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Abstract. A developing country such as India which is one of the most populous and rapidly in-
dustrialising country, now faces a compelling need to reduce its carbon emissions and contribute
to climate change mitigation efforts. The needs for carbon storage in India are driven by sev-
eral factors, including the country’s heavy reliance on coal for energy, expanding urbanization,
and increasing emissions from industrial sectors. These factors contribute to rising CO2 lev-
els, air pollution, and climate-related vulnerabilities. Therefore, India must prioritize strategies
to mitigate emissions. Which can be achieved with the help of carbon capture and storage tech-
niques. This paper explores the specific needs and methods for carbon storage in India. The paper
also stresses the importance of reducing greenhouse gas emissions, particularly carbon dioxide
(CO2), and emphasizes the unique challenges and opportunities that India encounters on its path
to sustainable carbon management. The topic of carbon storage is covered in detail, including
both technical and natural options. Afforestation and reforestation initiatives are examples of
nature-based solutions that can be used to boost the carbon sequestration in forests, wetlands, and
agricultural fields. Also investigated as ways to improve terrestrial carbon storage are sustainable
farming methods and soil carbon sequestration. Technology-based strategies like Carbon Cap-
ture and Storage (CCS) are also taken into consideration. The study discusses the difficulties of
implementing CCS technology widely in India as well as the promise of these technologies in
capturing CO2 emissions from industrial processes and power production facilities. This paper
also discusses about the importance of integrated strategies that combine nature-based solutions,
technological advancements, and policy incentives to achieve effective CCS in India. It further
emphasizes the need for international collaboration, research, and investment to support India’s
efforts in addressing its carbon storage needs while advancing global climate goals.[1]
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1 Introduction

Over the past few decades, India, a nation with a vast array of cultural traditions and a boom-
ing economy, has experienced extraordinary growth and development. The swift urbanisation and
industrialisation that have driven this shift have propelled India into the spotlight as a major eco-
nomic force. But this expansion has come at a price: the country’s carbon content has significantly
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increased (30).[2] For India, industrialization has been a double edged sword. On the one hand,
it has aided in the evolution of technology and served as an engine for economic growth, pulling
millions out of poverty. However, it has also resulted in a variety of environmental and sustain-
ability issues, with the rise in carbon emissions being of particular concern. In-depth analysis of
the causes, effects, and potential mitigation measures of India’s rapid industrialization and its rising
carbon content is provided in this paper.[3] A planned programme of economic self sufficiency and
moderate industrialization defined India’s post-independence era. However, India started moving
towards economic liberalisation and globalisation in the early 1990s, which led to a surge in indus-
trial growth. Along with services, the manufacturing sector emerged as a key engine of the Indian
economy, greatly boosting GDP and employment. In India, the energy-intensive industrial sector,
which includes the steel, cement, and chemical industries, has been a significant source of carbon
emissions.[4] Significant amounts of carbon dioxide (CO2) have been released into the atmosphere
as a result of the burning of fossil fuels, particularly coal, for the production of electricity and indus-
trial activities (2-4). In addition, the expansion of the Automobile sector and the rise in demand for
energy-hungry equipment has led to anincrease in emissions from the household and transportation
sectors.[5] Many Indian cities air quality has gotten worse along with the rise in carbon emissions.
The release of CO2 coupled with particulate matter, sulphur dioxide (SO2), nitrogen oxides (NOx),
and volatile organic compounds (VOCs) has led to significant air pollution (22-24). Poor air quality
has a significant negative impact on public health, increasing the risk of cardiovascular disease, res-
piratory ailments, and shorter life spans. India’s growing carbon footprint has a substantial impact on
climate changes worldwide. A variety of climate related risks, such as extreme weather occurrences,
shifting rainfall patterns, and increasing sea levels, are present throughout the country. These effects
have an influence on infrastructure, water resources, and agriculture, providing significant obstacles
to India’s sustainable growth.[6]

Fig. 1. Global per Capita CO2 emissions as of 2021(32)

India has produced almost 1 to 2 tonnes of CO2 in the year 2021 which can be seen in the
above figure. To reduce its CO2 production India has taken several policy measures and mitiga-
tion strategies. The National Action Plan on Climate Change (NAPCC) outlines a comprehensive
framework to address climate change, including the development of renewable energy sources, en-



