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Trends in artificial intelligence and robotics technologiesin the Arctic:
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Abstract: Artificial intelligence (AI) allows computers to learn from their own experience, solve
hard-to-formalize tasks, and adapt to new parameters and conditions. In most cases, deep
learning and natural language processing capabilities are extremely important for solving Al
tasks. Thanks to these technologies, computers can be “taught” to identify patterns based on
the processing of large amounts of data and use them to make decisions. The study analyses
trends and prospects for the introduction of Al and robotics in the Arctic zone belonging to
the Russian Federation (AZRF). Its aim is to identify the directions that the digitalization of
the Arctic region should move in, determine what already needs to be implemented for the
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development of this part of the Earth, on which the future of the country largely depends. The
study is based on the history and applications of Al and robotics in the Russian Arctic, taking
into account the state of the environment and the environmental situation of this region.
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Introduction

In the Russian Federation, work on the
development of the Arctic region and the
intellectualization of technologies used
in the Russian Arctic is based on two
strategies: the state policy of the Russian
Federation in the Arctic until 2035 [64]
and the strategy for the development
of artificial intelligence in the Russian
Federation until 2030 [65].

Today, the Russian North provides a
significant share of the country’s export
revenues, and is of critical strategic and
geopolitical importance for modern Russia
[66]. Over the past thirty years, more than
two dozen fields have been discovered on
the territory of the Russian Arctic shelf
[9]. These reserves, according to estimates
of the Institute of Petroleum Geology and
Geophysics of the Russian Academy of
Sciences, amount to about 10 billion tons of
oil. The total resources of the Russian shelf
as a whole are estimated by domestic experts
at about 100 billion tons of equivalent fuel
[2]. According to other expert estimates
[37], oil reserves in the Arctic zone of the
Russian Federation amount to 7.3 billion
tons and 55 trillion cubic meters of natural
gas. It is the development of minerals that is
the main component of the development of
the Arctic [45, 46].

Along with this, the introduction of Al
and robotics will simplify the solution of
a number of problems related to mining,
transportation and logistics in the difficult
climatic conditions [54, 71].

Therefore, research in the Al field is
an urgent problem and a priority of public
policy [65].

1. Methods

The methodological basis of the study
is based principles such as objectivity,
consistency and scientific analysis. The
systematic approach allowed us to consider
the main trends in the development and
application of Al and robotics systems
as a set of measures necessary for the
successful development of the Russian
Arctic. This study also describes various
aspects of the natural environment
from the perspective of robotics, recent
developments in this sphere and the
prospects for advancing.

1.1 History of Al application in the
Arctic

Currently, there are three chronological
stages in the introduction of Al in
technology for the Far North regions.

The first stage began in the mid-1960s,
when programs for autonomous systems
were first created [29].

The second stage began in 1984,
when an integrated approach to Arctic
development was introduced in the USA
(Interagency Arctic Research Policy
Committee, Arctic Research and Policy
Act of 1984 (ARPA), Public Law 98 — 373
of 07/31/1984). To implement the strategy
of federal coordination and U.S. global
leadership in the exploration of the Arctic,
the Arctic Research Commission (ARC)
and the Interdepartmental Committee on
Arctic Research Policy (IARPC) were
established.

The third stage develops in the present
and dates back to 1984, when other
states set out the tasks of developing the
Northern Territories.
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1.2 Areas of application of artificial

intelligence

The main directions of Al application
in human economic activities in the
Arctic will be the following: in mining
and mineral processing , search and
rescue operations, medicine, transport
and logistics, construction, housing and
communal services, energy [29].

Mining. A global trend in the
development of oil and gas sector is
the introduction of the “Intelligent
field” and “Digitalization” concepts.
Intellectualization extends to many stages
across a wide range of IT components that
are interconnected [7, 33, 50].

With the help of digitalization of
technological processes, it is planned
to reduce the costs associated with the
exploration and production of hydrocarbons
in difficult regional conditions, as well as
with the development and production of
special equipment [38, 72].

At the same time, thanks to this, it is possible
to reduce environmental consequences [70],
minimizing human presence in the region,
and, ideally, reducing it to zero, ensuring
technological and environmental safety, by
transferring competencies to the level of
robotic systems [41].

