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Abstract. This article discusses a possible scenario of energy transition in Russia, taking into account
the economic structure, presence of huge oil and gas infrastructure and unique natural resources. All this
allows to consider global trends of energy and economic decarbonization not only as a challenge, but also
as a new opportunity for the country. Considering developed oil and gas production, transportation, refining
and petrochemical infrastructure, as well as the vast territory, forest, water and soil resources, our country
has unique opportunities for carbon sequestration using both biological systems and the existing oil and gas
infrastructure. It is proposed to use the existing oil and gas production facilities for hydrogen generation in
the processes of hydrocarbon catalytic transformation inside the reservoir. It is suggested to create and use
large-scale technologies for CO, sequestration using existing oil and gas production infrastructure. Considering
high potential of the Russian Federation for carbon sequestration by biological systems, a network of Russian
carbon testing areas is being developed, including one at Kazan Federal University (KFU), — the “Carbon-
Povolzhye” testing area. The creation of carbon farms based on the applications at such testing areas could
become a high-demand high-tech business. A detailed description of the KFU carbon testing area and its
planned objectives are given.
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Introduction

A complete rejection of fossil fuels, including
hydrocarbons (HC) as an energy source, is unlikely
in the coming decades, but there is no doubt that the
trend towards decarbonization will continue, and the
economic structures of countries will change. Today,
the scientific world recognizes that the burning of
carbon fuels is the main cause of the accumulation of
greenhouse gases in the atmosphere, and this leads to
an increase in the average temperature of the planet.
The consequences of this process are already being
found in the strong variability of weather conditions, the
more frequent observation of catastrophic events and a
noticeable warming in the Arctic zone. All this is due
to the violation of natural cause-and-effect relationships
in the “atmosphere-ocean-climate” system. Subsequent
melting of the methane-containing permafrost and
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rising ocean levels could lead to extremely negative
consequences, and it is likely that these changes can no
longer be stopped. By the end of the century, the average
temperature may rise by more than 2.7 °C, although it
is planned (according to the Paris Agreement) to keep
its growth at 1.7 °C, or at least no more than 2.0 °C. As
one of the major measures, it is planned to introduce a
cross-border carbon tax in the EU, and the funds received
will be used to develop green energy and compensate
for the consequences of “global warming”. This is, in
fact, a unique event in the history of civilization, when
global strategic thinking aimed at the self-preservation of
mankind materializes and is transferred to the economic
plane not only within the framework of a separate state,
but also at the interstate level. This is the first step in
this direction, but the economic instrument is initiated
by the EU, not a global body, and how effective it will
be for solving the tasks set in the Paris Agreement is
not yet clear, time will tell. Nevertheless, since we are
already emitting greenhouse gases on a scale that can
change our entire planet, and not only initiate some kind
of regional environmental problems, humanity will have
to begin to regulate the elements of this complex system.
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Unfortunately, most states and politicians today do not
fully assess the significance of the current situation.
It would probably be easier to unite in understanding
and taking action against the asteroid hazard. Climate
change, caused, in fact, by the burning of fossil fuels, is a
special problem that affects many aspects of society — the
provision of energy, electricity, as well as the revenues
of many countries that extract these fossil fuels, and
the costs of many states that do not have these natural
resources, the problems of states that have nothing to do
with fossil fuels — they do not produce them and do not
use them. The interests of various states, international
corporations are intertwined in a complex way in this
problem. The preamble to the Paris Agreement notes that
“Parties may suffer not only from climate change, but
also from the impact of measures taken to respond to it”.

It is necessary to discuss the problem, solve it taking
into account the nuances and problems of all participants
in the process. We are talking about a new paradigm in
global thinking, when one of the most important factors
in making decisions about the further development of
states is the awareness of global threats such as global
warming.

A very simple example is from the field of economics.
If earlier in the optimization calculations of the cost of
a product, the objective function had the dimension of
cost, which included various direct and indirect costs,
including environmental ones, today it is also a carbon
footprint expressed in tons of CO, (and today already
in euros) allocated to all stages of product production.
Moreover, the damage can manifest itselfin a completely
different place, not at all where the product was produced.
This new factor is changing the entire economy, which
means politics and all aspects of human activity: health,
education, safety, food production, clothing, housing,
minimal surrounding infrastructure, etc.

