspective has prompted researchers to delve deeper into the subject matter.
In order to successfully meet the mid to long term goals of reducing CO2 emissions, it is imperative to assess the feasibility and
cost-effectiveness of capturing CO2 from fossil fuel power plants and exploring various options for its subsequent sequestration.
This evaluation is particularly crucial in light of the increasing global demand for energy. In the field of carbon dioxide (CO2)
capture, there exists a diverse range of technologies that have been developed and implemented. These technologies encompass
various methods such as absorption, adsorption, gas separation, membrane-based processes, and cryogenic separation, among
others. Each of these approaches offers distinct advantages and limitations, making them suitable for different applications and
operating conditions. Absorption-based technologies involve the transfer of CO2 from a gas phase to a liquid phase through the
use of solvents or absorbents. This process relies on the chemical reaction between the CO2 and the absorbent, resulting in the
This paper provides a concise overview of the current and developing technologies utilized for the separation and capture of
carbon dioxide (CO2) from point source emissions. The primary objective of this literature review is to furnish a comprehensive
and up-to-date comprehension of the ongoing advancements in diverse capture technologies. This review aims to explore the
existing technological options and shed light on the persisting challenges that hinder the further development of the main capture
technologies. By examining the current state of these technologies, this review seeks to contribute to the existing body of
knowledge in this field.

2. Various options for CO2 capture

Depending on the specific configurations of plants, there are several methods that can be employed to effectively reduce CO2
emissions from thermal power plant flue gas. These methods have been extensively studied and implemented in various plant
settings to mitigate the environmental impact of these emissions. By adopting these approaches, power plants can significantly
contribute to the global efforts aimed at reducing greenhouse gas emissions and combating climate change.

Pre-combustion capture refers to a carbon capture and storage (CCS) technique that is employed prior to the combustion process
in power plants or

Post-combustion capture refers to a carbon capture technology that is implemented after the combustion process in power plants
or industrial facilities. This technology is designed

Oxyfuel combustion, also known as oxy-combustion, is a combustion process that involves the use of oxygen instead of air as
the oxid

2.1. Pre-combustion carbon capture refers to a process in which carbon dioxide (CO2) is captured before it is released into

The pre-combustion process is a crucial step in the treatment of synthesis gas, also known as syngas, which is primarily composed
of carbon monoxide (CO) and hydrogen. This process plays a significant role in the overall synthesis gas conversion and
utilization, as it involves various techniques and technologies aimed at enhancing the quality and efficiency of the syngas for
subsequent applications. By implementing pre-combustion processes, such as gasification or reforming, the syngas can be further
refined and optimized to meet specific requirements and desired compositions, thus enabling its effective utilization in various
industrial sectors, including power generation, The pre-combustion rate is based on the generation of syngas, the elimination of
carbon dioxide (CO2), and the combustion of hydrogen (H2) [7]. This process involves the production of syngas, which is a
mixture of carbon monoxide (CO) and hydrogen (H2), through a series of chemical reactions. The CO2 is then separated and
removed from the syngas, leaving behind a cleaner fuel source. Finally, the hydrogen component of the syngas is combusted,
releasing energy and producing water vapor as a byproduct. This pre In certain respects, the notion of capturing CO2 prior to
combustion can be considered an oxymoron due to the fact that CO2 is typically not readily available for capture before the
combustion process takes place. This is because CO?2 is a byproduct of coal combustion rather than a natural precursor that can
be easily captured beforehand. It is possible to gasify various forms of fossil fuels through processes such as partial combustion
or reformation, by utilizing a sub-stoichiometric quantity of oxygen. This gasification process is typically carried out under
elevated pressures, typically ranging from 30 to 70 atmospheres. The end result of this gasification is the production of a syngas,
which primarily consists of carbon monoxide (CO) and hydrogen (H2). Subsequently, the process involves the introduction of
steam into the syngas mixture, which is then directed through a bed that is densely packed with catalysts. Within this catalytic
bed, the water gas shift reaction occurs, facilitating the conversion of carbon monoxide (CO) into carbon dioxide (CO2).
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The water gas shift reaction is a chemical process in which the addition of steam and the reduction of temperature play a crucial
role in promoting the conversion of carbon monoxide (CO) into carbon dioxide (CO2) and increasing the yield of hydrogen gas
(H2) [8]. In the process depicted in Figure 1, a stream containing CO2 and H2 is subjected to separation, resulting in the isolation
of CO2. This separated CO?2 is then directed towards the compression unit. On the other hand, the remaining H2, which has been
purified, is utilized as an input in a combined cycle system for the purpose of generating electricity.
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Fig. 1. Principle of pre-combustion CO2 capture [6,9,10]

