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Carbon dioxide is a byproduct of the industrial society. It is released into the atmosphere, which has an adverse

effect on the environment. Carbon dioxide management is necessary to limit the global average temperature

increase to 1.5 degrees Celsius and mitigate the effects of climate change, as outlined in the Paris Agreement. 

CO2 emissions  CO2 mineralization

1. Introduction

CO  emissions from industries that use fossil fuels can be a significant cause of CO  accumulation in the

atmosphere. More than 36 Gt of CO  is emitted globally per year from fossil fuel combustion, cement production,

and other industrial processes. Between 1975 and 2018, atmospheric CO  levels dramatically increased from 250

ppm to 410 ppm . Comparatively, this increase was 48% greater than records from the previous two decades;

however, even these two decades demonstrated a 39% increase in CO  levels, resulting in a 0.8 °C rise in the

global surface temperature . Continuous improvements in CO  mitigation stabilized the global annual CO

emissions between 2014 and 2017; however, data obtained between 2018 and 2019 suggested an annual 2.7%

and 0.6% increase, respectively. These data predict CO  emissions to increase further in the coming years . In

the absence of any climate sustainability policies, using 2000 as a baseline, a 25–90% increase of global

greenhouse gases (GHG) emissions is expected by 2030. The growth in atmospheric CO -equivalent

concentrations for this estimate is considered to be as much as 600–1550 ppm . Different fuel sources contribute

in different ways to the emission of CO , though typically emissions are the result of energy and industrial

production. The contributing fuels include gas, liquid (i.e., oil), solids (coal and biomass), flaring, and cement

production . The global energy-related CO  emissions increased in 2018 to 33.1 Gt of CO , indicating a 1.7%

rise in emissions. Eighty-five percent of the net increase was attributed to China, India, and the United States’

emissions, mainly from using coal in power generation. For Asia, the emission levels surpassed 10 Gt of CO  .

Besides coal, other fossil fuels, including oil and gas, cause severe environmental concern . CO  emissions are

the main cause of climate change and increased global warming, creating many global issues. This concern has

triggered the international research community to examine how best to reduce the concentration of CO  in the

atmosphere . Various countries have considered and adopted different approaches. These approaches

include:

Improve and promote energy conservation and efficiency

Use fuels with low carbon output, such as nuclear, hydrogen, natural gas, etc.
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Set up solar, hydropower, wind, and bioenergy as renewable energy sources (RES)

Promote carbon capture and storage (CCS)

Use and promote geoengineering approaches—for example, reforestation and afforestation .

To reduce CO  emissions, a variety of mitigation strategies have been developed . Among the technological

alternatives for reducing the amount of CO  emitted into the atmosphere are the following: (a) substituting less

carbon-intensive fuels, such as natural gas, for coal; (b) increasing the use of RES or nuclear energy, both of which

emit little or no net CO ; and (c) capturing and sequestering CO . This entry will examine the third option, CO

capture and sequestration (CCS), as a cost-effective strategy for mitigating climate destabilization caused by high

levels of energy-related CO  emissions . Table 1 (below) compares the strategy, areas of application,

advantages, and limitations for the reduction of CO  emissions using different approaches. Some of the

approaches deal with reducing the sources that CO  comes from, such as using clean technologies or clean fuel.

Others use demand-side management, for example, energy conservation for source emissions reduction.

Depending upon the applicability, each approach has its advantages and limitations under specific conditions.

Furthermore, a single strategy or approach is unlikely to be adequate enough to meet the Intergovernmental Panel

on Climate Change (IPCC) goals for CO  emissions . These include the goal of a 50–85% reduction by 2050 as

compared to levels in 2000. To maintain the rise in Earth’s temperature below 1.5 °C, the IPCC has emphasized

achieving the Paris Agreement climate targets by 2030. Clean hydrocarbon technologies (CHTs) can play a crucial

role in meeting the demands of a circular carbon economy. The CHTs result in a minimal carbon footprint while

converting hydrocarbons’ energy into electricity, fuel, or other valuable mechanical work . Newer conversion

technologies are under development and are being researched for meeting climatic targets while realizing energy

transitions, including direct hydrocarbon fuel cells, conversion of CO  into fuels, and underground gasification of

hydrocarbons in combination with CCS to enable a cost-effective global circular carbon economy (CCE) .

