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Abstract:

As part of international efforts to mitigate the negative effects of high levels of CO: in the atmosphere, this process (which
may occur naturally or as a result of human intervention) has become more important. Marine, biological and geological
systems are the main source of carbon accumulation. Each has its own mechanisms and difficulties. In ocean emissions, oceans
absorb CO: and either store it as carbon-rich compounds in marine ecosystems or dissolve in seawater. Despite the fact that
oceans are the largest natural carbon sinks, this approach raises questions about environmental disruption and acidity. Known
as terrestrial carbon sequestration, biological sequestration is the process by which CO: is naturally absorbed from the
environment by plants, trees, soils, and wetlands. Plants convert CO: into organic matter through photosynthesis, which can
then be stored as biomass or soil. Forests, grasslands and agricultural systems are essential components of biological emissions,
and have great potential for carbon storage. Furthermore, soil management strategies, such as no-farming, agroforestry and
reforestation, can increase their potential as carbon sinks. A new area of study in synthetic biology is the development of
bioengineering solutions to enhance carbon sequestration, such as genetically enhanced CO--absorbing plants or artificial
creatures created to capture and store carbon more effectively. Large-scale devices that absorb CO: directly from the
atmosphere and store it underground or convert it into useful products are known as direct air capture (DAC) technologies,
and are also becoming more common. Carbon reduction is promised, but many obstacles still remain to be overcome. These
include scalability and technology costs, long-term stored carbon sustainability, and the potential environmental and social
impacts of mass segregation measures. In addition, ethical and regulatory concerns arise about ecosystem manipulation and
potential unintended consequences.

Index Terms: Carbon Capture and Storage, CO-, Biological Sequestration, Greenhouse Gas (GHG) Emissions, Sustainable
Land Management.

Introduction

CO: is one of the most efficient greenhouse gases, which absorb infrared light. For example, forest carbon can be emitted into
the atmosphere through combustion (due to fire) or decay (due to microbial activity). CO: is produced by combining ambient
oxygen and carbon stored in plant tissues in both processes. In order to meet their obligations under the Kyoto Protocol of the
United Nations Framework Convention on Climate Change, governments can fulfill their obligations under the United Nations
Framework Convention on Climate Change. Credit for efforts to store forest-related carbon, land use and land use change.
Examples of such operations include reforestation and afforestation (the process of turning an area into a forest that was once
forested) and improvements in forestry or agricultural practices. (1). Deforestation efforts and improved farming practices can
significantly and economically reduce CO: levels in the atmosphere. These include better management of agriculture and
rangelands, including improved use of fertilizers to prevent leaching of unnecessary nitrates, soil erosion reduction farming
techniques, organic soil restoration, and degraded land reclamation. Furthermore, maintaining carbon depletion in these key
areas depends on the conservation of existing forests. , especially the Amazon and adjacent tropical forest forests. In an effort
to slow global warming, an innovative strategy of carbon accumulation has been developed by a number of scientists, engineers
and lawmakers. These technologies also include the concept of carbon capture and storage (CCS) geoengineering. CO: and
other gases present in industrial emissions are first separated in the process of capturing and storing carbon. They are then
compressed and moved for long-term storage to a location outside the environment (2) in the deep oceans, depleting oil and gas
fields, and geological structures such as deep salt formation — layered rocks with water-filled spaces containing large amounts
of dissolved salts (3) are other potential storage sites.
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Carbon sequestration strategy

Carbon sequestration is an important strategy to mitigate the negative effects of climate change by capturing and storing CO: in
the atmosphere. Various methods of carbon sequestration are used, including ocean, land, and bioengineering solutions, with
direct air capture (DAC) technologies. These methods take advantage of natural and technological processes to remove CO2
from the atmosphere and store it in different ecosystems and geophysical sites.

Carbon accumulation in the oceans plays an important role in capturing CO: from the atmosphere. The oceans act as a large
carbon sink, absorbing about a quarter of all human CO: emissions. CO: dissolves in seawater or integrates into marine
organisms, such as plankton, which are part of the ocean's food web. Marine ecosystems, including mangroves, sea grass and
salt marshes, also play a role in carbon storage, and carbon retention in plant tissues and organic matter within the soil. However,
this process is not without its challenges. As oceans absorb more CO., seawater becomes more acidic, causing potential
environmental disruption, which particularly affects marine life such as coral reefs and shell-forming organisms. Potential risks
of ocean acidification and environmental disruption that could be of significant concern to efforts to isolate the ocean on a large
scale.
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Table 1 Benefits and Challenges of Oceanic Carbon Sequestration
Benefits Challenges