Digitalization of the mining industry,
including in the Arctic region, is not
possible without the creation of fully
automatic systems with Al elements,
working without human participation. The
main trends are considered in the work of
A. Makhovikov, E. Katuntsov, O. Kosarev,
P. Tsvetkov “Digital transformation in oil
and gas extraction” [38], and a specific
example of implementation is presented
in the paper “Modeling of industrial loT
complex for underground space scanning
on the base of Arduino-based platform
‘Topical issues of rational use of natural
resources’” [35].

Intelligent automated process
control systems. Gas production in the
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Arctic is associated with the need to solve
a problems. An example is the problem
of hydrate formation in gas collecting
plumes for gas production companies.
Its solution is found by feeding methanol
into the pipelines. To minimize methanol
consumption, OO0 Gazprom Dobycha
Yamburg has developed an innovative
technology for preventing hydrate
formation, implemented by an intelligent
automated process control system [8, 14].

Safety. Along with the implementation
of the Fundamentals of State Policy of
the Russian Federation in the sphere of
protection of population and territories
from emergencies until 2030 and the
Strategy for the Development of Civil
Defence , protection of the population
and Territories from emergencies, special
attention is paid to the problematic
issues of ensuring safety in the Arctic
zone of the Russian Federation [26].
Since the peculiarity of the region does
not allow the use of traditional methods
and technologies of response to the
occurrence/prevention of emergencies
when assistance is required, there is a
need to introduce robots. That is why the
creation of effective robotic unmanned
rescue systems (RURS) is an urgent task.
Innovative directions of the development
of such systems are, first of all, the
ability to long-term autonomy with
the possibility of remote control [19].
Such a rescue service based on robots,
drones and Al was created jointly by
the Ministry of Emergency Situations of
Russia and the Central Research Institute
of RTK. Two types of robots are used —
ground-based and airborne. These drones
will be able to scout the route and create
an electronic map of the territory in real
time. A ground unit in the form of robotic
platforms will search for and transport
people in distress. It is assumed that
one drone will be able to evacuate up to
twenty people [17].



Medical care. One of the main
problems in the Russian Arctic is the
poor quality of medical care and shortage
of staff and medical facilities, especially
in hard-to-reach areas where indigenous
peoples live. Based on this and desperate
for solutions, regional state authorities are
turning to modern remote methods such
as telemedicine, which makes it possible
to diagnose and prescribe treatment from
a distance [27]. In Russia, there are few
ready-made solutions to this situation
based on the results of Al. One of them is
the work on speech recognition and online
diagnosis of diseases based on medical
images [12, 24].

Transport. Over the past five years,
various Russian agencies and research
centers have announced their intention
and readiness to create fully automated
vehicles and logistics solutions to be used
in the Arctic [29, 48, 49, 53, 55, 58, 61].
Most important is the use of unmanned
technologies. The Center for Advanced
Research is developing an unmanned
aerial transportation system (T-BAS),
thanks to which companies and residents
of the Far North will be able to quickly
deliver and receive cargo, while scientists,
for example, will be able to study from
the air metrological characteristics and
their changes, as well as the migration
of animals[6]. It is necessary to note the
work of scientists at the Russian Federal
Nuclear Center, who are developing a
digital model of a crewless marine vessel,
the advantage of which is the increased
efficiency and safety of maritime
transportation in the Arctic [5].

Construction. An in-depth study of
innovative technologies in the sphere of
construction using Al is already being
implemented on construction sites not only
abroad, but also in Russia; it is becoming
more and more in demand. According to
experts, Al can manage Smart Cities in the
Far North. The concept of a “smart city”

with energy efficiency, self-sustaining
efficiency of the territory makes the basis
for the future of the Arctic cities [18, 20].

Power supply. The idea of energy
development in the Russian Arctic implies
the creation of a full-fledged energy
infrastructure, the ability of which is to
ensure high reliability of power supply
and the possibility of stimulating new
industrial development in the region
[73, 75]. Rosatom State Corporation
has developed about 20 projects of
power plants based on small nuclear
reactors, showing considerable interest
in the power supply in the Arctic. The
best known is the 70 MW Academik
Lomonosov floating nuclear power plant
(NPP) “. This project is based on the
development of a new reactor plant for
the “Arctica” nuclear icebreaker, currently
under construction. The peculiarity of the
reactor is its operability for 7—10 years
without the need of nuclear fuel elements
to be maintained [21].