ergy efficiency measures, and afforestation programs. India has also made ambitious commitments
to expand its renewable energy capacity. While India’s efforts to mitigate carbon emissions are
commendable, they face numerous challenges. Energy access for a growing population, energy
security, and the economic costs of transitioning to low-carbon technologies are some of the key
hurdles. Balancing industrial growth with environmental sustainability is an ongoing challenge but
also an opportunity to leverage green technologies, create jobs, and secure a more resilient future
(31).[7] The relationship between India’s fast industrialization and the rise in carbon content is a
complicated and multidimensional problem. Also, India contributes to almost 7.3% of CO2 in the
entire world (32).[8] As we shift toward cleaner energy systems and reduce emissions in high-impact
sectors like construction and transportation, people are actively striving to extract carbon from the
atmosphere. We are adjusting our approaches to building, consumption, travel, and energy gener-
ation. Techniques like CCS demonstrate our ability to collaborate with the natural environment in
addressing the climate crisis[9] While industrialization has helped millions of people live better lives
and contribute to economic progress, it has also had negative effects on the environment, including
an increase in carbon emissions, air pollution, and climate vulnerability (14). India is attempting to
reconcile industrial expansion with sustainability through new policy measures in light of these diffi-
culties. The nation’s capacity to negotiate this complex terrain and carve a route towards sustainable
development that is both economically successful and environmentally responsible will determine
the trajectory of India’s carbon content in the future, which is in accordance with SDG (Sustainable
Development Goals) 13, which deals with the climate action that advocates to reduce the net zero
carbon production.[10]

2 STEPS AND SIGNIFICANCE CCS

Climate change is primarily caused by an increase in greenhouse gases, particularly carbon
dioxide (CO2), in the Earth’s atmosphere. These gases trap heat, which causes global warming.
By capturing and storing CO2 emissions, carbon storage devices help to reduce the amount of CO2
released into the atmosphere, so halting the rise in global temperatures.[11] Carbon Capture and
Storage (CCS) 1s a technology designed to reduce the release of carbon dioxide (CO2) emissions
into the atmosphere, primarily from industrial processes and power generation (1-4). It is an essential
component of efforts to combat climate change by mitigating greenhouse gas emissions. Generally,
CCS is performed in 3 steps: capture, transportation, and storage (7-10).[12]

Fig. 2. Steps in CCS



2.1 Capture

It refers to the initial step in the CCS process where isolation and capture of CO2 is performed.
The source of CO2 can be any emission source ranging from large thermal power plants to any small-
scale industries. The primary goal of this step is to separate CO2 from the other gases produced
in combustion or industrial processes so that it can be transported and stored separately. It can
be further classified as follows Post-Combustion Capture: This method involves capturing CO2
emissions after the combustion of fossil fuels. It uses chemical solvents or sorbents to absorb CO2,
separating it from other emissions, hence called as Absorption process.[13] The chemical solvents
or sorbents are used to remediate CO2 flue gas emissions. These substances pick out CO2 from the
flue gases and absorb it. The CO2 is then released for transit and storage after the solvent or sorbent,
which is now laden with CO2, is separated.[14] Pre-Combustion Capture: In this process, fuel is
first converted into a gas mixture of hydrogen and carbon monoxide (syngas) through gasification
process. CO2 is captured from this syngas before combustion, from which CO2 is separated with the
help of chemical solvents.[15] Oxy-Fuel Combustion: Oxy-fuel combustion involves burning fuel
in a mixture of oxygen and recirculated flue gas. This results in a concentrated production of CO2
that can be captured more efficiently[16]

2.2 Transportation

The act of carrying collected carbon dioxide (CO2) from the capture location, such as an in-
dustrial facility or power plant, to the storage site, where it will be safely held to prevent its escape
into the atmosphere, is referred to as transportation. To deliver CO2 to the storage location safely
and effectively, proper conveyance is required.[17] This is often achieved through pipelines, similar
to natural gas pipelines, or by transporting CO2 in specialized tanks or ships. The transportation
method depends on the distance between the capture source and the storage site. To deliver CO2
safely and effectively to the storage location, proper conveyance is required.[18]

2.3 Storage

After transportation, it becomes necessary to store CO2 to prevent its release into the atmo-
sphere. The most commonly used storage method is geographical storage (15, 20), where deep
holes are dug and CO2 is dumped into them. There are three main types of geological storage sites:
Depleted Oil and Gas Reservoirs: These are previous oil and gas fields whose hydrocarbon reserves
have been depleted. These reservoirs can be filled withCO2, which will safely store the CO2 while
displacing any leftover hydrocarbons.[19] Saline Aquifers: These are saltwater-soaked porous rock
strata that are located deep beneath. Saline aquifers can be used to inject CO2, which is stored in
the gaps between the rock grains.[20] Un-mineable Coal Seams: In some circumstances, CO2 can
be injected into unmineable coal seams, where it is either trapped inside the coal or adsorbed onto
the coal’s surface.[21]



Fig. 3. Carbon storage by site with onshore/offshore classification (Gt CO2) (3)

2.4 Significance of CCS

CCS is considered an important technology for mitigating carbon emissions for several reasons.
From the above graph we can interpret that introducing CCS can decrease the amount of CO2 content
in the atmosphere by a great margin. Some other significances of CCS are given as follows

• Emissions Reduction: In industries with few other options, CCS can drastically reduce CO2
emissions from industrial operations and power plants.[22]