We live in an era when a new period begins in
the history of the planet — the influence of one of
the biological species begins to disrupt the complex
nonlinear system of Gaea (Kleidon, 2004), and in order
to take corrective action, humanity will be forced to
take control of the processes in the oceans, subsurface,
forests, tundra and other natural objects — all components
of this system. Geologists and stratigraphers call this
period the Anthropogene (Carpejani et al., 2020),
although it looks more like some prominent boundaries
between geological systems, characterized by unique
global events — mass extinctions of biological species
due to a variety of reasons. The mass extinction in the
biosphere today is one of the most significant in the
history of the Earth, and it proceeds extremely rapidly
on a geological time scale. How can Russia be in this
situation, what to do?
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Russian energy transition: balance of natural
resources and global trends

On the face of it, the confidence and decisiveness
with which the EU and many other countries talk about
a green energy transition does not bode well for Russia,
which today provides almost 40% of its budget from oil
revenues. Many Russian exported goods with a large
“carbon footprint” (steel, aluminum, gas, oil and oil
products, agricultural products, etc.) will be burdened
with a carbon border adjustment mechanism (CBAM),
and this will not contribute to their competitiveness
in the market. Nevertheless, it can be argued that this
challenge for the Russian economy is at the same time
a huge opportunity.

The “green” energy transition should take place in
Russia, taking into account the rational use of available
natural resources — hydrocarbon, biological and territorial,
as well as the created oil and gas infrastructure — specific
wells, explored reservoirs, hydrocarbon deposits, all
ground infrastructure, including pipelines, as well as
oil refining and petrochemical power. The strategic
goal for the next 30—40 years is to provide the country
with hydrocarbon reserves that are competitive in the
world market, which must be produced environmentally,
economically, and with a low carbon footprint.

Russia’s next step towards a green economy is the
transition to the production of hydrogen, a new energy
agent. For this, it is necessary to create industrial
technologies for generating hydrogen directly in oil
and gas deposits and burying the resulting CO, in
natural reservoirs. In this direction, work is underway
in several laboratories in the world. Kazan Federal
University (KFU) has a successful experience of using
catalysts to improve the efficiency of thermal methods
for the production of super-viscous oil (Vakhin et al.,
2020; Varfolomeev et al., 2021). in situ combustion
technologies. Russian and foreign (Kuwait, Oman,
China) oil and gas companies are showing great interest
in these technologies.

Another step towards green energy is the creation
and implementation of industrial carbon sequestration
technologies using available natural resources and
oil and gas infrastructure. The presence of a vast
territory, forest, water, soil resources opens up unique
opportunities for our country to sequester carbon
using biological systems. In addition, using existing
and already developed hydrocarbon fields, using the
experience of monitoring gas storage facilities, it is
necessary to implement the sequestration of greenhouse
gases formed during hydrogen generation, as well as in
other processes, in natural reservoirs.

The implementation of these proposals will allow
the Russian Federation not only to reach the level of
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carbon neutrality, but also to sell significant volumes of
carbon credits and organically integrate into the global
“green” economy. All these proposals and expected
results correlate with the National Goals and the Strategy
for the Scientific and Technological Development of the
country, both in terms of providing the country with
green energy and creating new “green’ businesses and
high-tech jobs in the field of carbon sequestration by
ecosystems.

For the regions, in particular the Republic of
Tatarstan, the implementation of such a program will
lead to the restructuring of the oil and gas production,
energy and agricultural sectors of the region, attracting
investments for these purposes, and ensuring leadership
in the field of generation, storage and transportation
of hydrogen. Those the republic can come to carbon
neutrality, including through the large-scale introduction
of technologies for sequestration of carbon by ecosystems
and using the oil and gas production infrastructure.

Possibilities of biological sequestration of
carbon dioxide and the creation of carbon testing
areas. Opportunities and tasks of the “Carbon-
Povolzhye” testing area

The immediate task in the implementation of the
proposed plan on the way to a “green” economy is the
creation of carbon testing areas, which are entrusted
with the functions of assessing greenhouse gas fluxes,
and the development of effective technologies for
sequestration of carbon dioxide by a variety of natural
biological systems.

