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The article examines the reasons for the formation of a new sector of the global economy and its importance

in achieving the goals of the Paris Agreement. The structure and main technologies of carbon sequestration
and storage are analyzed. The features of their spatial distribution are characterized as well. An assessment of
the advantages and disadvantages of individual sectors of the carbon sector is given. The conclusion is made
on the need to diversify the carbon sector in Russia to achieve climate neutrality goals by the year 2060.

1 INTRODUCTION

An increase in the concentration of greenhouse gases
(GHGs) in the atmosphere is the main cause of
climate change on the Earth. The most important
greenhouse gas, carbon dioxide (COZ2), is currently
responsible for 77% of global warming potential. In
the period of 1950-2025, its concentration increased
by more than 120 ppm (from 300 ppm to 426 ppm)
(1). The annual increase is about 2-3 ppm. According
to the report by the WMO (World Meteorological
Organization), today the CO2 content in the air
exceeds its concentration over the past 2 million years
(2). The global community faces an enormous task,
which is to prevent a further increase in the
concentration of CO2, as well as to make efforts to
reduce its content to 350 ppm. Only in this case is it
possible to achieve the goals of the Paris Agreement
and keep the air temperature rise within 1.5 © C. The
complexity of achieving this goal has already become
apparent. Carbon dioxide emissions are increasing
every year, despite the climate diplomacy existing for
more than 30 years. According to the Institute of
Climatology in Potsdam (Germany), even if the
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volume of anthropogenic emissions is maintained at
the level of 2023 (36.8 billion tons eq. CO2), the
boundary of 1.5 ° C will be passed in 7 years, 1.7 ° C
-in 15 (3).

Reducing carbon dioxide emissions is an
imperative task in achieving the goals of the Paris
Agreement. At the beginning of 2025, 147 countries
have set the goal of creating a zero-emission balance
by 2100. At the same time, 90% of the states on this
list plan to become climate neutral by the end of 2050
(4). The main tool for achieving these goals is the
environmental transformation of production, the
transition to a low-carbon management path. Sectoral
emissions should be kept at a low level. However, a
unilateral reduction in CO2 emissions will not be able
to prevent a negative increase in atmospheric carbon
concentration in the short term. The inertial effect of
previous emissions will contribute to the further
warming of the planet. The global world is faced with
the task of not only reducing anthropogenic carbon
emissions, but also actively removing them from
point sources and the atmosphere. The sixth
assessment report of the IPCC (2022) emphasizes that
"achieving zero emissions on a global scale requires
active CO2 removal" (Shukla and Skea, 2022).
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The scientists of the organization are confident
that without targeted measures to capture, store and
convert carbon dioxide into climate-neutral products,
it is impossible to stabilize the global climate. In
addition, the introduction of carbon sequestration
mechanisms in several sectors of the global economy
(energy, metallurgy, cement industry) is inevitable, as
it is extremely difficult to create climate-neutral
industries in a short time without stagnation and loss
of competitiveness. Therefore, increased attention is
now being paid to carbon capture, storage and further
use as one of the components of the low-carbon
transformation of the global economy and the global
ecological (climate) transition.

2 MATERIAL AND METHODS

The methodological framework is based on historical
analysis and a comparative approach. The
combination of various technologies and measures
for sequestering CO2 from the atmosphere or directly
from production sources forms a special cluster of the
global economy, the carbon sector (Grainger and
Smith, 2021). Nowadays, it is in its formation stage,
although individual technologies for capturing and
using CO2 have been used in economic activities
since the early 1920s. Unified statistics around the
world, including indicators of employment, capital
turnover of enterprises, etc., typical of the classical
sectors of the economy, are not yet available. The
conception of the state and geographical features of
the sector's development can be formed on the basis
of separate reports from international organizations
(IBS) and sectoral non-governmental organizations
(NGOs).

Currently, the carbon sector includes the
following industries: 1. Carbon capture and storage
from point sources of emissions (industrial
enterprises, coal-fired power plants) (CCS); 2.
Capture of industrial or atmospheric carbon and its
subsequent  modification into  products and
commercial goods (electric fuels, fertilizers, plastics,
building materials) (CCU); 3. direct carbon capture
from the air and its Storage (DAC) is the process of
removing CO2 from the atmosphere and its
subsequent storage in the underground geological
formations; 4. carbon capture and storage from
bioenergy sources (BECCS); 5. Natural methods
of absorbing and conserving CO2  from the
atmosphere (afforestation, protection of peatlands,
swamps); 6. Production and introduction of biochar
into the soil; 7. Carbon farming (sequestration of
carbon in soil, arable land and meadows); 8
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Fertilizing the oceans, increasing the alkalinity of the
seas, increasing rock weathering, etc.

Despite the wvariety of approaches and
mechanisms for capturing and storing anthropogenic
carbon, all of the above-mentioned areas can be
classified into three groups. Firstly, these are carbon
sequestration methods from production cycles or
directly from the air (CCS, CCU, BECCS, DAC).
These technologies are widely supported by
international businesses and actively promoted by
lobbyists of the fossil fuel economy. In 2024,
according to the Global Energy Institute, there were
about 628 carbon capture and storage facilities in
operation or under construction. Compared to 2023
their number increased by 60% (7). The volume of
carbon dioxide removed and disposed of amounted to
51 million tons or 0.14% of its global anthropogenic
emissions.