• Negative Emissions: By extracting more CO2 from the atmosphere than is emitted, some
CCS systems, such Bioenergy with Carbon Capture and Storage (BECCS), can provide net-negative
emissions (4).[23]

•Carbon Management: CCS aids in controlling carbon emissions from sources like heavy in-
dustries that are difficult to entirely decarbonize.[24]

• Energy Security: CCS can enable the continued use of fossil fuels while reducing their envi-
ronmental impact by trapping CO2 from their combustion.[25]

However, CCS also faces challenges such as planning, location, cost, infrastructure, mainte-
nance and most importantly public acceptance. Also, it is necessary to provide long-term safety and
security of stored CO2 is a critical consideration. These issues are being addressed by ongoing CCS
technology research and development, making CCS a more practical weapon in the battle against
global warming.[26]

3 TYPES OF CCS

Techniques for capturing and storing carbon dioxide (CO2) emissions from various sources are
known as carbon storage techniques, carbon sequestration, or carbon capture and storage (CCS).
These methods aid in lowering atmospheric CO2 levels, which play a significant role in climate
change and global warming. Some of the most commonly used carbon capture and storage tech-
niques are listed below.[27]



3.1 Geological Storage

a. Carbon Capture and Storage (CCS): CCS involves capturing CO2 emissions from indus-
trial processes or power plants and injecting them into underground geological fonnations, such as
depleted oil and gas reservoirs, saline aquifers, or deep coal seams. This prevents the CO2 from
escaping to the atmosphere[28]

Fig. 4. Schematic of EOR (33)

b. Enhanced Oil Recovery (EOR): In some cases, CO2 is injected into oil reservoirs to increase
oil recovery. This is a form of CCS where the CO2 is stored underground while also aiding in energy
production

3.2 Terrestrial Carbon Storage

a. Afforestation: Planting trees in areas where they did not previously exist or have been
removed. Trees absorb CO2 during photosynthesis and store it in their biomass and in the soil.[29]
b. Reforestation: Restoring previously forested lands that have been deforested or degraded. This
can help increase carbon storage in ecosystems.[30]

c. Soil Carbon Sequestration: Implementing practices that enhance carbon storage in soils,
such as no-till agriculture, cover cropping, and agroforestry. Healthy soils can store significant
amounts of carbon.[31]

d. Wetland Restoration: Wetlands are highly effective at sequestering carbon. Restoring or
conserving wetland ecosystems can help store CO2 in vegetation and soil.[32]

3.3 Oceanic Carbon Storage

a. Ocean Fertilization: This involves adding nutrients (such as iron) to the ocean to stimulate
the growth of phytoplankton, which absorbs CO2 during photosynthesis. However, this technique
is controversial due to potential ecological risks.[33] b. Ocean Alkalinity Enhancement: Increasing
the alkalinity of seawater can enhance its capacity to absorb and store CO2, but this approach also
has potential environmental impacts.[34]

Accelerating the natural weathering process of certain minerals (e.g., olivine) can capture CO2
directly from the atmosphere and store it in the form of stable carbonates. This approach is consid-



ered a long-term and secure method for removing and storing CO2. Mineralization is often referred
to as ”mineral carbonation” or ”enhanced weathering.[35]

3.4 Direct Air Capture (DAC)

A cutting-edge technology in the area of carbon capture and storage (CCS) is direct air capture
(DAC). Instead, then capturing carbon dioxide (CO2) emissions at their source, such as industrial
sites or power plants, it is intended to remove CO2 straight from the atmosphere. DAC is a promis-
ing strategy to combat climate change by decreasing the atmospheric concentration of CO2. An
emerging technique called direct air capture has the potential to be very helpful in combating cli-
mate change and achieving net-zero emissions. It shows potential as a useful instrument in the larger
portfolio of climate mitigation methods as research and development in DAC proceed.[36]

3.5 Biomass Energy with Carbon Capture and Storage (BECCS)

This combines biomass energy generation (e.g., from crops or forestry residues) with CCS to
achieve negative emissions. CO2 is captured during biomass combustion and then stored under-
ground. The trees help in a greater magnitude to store the biomass as a

3.6 Deep Ocean Storage

This technique involves storing CO2 at great depths in the ocean, where the CO2 is turned into
a dense liquid-like fonn due to high pressure and low temperature.

Each of these carbon storage techniques has its advantages and challenges, also their effec-
tiveness can vary depending on factors such as geological conditions, ecosystem health, and the
availability of resources. Sometime a combination of these techniques may be necessary to effec-
tively reduce carbon emissions and combat climate change. Additionally, it’s important to consider
the environmental and social implications of these techniques when implementing them on a large
scale.