Oceans act as a major carbon sink Ocean acidification
Incorporation of CO: into marine organisms = Ecological disturbances

Carbon storage in marine ecosystems Risks to marine life

Ground carbon sequestration is another essential process to capture CO.. Forests, soil, grasslands and fields are essential
components of the ground insulation system. Forests, through photosynthesis, absorb CO- and store it as biomass in trees and
soil. Methods such as afforestation, reforestation and sustainable forest management can increase the amount of carbon in these
ecosystems. The soil also acts as a large carbon sink. Through processes such as photosynthesis, plants capture CO: from the
atmosphere and store it in the soil as organic carbon. Techniques such as no-tail farming, agroforestry and the use of covered
crops increase the soil's carbon storage capacity. In addition, agricultural practices such as crop rotation, conservation tillage,
and organic farming also play a role in increasing carbon emissions in the soil. The use of sustainable land management practices
in both forestry and agriculture is critical to maximizing carbon storage. However, the potential for carbon emissions from these
systems still exists, as activities such as deforestation, land degradation, and land use change may reflect carbon emission
processes.
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Bioengineering solutions represent a developing approach to increasing carbon distribution. Genetic modifications and synthetic
organisms are being explored to create plants and microbes that can absorb CO-more efficiently. Genetic engineering of plants
aims to increase their photosynthesis capacity, allowing them to absorb large amounts of CO: from the atmosphere. In addition,
synthetic microorganisms designed to capture and store CO: are being developed for use in a bioreactor or controlled
environment. These bioengineered organisms are capable of directly removing CO-from air or industrial emissions. However,
the widespread prevalence of genetically modified organisms (GMOs) raises concerns about environmental and environmental
hazards, and a careful assessment of their impact on natural ecosystems is necessary. Ethical considerations also play an
important role in determining the acceptance of these technologies.
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Figure 3 Bioengineering Approaches in Carbon Sequestration

Direct Air Capture (DAC) technologies have gained attention in recent years as a potential solution to large-scale CO: removal.
DAC systems capture CO: directly from the air through chemical processes. These systems use large propellers to draw
atmospheric air through a chemical solution or sorbent that captures CO.. Once caught, CO: is either stored underground in
geological structures or used in various industrial applications, such as improved oil recovery (EOR) or carbon neutral fuel
production. Despite its potential, DAC is still an expensive and energy-intensive technology. The concentration of CO: in the
atmosphere is much lower than that of industrial emissions, making it more difficult to catch. Thus, DAC technologies currently
face high costs, but ongoing research and technological advances can reduce these costs over time, enabling DAC to play an
important role in reducing atmospheric CO2
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Table 2 Comparison of DAC Technologies and Other CO- Capture Methods

Feature

Direct Air Capture (DAC)

Point Source Capture (PSC)

Bioenergy with Carbon Capture
and Storage (BECCS)

Capture Location

Ambient air (low
concentration COz)

Emission sources (e.g.,
power plants, industrial
sites)

Biomass sources (e.g., power
plants or industrial processes)

CO:
Concentration

Very low (~0.04%)

High (CO: concentration in
flue gas can be up to 15-

Medium (CO: concentration
varies depending on biomass

or solvents

20%) used)
Technology Type Chemical or physical Absorption or adsorption in | Combustion of biomass with CO2
absorption through sorbents scrubbing systems capture

Energy Intensity

High (requires substantial
energy for CO: capture and
processing)

Moderate (requires energy
but is more concentrated)

High (energy required for both
biomass combustion and CO:
capture)

in the early stages

large-scale industrial
facilities

Cost Currently high, but Relatively lower due to High, due to both biomass and
decreasing with existing infrastructure CO: capture processes
advancements
Storage/Use CO: is stored underground CO: can be stored CO: is stored underground
Options or used in various underground (geological (geological storage) or used in
applications (e.g., EOR, storage) or utilized fuels
fuels)
Scale Potentially scalable but still Already implemented at Large-scale projects in

development, but faces biomass
availability issues

Environmental
Impact

Offers negative emissions
potential (net removal of

Reduces emissions from
specific point sources

Provides negative emissions if
biomass is sustainably sourced

CO: from the air)