The Russian Federation is the fifth country in the
world in terms of greenhouse gas emissions, however,
there is no developed system for their monitoring
(Climate Analysis Indicators Tool — CAIT 2.0). At the
same time, the countries of the European Union have
already created an integrated system of carbon observing
stations “Integrated Carbon Observation System —
ICOS”. The network of ICOS stations includes a
number of measuring stations located in Belgium, Czech
Republic, Denmark, Finland, France, Germany, Italy,
the Netherlands, Norway, Spain, Sweden, Switzerland,
Great Britain. The stations monitor greenhouse gas
fluxes either in the atmosphere (38 stations), or over the
ocean (23 stations), or in entire ecosystems (86 stations).
The observations are coordinated by the head office, and
the Carbon Portal is responsible for the collection and
dissemination of ICOS data and derived information
products. In order to determine the potential of Russia’s
natural systems to sequester carbon, it is necessary
to organize a comprehensive system for monitoring
greenhouse gases, to create a system for assessing the
carbon balance of natural systems in different climatic
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and geographical zones. For this purpose, by order of the
Ministry of Science and Higher Education of the Russian
Federation No. 74 of February 5, 2021 “On testing
areas for the development and testing of technologies
for monitoring carbon balance”, a system of “Carbon
testing area” is being created. The creation of such a
system is the implementation of the first stage of the
national action plan for adaptation to climate change
for the period up to 2022.

One of the participants in the program is Kazan
Federal University, which is creating the Carbon-
Povolzhye carbon testing area. In the future, a carbon
farm will also be created.

The carbon testing area is being organized as part
of a consortium to create climate change models and
methods for accounting for the emission and absorption
of climatically active gases, and for determining the
amount of carbon deposition by terrestrial ecosystems.
An important part of the work will be the development
of technologies for long-term carbon sequestration.

The carbon testing area is subdivided into two areas —
a forest area and a water area. The forest area is located
on the territory of the Observatory (Zelenodolsk district
of the Republic of Tatarstan), which is the property of
the KFU.

The main landscape type of this area is a hairy
sedge lime wood with fir and oak on sod-podzolic soils,
located on alluvial-deluvial Quaternary deposits of the
third terrace of large rivers. The species composition of
the community is represented by heart-shaped linden
(bonitet II; maximum age — 106 years, average — 60;
diameter — 35 cm, average height — 24 m), Finnish
spruce (bonitet [; maximum age — 109 years, average —
80 years; diameter trunk — 66 cm, average height — 28
m), pedunculate oak (bonitet II; maximum age — 101
years, average — 80 years; diameter — 72 cm, average
height — 24 m). The height of the shrub layer is 2 m.
The shrub layer is sparse, herbaceous, the ground
cover is continuous, up to 70 cm high, multi-tiered. In
the undergrowth there is warty euonymus, common
honeysuckle, plane maple, hazel.

The soils of this area are sod-podzolic on alluvial-
diluvial deposits with horizons A0 (0-3 cm), A1 (3-7
cm), A1A2 (7-15 cm), A2 (15-37 cm), B (37-70 cm),
CD (70-100 cm). The soils are weakly acidic (pH aq —
6.3, pH salt — 5.6), fairly well humous (humus — 3.0%,
N -0.18%, C/N —9.66).

According to the amount of precipitation, the area
in which the forest area of the carbon testing area is
located belongs to the zone of moderate moisture, their
annual amount is 552.5 mm. The greatest amount of
precipitation occurs in July (66.3 mm), and the least
in March (23 mm). The number of days with snow
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cover is 156 days. A stable snow cover forms in early
November and disappears in mid-April. The height of
the snow cover reaches its highest values in March —an
average of 56 cm.

Soil freezing in winter is maximum 69 cm. The total
solar radiation in this area is about 3900 MJ/m? per year,
the radiation balance is 1311 MJ/m?, and from November
to February it is negative. The sunniest period is from
April to August.

With regard to the water section of the testing area,
discussions are currently underway on its best location.

Carbon-Povolzhye testing area is designed to
solve the following tasks: a) creation of a system for
collecting, validating and processing data, allowing
them to be integrated into the general model of sources
and effluents in the region and the Russian Federation;
b) organization of regular meteorological observations;
c) organization of regular remote monitoring (including
satellite data) of climatic active gases; d) organization of
regular monitoring observations of the flows of the main
greenhouse gases and the parameters of photosynthesis
and respiration of plant communities and soil.