4 POSSIBLE TECHNOLOGIES IN COIMBATORE

India, like many countries, is exploring various Carbon Capture and Storage (CCS) technolo-
gies to reduce carbon dioxide (CO2) emissions from industrial processes, power generation, and
other sources. The suitability of specific CCS technologies in India relies on various elements such
as the type of emissions, geographical location, and available resources (3, 8). Some of the tech-
nologies that have a lot of scope in India are Bioenergy with Carbon Capture and Storage (BECCS),
Carbon Sequestration, Direct Air Capture (DAC) and Geological storage (28). To gauge the poten-
tial of CCS in a city like Coimbatore, it’s essential to begin by comprehending the city’s geological
positioning.

Coimbatore is the third largest city in Tamil Nadu, with a population of about 1.85 million
covering an area of 257 sq. km. The city is situated on the banks of the river Noyyal surrounded by
the Western Ghats. The city is renowned for its production of motor pump sets and a wide range of



Fig. 5. Trend of GHG-CO2 emission from 2015 -20

engineering goods, including textile machinery, automotive components,motors, electronics, as well
as steel and aluminium foundry products. The city boasts a bountiful supply of hills, woodlands,
rivers, and wildlife. The Western Ghats within the district are the sources of rivers like Bhavani,
Noyyal River, Aliyar, and Siruvani, which serve as crucial water sources for drinking and irrigation
purposes for both the city’s residents and local farmers. The district’s forests cover an expansive
693.48 square kilometers within its total area of 7,433.72 square kilometres. The need for CCS
technologies in Coimbatore becomes necessary as the city produces almost 70 tonnes of CO2 per
year as of 2020, which can be observed from the above graph. By the close of this century, Coimbat-
ore is projected to experience a rise in the average maximum temperature of 3.3°C and an increase
in the average minimum temperature of 3.4°C. Additionally, there is an expected uptick in rainfall
of up to 0.5% by 2050, accompanied by a growing occurrence of brief, high intensity rainfall events
(42). Also, the rapid industrialization after the COVID-19 pandemic has led to further increase in
CO2 emissions much greater than the recorded values. For a city like Coimbatore, boasting several
advantages in geological location as well as a plethora of Industries, the most suitable CCS meth-
ods would be Carbon Sequestration/ Terrestrial Carbon storage with major focus on Afforestation
and Reforestation, and the second most suitable method would be Bioenergy Carbon Capture and
Storage (BECCS). It also becomes necessary to understand about these methods in detail to further
support this claim.

4.1 Carbon sequestration

Carbon sequestration, involves the process of extracting carbon from the atmosphere and se-
curely storing it, represents just one of the numerous strategies employed in the fight against climate
change. Halting further warming of the Earth’s atmosphere is a substantial and collaborative en-
deavour by humanity to curtail CO2 emissions. Carbon sequestration is widely acknowledged as a
pivotal means of extracting carbon from the Earth’s atmosphere.

It’s crucial to highlight that approximately 45% of the carbon dioxide released by human ac-
tivities remains within the atmosphere, a major contributor to global warming. Carbon sequestration
serves as a means to both mitigate and manage additional emissions that would otherwise exacerbate
planetary warming, as illustrated in the provided figure. Carbon sequestration is generally possible
in two basic forms: biologically or geologically sequestration. Additionally, even while it is pro-



Fig. 6. A working Schematic of Carbon Sequestration (43)

moted artificially through a variety of techniques, sometimes it also occurs naturally on a massive
scale.

4.1.1 Biological carbon sequestration

When carbon is stored in the enviromnent, 1t 1s called as Biological Carbon sequestration.
This includes the so-called ”carbon sinks,” which include soil, meadows, oceans, and other bodies
of water in addition to trees. Another name for this is ”indirect” or passive method of sequestration.

4.1.2 Forests

Woodlands and forests are thought to be among the greatest natural systems for storing carbon.
During photosynthesis, CO2 binds to plants and exchanges it for oxygen as a purifying emission.
Also, each plant/tree has its own capacity to store CO2. Forests absorb twice as much carbon as they
release, while other vegetative types like grasslands and rangelands (fields, prairies, shrublands, etc.)
are thought to store an additional 25% of the world’s carbon emissions. as illustrated in the below
graph where different type of forest absorbs different rates of CO2.

Thus, maintaining these natural habitats is essential to guaranteeing that carbon sinks efficiently
absorb CO2. The main threats to this natural process areconstruction and intensive agriculture,
together with deforestation.

4.1.3 Soil

Carbon can be sequestered and preserved as carbonates in bogs, peat, and swamps. As CO2
combines with various mineral elements like calcium or magnesium over thousands of years, these
carbonates accumulate. Carbon eventually escapes the planet, though not for an exceptionally
lengthy duration-more than 70,000 years, in some situations.