Carbon Capture and Storage

Modern methods require deeper injection of CO: to create a "closed loop" in which carbon is taken from the earth in the form
of fossil fuels and then brought back to earth in the form of CO.. Currently, carbon capture and storage projects store about 45
million tons of CO: each year, which is equivalent to the CO: emissions of about 10 million cars. Large passive sources of CO,
such as power plants or industrial installations that produce chemicals, steel, and cement, are common places to capture
materials. Although research is underway on several new capture capture technologies, the majority of carbon capture systems
now used chemically remove CO: before exiting the stack using liquid. More than 767 meters of CO: is pushed into wells in
geological structures, including oil and gas reserves and improper saline water, before it reaches the storage site. Nowadays,
CO: is mostly used to enhance oil recovery (EOR). In order to recover excess oil from active oilfields, the EOR involves CO:
injection. Chemical and fuel production are other potential applications of CO-, but at the moment, their high requirements for
carbon-free energy make them too expensive to compete in the market. The use of CO: capture and storage (CCS) technology
to remove CO: from the atmosphere has also received a lot of attention in recent years. One possibility is biological energy with
CCS (BECCS), where biomass (such as wood or grass) is used for photosynthesis to absorb CO: from the atmosphere. Then,
CO: is captured and stored, and biomass is collected and burned in the power plant. Because it removes CO: and retains it from
the atmosphere, the result is known as "negative emissions." Direct Air Capture (DAC), which removes CO: from the air through
chemical processes, is an additional option for negative emissions. However, CO: levels in the air are about 300 times lower
than in power plants or industrial chimneys, which significantly reduces the effectiveness of CO. accumulation. As a result,
carbon capture and storage are currently quite expensive (4)

Carbon Dioxide

It is produced by burning, fermentation and respiration of carbon-containing materials, and recovered from flow gases, lime
furnaces and other sources for use in numerous industrial processes. It is a by-product of the hydrogen preparation process for
ammonia synthesis.

When this phenomenon is called global warming. Data on a wide range of climate phenomena (such as storms, rainfall, and
temperature) and their effects on climate (such as the chemical composition of wind and ocean waves) have been collected in
large quantities by climate scientists since the mid-20th century. According to these findings, earth's temperature has fluctuated
virtually all the time since the beginning of the geological age, and human activity has at least had a greater impact on the rate
and intensity of contemporary climate change. From the beginning of the Industrial Revolution. ARG6 developed a set of global
climate forecasts for modeling five different scenarios for greenhouse gas emissions and taking into account uncertainties in
model projections, future emissions and mitigation (risk reduction) strategies. The most important unknown is the correct role
of the feedback mechanism and the temperature is expected to rise by 1.0 to 1.8 degrees Celsius (1.8 to 3.2 degrees Fahrenheit).
The lowest emission scenario predicts a significant reduction in greenhouse gas emissions starting in 2015 and by 2100
compared to the average years of 1850-1900. Under the highest emission scenario, which assumed that greenhouse gas emissions
would continue to increase during the 21st century, average surface temperatures were expected to rise by 3.3 to 5.7 degrees
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Celsius (5.9 to 10.2 degrees Fahrenheit) by 2100. This scope was in stark contrast to this situation. Under the average emission
scenario, after stabilizing by 2050, emissions will increase by 2.1 to 3.5 degrees Celsius (3.8 to 6.3 degrees Fahrenheit) by 2100.

®)

Biological Sequestration

Negative flux is produced when the ocean absorbs CO.. Think of these flows as inhalation and exhalation, as the overall effect
of these opposing trends determines the final outcome. Warm ocean areas are not able to absorb CO2 compared to cold, nutrient-
rich marine areas. Thus, polar regions often act as carbon sinks. By 2100, CO: is expected to be present in the majority of the
world's oceans, potentially changing composition. Reduces the chemical and pH for the ocean, making it more acidic. Carbon
can be stored as soil organic carbon (SOC) when plants use photosynthesis to sequester them in the soil. Negative flux occurs
when the ocean absorbs CO.. Think of these flows as inhalation and exhalation, where the overall effect of these opposing
tendencies determines the final outcome. Warmer ocean regions are not able to absorb CO. compared to colder, nutrient-rich
marine areas. Thus, polar regions often act as carbon sinks. CO: is expected to be present in the majority of the world's oceans
by 2100, which can alter the chemical composition of the ocean and reduce pH, making it more acidic. Carbon can be stored as
soil organic carbon (SOC) when plants use photosynthesis to sequester them in the soil. While forests are generally considered
important carbon sinks, the consequences of droughts, wildfires, and recent rising temperatures make California's stunning green
dewaves more sources of carbon. According to studies from the University of California, Davis, California's grasslands and
grasslands are more resilient today than its forests. The main reason for this is that, unlike forests, they store the majority of
carbon underground and are less affected by natural disasters. Instead of being released as leaves and wood biomass when
burned, carbon is retained in the soil and roots. Forests can store more carbon, but grasslands are more resilient to climate
change-induced instability. Conservation Farming reduces or eliminates soil management needs in agricultural production. This
is often referred to as minimal or no tillage. An example of this is mulch tillage, which releases agricultural waste on the surface
of the earth. In general, these activities increase the carbon content of the upper soil, reduce soil erosion, and increase water
efficiency. Conservatory farming can also reduce the amount of fossil fuels used in agricultural work (6).