The carbon testing area will become a center for
collection, validation and processing of data and will
allow integrating them into a general model of sources
and sinks of greenhouse gases in the region and the
Russian Federation. Such a system will be the basis for
constructing quantitative estimates of the emission and
deposition of greenhouse gases (CO,, CH,, N,O) in the
natural and transformed landscapes of the Republic of
Tatarstan.

Other directions of activity of the carbon testing
area are the assessment of the sequestration potential
of natural phytocenoses and individual groups of
plants with the identification of the most productive
communities and individual plant species, as well as the
adaptation of plants with high sequestration potential, not
characteristic of local flora, to the climatic conditions of
the region and the development of technology for their
use in agriculture and forestry.

An important result of the activities of the carbon
testing area should be the creation of a certification
center for specialists in the validation and verification of
greenhouse gas accounting and compensatory measures.

Undoubtedly, the educational and educational
function of the testing area, which consists in adapting
existing and developing new bachelor’s, master’s
and postgraduate programs, organizing seminars and
conferences held on the basis of the carbon testing area.

Research and development of the carbon testing
area is based on the accumulated Russian and
international experience. So, on the territory of Russia
in 1978, observations were started at the Central Field
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Experimental Base of the FGBI “MGO” in Voeikovo
(Alferov et al., 2017). Later, stations were created on
the island. Bering, about Kotelny, Teriberka, Novy
Port and Tiksi. Currently, the Novy Port and Voeikovo
stations, located near large-scale pollution sources,
are used to study the variability of greenhouse gas
emissions (Zinchenko et al., 2001; Zinchenko et al.,
2002; Makarova et al., 2006; Zinchenko et al., 2008;
Reshetnikov et al., 2009).

Since the beginning of the 2010s, intensive studies
of greenhouse gas fluxes have begun by the method
of microdynamic pulsations and closed chambers in
Valdai and in the Leningrad region (Karelin et al., 2020;
Safonov et al., 2012; Yuzbekov et al., 2014; Alferov
et al. ., 2017). Currently, much attention is paid to the
assessment of greenhouse gas emissions in the Arctic
zones. Thus, in the paper (Tei et al., 2021), the results
of seasonal measurements of greenhouse gas emissions
under permafrost conditions are presented. This study
examines the exchange fluxes of carbon dioxide (CO,)
in the border ecosystems of the taiga and tundra in
northeastern Siberia from 2013 to 2015. During the
growing season (May-September), CO, uptake was
observed in volumes of —39.4 (from —60.1 to —20.2)
gC/m?. Tt is shown that the microclimatic factors that
determine the exchange fluxes of CO, change seasonally.
They are significantly influenced by the time of the
onset of carbon uptake, associated primarily with the
soil temperature in spring and early summer, after
which the determining factor becomes the flux density
of photosynthetic photons. In the paper (Holl et al.,
2019) long-term time series of carbon dioxide fluxes
in the Siberian Arctic were presented, measured by the
eddy covariance method. The same method was applied
to estimate the volumes of net primary production and
energy fluxes in the bogs of Western Siberia (Alekseychik
et al., 2017). Based on measurements in May—August
2015, the first estimates of the carbon dioxide balance
in a typical middle taiga swamp are presented. The
areas where the carbon dioxide flux measurements
were carried out consisted of an alternation of wooded
uplands and depressions occupied by sedges and shrubs.
During all four months of measurements, the CO, uptake
was comparatively high at 202 gC/m’. In contrast, CO,
emissions were observed during several transition
periods in June and July.

The work of the Institute of Biology of the Komi
Scientific Centre of the Ural Branch of the Russian
Academy of Sciences is devoted to the ecosystem
exchange of carbon dioxide and water in various types
of ecosystems. For the spruce forests of the European
North-East of Russia, a well-pronounced daily variation
of CO, gas exchange from March to October with a
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maximum at noon was demonstrated. In the winter
months, the values of the net CO, exchange were
positive. The total daily value of the net carbon dioxide
exchange per day was in April 4, May — 62, June — 79,
August and September — 31% of the July value. The
total net CO, absorption by the spruce forest in April —
August corresponded to =327 gC/m?. For pine forests
of the same region, a correlation was found between
the daily average values of gross photosynthesis and
total evaporation. The total net CO, exchange, gross
photosynthesis, and ecosystem respiration in the pine
forest were estimated at —103, —407, and 304 gC/m?
year, respectively (Zagirova et al., 2020).