Fig. 7. Simulated Carbon Storage through Carbon Sequestration for different types of reforestations (34)

4.1.4 Oceans

Massive reservoirs of water and aquatic habitats are excellent CO2 absorbers. They take up
an additional 25% of the CO2 that is sent into space by the earth’s atmosphere. The ocean’s upper
layers contain the majority of this carbon. However, too much may acidify the water, endangering
the biodiversity below - another reason to reduce the amount of carbon in our atmosphere.

4.1.5 Geological carbon sequestration

It happens whenever carbon is sequestered in materials like rocks or subterranean geological
formations. This mechanism, which is primarily artificial or ”direct,” is a useful means of offsetting
emissions from human activities like building and manufacturing. As a result, it’s also mostly tech-
nological, with new developments demonstrating more efficient large-scale carbon sequestration.
They generally include:

4.1.6 Graphene Production

CO2 is a basic ingredient needed in the synthesis of graphene. Though restricted to specific sec-
tors, it plays a significant role in the manufacturing of everyday technological goods like computer
chips and cell phones.

4.1.7 Engineered Molecules

By absorbing carbon from the atmosphere, scientists are able to reshape molecules into new
substances. In actuality, this might offer a productive means of producing raw materials and lowering
atmospheric carbon.



4.1.8 Scaling of Carbon Sequestration

Researchers are still trying to create technologies that would enable large-scale carbon seques-
tration in a short amount of time. Any activity that captures carbon dioxide emissions will hasten
our transition to carbon neutrality. The easiest method to scale up carbon capture is to support the
expansion of our natural environment while protecting what is already in place. Large-scale carbon
capture will be made possible by rewilding, reforesting, or reclaiming of agriculturalland. Pollution
removal from our lakes, seas, and oceans will also aid in this process.

4.2 Bioenergy Carbon Capture and Storage (BECCS)

A new strategy called bioenergy with carbon capture and storage (BECCS) combines the pro-
duction of bioenergy with carbon capture and storage (CCS) to attain zero carbon dioxide (CO2)
emissions. It entails removing CO2 from the environment by capturing more CO2 from the atmo-
sphere than is released. Anaerobic digestion of organic solid waste is one of the mechanisms for
sustainable development since it permits both the energy-efficient disposal of solid waste and the
use of biogas (36). After combustion a lot of CO2s is released into the atmosphere, due to burning
of organic materials. The CO2 emissions are captured before they are released into the atmosphere
after the bioenergy has been produced. Pre-combustion capture, post-combustion capture, and other
capture technologies any suitable method can be used to accomplish this. Then the captured CO2 is
transported to the storage location from the place of capture using suitable transportation methods.
Also, the type of storage is dependent upon the geographical location, cost etc. The sustainability
and economic viability of BECCS are essential to its success. The price of biomass feedstock, the
effectiveness of energy generation, and the environmental effects of biomass sourcing are all factors
to be taken into account. The main benefit of BECCS is its capacity to remove CO2 from the envi-
ronment on a net basis, helping to balance out emissions from other sources. However, the technique
has issues with cost effectiveness, energy efficiency, and sustainably sourced biomass.

Fig 8. The process of carbon Sequestration through trees (24) It is necessary to understand that
different species of plants/ trees have different capacities to store CO2 within it. Some trees along
with their CO2 storing capacity for each tree are given in the table below. Table 1. Various trees
with their CO2 equivalent storage

5 SUITABLE FAUNA FOR CARBON SEQUESTRATION IN COIMBATRE

It is important to select the species of fauna or trees for carbon sequestration. The selection
depends on geographical location, soil fertility, monsoon, land availability, cost, maintenance and
security. Some of the selective species of fauna will have a comparatively high carbon sequestra-
tion. Timber wood trees are good in carbon sequestration and valuable for its market needs too.
Hence agricultural lands can be suggested with these types of trees like teak and mahogany It is also
important to select it based on the geographical conditions and a simple representation of carbon
sequestration using trees is shown in the fig 8 below.

It is necessary to understand that different species of plants/ trees have different capacities to
store CO2 within it. Some trees along with their CO2 storing capacity for each tree are given in the



Fig. 8. The process of carbon Sequestration through trees (24)

table below.



Table 1: Various trees with their CO2 equivalent storage

Scientific Name Common Name CO2 Eq

Ficus benjamina Weeping fig 70.02
Alstonia scholaris Scholar’s Tree 53.18
Plumeria Obtusa White Frangipani 70.47
Delonix regia Flame Tree 68.77
Neolamarckia cadamba Kadam 69.04
Ficus microcarpa Laurel fig 69.85
Phoenix dactylfera Date Palm 67.13
Gravillea robusta Silver oak 69.24
Roystonea regia Royal palm 69.44
Callistemon vinninalis Bottlebrush tee 70.49
Eucalyptus sp. Eucalyptus 67.69
Musasp Banana 70.46
Minnusops elengi Spanish cherry 69.55
Azadirachta indica Neem 68.94
Cassia fistu/a Indian Laburnum 70.69
Phyllanthus emblica Indian Gooseberry 68.30
Dalbergia Sissoo Indian Rosewood 69.36
Ficus virens White fig 69.01
Ficus religiosa Sacred Fig 65.54
Marus alba White mulberry 68.74
Largestromia speciosa Pride of india 70.04
Peltophorum pterocm-
pum