Table 1. Comparing the Carbon Dioxide Reduction Approaches .
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Strategy Application Area Advantages Limitations

Enhance
efficiency and

conservation of
energy

Mainly used in industrial
and commercial buildings.

10% to 20% energy
saving.

Extensive investment in
installation.

Use renewable
energy

Solar (thermal), hydro, and
wind power.

Uses local natural
resources; no toxic gas

emissions.

Intermittent energy
generation limitations open
spatial and temporal gaps
between the availability of

the energy and its
consumption by the end-

users.

Increase clean
fuels usage

Substitute natural gas with
coal.

Natural gas has lower
carbon content and w.r.t.

More costly than
conventional natural gas.
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Implementing the CCE recommended clean energy transitions can be accomplished by promoting the ‘4Rs’ .

The first ‘R’ stands for reduce, which involves using energy efficiency and other alternative energy sources such as

renewable or nuclear energy to reduce the amount of carbon entering the atmosphere. The second stands for

reuse, which involves capturing and converting carbon into valuable industrial feedstock or increasing productivity

by re-injecting carbon back into oil and gas reservoirs. The third stands for recycling, which consists of producing

fertilizer, cement, or other valuable fuels through natural processes used for carbon transformation. Finally, the last

‘R’ stands for remove, which involves geological and chemical carbon removal from the system .

A stepwise closure of the carbon cycle through utilization and conversion of carbon is involved in the CCE, which

significantly reduces carbon emissions. Many of the CHTs which are needed for CCE are still under development

. The integration of carbon capture and utilization (CCUS) into existing power plants and the increase in its

implementation is expected to lower the electricity consumption costs to $50/ton in 2050 . However, the CCUS

technology is still being researched for cost-reduction and developed for improved energy needs and capture

efficiency. Based on the CO  capture and production process used in CCUS, its projects can be categorized as

carbon positive, carbon-neutral, or carbon negative. To ensure sustainable utilization of hydrocarbons, the carbon-

neutral and carbon-negative CCUS projects are required .

The direct capture of carbon dioxide from air using absorbent technologies or biomass combustions is performed in

negative CO  capture technologies, whose economic viability can be enhanced by producing high-value chemical

products from captured CO . Gasification of hydrocarbons is another promising commercially demonstrated

technology that involves producing high-value gaseous products from heavy low-value feedstock, thus improving

Strategy Application Area Advantages Limitations
compared to coal. Emits

40–50% less carbon
dioxide. Has higher

combustion efficiency.

Adaptation of
clean coal

technologies

Replace conventional
combustion through

pressurized fluidized bed
combustor, integrated

gasification combined cycle
(IGCC), etc.

Use of coal with lower
CO  emissions.

Significant investment is
needed.

Afforestation
and

reforestation
Applicability in all countries.

Approach to create
natural and sustainable

sinks of CO .

Restricts the use of land for
other applications.

Nuclear power
development

Nuclear fission was
adopted mainly in France,

Russia, the US, Japan, and
China.

It is still in the
developmental phase.

No greenhouse gas and
air pollutant emissions.

Controversial to use.
Hindered due to the nuclear

accident at Fukushima in
2011.

CCS (Carbon
capture and

storage)

Applicability to significant
emission sources of CO

Its capture efficiency can
reduce CO  emissions by

>80%.

Technologies of CCS are not
commercially approved.
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the cost efficiency of the system. However, this technology is still being developed for underground implementation

.