Geological Sequestration

Geological separation involves long-term storage of CO: in underground geological structures to prevent it from being released
into the atmosphere and mitigate climate change. This method takes advantage of the natural potential of some geological
structures to incorporate gases such as CO- for a long time. Geological sequestration is widely seen as one of the most promising
strategies for removing CO2 because of its ability to store large amounts of carbon.

Suitable geological storage sites for CO: storage include depletion of oil and gas reserves, deep saline reservoirs and non-mineral
coal seams. Oil and gas deposits are particularly attractive for storing CO: because these sites have already proven their ability
to hold hydrocarbons for millions of years. These settings have the necessary structural integrity and sealing characteristics to
ensure safe storage of CO.. Saline reservoirs, which are deep underground saltwater reservoirs, are another promising option.
These reservoirs are extensive and can save large amounts of storage space. Coal layers, although they are mainly thought to
promote the recovery of methane in the coal layer, can also be used to sequester CO.. The CO: injected into these welds can
remove methane, which can later be extracted and used as fuel.

CO,

fiue gas GROUNDWATER

CO,
INJECTION|  CO, o'z‘;:;m

RESERVOIR
l,
UNMINABLE
COAL SEAM

DEEP SALINE

blocked by cap

rock or imper-

meaable layers CO, reacts with
minerals to form
stable carbonates

CO; s physically

blocked by cap rock )

or impermeable layers Mineral
trapping

Figure 4 Geological Sequestration Locations and Mechanisms
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CCS (Carbon Capture and Storage) works in geological structures by injecting CO- into these deep underground sites, where it
is stored in a perforated rock formation under inaccessible layers that prevent gas from escaping. Once injected, CO is trapped
in the tank through a combination of physical and chemical processes. The most common method of trapping CO: is structural
baiting, in which the gas is physically blocked by covered rocks or inaccessible layers. In addition to structural features, other
mechanisms such as solubility trapping, where CO: dissolves in structure water, and metal trapping, where CO: reacts with
metals to form stable carbonates, also contribute to long-term storage. The effectiveness of these trapping mechanisms ensures
that CO- remains safely stored for thousands to millions of years, depending on the specific geological characteristics of the site.
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Figure 5 CCS in Geological Formations Process

Despite the promising potential of geological insolation, there are many risks and limitations associated with this process. One
of the primary concerns is the possibility of CO: leakage, which can occur if the injection site is not properly closed or if the
core rock above the storage structure breaks. Such leaks can allow CO: to return to the atmosphere, harming the benefits of the
insulation process. Surveillance and verification systems are necessary to detect and prevent leaks, but there are still doubts
about how well these systems perform on a large scale. Another concern is the occurrence of affected earthquakes, or small
earthquakes, which can result from the injection of CO: into underground structures. While the risk of major earthquake events
is low, the injection process can lead to smaller shocks, which can cause public concern or even regulatory challenges. In
addition, the long-term stability of CO: storage in geological formations is uncertain. CO: can interact with rocks or surrounding
water, changing the chemical composition of water bodies or surrounding water bodies. These factors should be carefully
considered when selecting storage sites and when designing long-term monitoring programs to ensure the safety and integrity
of the insulation process.

Direct Air Capture (DAC)

Direct Air Capture (DAC) is a technology that directly captures CO2 (COS) from the atmosphere, providing a promising way to
reduce atmospheric CO: levels and combat climate change. Unlike traditional carbon capture methods, which are generally
applied to emission sources such as power plants, DAC is designed to remove CO: from the surrounding air. The process has
received considerable attention due to its ability to increase and resolve emissions from dispersed sources, making it an important
part of a broader decarbonization strategy.