copper pod 311.71

moringa oleifera Drumstick tree 68.79
Bauhinia acuminate Dwarf white orchid

tree
69.99

Bambusa vulgaris Bamboo 53.75
Syzygium cumini Jamun 459.55
Jatropha curcas Jatropha 70.50
Psidium guajava Guava 57.06
Ficus elastica Rubber tree 70.42
Magnifera indica Mango 57.06

From the above table we can find the combined CO2 Equivalent of the above ground and below
ground biomass carbon storage in various tree species. Peltophorum pterocmpum and Syzygium
cumini shows the maximum CO2 Equivalent in terms of biomass carbon capture and storage.

Carbon sequestration in different parts of trees follows a sequence, with the bole storing the
most in the early stages, followed by the branch, root, and bark. In later stages, the sequence changes
to bole, root, branch, and bark. In the case of teak, carbon sequestration increases with age, and at



50 years, each tree was found to store 332.88 kg of carbon in the bole, 60.63 kg in the branches, and
80.06 kg in the roots.

Teak has the highest capacity for carbon sequestration among trees in India. This is the finding
of a study conducted by the Gujarat Ecological Education andResearch (GEER) to prepare a hier-
archy of local trees in India that can reduce the carbon dioxide content of the atmosphere. Carbon
dioxide traps heat and is the main villain insofar as global warming is concerned. Carbon sequestra-
tion is the process by which carbon dioxide is captured from the atmosphere by trees for long-term
storage. In its lifetime, a teak tree with a girth of 10-30 cm can absorb 3.70 lakh tonnes of carbon
dioxide from the atmosphere. Teak’s is common name in India is sagwaan while its botanical name
is Tectona Grandis. It is followed by Neelgiri tree which absorbs 2.46 lakh tonnes of carbon dioxide
and the Neem tree with a carbon sequestration capacity of 1.45 lakh tonnes in its lifetime. A total of
33.66 million tonnes of carbon dioxide had been sequestered by trees in non-forest areas of Gujarat.

Fig. 9. Percentage change in annual carbon sequestration of trees in experimental sites over the control site,
[21]

Table 2

Scientific name of tree Carbon(kg/tree) CO2 Sequestrated
(kg/tree)

Kigelia pin-
nata(sausage tree)

9.7324 35.681

Agardirchta in-
dica(Neem tree)

2.3750 8.7074

Milingtonia horten-
sis(cork tree)

14.342 52.583

Cyatheadeal
bata(silvertree ferm)

7.0031 25.675

Peltophorum ferroge-
nium(Yellow flame)

6.5204 23.905



Table 2 shows the amount of carbon stored and sequestrated by the single tree of five different
species from Woodstock of VIT University. From that it is clearly known that Millingtonia hortensis
is the species which sequestrates carbon in large amount among the five species of trees in their
consideration. These five tree species are more commonly known and well grown in most of the
areas of Tamilnadu The results indicate that among the species studied, poplars have the highest
potential to sequester carbon, followed by Eucalyptus plantations. These plantations hold promise
for higher orgamc matter production in the Terai region

00

Fig. 10. CO2 capture with respect to age of trees (29)

6 POLICIES AND SHCEMES

In India, the use of CO2 capture is still in its infancy. Only a few industries, like steel and re-
fineries, have carried out small-scale carbon capture operations. The National Aluminium Company
(NALCO), ONGC, Bharat Heavy Electrical 228 Limited (BHEL), and Andhra Pradesh Power Gen-
eration Corporation (APGENCO) are a few enterprises that have started the process of establishing
CCS plants (39).

Dalmia Cement also announced setting up of a large scale carbon capture unit (CCU) at one
of its plants in Tamil Nadu as a move towards becoming carbon neutral by 2040. From the vari-
ous technologies available for CO2 capture, the post-combustion solvent capture and stripping with
amine-based pressure swing adsorption system is the most common.

Typically, CO2 sequestration projects are expensive and therefore not implemented in isolation
in India. A dialogue has been initiated between US-DoE and DST on clean coal technologies,
supercritical carbon dioxide (sCO2) power cycles and carbon capture utilisation &amp; storage
(CCUS) technologies. One of the notable outcomes of the dialogue is the participation of India in
the multilateral platform for Accelerating CCUSTechnologies (ACT) through which avenues have
been generated for possible US - India collaboration (DST, 2020) (38).

The introduction of newer technologies 1s significantly simplified and made more cost-effective
with the presence of government policies and incentives.