As mentioned above, the respiration of ecosystems,
which consists of the plant and soil components, makes
a significant contribution to the carbon cycle (Houghton
et al., 1992). Soil is one of the most important natural
reservoirs of carbon, and the exchange of carbon between
the soil and the atmosphere is very active. Thus, the
emission of this gas from the soil is the second most
important component of the global carbon cycle and,
accordingly, climatic changes (Reth et al., 2005; Lal
et al., 2018; Bernoux et al., 2005). It is no coincidence
that one of the global initiatives aimed at reducing the
carbon dioxide content in the atmosphere is the “4
permille” initiative, which assumes an annual increase
in sequestered organic carbon in soil by 4 %o in a layer
of 30-40 cm, due to a change in agricultural practices
(Chabbi et al., 2017; Corbeels et al., 2019; de Vries,
2018; Lal, 2016; VandenBygaart, 2018).

The carbon balance in the system “soil-subsurface
layer of the atmosphere” is formed by the processes of
its emission (as a result of mineralization of soil and
organic matter introduced by plants and fertilizers)
and its accumulation (as a result of the accumulation
of plant waste and other dead organic matter, root
exudates, as well as the introduction of organic carbon
with fertilizers).

Mineralization of organic matter is carried out by
soil microorganisms and depends both on the amount
and composition of the former and on the activity of
the latter. Traditionally, soil organic carbon content is
estimated during agrochemical surveys and, together
with an indicator of carbon content in microbial biomass,
indicates the degree of soil fertility. Organic carbon
makes up about 55-60% of the mass of soil organic
matter (Canedoli et al., 2020). It has been shown that
the content of organic carbon in the soil significantly
depends on its type; for agricultural soils of a temperate
climate, it can fluctuate within 5-30 g/kg of the fertile
layer, 0.5-4.5% of which are contained in the microbial
biomass. In general, the reserves of organic carbon in
these climatic conditions are 15-80 t/hain the 0-20 cm
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layer and 5-20 t/hain the 20—40 cm layer (Xie et al.,
2021; Shukla et al., 2005). Another factor affecting the
rate of soil organic carbon mineralization is the climatic
conditions in which it is located (Alvarez et al., 2001;
La Scala et al., 2006). In general, soil carbon stocks are
more susceptible to different types of influences in warm
and humid conditions than in cool (but not frosty) and
arid conditions (Ogle et al., 2019).

The type of land use and the method of soil cultivation
in agriculture affects the intensity of organic carbon
mineralization in it (Reicosky, 2001). The intensification
of the decomposition of soil organic matter during tillage
occurs due to the destruction of soil macroaggregates
and the release of carbon “packed” in it, available to
microorganisms. In addition, plowing contributes to a
better supply of oxygen to the soil, which also leads to the
intensification of mineralization processes (Cambardella
et al., 1992). It has been shown that the amount of soil
carbon lost in the form of carbon dioxide correlates
with the intensity of destruction of aggregates and the
volume of displaced soil (Reicosky et al., 2007; La Scala
etal., 20006). For example, the amount of carbon dioxide
emitted from the soil under corn crops was 0.82, 0.56,
0.51, and 0.49 g-m2-h"" under the following treatment
options: standard moldboard, reduced till, minimal
tillage, and no moldboard tillage (McNunn et al., 2020).
Replacement of a dump type of tillage with a non-dump
type within 20 years leads to an annual increase in soil
organic carbon stocks by 0.06-0.35, 0.21-0.50 and
0.34-0.54 t/ha under conditions cold, warm and tropical
climates, respectively. Interestingly, this tendency is
typical only for the upper fertile soil layer (about 20-25
cm) (Ogle et al., 2019). In the lower soil layers, on the
contrary, non-moldboard tillage leads to a decrease in
the organic carbon content (Angers et al., 1997).