Another potential avenue that is currently under development involves harnessing the power of hydrogen to fuel cells, with the
ultimate goal of substantially increasing the overall efficiency of the plant. In the future, it is plausible that hydrogen gas (H2)
could serve as a viable alternative for transportation fuel, as suggested by recent research [10]. This potential application of
hydrogen gas as a fuel source in the transportation sector holds promise for addressing the pressing challenges associated with
fossil fuel consumption and its detrimental environmental impacts. By utilizing hydrogen gas as a transportation fuel, we may
be able to

In the separation process, it is common practice to employ a physical solvent, such as rectisol or selexol, due to their affordability.
These solvents are readily accessible and can be obtained at a relatively low cost, making them a preferred choice for various
separation applications. Carbon dioxide (CO2) exhibits solubility characteristics that are influenced by changes in pressure.
Specifically, when CO2 is subjected to higher pressure, it dissolves more readily in a given solvent. Conversely, when the pressure
is reduced, the dissolved CO2 is released from the solvent. This phenomenon can be observed in various natural and industrial
processes, and understanding the solubility behavior of CO2 under different pressure conditions is crucial for numerous scientific
and technological applications. The regeneration of the solvent does not necessitate the application of heat, thereby offering an
energy-efficient process. Additionally, the release of carbon dioxide (CO2) can occur at pressures higher than atmospheric
pressure, which further enhances the efficiency and effectiveness of the regeneration process. The energy requirement for the
separation and compression of CO2 in pre-combustion capture is estimated to be approximately half of that needed for post-
combustion capture, as indicated by previous research [8]. This discrepancy in energy demand can be attributed to the different
stages and processes involved in each capture method. Pre-combustion capture involves the removal of CO2 from the fuel before
it is combusted, typically through gasification or reforming processes. On the other hand, post-combustion capture involves the
extraction of CO2 from the flue gas emitted after combustion. The variation in energy requirements between these two approaches
underscores the importance of considering the specific capture method when evaluating the energy efficiency of carbon capture
technologies. One notable advantage of this process is its utilization of physical solvents, which are readily available at a low
cost and require minimal energy for regeneration [6]. This characteristic enhances the economic feasibility and energy efficiency
of the process.

One of the primary drawbacks associated with pre-combustion carbon capture technology is the necessity of integrating a
chemical plant upstream of the turbine. This requirement poses a significant challenge in terms of infrastructure and operational
complexity. In complex chemical processes, it is common for additional shutdowns of the plant to occur, leading to a reduction
in power output. These shutdowns are typically caused by intricate reactions and transformations taking place within the system.
As a consequence, the overall efficiency of the plant is compromised, resulting in a decrease in the amount of power generated.
In addition to the aforementioned drawbacks, there are several other disadvantages associated with this particular process. One
such drawback pertains to the utilization of non-gaseous feed stocks, which may pose challenges in terms of their compatibility
with the process requirements. Furthermore, the process necessitates the use of a cleaned gas stream, which adds an additional
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layer of complexity and cost to the overall operation. Additionally, the control of high NOx emissions may require the
implementation of expensive scrubbing techniques, further increasing the economic burden associated with this process.