Another phenomenon worth high-
lighting is the technology of autonomous
power supply based on traditional and
renewable energy sources developed by
Peter the Great St. Petersburg Polytech-
nic University (SPbPU) for harsh climatic
conditions, as well as a 200 kW diesel
generator for Arctic conditions, presented
by their partner company President-Neva
Energy Center. The machine has an intel-
ligent automatic control system. The solu-
tions are claimed to have no analogues in
the world [10, 28].

Modern power supply systems are
needed to improve the stability of infor-
mation technology systems functioning
in the Arctic region. One approach to
improving such systems involving ele-
ments of intellectualization is described
in the paper by S. Kryltsov, A. Makho-
vikov, M. Korobitsyna “Novel approach
to collect and process power quality data
in medium-voltage distribution grids”
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[36]. Another important aspect in this
area is the decentralized energy supply,
which can be carried out with the help
of low-tonnage production of liquefied
natural gas. The economic aspects of this
approach are considered in the work of P.
Tsvetkov, A. Cherepovitsyn, A. Makho-
vikov “Economic assessment of heat and
power generation from low-tonnage lique-
fied natural gas in Russia” [43].
History, archaeology, tourism.
The development of tourism in the
Arctic zone of the Russian Federation
is determined not only by the creation
of new infrastructure facilities, but also
by the introduction of modern digital
services. Virtual tourism in the Arctic is
a new trend with the use of virtual and
augmented reality technologies, creating
digital doubles of the territories. The
use of space monitoring, panoramic
photography and photogrammetry from
manned and unmanned aerial vehicles
for the virtual Arctic tourism will
make cultural and natural objects of
the Russian Arctic more accessible and
attract new Russian and foreign tourists
for a real visit to the polar regions.
Virtual Reality (VR) is a world created
by technical means (objects and subjects)
andtransmitted to a person through his/
her senses: vision, hearing, smell, touch
and others. Augmented Reality (AR)
includes digital objects, which are the
result of introducing any sensory data
into the sphere of perception in order
to supplement information about the
environment and improve perception of
the information, while the outside world
does not change in any way. The closest
to the reality sensations is Mixed Reality
(MR), the environment that is created
using the software taking into account
the situation in the real world, when the
coexistence of real and virtual objects, the
superimposition of non-existent virtual
objects on the human environment [51].
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Robotic systems application. Marine
robotics is actively developing in Russia
[60]. One of the key regions for the
application of new robotic systems is
the Arctic. The leading positions in the
development of robotic complexes for
marine applications are occupied by
St. Petersburg State Marine Technical
University, the Institute of Marine
Technology Problems (Far Eastern Branch
of the Russian Academy of Sciences),
as well as the Research and Production
Enterprise of Underwater Technologies
Oceanos [31]. Recently, the latest classes of
underwater robots have been implemented,
for example, underwater gliders with the
hydrostatic principle of motion, vehicles
with the ability to stay underwater for a
long time, capable of working among thin
ice, surfacing and penetrating under ice
masses, solving problems of operational
oceanology and hydrography, and as data
repeaters for civil data processing centers
and for facilities of the Russian Ministry
of Defense [13]. Speaking of robotics, it
should be noted that more than 1.5 million
industrial robots work in the world, which
indicates their great potential for the future,
in particular for the Arctic [4, 15, 23].

The use of digital doubles. The
creation of integrated infrastructure
monitoring systems in the oil and gas
producing regions of the Far North, based
on the use of heterogeneous mathematical
models (digital twins), is a promising
science-intensive direction [34, 44].

Forecasting the ship logistics
parameters. Here the progress of
Russian science is evident, achievements
in this sphere, for example, are listed
in [47], namely — various approaches
to modeling the movement of ships
in ice and determining the duration of
voyages are analyzed; semi-empirical
models for calculating ice resistance,
numerical methods of modeling ship-ice
interaction, as well as statistical models



based on regression ratios or artificial
intelligence methods are considered. The
concept of creating a universal calculation
model, which could be used as a part of
modern software systems which provide
intellectual support for Arctic navigation,
is proposed.

Monitoring and control, geoinfor-
mation systems. The works [52, 59, 62]
describe the intellectual property objects
patented in Russia for monitoring and
control in the conditions of the Arctic
and the Far North. They also present a
dispute on promising directions for the
development of such systems; these tasks
are linked to visualization on electronic
interactive maps in real time [74].