The analysis of the structure of existing
enterprises in this segment shows that 66% of them
specialize in carbon dioxide capture and subsequent
injection into oil and gas wells in order to increase the
return of oil and gas reservoirs (EOR technologies).
Geographically, 40% of these enterprises were
located in the USA, 28% in China and 14% in
Canada. Carbon dioxide removal and storage
facilities also operated in Iceland, Norway, Saudi
Arabia, Qatar and the United Arab Emirates. The oil
industry is widely using this technology. Experts
believe that the use of sequestered CO2 by US oil
companies will lead to an additional increase in oil
production of 923 million barrels over the next 15
years (Muffet and Feit, 2019). The oil obtained in this
way has the status of climate neutral, since carbon
dioxide removed from the atmosphere was used for
its extraction.

Secondly, these methods are related to increasing
the absorption capacity of natural CO2 storage
facilities (Indirect carbon sequestration, I1AC). The
removal of carbon dioxide from the atmosphere
occurs through the expansion of natural carbon
capture processes such as photosynthesis and
mineralization. Biomass growth is considered to be
the most effective method of carbon capture, although
subsequent microbial degradation may re-release
trapped carbon. Such methods as biomineralization or
pyrolysis also prevent soil degradation and ensure
carbon conservation. In addition, this group of
methods is considered the cheapest tool for the
utilization of atmospheric carbon from its global
circulation. Thus, the cost of removing 1 ton of CO2
through reforestation is $16 on average, and
biomineralization costs $131. At the same time, the
cost of a ton of CO2 using direct removal methods
exceeds $1,400 (Smith and Geden, 2024).

The provisions and conclusions of this paper are
based on international treaties and agreements in



climate diplomacy (including the UN Framework
Convention, Paris Agreement, resolutions and
documents of the UNFCCC conference of the parties
(COP), and scientific work produced by researchers
and experts on climate policy in the world (Kovalev,
Stepanov, llyushkina and Burnasov, 2024).

3 RESULTS AND DISCUSSION

In this group of technologies, conventional (forest
projects) and new (biochar, carbon farming) methods
of carbon capture and storage are distinguished. In the
period 2018-2022, $2.8 billion was invested in
indirect sequestration measures. At the same time,
new carbon removal methods accounted for 46% of
all investments (Smith and Geden, 2024). Despite
this, conventional CO2 capture technologies are
dominant in the carbon sector today, both in terms of
the scale of their activities and the degree of
geographical distribution. In 2023, of the 2.2 billion
tons of carbon dioxide removed from the atmosphere,
more than 2.1 billion tons were sequestered through
reforestation and afforestation activities. New
technologies accounted for only 1.3 million tons of
trapped atmospheric CO2. The leading countries in
the development of forest projects are China, the
USA, Canada, India and Russia. At the same time, the
first two countries accounted for about 45% of the
volume of CO2 removed in the world based on
conventional methods (ibid., 132).

The third group of carbon sector technologies
(fertilizing the oceans, increasing the alkalinity of the
seas, etc.) belongs to the category of geoengineering.
It is understood as measures to purposefully and
intentionally change the climate system to mitigate,
prevent or contain global climate change (10).
However, there is no clear boundary between direct
carbon capture technologies and geoengineering
projects. As a rule, unlike CO2 removal projects in
direct and indirect  sequestration  groups,
geoengineering methods are planetary in nature, and
interference with natural processes has profound and
often irreversible consequences (Hehl, 2021). Almost
all geoengineering projects are controversial and are
widely criticized both by the public and experts. The
most common method of removing atmospheric
carbon in this group is rock weathering Enhancement
Technology (ERW). In 2023, about 30 thousand tons
of CO2 were sequestered using this method. Major
companies in the industry - UNDO, GreenSand,
AgSeq, and Mati - are in Australia, Canada, India, and
the United Kingdom (Smith and Geden, 2024).

Thus, the carbon sector of the global economy is
the most important instrument of global climate
policy. Achieving the goals of the Paris Agreement is
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possible only on the basis of its further development
and geographical expansion. Despite the initial stage
of its formation, it is possible to identify groups of
technological specialization and assess the prospects
for their development. Today, technologies related to
the direct removal and storage of CO2 from the
production processes of business entities and directly
from the air are widely used. The oil and gas industry
uses these technologies to increase the extraction of
raw materials. These methods are controversial and
have been criticized for their use in the extraction of
fossil fuels. Afforestation and reforestation are
currently the dominant methods of carbon capture and
storage. Almost 99% of the CO2 removed in 2023
was carried out by these measures. Reliance on
natural carbon dioxide sinks to achieve climate
neutrality by 2060 has been proclaimed by the
Russian government.

Reforestation and

Afforestation 2199
BdC,CCS, CCU, BECCS 55
New Methods and
1,3

Geoengineering
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Figure 2: Sequestered CO2 volume by technology group in

2023 (million tons).Source: compiled by the authors.

4 CONCLUSIONS

However, focusing only on these sequestration
methods carries a certain amount of risk. Global
climate change and rising temperatures are increasing
the risk of large-scale forest fires. This will lead to a
reduction in the total carbon budget of forest
ecosystems. Thus, it is necessary to diversify the
structure of the carbon sector of the Russian
Federation and introduce new methods of carbon
sequestration. Russia has a huge potential for storing
carbon dioxide. It would be a great mistake not to use
it to stabilize the planet's climate.

The research is carried out within the state
assignment FMWS-2024-0008 “Social and economic
space of Russia in the context of global
transformations: internal and external challenges”.
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