The presence of carbon dioxide (CO2) at significantly higher concentrations in syngas, which is a mixture of hydrogen and
carbon monoxide produced from various feedstocks, offers a distinct advantage in terms of cost-effectiveness for pre-combustion
capture compared to post-combustion capture methods. At present, the number of gasification plants that are operating at full
scale is limited. Additionally, it is worth noting that the capital costs associated with these plants are higher when compared to
those of pulverized coal-fired power plants [10].

2.2. Post-combustion capture refers to a carbon capture technology that is implemented after the combustion process in power
plants or industrial facilities. This technology aims to capture and

Post combustion capture is a process that entails the extraction and separation of carbon dioxide (CO2) from the flue gas
generated during the combustion process within a thermal power plant's combustion chamber, as depicted in Figure 2. In the
current energy landscape, conventional power plants rely on the utilization of air as the primary medium for combustion
processes. This combustion results in the production of a flue gas, which is typically released into the atmosphere at atmospheric
pressure. It is worth noting that the flue gas emitted by these power plants generally exhibits a carbon dioxide (CO2) concentration
that is below the threshold of 15%. Therefore, it can be observed that the thermodynamic driving force for the extraction of low
levels of carbon dioxide (CO2) from flue gas is relatively low. This poses a significant technical obstacle in the quest to develop
economically viable advanced capture processes. This assertion is supported by previous research [6]. One of the challenges
associated with power-plant flue gas is the relatively low concentration of CO2 present. For instance, coal-fired power plants
typically have a CO2 concentration of around 13e15%, while gas-fired power plants have a concentration of approximately 7e8%
(as shown in Table 1). This low concentration necessitates the handling of a large volume of gas, leading to the requirement for
larger equipment sizes and consequently higher capital costs. Based on the analysis of various separation techniques, it can be
concluded that technologies relying on chemical absorption demonstrate superior adaptability in achieving effective separation.
These technologies, which involve the absorption of substances into a chemical solvent, have proven to be highly efficient and
reliable in the separation process. The utilization of chemical absorption-based technologies offers numerous advantages,
including enhanced selectivity, improved efficiency, and greater versatility in handling a wide range of separation requirements.
Consequently, it can Other technologies such as adsorption, membranes, and cryogenic processes exhibit a relatively lower
suitability for post-combustion capture when compared to precombustion capture. This disparity in suitability can be attributed
to a number of key factors that warrant consideration. Firstly, adsorption-based technologies, which involve the attachment of
gas molecules onto a solid surface, face limitations in terms of their efficiency and capacity for capturing carbon dioxide (CO2)
from flue gas streams. Similarly, membrane-based processes, which rely on selective permeation of CO2 through a membrane
material, encounter challenges related to their limited separation capabilities and susceptibility to fouling. Additionally, cryogenic
methods.
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Fig. 2. Principle of post-combustion CO2 capture [6,9,10].

There is a notable disparity in the partial pressure of carbon dioxide (CO2) between post-combustion exhaust gases and syngas
derived from either a gasifier or a reformer. The partial pressure of CO2 in post-combustion exhaust gases is significantly lower
compared to that found in syngas.

In various industrial processes, it is not uncommon to encounter an increased concentration of particulate matter, including dusts
and impurities such as sulfur oxides (SOx) and nitrogen oxides (NOx). Additionally, non-condensable gases, particularly oxygen,
may also be present in larger quantities. These factors can have significant implications for the overall efficiency and
environmental impact of the processes involved.
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According to current research and analysis, it has been observed that post combustion capture technology exhibits a notably
higher level of thermal efficiency when it comes to the conversion of fuel into electricity, as compared to the pre combustion
Integrated Gasifier Combined Cycle (IGCC) approach. This finding suggests that the utilization of post combustion capture
technology holds significant potential for enhancing the overall energy conversion process in power generation systems. Based
on the available evidence, it is highly probable that the implementation of post-combustion capture technology in natural gas
plants will result in significantly reduced total electricity costs compared to pre-combustion capture methods [4,8]. The separation
of carbon dioxide (CO2) from the flue gas stream of a post-combustion system presents numerous challenges that must be
overcome. These challenges arise due to various factors and complexities associated with the separation process. The elevated
temperature of the flue gases presents a significant design challenge that must be addressed. Another significant challenge that
arises in the context of capturing low concentrations of carbon dioxide (CO2) is the necessity of employing potent chemical
solvents. These solvents, while effective in capturing CO2, present a number of drawbacks. One such drawback is the substantial
energy requirement for regenerating the solvents in order to release the captured CO2. This energy-intensive process poses a
significant obstacle in the overall efficiency and feasibility of CO2 capture and regeneration.