The DAC process involves the use of large-scale machines that capture CO: from the air by chemical or physical means. DAC
systems typically use a chemical sorbent, a substance that absorbs CO2 when the air passes through it. The captured CO: is then
deposited and stored underground in geological formations or used in various industrial applications. The most common DAC
methods are solid sorbent-based systems and liquid solvent-based systems. In solid sorbent-based DACS, substances such as
amines are used to absorb CO: from the air, and once the sorbent is saturated, it is heated to release CO-. In a liquid solvent-
based DAC, CO: is absorbed into the liquid solvent, and CO: is separated by heating or pressure changes. Captured CO: is
typically stored underground or used in various applications, including oil recovery or increased artificial fuel production.
DAC has many potential applications that can play a key role in mitigating climate change. One of the most important
applications of DAC is the acquisition of negative emissions. By capturing CO: from the atmosphere and storing it permanently,
DAC provides a way to reduce the overall concentration of greenhouse gases, especially in areas where emissions are difficult
to reduce from other sources. In addition, the captured CO: can be used in the production of carbon neutral synthetic fuels or
chemicals, such as methanol, which can replace products derived from fossil fuels. The application of DAC in artificial fuel
production is especially important for sectors that are difficult to decarbonize, such as aviation and the heavy industry.
Additionally, DAC can be combined with renewable energy sources, such as wind or solar, to produce CO: neutral or even
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carbon-negative fuels. The possibility of deploying DAC in different industries, combined with its ability to operate
independently from emission sources, makes it a versatile technology with vast potential.

Despite its potential, DAC faces significant implementation challenges. The biggest challenge is cost. Nowadays, DAC is
expensive due to high energy requirements and the need for large-scale infrastructure. The cost of catching CO: from the
surrounding air is currently much higher than point source emissions such as power plants. Several studies estimate that dac
costs $100 to $600 per tonne of CO- caught, making it economically uncompetitive compared to other decarbonization strategies.
In addition, the energy density of DAC operations is a concern. To make DAC sustainable, it must be supported by low-carbon
energy sources. Otherwise, CO2 emissions from the energy needed to power the DAC system could negate the benefits of CO:
elimination. Another challenge is the scalability of DAC technology. While there are many pilot projects, raising DAC to the
level needed to have a significant impact on global CO: levels is a tremendous technical and financial constraint. Furthermore,
the infrastructure necessary for transporting, storing or using captured CO: presents logistical and organizational challenges.
Large-scale deployment will require significant investment in infrastructure, and long-term monitoring of CO: storage sites will
be necessary to ensure that CO- does not return to the atmosphere.

Greenhouse gas (GHG) emissions

Burning fossil fuels in cars, trucks, ships, railways and airplanes is the main cause of transportation-related greenhouse gas
emissions. Oil-based fuels, such as gasoline and diesel, account for more than 94% of transportation fuels and directly generate
emissions. In terms of direct greenhouse gas emissions, the transport sector is the largest contributor, but in terms of indirect
emissions from the end use of energy, it ranks second overall. Despite having a department to use. However, the ultimate energy,
transportation industry is only a part of the country's current energy consumption. Electricity-related indirect emissions account
for less than 1% of the total electricity output from emissions: emissions from energy generation are used by other end-use
sectors, such as industry. By 2022, burning fossil fuels such as coal and natural gas will save 60% of our energy. >3. The main
sources of greenhouse gas emissions from the industry are the burning of fossil fuels for energy and the specific chemical
processes required to produce items from raw materials. Residential and Commercial: Waste management, gas used in building
cooling, fossil fuels used for refrigeration and heating are major unconstructed sources of greenhouse gas emissions in the
business and residential sectors. Since buildings require 75% of the electricity generated in the United States for equipment,
power outlets, lighting, heating, ventilation, and air conditioning, indirect emissions from the end use of energy significantly
increase emissions from the commercial and residential sectors. According to previously provided Kurdish> data, commercial
and residential activities are responsible for a much higher proportion of U.S. greenhouse gas emissions when energy
consumption emissions are attributed to the last-use sector for business and housing. Agriculture: Cow production such as rice
and agricultural soil plays an important role in the emission of greenhouse gases in the industry. Land and forest use: Although
not included in the drawing, the earth's surfaces can emit greenhouse gases or act as basins, emitting CO- from the atmosphere.
U.S. forests and other organized lands have absorbed more CO: from the atmosphere since 1990, accounting for 13 percent of
the nation's total greenhouse gas emissions. Look at emissions data and mitigation strategies in terms of sources. Since 1990,
total greenhouse gas emissions in the United States have decreased by just over 3%. Several factors such as changes in the
economy and fuel prices can lead to an increase or decrease in emissions each year (7).