Environment. It should be noted that
Al, due to its autonomous operation,
requires significant energy costs, resulting
in problems with the well-being of the
environment of the region [42]. Due to the
natural and geographical features of the
Arctic, there is a high probability that the
existing environmental problems will grow
from regional to global. Therefore, the
development and subsequent introduction
of robots in oceanographic, hydrographic,
environmental and geological research
in the Russian Arctic should ensure the
safety of the ecosystem of this region.

The main measures to implement
the state policy to ensure environmental
safety in the Arctic Zone of the Russian
Federation are : the establishment of special
regimes of environmental management
and environmental protection, including
monitoring of its pollution; disposal of
toxic industrial waste, reclamation of
natural landscapes, as well as ensuring
chemical safety. It is worth noting that in
the Arctic there are many facilities that
pose a potential radiation hazard. For
example, the Kola NPP, where nuclear-
powered surface and submarine ships of
the civilian and naval fleets are based
and repaired, a significant part of which

is subject to disposal. Moreover, on the
coast of the Barents and White Seas,
there are facilities for storageof irradiated
nuclear fuel.

The basic principles and mechanisms
of state policy implementation are
based on “maximum preservation of the
environment (application of environmental
standards and technologies)”. The list of
main activities of this program planned
for 2021 — 2023includes the construction
of an environmentally safe fleet to ensure
federal state environmental supervision in
the seas and on the continental shelf in the
Russian Arctic. However, there yet are no
clear methods of combating environmental
risks in the state program [56, 57].

2. Results and discussion

As a summary, one should single
out some modern know-hows that are
of the most important socio-economic
importance for the country, as well as
admit the experience of foreign partners
in the implementation of robotics
for oceanographic, hydrographic,
environmental and geological research
in the Arctic. As a summary, we should
highlight some modern know-how of
crucial socio-economic importance for the
country, as well as recognize the experience
of foreign partners in implementing
robotics for oceanographic, hydrographic,
environmental and geological research in
the Arctic.

2.1. Oceanos marine robots for
environmental monitoring

The traditional monitoring system
based on the use of ships, lowered and
towed sensors, long-term stationary and
floating buoys, is becoming increasingly
inapplicable due to the harsh climate
and difficult natural conditions of the
Arctic. It is indisputable thatthe Arctic
region currently establishes and dictates a
significant need for the facilities with the
following properties: ability to perform
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tasks clearly, high autonomy, no need for
frequent lifting, minimized costs when
providing operations from the surface.
Thus, within the framework of this
concept and based on the fundamental
requirements, the system should consist
of a group of autonomous underwater
vehicles of various types and a system for
their support.

Oceanos Underwater Technology
Research and Production Enterprise
is developing such a system, namely
a group of efficient marine robotic
vehicles for environmental monitoring,
oceanographic observations and sampling
of water and soil anywhere in the World
Ocean, including the Arctic region. They
design, manufacture and test examples of
underwater robotics with hydrodynamic
and hybrid principles of motion [1].

Oceanos works in cooperation with
St. Petersburg State Marine Technical
University as well as with many leading
Russian companies. Since 2011, the
company has been conducting and
implementing its own developments of
autonomous uninhabited underwater
vehicles of the glider type, capable of
diving to a depth of up to 1000 m and
having autonomy of 6 months or more,
marine robots specially trained for the
harsh Arctic conditions. In 2015— 2017,
during the practical tests — descents
of the device, scientists determined
the requirements for navigation,
maneuverability and speed of the robotic
vehicle, developed the optimal mode
of passage of the specified points and
achieving the optimal energy efficiency
planning mode [3].

Modern developments will be
applied within the framework of the
EcoCleanOcean international project,
focused on cooperation in the sphere of
ecosystem restoration and cleaning of the
oceans, elimination of garbage islands. In
2020, within EcoCleanOcean project and
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with the support of the UN Environment
Programme Assistance Committee
UNEPCOM, Oceanos conducted tests
of glider-type ANPAs. They worked
out new algorithms of the mission
planner and control systems, modes of
ANPA movement along complex spatial
trajectories, including detecting obstacles
and maintaining the optimal trajectory
of the vehicle. At the next stage, it is
planned to integrate the obtained results
into the system of group control over
heterogeneous robotic means and conduct
full-scale tests of the system [3].