The solid oxide fuel cell (SOFC) system is considered the most efficient for producing clean power. Theoretically,

an efficiency of 90% is recorded for SOFCs when combined with underground gasification or carbon capture

systems. Thermal splitting technology is also used for clean hydrogen production, which competes with

electrochemical, photo-chemical, and photo-biological routes utilizing solar energy for clean hydrogen production

. The latter provides the heat for the production process through concentrated solar radiation, and the

combustion or fuel cells are used to generate electricity from the produced hydrogen. However, unlike nuclear,

photo-biological, or photo-chemical routes, thermal splitting does not require the construction of new plants, as it

can utilize the existing conventional facilities with modifications .

Mineralization of carbon, known alternatively as mineral carbonation or CO  mineral sequestration, is an emerging

approach used for carbon dioxide (CO ) removal and storage. Although government agencies generally adopt a

piecewise approach to CO  management, long-term solutions typically involve the underground injection of CO .

This solution, however, involves substantial risk and cost. An alternative to traditional geological sequestration is

carbon mineralization, in which CO  is reacted to form carbonate minerals with metal cations such as magnesium,

calcium, and iron. This storage is mainly performed in carbonate minerals, e.g., calcite or magnesite. The solid

inorganic carbonates, which are thermodynamically more stable, are provided as an alternative by mineral

carbonation to the underground storage of gaseous carbon dioxide . Industrial or large-scale CO  utilization or

recycling can result in large-scale production of carbon dioxide products that can be sold to different industries and

thus help improve the economic viability of such processes. Calcium carbonate products can potentially be

produced using Ca-based CO  mineralization processes. These products can find application in industries

requiring precipitated calcium carbonates, e.g., paper and cement, or landfill storage options. For example, cement

clinkers and road construction aggregates require calcium carbonate . Carbon dioxide products obtained from

different technologies have two separate applications. These include low-end high-volume uses and high-end low-

volume uses. However, these products should fulfill certain specifications and quality criteria of commercial value

. Diverse industrial applications are currently recorded for carbonate minerals, finding use in construction, paper

and pulp, the pharmaceutical industry, and applications in the agricultural sector and refractory metals . Potential

markets have been explored for inorganic and organic carbonates obtained from carbon mineralization. These

products include CaCO , MgCO , NaCO , KCO , polycarbonate, dimethyl/ethyl carbonates, etc. .

The construction industry offers the most suitable application opportunities for mineral carbonates concerning

overall CO  emission avoidance . Crushed stone construction aggregates present the largest conventional

carbonate market, with a 22.5 Gt global demand for carbonate materials such as limestone and dolomite .

The low-end high-volume uses of mineral carbonate products include liming agents in soil acidity treatment, silica,

magnesium, and calcium carbonates for land reclamation and mine reclamation, etc. The high-end product

applications call for strict specifications. Other applications include catalysts, chromatography, ceramics, pigments,

pharmacy, photographic emulsions, etc. Moreover, other novel functional usages of calcium carbonate include
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plastics, rubber, paint, printing ink, weaving, toothpaste, make-up, and foodstuffs. Different polymorphic forms of

CaCO  can improve paint dispersion, plastic reinforcement, and ink transparency. However, these applications

require a high level of purity, which demands additional post-processing of these products .

2. Current Industrial Technologies to Mitigate CO  Emissions

CCS is an auspicious method of reducing GHG emissions by capturing CO  at the power plant, transporting it to an

injection site, and sequestering it in suitable formations for long-term storage. By installing a CCS unit at

thermoelectric plants, approximately 85–95% of CO  processed in a capture plant can be captured efficiently. CO

capture technologies have been introduced, but they are costly. They typically make up 70–80% of the total cost of

an entire CCS system, including various technological processes such as separate capture and storage, etc. 

. Various R&D groups are working to develop a cheaper operating system with less energy penalties. The CCS

process consists of three major components: capturing CO  produced by fossil fuel combustion, transporting CO

to the storage site, and storing CO  for an extended period of time rather than releasing it into the atmosphere.