There are no policies or directives from government in regards to CCS technology, which makes
it hard for several small and medium scale industries to adopt. However, it’s essential to note that
the government’s policies and programs related to climate change and environmental conservation
indirectly support CCS projects. All climate change related policies advocate about CO2 reduction
which is one of the major objectives of CCS. Hence incentives can be received for CCS using these
government policies.

A general list of Government Policies with regards to climate change, which indirectly pro-
motes the use of CCS technologies are given below

6.1 National Action Plan on Climate Change (NAPCC):

The NAPCC delineates India’s approach to tackle climate change challenges. This encom-
passes initiatives such as the National Mission on Enhanced Energy Efficiency and the National
Solar Mission, which indirectly play a role in diminishing carbon emissions and the demand for
CCS.

6.2 Renewable Energy Development:

The state of Tamil Nadu has been a leader in renewable energy, especially in the wind en-
ergy sector. Expanding of renewable energy sources can help reduce the carbon footprint. When
integrated with CCS the net carbon rate can be brought to zero

6.3 Afforestation and Reforestation

The government of Tamil Nadu, in line with national policies, supports afforestation and re-
forestation projects to sequester carbon dioxide. The government also offers financial aids to small
industries which help in carbon sequestration through reforestation.

6.4 Industrial Initiatives

Some industries in Tamil Nadu, such as BHEL (Bharat Heavy Electrical), which have already
implemented CCS technologies as part of their corporate social responsibility (CSR) to reduce the
carbon content in the atmosphere to reduce global warming.

6.5 Research and Development:

Research institutions and universities in Tamil Nadu receive grants and funding for green and
new technologies, which also includes CCS research and development projects.

Additionally, local environmental organizations and research institutions in Tamil Nadu that are
involved in CCS projects or related research to reduce CO2 in the atmosphere are given as follows.

1. The Energy and Resources Institute (TERI) - Southern Regional Centre: TERI is a
prominent environmental research institution in India. The

Southern Regional Centre, located in Bengaluru, Karnataka.



2. Indian Institute of Technology Madras (IIT Madras): IIT Madras is one of India’s pre-
mier engineering institutions. It often engages in research related to sustainable energy and environ-
mental technologies, which includes CCS.

3. Anna University: Located in Chennai, Anna University is a leading educational and re-
search institution. It has several departments or researchers working on environmental and energy-
related projects.

4. Centre for Climate Change and Adaptation Research (CCCAR) at Anna University:
This centre focuses on climate change research and may have projects related to carbon capture and
storage or climate mitigation.

5. The Nature Conservancy India (TNC India): TNC is a global environmental organiza-
tion that works in India on a range of sustainability and conservation projects, including those that
mitigate climate change.

6. M.S. Swaminathan Research Foundation (MSSRF): MSSRF is dedicated to sustainable
agriculture and rural development. While their primary focus is agriculture, they also focus on
environmental projects and initiatives in Tamil Nadu.

7. Society for Integrated Development and Environmental Awareness (IDEA): IDEA is a
Tamil Nadu-based local environmental group that promotes environmental conservation and aware-
ness.

8. The Tamil Nadu State Council for Science and Technology (TNSCST): This government
organization supports technical advancement and scientific research inside the state. Additionally,
they are working on research initiatives pertaining to energy and environmental concerns, such as
CCS.

Not only government agencies but several Non Governmental Organisations (NGOs) are also
interested in development and deployment of green and new technologies like CCS to have a clean
environment without any CO2 in the atmosphere to reduce the risk of global warming. Some of the
NGOs which take an active role in this region are mentioned below.

1. Siruthuli: Based in Coimbatore, Siruthuli is a well-known environmental group. Although
their main focus has been on revitalizing water bodies and conserving water, they might have knowl-
edge of or engagement with more general environmental projects that can utilize CCS.

2. CAG Coimbatore Green Alliance: Coimbatore Green Alliance is a local group dedicated
to environmental conservation. While their primary focus may not be CCS, they could have infor-
mation on climate-related projects in the region.

3. Poovulagin Nanbargal: This NGO is engaged in various environmental and social initia-
tives in Tamil Nadu. While their primary focus is on enviromnental education and conservation, they
might have information on climate change and related projects.

4. Society for Rural Education and Development (SRED): SRED is based in Coimbatore
and works on various rural development and environmental projects. They may have insights into
local environmental initiatives.

5. The Nature Conservancy India (TNC India): TNC is an international environmental
organization with a presence in India. They work on various conservation projects, including climate
change mitigation efforts.

In a world where cutting carbon emissions is critical, CCS policies and programs are essential



tools in the transition to a more sustainable and ecologically conscious future. To drive CCS deploy-
ment and achieve the required reduction in greenhouse gas emissions, governments, businesses, and
stakeholders must work together in unison as technology and approaches continue to evolve.