Recently, researchers are increasingly talking about
the significant potential of the underlying soil layers
for carbon sequestration, and for the exchange of
carbon between the soil and the atmosphere in general
(VandenBygaart et al., 2011). There is currently not
enough information to draw full conclusions about the
role of the underlying soil layers in the accumulation
of carbon, as well as the effect of various practices on
its turnover in the soil and between the soil and the
atmosphere. Thus, the longest series of observations
of the content of organic carbon in the soil with the
abandonment of moldboard cultivation is 45 years, while
most of the observation series does not exceed 20 years.
The set of measured parameters in these observations is
different. At the same time, stabilization of the sorption
of organic compounds produced by microorganisms
after their migration into the underlying soil layers
may require a longer study period (Cotrufo et al., 2013;
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Lehmann et al., 2015). It was found that treatment has
a greater effect on the carbon content in the soil at a
depth of 60 cm in clay, silty and silty soils in tropical
and subtropical climatic conditions compared to sandy
soils in the same climatic conditions. At the same time,
in temperate latitudes, this tendency is reversed: it is
sandy soils that are most susceptible to the influence of
moldboard plowing in terms of their carbon content, incl.
at depths exceeding the plow penetration depth (Ogle et
al.,2019). In some cases, not only the amount of carbon
dioxide is determined, but also of other greenhouse
gases, expressing the total emission in the mass of the
so-called. CO, equivalent. But even in this case, the
described tendency of an increase in volumes with an
increase in the degree of impact on the soil is traced. So,
the emission from the soil under fallow was 520, 400 and
—230kg eq-CO, ha' year", and from the soil under clover
—100,-50,-1900 kg eq-CO, ha™' year for the standard,
truncated and non-moldboard plowing, respectively (a
negative value corresponds to the absorption, not the
release of carbon dioxide) (McNunn et al., 2020).
Fertilization has an interesting effect on the rate of
mineralization of soil organic matter. Mineral fertilizers
increase microbial activity in general due to the
introduction of limiting macro- and microelements and,
thus, intensify the processes of microbial decomposition
of organic carbon in the soil. On the other hand, mineral
fertilizers lead to plant growth and development,
intensification of root exudation, accumulation of plant
litter, i.e. to sequestration of carbon in the soil. The shift
in the balance between these two processes towards the
accumulation of carbon in the soil is the subject of a
large number of scientific studies. Organic fertilizers,
such as composts from manure, sewage sludge and
other organic waste, contain significant amounts of
organic carbon and short-term increase in soil reserves
after application. However, in most cases, carbon in
such fertilizers is contained in a form readily available
to microorganisms, therefore, it quickly mineralizes
and does not accumulate in the soil in the long term.
Moreover, with the introduction of readily available
organic substances in the soil, the so-called priming
effect, consisting in the intensification of the mineralizing
activity of the soil microflora not only in relation to the
introduced, but also in relation to the previously existing
organic matter in the soil. As a result, the application
of organic fertilizers not only does not contribute to an
increase in soil carbon stocks, but also vice versa —leads
to their decrease. Biochar, a product of anoxic thermal
decomposition of biomass, can become an alternative
to these rapidly decomposing organic fertilizers. It not
only contributes to the intensification of plant growth,
but also, being a slowly decomposing fertilizer, allows
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long-term preservation of carbon in the soil.

Thus, to reduce carbon dioxide emissions in
agriculture, a decrease in the intensity of soil cultivation,
elimination of grazing, sowing ground cover plants,
competent management of crop rotation and improvement
of fertilization practices can be used (Eze et al., 2018;
Olson et al., 2010; Parkin et al., 2016; Snyder, 2017)
In general, it is estimated that measures to reduce the
volume of soil organic carbon losses can be implemented
on agricultural areas of up to 57 million hectares. The
introduction of such measures can lead to significantly
higher volumes of carbon sequestration than the 4 %o
declared in the corresponding initiative. Thus, the annual
sequestration of carbon in the 0-30 cm layer in the
volume of 2-3 t/ha was achieved by changing the type
of soil use, which was characterized by initial carbon
stocks of 19 t/ha. This was not 4 %o, but 70—189 %o per
year (Noulekoun et al., 2021).