2.3. Oxy-fuel combustion, also known as oxygen-enriched combustion, is a combustion process that involves the utilization of
oxygen instead

Oxy-fuel combustion has emerged as a highly promising technological approach for the efficient capture of carbon dioxide (CO2)
from fuel gas, as well as for the modification of the combustion process itself to yield flue gas with a significantly elevated
concentration of CO2, thereby facilitating its subsequent separation. This technology holds great potential for addressing the
pressing issue of CO2 emissions and contributing to the development of sustainable energy systems. In the aforementioned
process, the combustion of fuel takes place within a designated chamber. This combustion chamber is characterized by an
environment consisting predominantly of pure oxygen, with a concentration exceeding 95%. Additionally, the pure oxygen is
mixed with recycled flue gas (RFG), as visually depicted in Figure 3. In the predominant iteration of this conceptual framework,
the utilization of a cryogenic air separation unit is advocated for the purpose of procuring oxygen of exceptional purity.
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Fig. 3. Principle of oxyfuel combustion CO2 capture [6,9,10].

In order to maintain optimal combustion conditions resembling those of an air-fired configuration, it is common practice to
introduce high purity oxygen into the combustion process. This oxygen is typically mixed with RFG (Recycled Flue Gas) either
before combustion or directly in the boiler. By incorporating this mixture, the combustion process can be effectively controlled
and regulated, ensuring efficient and effective energy generation. The necessity of addressing the issue at hand arises from the
fact that the existing materials of construction are unable to withstand the elevated temperatures that are generated as a
consequence of coal combustion in an environment of pure oxygen. The flue gas stream emanating from this particular system
predominantly consists of carbon dioxide (CO2) and water vapor. The process of condensation readily facilitates the removal of
water, thereby leaving behind the remaining carbon dioxide (CO2) for further purification. This purification step can be
accomplished at a relatively low cost. The carbon dioxide (CO2) concentration in the dry flue gas exhibits a wide range of
variability, typically spanning from 70% to 95%. This variation is influenced by several factors, including the type of fuel being
utilized, the specific process employed, the extent of air leakage into the system, the purity of oxygen (O2) present, and the level
of excess O2 maintained. These parameters collectively contribute to the observed fluctuations in CO2 content within the flue
gas.
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Typical CO2 compositions in process streams [1,11].