7 ADVANTAGES AND LIMITATIONS

CCS technology has several advantages as well as limitations when introduced in a developing
country like India. Some of the advantages of CCS can be summarised as follows

• Emissions Reduction: The release of carbon dioxide (CO2) from a variety of industrial activi-
ties, such as India’s widely used coal-based power generation, can be greatly reduced by CCS.
It can be quite important in assisting the nation in achieving its climate goals.

• Diverse Energy Sources: India has a varied energy mix, and CCS is a flexible approach to
reducing emissions since it can be used for a variety of energy sources, such as coal, natural
gas, and industrial pollutants.

• Energy Security: With CCS, the environmental impact of fossil fuels can be minimized while
ensuring their continued usage. Given that India’s energy infrastructure is still expanding and
developing, this is crucial for energy security.

• Negative Emissions: In an effort to remove more carbon dioxide from the atmosphere overall,
CCS in conjunction with Bioenergy with Carbon Capture and Storage (BECCS) can produce
negative emissions.

• Job Creation: In order to promote economic growth, CCS projects can provide jobs in the
engineering, construction, and research and development sectors. Which leads to increase in
employability rate in the country.

It is also important to know and understand the limitations of CCS related projects in the coun-
try. Some of them are discussed below

• Cost: The high implementation costs of CCS provide a major obstacle to its widespread adop-
tion, particularly in developing nations like as India. CCS project funding can be difficult to
come by.

• Energy Intensity: Energy-intensive CCS may need more energy for capturing carbon and
reduction. Power plants may become less efficient as a result.

• Regulatory Framework: India’s legislative framework governing the deployment of CCS may
require additional development and strengthening to meet concerns related to accountability
and prolonged safety.

• Public Acceptance: It can be difficult for the public to comprehend and perceive CCS tech-
nology, especially when it comes to worries about the safety of subterranean storage and its
effects on the environment.



• Resource Availability: One important consideration is the lack of suitable storage sites, such as
saline aquifers or exhausted oil and gas reservoirs. India must evaluate these sites’ suitability
for carbon capture and storage (CCS).

• Competing Priorities: India has several development-related issues to deal with, such as ex-
panding access to electricity and lowering air pollution. The implementation of CCS may be
subordinated to these goals.

• Alternative Solutions: India is a desirable alternative for cutting emissions because of its rapid
expansion of renewable energy potential. Purchasing renewable energy may seem like a more
practical and affordable option in some circumstances.[37]

Therefore, it becomes necessary to understand the implications of using CCS technologies,
but also to start implementing them in our country. The negative aspects of CCS discussed above
does not rule out the possibility of using Carbon sequestration or Bioenergy Carbon Capture and
Storage.[38]

8 Conclusion

The paper offers an in-depth examination of the prospects of Carbon Capture and Storage
(CCS) in India, with a particular emphasis on Coimbatore. It highlights the critical role of CCS in
addressing climate change and cutting down on carbon em1ss10ns, particularly in a nation marked
by expanding industrial and energy sectors, such as India.[39]

It’s crucial to grasp the various elements, which encompass technological choices, appropri-
ate geological sites for storage, and the amalgamation of CCS within India’s energy and industrial
framework. The document accentuates the varied origins of emissions in Coimbatore and under-
scores the significance of custom, location-specific strategies for implementing CCS. Trend of GHG-
CO2 emissions from year 2015 - 20 shows that the major sectors of CO2 emissions are the water
distribution sector and buildings with an average range of 35000T CO2 equitant and 17500T CO2
equitant respectively in the Coimbatore district.[40]

Over 14 lakh saplings planted in Coimbatore forest division in 9 years.As part of efforts to
increase green cover, officials of Coimbatore Forest Division planted 14.33 lakh saplings between
2012 and 2021, which supports the idea of carbon sequestration in cities ecology.[41]

Additionally, it’s essential to recognize the vital role played by government policies and incen-
tives in driving CCS initiatives, recognizing that well structured regulatory frameworks and financial
backing can expedite the adoption of CCS. The paper also centres on the obstacles and constraints
linked to CCS, including cost assessments, public approval, and the availability of resources.[42]

Tress like Peltophorum pterocarpum and Syzygium cumznz shows the maximum CO2 Equiv-
alent of about 311.71 kg of CO2 and 459.55 kg of CO2 in terms of biomass carbon capture and
storage. In its lifetime, a teak tree (Tectona Grandis) with a girth of 10-30 cm can absorb 3.70 lakh
tonnes of carbon dioxide from the atmosphere.[43]

In summary, it can be stressed that while CCS offers a hopeful avenue for India to curtail its
carbon emissions, its full potential can only be realized through collaborative endeavours involving



government agencies, industries, and stakeholders. As India aims to strike a balance between eco-
nomic growth and environmental sustainability, CCS emerges as a valuable instrument in working
toward net-zero emissions and confronting the worldwide issue of climate change.
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