If soil is not included in agricultural use, erosion
and accumulation, as well as the nature of the
vegetation cover, become the main factors affecting
the accumulation of organic carbon and the release of
carbon dioxide. In eroded areas, where a significant
amount of mineral particles come to the surface, there
is a tendency to accumulate organic carbon due to
its sorption on these particles. In accumulative areas,
the accumulation of organic carbon in the soil is also
observed due to the burial of the reclaimed fertile layer
under the mineral layer, and the associated decrease in
the rate of mineralization of the buried organic matter. In
general, researchers estimate the volume of global carbon
accumulation in soil as a result of anthropogenically
induced erosion processes at 78 billion tons for terrestrial
ecosystems (Shukla et al., 2005; Wang et al., 2017).

Plants can both absorb and emit carbon dioxide
during the day. During periods of active development
and growth of biomass, this balance is shifted towards
the absorption and sequestration of CO, in the biomass.
Up to 89% of the carbon sequestered by plants is then
transferred to the soil (Eze et al., 2018). The introduction
of carbon occurs due to carbonaceous root exudates,
which are hardly biodegradable, as well as due to the
accumulation of dead plant parts in the soil (Noulekoun
etal., 2021; Rasse et al., 2005). Woody vegetation is the
best carbon dioxide absorbant compared to herbaceous
vegetation (Chen et al., 2018; Chan et al., 2008; Poulton
et al., 2018). However, the global role of herbaceous
areas in carbon sequestration is extremely high — they
account for about 40% of the land surface, they contain
34% of global soil carbon reserves (Eze et al., 2018).
The amount of carbon accumulated in the soil can also
differ between different herbaceous crops (McNunn et
al., 2020).
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In Russia, as a result of monitoring the agrochemical
properties of soils, information has been accumulated
on the content of organic matter in the upper soil layer.
Much less data are available on the intensity of soil
respiration, which is an indicator of the intensity of
mineralization of organic matter, and soil microbial
biomass in the upper soil layer. There is practically
no information on carbon fluxes in the soil and the
subsurface layer of the atmosphere, as well as on the
carbon balance in individual ecosystems and regions,
calculated using remote sensing data using models.

That is why the creation of carbon testing area
designed to combine efforts to monitor greenhouse gases,
to build models of their distribution, to create carbon
sequestration technologies based on the fundamental
laws of carbon balance in various ecosystems is an urgent
and necessary task in Russia.

Conclusion

1. Global trends in the decarbonization of energy
and the economy as a whole, aimed at reducing the
consequences of global climate change, are not only a
challenge for Russia, but also open up new opportunities.

2. A new approach to the Russian energy transition
is proposed, taking into account the rational use of
available natural resources — hydrocarbon, biological and
territorial, as well as the created oil and gas infrastructure
— specific wells, investigated reservoirs, hydrocarbon
deposits, all onshore infrastructure, including pipelines,
as well as oil refining and petrochemical productive
facilities.

3. It is necessary to create and implement industrial
technologies for generating hydrogen directly in oil and
gas deposits and burying the resulting CO, in natural
reServoirs.

4. It is necessary to create and implement industrial
technologies for sequestration of carbon, both using
biological systems and by injection and storage in natural
reservoirs.

5. The immediate task in the implementation of the
proposed plan on the way to a “green” economy is the
creation of carbon testing areas, the main function of
which will be the assessment of the flow of greenhouse
gases and the development of efficient technologies for
sequestration of carbon dioxide by natural biological
systems.

6. Carbon testing area of the Republic of Tatarstan
“Carbon-Povolzhye”, which is operated by Kazan
Federal University, will become a center for collection,
validation and processing of data, which will be further
integrated into the general model of greenhouse gas
emissions and sinks in the region and the Russian
Federation. Such a system will become the basis for
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constructing quantitative estimates of the emission and
deposition of greenhouse gases (CO,, CH,, N,O) in
natural and transformed landscapes.

7. Despite the availability of data on agrochemical
properties and the content of organic matter in the upper
soil layer, in Russia there is practically no information
on carbon fluxes in the soil and the subsurface layer
of the atmosphere, as well as on the carbon balance in
individual ecosystems. Obtaining such data is necessary
for the subsequent creation of nature-like carbon
sequestration technologies.
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