Sustainable Land Management

In addition, we will examine effective examples of sustainable land management. Soil fertility and health depend on the
biophysical aspects of sustainable land management. Land yield and health are assessed using basic indices of land quality.
These indicators are important because they provide insightful data about the state of the environment and identify areas where
management techniques need to be strengthened to ensure long-term sustainability. Trends and gaps in cropping: current
production, production trends, real-to-potential production ratio, agricultural level production of major food crops in different
countries are described by this indicator. By identifying variables that limit production potential, it helps identify areas where
agricultural production can be increased. Land use density: This metric explains how soil quality is affected by agricultural
intensity. The implementation of measures to increase profit or yield per unit of land is known as intensification. Increase in
production, increase in value added production, increase in quantity of input and frequency are all examples of intensity. The
management strategies used by farmers during the transition of intensity are highlighted. The loss of trees and shrubs in
agricultural areas of the country during the fifties and eighties of the last century exacerbated the effects of frequent droughts,
high temperatures, strong winds and pests on crops and livestock, resulting in persistent hunger and intermittent droughts.
Farmers have been able to convert dry areas into fertile farmland through conservation and maintenance of natural trees and
plants. The results of this method, known as FMR, are increased crop yields, improved soil quality, and increased farmers'
profits. Surprisingly, farmers discovered that their crops thrive among trees and they have more wood to sell and use at home.
More and more farmers started preserving trees as they personally saw their benefits (8).

Ethical, organizational and social considerations

Ethical, regulatory and social approaches play an important role in the implementation of carbon sequestration technologies,
especially when these technologies are extended to address global climate change. The development of carbon sequestration
methods, whether marine, land, bioengineering, or direct air holding (DAC), involves a rigorous review of potential
environmental impacts, ethical concerns, policy frameworks, and public acceptance. These factors must be addressed to ensure
that carbon sequestration technologies play an effective role in mitigating climate change while maintaining environmental
integrity and social justice.

The environmental impact of sequestration technologies is a major concern, especially when large-scale carbon sequestration
projects are implemented. While the main purpose of carbon sequestration is to mitigate climate change by removing CO- from
the atmosphere, the deployment of these technologies can produce unexpected results. For example, ocean separation can lead
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to ocean acidification, which can damage marine ecosystems, especially coral reefs and shell-forming organisms. Similarly,
land isolation through afforestation and reforestation can alter local ecosystems, potentially disrupting biodiversity. Although
effective at storing CO- underground, geological isolation can cause hazards such as CO: returning to the atmosphere or seismic
activity. A comprehensive environmental impact assessment (EIA) is essential to understand and mitigate these potential risks
before mass implementation (9).

Ethical concerns are central to the debate over large-scale carbon distribution. One of the fundamental ethical issues is the
question of who takes responsibility for the potential negative consequences of isolation techniques. For example, in the case of
geological isolation, there may be concerns about the long-term safety of CO. storage sites, especially if leaks occur after
technology deployment. Additionally, widespread implementation of these technologies can displace or disrupt communities,
especially in areas selected for isolation sites. Ethical questions also arise about the use of genetically modified organisms
(GMOs) in bioengineering solutions, where concerns about environmental risks, unintentional cross-contamination of natural
species, and the wider impact of genetic modification on environmental sustainability must be carefully considered. In addition,
the ethics of prioritizing technological solutions such as behavioral change should be questioned on reducing carbon or reducing
emissions from the source. Critics say relying on technology could delay emissions reduction measures, potentially increasing
carbon emissions in the short term (10).

It is important to develop a policy and regulatory framework to ensure safe and effective implementation of carbon sequestration
technologies. Governments and regulators need to establish clear policies and regulations governing the deployment of these
technologies. Policies should address a wide range of issues, including monitoring and verifying CO- storage, ensuring the long-
term safety and integrity of isolation sites, and determining who is legally responsible if problems such as CO2 emissions arise.
In addition, international regulations are necessary, especially for technologies of the global realm such as collecting oceans,
which can affect ecosystems across national borders. National governments should cooperate with international organizations
to develop common standards and guidelines. A well-structured policy framework will help promote transparency,
accountability and public trust, all of which are essential to the success of carbon sequestration technologies (11).