Process CO2 Concentration (vol.%)
Power plant flue gas 14

Coal-fired boiler 14

Natural gas-fired boiler 8

Natural gas combined cycle 4

Coal-oxygen combustion >80

Natural gas partial oxidation 40

Blast furnace gas (Before combustion) 20

Blast furnace gas (After combustion) 27

Cement kiln off-gas 14-33

Oil refineries and petrochemical plant fired heater 8

Absorption Process:
The absorption process is a common CO2 capture technique that involves the physical or chemical absorption of CO2 into a
liquid solvent or absorbent material. This process is widely used in various industries and can be applied to different gas streams,
including flue gases from power plants, industrial processes, and natural gas purification.
Absorption of CO2: During the absorption process, CO2 molecules come into contact with the liquid solvent or absorbent. The
CO02 molecules then dissolve or react with the absorbent, leading to their separation from the gas stream.
Reaction Mechanism: In the case of chemical absorption, the reaction mechanism involves a chemical reaction between CO2
and the absorbent, resulting in the formation of a chemical compound. The chemical reaction can be reversible, allowing for the
release of CO2 from the absorbent under specific conditions. Examples of chemical absorption processes include the use of
solvents like aqueous amine solutions, potassium carbonate, or ammonia-based solutions.
On the other hand, physical absorption relies on the physical solubility of CO2 in the liquid solvent. In this case, there is no
chemical reaction between CO2 and the absorbent. Instead, CO2 dissolves into the solvent due to its solubility characteristics.
Common solvents used for physical absorption include methanol, ethanol, or other organic solvents.
Both chemical and physical absorption processes can effectively capture CO2 from gas streams, but the choice of absorption
method depends on factors such as the specific application, gas composition, desired CO2 capture efficiency, and economic
considerations.
It's worth noting that after the CO2 is captured through the absorption process, further steps are usually required to separate and
recover the CO2 from the solvent or absorbent for storage or utilization purposes. These separation steps may include processes
such as stripping, desorption, or regeneration of the absorbent.

Adsorption Process:
The adsorption process is another commonly used CO2 capture technique that involves the selective adsorption of CO2 onto a
solid adsorbent material. Adsorption processes are based on the principle that different gases have varying affinities for
adsorbents, allowing for the separation of CO2 from other gases in a mixture.
There are several variations of adsorption processes used for CO2 capture, including Pressure Swing Adsorption (PSA),
Temperature Swing Adsorption (TSA), and Electrical Swing Adsorption (ESA).

1. Pressure Swing Adsorption (PSA): PSA operates by exploiting the difference in adsorption capacities of CO2 and other
gases at varying pressures. The process typically involves a cyclic operation with two main steps: adsorption and
desorption. In the adsorption step, a gas mixture is passed through a bed of solid adsorbent material at a relatively high
pressure, allowing the adsorbent to selectively capture CO2. Subsequently, in the desorption step, the pressure is
reduced, causing the adsorbent to release the captured CO2, regenerating the adsorbent for subsequent cycles.

2. Temperature Swing Adsorption (TSA): TSA utilizes the difference in adsorption capacities of CO2 and other gases at
varying temperatures. In this process, the adsorbent material is exposed to a gas mixture at an elevated temperature,
promoting the adsorption of CO2. Then, the temperature is reduced, causing desorption of the captured CO2 from the
adsorbent. The released CO2 can be recovered for storage or utilization purposes.

3. Electrical Swing Adsorption (ESA): ESA is an innovative adsorption process that incorporates the use of an electric
field to enhance the separation of CO2 from gas mixtures. The adsorbent material is modified with electrical properties,
allowing for the application of an electric field during the adsorption and desorption steps. The electric field assists in
the capture and release of CO2 by manipulating the charge distribution and interactions between the gas molecules and
the adsorbent material.

These adsorption processes offer advantages such as high selectivity, efficient separation, and potential for regeneration and reuse
of the adsorbent material. However, the choice of adsorption process depends on factors such as the specific application, gas
composition, desired CO2 capture efficiency, and economic considerations.
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Cryogenic Process:

The cryogenic process for CO2 capture involves the cooling of gas mixtures to very low temperatures, typically below the
condensation point of CO2. By reducing the temperature, CO2 in the gas mixture can be selectively condensed and separated
from other gases, facilitating its capture and removal.

In the cryogenic process, the gas mixture is subjected to a series of cooling and condensation steps. Initially, the gas mixture is
compressed and purified to remove impurities and water vapor. Then, the gas is cooled using various cooling techniques, such
as refrigeration cycles or cryogenic refrigerants, to lower the temperature of the gas stream. As the temperature decreases, CO2
in the mixture undergoes a phase change from gas to liquid, while other gases remain in the gaseous state. The liquid CO2 is
subsequently collected and separated from the gas mixture.