Four primary CO  capture processes are linked to combustion processes, which are post-combustion, pre-

combustion, oxy-fuel combustion, and chemical looping combustion, as illustrated in Table 2 .

Table 2. Comparison of Four Capture Processes .
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Capture
Process

Application
Sector Advantages Disadvantages

Energy
Required
(MWh/t-

CO )

Carbon
Footprint

(kgCO eq/MWh)

Post-
combustion

Gas-fired
and coal-

fired plants

More mature
technology; easily
retrofit into existing

plants

Capture efficiency can
be affected by low CO

concentration
0.50 -

Pre-
combustion

Plant of
coal

gasification

High CO
concentration

enhances
efficiency; fully

developed
technology,

commercially
deployed, and can
be retrofitted into

existing plants

Heat transfer and
efficiency decay

problems associated
with turbine fuel, such
as using hydrogen-rich
gas; high operational

cost; and parasitic
power requirement for
sorbent regeneration

2.6–3.0
150 

Oxy-fuel
combustion

Coal-fired
and gas-

fired plants

A high
concentration of
CO  enhances

absorption
efficiency; mature

air separation

Drop-in efficiency and
energy penalty; costly
O  production; and the
problem of corrosion

may arise

0.10–
0.50 

110–120 

2
2

2
[23]

2

[24]
[22]

2 2

[25]

[21][22]



Carbon Mineralization Technologies | Encyclopedia.pub

https://encyclopedia.pub/entry/24610 6/15

Post-combustion CO  capture is a widely used technique in the chemical processing industry . Post-combustion

capture technology can be retrofitted to existing significant point sources of carbon dioxide emissions in the

atmosphere, such as fossil fuel power plants, cement manufacturing industries, or refineries . It collects and

captures carbon dioxide primarily using sorption and the sorption/desorption principle. Prior to combustion, post-

combustion capture technology treats the exhaust stream to reduce the concentration of secondary species such

as nitrogen oxide (NOx), sulfur oxide (SOx), water vapor, and particulate matter in the flue gas. Existing power

plants also retrofit post-combustion technologies and can achieve a recovered rate of CO  of around 800t/day at a

small-scale plant . However, this process of capturing CO  has significant challenges associated with a large

parasitic load. As the flue gas has low emissions of CO  (around 4%) compared to coal-fired emissions (7–14%), it

requires the energy penalty and cost for the capture unit to have a high concentration of CO  (above 95.5%) for

transport and storage . According to the report, the U.S. National Energy Technology Laboratory elucidates

that using post-combustion technology would increase the electricity production cost by 70%. Post-combustion

technology in gas and coal-fired plants would increase the cost of producing electricity by 32% and 65%,

respectively. Furthermore, it has been noted that 16 large-scale CCS projects are operating. Out of this amount,

two of them are running on post-combustion technology .

Pre-combustion carbon capture is the process of sequestering carbon dioxide from fossil fuels or biomass fuels

prior to the combustion process being completed. Typically, it is used in the gasification of coal and biomass and in

natural gas power plants. A typical pre-combustion carbon capture system for a gasification power plant begins

with the gasification (or partial oxidation) of fuel to produce synthesis gas (or syngas) that is enriched in carbon

monoxide and hydrogen. After removing particulate matter with a cyclone separator, syngas is processed in a

water–gas shift (WGS) reformer, where carbon monoxide reacts with steam to form carbon dioxide and hydrogen.

In pre-combustion, the fuel is treated before the combustion, such as when coal is pre-treated by a gasification

process under a low oxygen level. This results in syngas compromised of CO and H  (Equation (1)). The syngas is

free from pollutant gas that undergoes a gas-shift reaction. This results in more H , and during the process, CO is

oxidized to CO  (Equation (2)) . As defined, natural gas is mainly methane (CH ), which can lead to H  and CO,

or syngas (Equation (3)). In order to expand the amount of H , a water-shift reaction can increase the

concentration of H  (Equation (2)) .