Social acceptance and public participation are crucial for the widespread implementation of carbon sequestration technologies.
Public perception of these technologies will be influenced by a variety of factors, including awareness of the risks and benefits,
trust in institutions spreading the technologies, and concerns about ethical and environmental implications. Public involvement
is essential to building trust and support for carbon sequestration projects, as communities may have concerns about their health,
safety, and potential impacts on their environment. Transparency in the development and deployment of insulation technologies
is key to ensuring public confidence. In addition, it is important to address issues such as equality and equity, especially in the
context of large-scale isolated projects that can affect disadvantaged communities. Ensuring that the benefits of carbon emissions
are evenly distributed and vulnerable populations are not disproportionately affected will be essential to gaining public
acceptance. Furthermore, public education campaigns are important to raise awareness of the importance of carbon sequestration
as part of a broader strategy to combat climate change (12).

Future Prospects and Innovations

Future prospects and innovations in carbon sequestration are key to tackling the growing challenges of climate change. As the
need to remove large-scale and sustainable CO: has become more urgent, researchers are exploring new and emerging
technologies to increase the effectiveness, measurement, and affordability of carbon collection methods. These innovations aim
to overcome existing limitations in the field and open up new opportunities for more efficient carbon capture and long-term
storage (13).

Emerging technologies in carbon sequestration are constantly developing, and many new methods augur well for the future, one
of the most interesting developments is improved metal carbonization, which involves the interaction of CO: with naturally
occurring metals to form stable carbonates. This process mimics natural weathering but at a faster rate, which can allow CO- to
be stored continuously in solid form. Another emerging technology is the production of biochar, which involves converting
organic matter into a stable form of carbon that can be stored in the soil for a long time. Biochar not only sequesters carbon, but
also improves soil health, making it a solution for dual benefits for both decarbonization and agriculture. In addition, marine
fertilization techniques, which promote plankton growth in the ocean to increase CO: absorption, are under investigation,
although concerns about environmental impacts persist. Another promising technique is direct air capture (DAC), which
involves capturing CO: directly from the atmosphere and storing it underground or turning it into a useful product. As advances
in materials science continue and processes improve, DAC systems are expected to become more cost-effective and efficient
(14).

The role of synthetic organisms in carbon emissions is gaining increasing interest as scientists look for ways to enhance the
natural ability of living organisms to capture and store CO.. Synthetic biology involves the design and construction of new
biological parts, devices, and systems that do not exist in nature. In the context of carbon sequestration, synthetic organisms can
be used to create genetically modified organisms (GMOs) with improved carbon capture capabilities. For example, plants can
be genetically engineered to increase photosynthesis efficiency or increase their biomass, sequestering more carbon in the soil.
Similarly, microorganisms can be designed to absorb and store CO: more effectively, either in the form of organic compounds
or through mineralization processes. One area of focus is the engineering of algae or other photosynthetic organisms to improve
the rate of CO: absorption, which can be used to capture carbon on a large scale. Synthetic biology also holds promise in creating
new pathways for carbon fixation, such as the use of synthetic enzymes that can accelerate the conversion of CO: into stable
forms of carbon. This approach could increase the efficiency and scalability of carbon storage, and offer new solutions to mitigate
the global climate (15).

The future of negative emission technologies (NETS) lies in the continued development and integration of various carbon capture
and storage methods. NET aims not only to reduce emissions but also to remove CO: from the atmosphere, leading to "negative
emissions". These technologies include direct air capture (DAC), bioenergy and marine carbon sequestration with carbon capture
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and storage (BECCS). The future of NETs will depend on their cost-effective scaling and working capacity. Although DAC
shows promising results, it is still expensive, and ongoing innovation in materials, processes, and energy efficiency is necessary
to reduce costs and increase deployment. BECCS combines the use of biomass for energy generation and carbon capture, which
effectively leads to negative emissions. However, this technology requires large-scale land-use changes and if not carefully
managed it can affect food security and biodiversity. As these technologies mature, integrating renewable energy into their
operations will be critical to ensuring that they serve as net solutions for decarbonization rather than sources of additional
emissions. The future of NET will also include policy frameworks that encourage the adoption of technologies and large-scale
carbon markets that reward the removal of CO. from the atmosphere. Innovative partnerships between the private sector,
governments and research institutions will be essential to expanding networks and achieving global environmental goals (16).