Cryogenic processes offer high CO2 capture efficiencies and can be particularly effective when dealing with gas streams
containing high concentrations of CO2. However, they can be energy-intensive due to the need for cooling and refrigeration
equipment. The captured CO2 can be further processed for storage or utilization.

Membrane Technology:

Membrane technology for CO2 capture utilizes semi-permeable membranes that selectively allow the passage of CO2 molecules
while blocking other gases present in the gas stream. The separation is based on the differences in permeability and solubility of
gases in the membrane material.

In this process, the gas stream is directed through a membrane module or system containing a selective membrane. The membrane
acts as a barrier, allowing the preferential permeation of CO2 molecules through its structure while hindering the passage of
other gases. The separation is driven by a combination of factors, including differences in gas molecule size, solubility, and
diffusion rates through the membrane material.

Membrane technology offers advantages such as simplicity, compactness, and potential for continuous operation. It can be used
for various gas streams, including flue gases from power plants or industrial processes. However, the efficiency of membrane
separation depends on factors such as membrane material, operating conditions, gas composition, and membrane design.
Overall, both cryogenic processes and membrane technology provide viable options for CO2 capture, each with its own set of
advantages and considerations. The choice of technology depends on factors such as gas stream characteristics, desired capture
efficiency, energy requirements, and economic feasibility.

Limitations and Implementation on Existing Technologies:
Limitations and Implementation of Existing CO2 Capture Technologies:

1. Energy Intensive: Many CO2 capture technologies require substantial energy inputs to operate, which can impact the
overall efficiency of the process. The energy demand for processes such as absorption, adsorption, cryogenic separation,
or membrane separation can increase operational costs and carbon footprint, potentially offsetting the benefits of CO2
capture.

2. High Cost: The implementation and operation of CO2 capture technologies can be expensive. The costs are attributed
to factors such as equipment, materials, energy consumption, and maintenance. The high cost can pose challenges to
the widespread adoption of these technologies, particularly for industries that operate on tight budgets or face economic
constraints.

3. Scale and Integration: Implementing CO2 capture technologies on a large scale and integrating them into existing
industrial processes can be complex. Industries often have unique operational conditions, diverse gas streams, and
infrastructure limitations that may require customizations and adaptations for effective implementation. Scaling up the
technologies to match the CO2 capture requirements of large industrial facilities or power plants adds further
complexity.

4. Storage and Utilization: Captured CO2 needs to be stored or utilized effectively to mitigate its environmental impact.
The long-term storage of CO2, commonly referred to as carbon capture and storage (CCS), requires suitable geological
formations and entails monitoring and safety considerations. Alternatively, carbon capture and utilization (CCU)
involves converting CO2 into valuable products or using it for enhanced oil recovery or other industrial applications.
Developing efficient and economically viable storage and utilization pathways is crucial for the success of CO2 capture
technologies.

Addressing these limitations and challenges is crucial for the successful implementation and widespread adoption of CO2 capture
technologies. Ongoing research and development efforts are focused on improving the energy efficiency, reducing costs,
optimizing integration with existing processes, and exploring innovative storage and utilization options to maximize the
environmental benefits of CO2 capture. Policy support, incentives, and collaborations between governments, industries, and
research institutions play vital roles in accelerating the deployment of these technologies.
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Progress in CO2 Capture:
Significant progress is being made in the research and development of CO2 capture technologies, with a focus on enhancing their
efficiency, cost-effectiveness, and scalability. Here are some notable advancements:

1. Novel Solvents and Absorbents: Researchers are exploring and developing new types of solvents and absorbents that
exhibit improved CO2 capture performance. This includes the investigation of advanced materials, such as solid
sorbents, ionic liquids, and hybrid materials, which offer higher selectivity, improved stability, and lower energy
requirements compared to traditional solvents.