(1)

Capture
Process

Application
Sector Advantages Disadvantages

Energy
Required
(MWh/t-

CO )

Carbon
Footprint

(kgCO eq/MWh)

technologies are
also available

Chemical
looping

combustion

Coal-
gasification

plants

CO , the main
combustion

product, remains
unaltered with N

to avoid air
separation

A process under
development and

inadequate for large
scale operation

1.30 65–69 
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C + H2O   gasification   CO +  H2
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(2)

(3)

Regarding the application of low-carbon technology, the Energy Sector is undergoing a rapid technological

transformation. Consequently, conventional gas turbines and internal combustion engines will probably need to be

incorporated into systems utilizing biofuels and/or CCUS. Also, the European Union is moving quickly toward low-

carbon technologies (such as energy efficiency, Smart Grids, renewables, and CCUS), as seen by the Energy

Union Strategy . A viable method for efficiently capturing carbon dioxide emissions generated by natural gas

burning in the combustion chamber could be implementing improved combustion technology. When it comes to a

combined cycle (CC) powered entirely by hydrogen, this is a new technology that is expected to hit the market in

the coming years; one example is Vattenfall’s Magnum natural gas-fired gas turbine combined cycle (GTCC) plant

(440 MW) in the Netherlands, which will be converted from natural gas to hydrogen by Mitsubishi Hitachi Power

Systems (MHPS) in 2025 . From 2010 to 2018, the Fusina power station in Italy was powered by hydrogen (16

MW, estimated efficiency of 43 percent, GE10-1 type, single shaft, eleven compressor stages, three turbine stages)

. More than 75 GE gas turbines have accumulated more than 5 million working hours using hydrogen-based

fuels. An A-Frame 6B unit at the Daesan petrochemical facility in Korea was constructed in 1997 and consistently

runs with hydrogen concentrations between 85 and 97 percent . It is an example of a hydrogen fleet leader. The

HYFLEXPOWER is also moving towards this approach . It uses hydrogen instead of natural gas (H -CC) (a CC

powered by hydrogen). The substitution of natural gas with hydrogen (H -CC) reduces CO  by 33% from natural

gas combined cycle (NGCC), which consumes 450 to 150 kgCO eq/MWh using hydrogen instead (Table 2) .

However, the gas turbines of the combined cycles must be somewhat updated, and the power plants require an

infrastructure capable of providing hydrogen at a cost-effective rate. The production of hydrogen through power-to-

gas technology represents a possibility. Because of this, the excess electricity from wind and solar PV is utilized to

produce hydrogen via electrolyzers .

Instead of using air, oxygen is used in the combustion of the oxyfuel process. When pure oxygen is used in place

of air for combustion, an oxy-fuel capture system produces a flue gas mixture primarily composed of CO  and

condensable water vapor, which can be separated and cleaned relatively easily during the compression process.

This reduces the nitrogen production present in exhaust gas, hindering the separation process. Using pure oxygen

is beneficial and results in the production of flue gases including CO  and water. Additionally, SO  and particulates

are also produced. These can be removed via desulphurization and conventional electrostatic precipitator,

respectively. Other gases produced also contain some CO , depending on the fuel used. These can be separated,

transported, and stored . This process is more feasible, but the large consumption of oxygen results in a high

loss and an energy penalty of 7% . Moreover, system corrosion problems can be intensified with the high

CO + H2O  water − gas   shift   H2 + CO2

−→

CH4 + H2O  water − gas   shift   CO + 3H2

−→
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concentration of SO . Many developmental oxy-fuel projects are currently operating and under further

development. Some sub-scale oxy units are also under development, as CS energy and Vattenfall proposed .

Burning coal under these conditions produces a flue gas rich in CO  (60–70 mol%) with substantial amounts of

H O (20–25 mol%), O  (3–4 mol%), and N  (0–10 mol%), which varies according to coal rank and process design.