Conclusion
Reducing CO: levels in the atmosphere through carbon sequestration is an important tactic in global efforts to mitigate climate
change. There are unique advantages and difficulties associated with carbon capture and storage in geological, marine, and
biological systems through a combination of natural processes and technologically developed solutions. Biological distributions,
such as forestry and soil management, have great potential for ecosystems and agriculture due to its breadth and shared benefits.
Meanwhile, technological advances in geological isolation and direct wind catching (DAC) offer the possibility of large-scale
CO: removal, but questions about cost, long-term storage sustainability and environmental impact remain. Carbon reduction
will be an important component of future climate solutions, so ongoing research, innovation, and policy frameworks will be
needed to overcome current bottlenecks. The safe and fair implementation of these strategies will require effective international
coordination, regulatory oversight and public participation. Ultimately, along with other ways of reducing carbon, it will prove
to be the cornerstone for achieving the necessary reduction in greenhouse gas emissions and ensuring sustainable and habitable
land for future generations.

References

[1] Choudhary, B., Dhar, V., & Pawase, A. S. (2024). Blue carbon and the role of mangroves in carbon sequestration: Its
mechanisms, estimation, human impacts and conservation strategies for economic incentives. Journal of Sea Research, 199,
102504.

[2] Bozkurt, S., Sifvert, M., Moreno, L., & Neretnieks, I. (2001). The long-term evolution of and transport processes in a self-
sustained final cover on waste deposits. Science of the total environment, 271(1-3), 145-168.

[3] Duffy, O., Hudec, M., Peel, F., Apps, G., Bump, A., Moscardelli, L., ... & Shuster, M. (2023). The role of salt tectonics in
the energy transition: An overview and future challenges. Tektonika, 1(1).

[4] Sanz-Pérez, E. S., Murdock, C. R., Didas, S. A., & Jones, C. W. (2016). Direct capture of CO2 from ambient air. Chemical
reviews, 116(19), 11840-11876.

[5] Sakakura, T., Choi, J. C., & Yasuda, H. (2007). Transformation of carbon dioxide. Chemical reviews, 107(6), 2365-2387.

[6] Lal, R. (2015). Sequestering carbon and increasing productivity by conservation agriculture. Journal of soil and water
conservation, 70(3), 55A-62A.

[7] Edmonds, J., & Barns, D. W. (1992). Factors affecting the long—term cost of global fossil fuel CO2 emissions
reductions. International Journal of Global Energy Issues, 4(3), 140-166.

[8] Branca, G., Lipper, L., McCarthy, N., & Jolejole, M. C. (2013). Food security, climate change, and sustainable land
management. A review. Agronomy for sustainable development, 33, 635-650.

[9] Koornneef, J., Ramirez, A., Turkenburg, W., & Faaij, A. (2012). The environmental impact and risk assessment of CO2
capture, transport and storage—An evaluation of the knowledge base. Progress in Energy and Combustion Science, 38(1),
62-86.

[10] Saxena, G., Kishor, R., Saratale, G. D., & Bharagava, R. N. (2020). Genetically modified organisms (GMOs) and their
potential in environmental management: constraints, prospects, and challenges. Bioremediation of Industrial Waste for
Environmental Safety: Volume Il: Biological Agents and Methods for Industrial Waste Management, 1-19.

[11] Efunniyi, C. P., Abhulimen, A. O., Obiki-Osafiele, A. N., Osundare, O. S., Agu, E. E., & Adeniran, I. A. (2024).
Strengthening corporate governance and financial compliance: Enhancing accountability and transparency. Finance &
Accounting Research Journal, 6(8), 1597-1616.

[12] Tang, W., & Azman, M. (2024). Enhancing environmental awareness through public awareness programs. Journal of
Energy and Environmental Policy Options, 7(2), 10-16.

[13] Bose, D., Bhattacharya, R., Kaur, T., Pandya, R., Sarkar, A., Ray, A., ... & Chemudupati, R. I. (2024). Innovative
approaches for carbon capture and storage as crucial measures for emission reduction within industrial sectors. Carbon
Capture Science & Technology, 12, 100238.

[14] Ozkan, M. (2024). Atmospheric alchemy: The energy and cost dynamics of direct air carbon capture. MRS Energy &
Sustainability, 1-16.

[15] Eyitayo, S., Arbad, N., Okere, C., Gamadi, T., & Watson, M. (2024). Advancing geological storage of carbon dioxide
(CO2) with emerging technologies for climate change mitigation. International Journal of Environmental Science and
Technology, 1-34.

[16] Song, T., Li, H., & Feng, Z. (2024). Policy and market mechanisms for promoting sustainable energy transition: role of
government and private sector. Economic Change and Restructuring, 57(4), 153.

ESJTI EuroScience Journal of Technological Innovation (ESJTI) 17