2. Optimization of Adsorption Processes: Efforts are underway to optimize adsorption processes, such as Pressure Swing
Adsorption (PSA) and Temperature Swing Adsorption (TSA). Researchers are working on improving the selectivity,
capacity, and regeneration efficiency of adsorbents to enhance their overall performance and reduce energy
consumption.

3. Advanced Membrane Materials: The development of advanced membrane materials is another area of focus.
Researchers are working on designing membranes with improved selectivity, permeability, and stability for efficient
CO2 separation. Advances in membrane technology aim to enhance the performance and cost-effectiveness of
membrane-based CO2 capture processes.

4. Direct Air Capture (DAC): DAC is an emerging approach that involves capturing CO2 directly from ambient air.
Researchers are exploring various techniques and materials to efficiently capture and concentrate CO2 from the
atmosphere. DAC has the potential to remove CO2 emissions directly from the air, complementing traditional capture
methods and enabling carbon-negative operations.

5. Carbon Capture Utilization and Storage (CCUS): CCUS techniques encompass the utilization or safe storage of captured
CO2. Efforts are being made to develop viable and economically viable pathways for utilizing captured CO2 in various
applications, such as carbon-based products, chemicals, and fuels. Additionally, advancements in CO2 storage
technologies and techniques aim to ensure safe and long-term storage of captured CO2 in suitable geological formations.

The progress in CO2 capture technologies is driven by a combination of research, industry collaboration, and government
support. The goal is to accelerate the deployment of these technologies, reduce greenhouse gas emissions, and contribute to the
global efforts to mitigate climate change.

Conclusion

In this discourse, a thorough examination of the present state of existing technologies for carbon dioxide (CO2) capture has been
undertaken. Absorption, as a well-established technology for post combustion capture, has garnered significant attention.
However, despite its maturity, certain challenges persist, including solvent losses, corrosion, and the high cost of separation.
These issues have been identified as the primary obstacles impeding the widespread implementation of absorption-based post
combustion capture processes. Consequently, researchers and engineers have been diligently working to address these concerns
and develop innovative solutions that can enhance the efficiency and viability of this technology. By mitigating solvent losses,
combating corrosion, and reducing the overall cost of separation, the potential of absorption as a sustainable and economically
feasible method for post combustion capture can be fully realized. The limited selectivity and capacity of the currently available
adsorbents pose significant challenges to the effectiveness of the adsorption process in large-scale industrial applications. These
limitations hinder the ability of adsorbents to selectively capture and retain target molecules or contaminants, as well as their
overall capacity to adsorb a substantial amount of these substances. Consequently, the efficiency and practicality of adsorption
as a viable method for industrial-scale applications are compromised. The utilization of membrane processes in various industries
has been recognized for its numerous advantages when compared to conventional processes. However, despite these advantages,
there are still uncertainties surrounding the high capacity and stability of membrane processes. One of the key advantages of
membrane processes is their ability to provide efficient separation and purification of substances. Membrane processes offer a
high degree of selectivity, allowing for the separation of specific components from a mixture based on their size, charge, or other
properties. This selective separation capability is particularly beneficial in industries such as water treatment, pharmaceutical
The cryogenic process has successfully generated liquid carbon dioxide (CO2) without the need for any separation media. This
achievement is significant as it eliminates the necessity for additional substances or materials to facilitate the separation of CO2
during the cryogenic process. By obviating the requirement for separation media, this development streamlines the cryogenic
process, making it more efficient and cost-effective. The process of separation incurs a significant financial burden and
necessitates stringent control measures, rendering it applicable solely to specific and exceptional situations. In the realm of
technological advancements, it is widely acknowledged that each existing technology possesses its own set of advantages and
limitations. However, it is the reliability, stability, and removal efficiency of these technologies that present themselves as the
primary challenges to be addressed. In the realm of carbon capture and storage (CCS), there exists a pressing demand for
comprehensive comprehension of the prevailing technological advancements. This imperative understanding serves as a catalyst
for enhancing the overall performance of CO2 separation processes, while concurrently mitigating the associated costs and energy
requirements.
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