Using a gas processing unit (GPU), this flue gas is enhanced to transport criteria . The oxyfuel coal CCS

system can reduce the impact of global warming. However, the energy demand of the air separation unit (ASU)

and CO  compression unit in the oxyfuel CCS system necessitates an increase in fuel combustion per kilowatt-

hour, hence increasing the chain-wide consequences. Due to the energy demand of the air separation unit, the use

of oxyfuel combustion in a power plant reduces the facility’s net efficiency (ASU). Due to the energy allocation for

ASU, the natural gas oxyfuel combustion system is projected to have an efficiency loss of 11.3% . By upgrading

NGCC to oxy-NGCC, 450 can be lowered to 111 kgCO eq/MWh (a reduction of 75%).

In chemical looping combustion (CLC), the metal oxide is used for combustion instead of pure oxygen, which is

used in oxy-fuel combustion. The metal results from metal oxide, and fuel oxidation produces CO  and water in this

process. Metal is further oxidized and recycled; water (a by-product) is removed by condensation, while CO  can

be separated without consuming additional energy. Researchers found that using inert material can optimize the

ability of metal oxide, but the inert material is specific for each metal oxide . Moreover, the feasibility of this

combustion in an experiment was studied, finding this technology to be promising for CO  capture . In

comparison to IGCC using pre-combustion technology, the efficiency of chemical looping is 2.8% higher . CLC

has unrealized potential for use in power generation systems with zero CO  emissions. CLC technology can

compete with other pro-CCS technologies, such as oxy-fuel combustion, pre-combustion capture, and post-

combustion capture, due to the inherent separation in CLC reactors, which drastically reduces the internal load of

the plant. However, it is not yet mature enough to be implemented commercially . The combination of CLC and

gas turbines (GT)s can reduce a CC power plant’s efficiency from 60% to around 40% . To maintain the same

level of energy output, more natural gas will need to be used. This type of plant’s investment expenses is also

anticipated to rise. It is estimated that the combustion chamber accounts for 11% of the total turbine expenditure

 and that a pressurized fluidized bed combustor can cost between 2140 and 5700 $/kW . Based on these

economic numbers, a comprehensive financial analysis of the required investment for a standard CC power plant

and a CC power plant with CLC was undertaken. Studies using sensitivity analysis were performed on the carbon

credit price to determine at what price the investment becomes attractive . In addition, a comprehensive analysis

of the life cycle of the two power plants was conducted to determine whether the loss of efficiency of the plant

employing the chemical looping combustor impacts environmental performance. Fan et al. conducted an intriguing

Life Cycle Assessment (LCA) on CLC plants coupled to CC fueled by natural gas. They evaluated the influence of

four technical aspects on the ultimate impact: the type of oxygen carrier, its lifespan, the environmental impact

caused by its production, and the thermodynamic performance of the technology. The environmental impact is

highly dependent on the thermodynamic efficiency of the plant. Thus, it is preferable to use a CC with a

pressurized CLC reactor instead of an atmospheric reactor, which can only be coupled to a steam turbine and has

lower efficiency. In addition, the duration of the oxygen carrier has a significant impact on the plant’s environmental

impact. The oxygen carrier is concerned with attrition and reactivity losses. An NGCC plant emits around 450
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kgCO eq per megawatt-hour of power produced. Upgrading NGCC to CLC-NGCC can reduce emissions by 422

MtCO  (a reduction of 49%) .

The utilization of CO  in CCS is more feasible for high-concentration point sources (12–15%) such as power plants

and cement industries, while in small-concentration sources of CO  emissions such as those being removed from

transportation, it is less likely to be feasible. CO  capture from flow gas has been implemented in multiple natural

gas processing industries and existing power plants. The ability of this strategy to be retrofitted to existing power

plants and other industries makes it superior to prior combustion of CO . The CO  content ranges from 3 to 15%,

the lower end of this range (3–5%) being typical for gas-fired plants and the upper end (12–15%) for coal-fired

plants. The CO  emissions from steel production typically amount to ~1.4 t-CO /t-steel. Oil refineries accounted for

~3% of global emissions with a total of ~0.9 Gt-CO  emitted to the atmosphere in 2015 . An IPCC analysis of

large point sources identified 638 refineries emitting an average of 1.25 Mt-CO /year . Total global CO

emissions from cement production amounted to ~2 Gt-CO  and yielded a flue gas with CO  of typically 14–33%

with ~0.8 t-CO /t-cement. Large fossil fuel power plants account for almost half of the total CO  emissions from

fossil fuel combustion. These large point sources emit nearly 26% of the total global fossil fuel and industry

emissions. Modern technologies, such as coal-fired, oil-fired, and combined cycle gas turbine (CCGT) power

plants, are primarily responsible for most of the CO  emissions from the power sector. Depending on the fossil fuel

composition and lower heating value (LHV), CO  emissions are assessed. The greater the percentage of fuel, the

greater the CO  emissions. Considering lower heating value (LHV) and CO  emission levels, the increasing

proportion of H  gives fossil fuels better properties. Natural gas consists primarily of CH  and has nearly two times

fewer emissions than hard and lignite coal as well as an almost two-times greater LHV. This fact is based on the

composition of gas fuels, in which each methane molecule contains four hydrogen atoms for every carbon atom

.

Other contemporary power generation methods, such as nuclear, RES, and hydrogen-based methods, are less

likely to produce emissions . Without carbon capture, a newly constructed CCGT power plant emits 350

kgCO /MWh of CO , which is the same as a gas-fired power plant. In the case of a coal-fired ultra-supercritical

power plant, CO  emissions of up to 700 kgCO /MWh are possible. CO  emissions range between 690 and 820

kgCO /MWh, depending on the type of coal-fired critical power plant used . Modern energy technology will

continue to use fossil fuels until they are replaced by alternative technologies, such as renewable energies and

emission-free power production. CO  capture is required to reduce greenhouse gases and protect the environment

until these technologies can be replaced with those that do not emit CO .

After CO  is captured, it is compressed to create a supercritical fluid with properties intermediate between a gas

and a liquid. It is then transported to a long-term storage location. When selecting CO  storage sites, several

factors are typically considered: the volume, purity, and rate of the CO  stream; the proximity of the source and

storage sites; the infrastructure for CO  capture and delivery; the presence of groundwater resources; and the

storage site’s safety . There are several options for CO  storage, including injecting it into the ocean and

allowing it to sink to the bottom or, more commonly, using geological formations as natural reservoirs, in which

wells are drilled and CO  is injected to depths greater than 1 km. Carbon sequestration is the long-term storage of
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carbon in soils, plants, oceans, and geologic formations which occurs spontaneously and due to anthropogenic

activities. It refers to the storage of carbon, which can become CO . Due to climate change, carbon sequestration

has been increasing in response to increased CO  in the atmosphere. Changes in the land, forestry, and CCS

techniques can increase carbon sequestration for the long-term storage of carbon . Gas reservoirs and depleted

oils, un-minable coal seams, deep saline formations, and enhanced oil recovery operation formations are the

geological sinks of CO . Together with the help of different physical and mechanical trapping mechanisms, carbon

sequestration can store thousands of GtC (gigatons of carbon) . Geological storage is considered the most

reliable way of storing a large quantity of CO  to reduce the increasing global warming . The site for

geological storage of CO  should be suitable, with appropriate porosity and a stable geological environment .

Table 3 shows the potential CO  storage capacity of worldwide reservoirs for the sequestration sources as

illustrated by Figure 1.

Figure 1. Sequestration sources of CO  captured from power plants are a byproduct of industry or decarbonization

plants.
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Table 3. The potential CO  storage capacity of worldwide reservoirs, reprinted with permission from Ref. .

Copyright 2022 Elsevier.
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