2.2. The “Iceberg” Project

The Central Design Bureau of Marine
Engineering “Rubin” took up the unique
unimplemented projects of the 1980s to
create underwater systems for exploration
of minerals in the Arctic seas, namely
the “lceberg cipher”, their extraction
and delivery. This project consisted of a
number of projects united by the common
task of creating technologies and technical
means to ensure fully underwater
development of hydrocarbon deposits in
the zone of permanent ice cover. In order
to ensure the functioning of the technical
means of underwater development of
hydrocarbons, a nuclear power plant in
the form of an autonomous underwater
unmanned structure was developed jointly
with the Afrikantov Experimental Design
Bureau of Mechanical Engineering. The
useful electrical capacity of the module
is 16 MW (can be increased to 25 MW),
autonomy is up to 1 year (without
maintenance), and the total lifetime of up
to 30 years. Reliability of operation of the
submerged unmanned structure without
the presence of operating maintenance
personnel and without maintenance itself
during the period of continuous operation
is ensured by the use of reactor unit
integral type with fully natural circulation
of primary circuit coolant over the entire
power range, the use of cassette-type



core, a reduction in the auxiliary systems
composition and the nuclear power plant
equipment, as well as the use of highly
automated control, protection, radiation
and technological systems [11].

It will be accompanied by an
underwater autonomous drilling complex,
an underwater seismic survey vessel,
an underwater transport and installation
and maintenance complex. In terms of
development level, the project and the
technologies implemented in it are close
to the space industry and, if successfully
implemented, “lceberg” will create a
new and very important technological
reserve for the Russian industry. At the
moment, 3D modeling of future objects
of the underwater complex has already
been performed, which is very important.
The Rosatom structures, the Ministry of
Defense of Russia, Gazprom, the United
Shipbuilding Corporation and the already
mentioned Rubin Central Design Bureau
for Marine Engineering participate in its
creation. The work has been underway
since 2015. Implementation of these
research and development works (R&D)
will give a powerful impetus to the
development of technologies in oil and
gas production, nuclear energy, seismic
exploration and other related spheres.

According to the developers, the
Iceberg project will solve two main
tasks, the implementation of which is
hampered by the ice cover in the Far
North — seismic exploration and drilling.
For seismic prospecting it is proposed
to use underwater towed seismic pumps.
The situation with underwater drilling is
much more complicated. At the moment,
there are no analogues of such drilling
complexes. It was also proposed to use
the technology of continuous drilling with
constant flushing of wells. This, in its
turn, will significantly reduce developers’
risks associated with the labor intensity
of the technological process. The project

of the drilling complex is currently at the
stage of preliminary design [22].

The following overall characteristics
of the complex are given. The total
displacement is 17670 cubic meters,
length — 100.7 m, width — 35 m,
height — 16.5 m. In the above — water
position, the draft of the complex is 8.1
m. The transportation zone is 48.6 m long,
which allows to transport cargoes weighing
up to 300 tons. Immersion depth is up to
400 m, speed in transition mode is 7 knots.
Its autonomy is 90 days. In the current
plan, the Icebergproject will consist of five
modules: the powe module, the drilling
module, the module with the technical
means of integrated safety system, the
module with the technical means of seismic
exploration, the underwater towed capsule
with seismic cables (stranded cables for
transmitting signals from seismic receivers
to the seismic station) [22].

2.3. Robotic underwater and surface
vehicle

Another interesting project for the
Arctic is a robotic underwater-surface
vehicle with increased autonomy with
variable hull geometry. The device was
presented by engineers of St. Petersburg
State Marine Technical University. The
aim of the project is to conduct various
studies, including those in the northern
seas. These can be oceanographic,
hydrographic, environmental and
geological studies. In particular, the
robotic device is designed to study the
development, protection and extraction
of biological resources; conduct search
and rescue operations and perform tasks
of the coastal guard; collect information
about the ice and hydrometeorological
conditions; as well as to provide
information support for navigation on the
Northern Sea Route. Given the demand
for transport and logistics in the Arctic
region in recent years, this area may be
particularly relevant [22].
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The multifunctionality of an
underwater surface vehicle with variable
hull geometry consists in performing all
the functions and tasks that are currently
being performed and solved separately by
surface, semi-submersible and underwater
unmanned civilian and military vehicles.
In addition, the vehicle is capaable
of operating effectively in the harsh
conditions of the Arctic [67, 68].

2.4. The Tan’so 4500 autonomous
underwater robot

In October of this year, Chinese
scientists announced the successful
completion of research work in the
Arctic: they created an autonomous
deep-sea robot Tan’so 4500. It was
developed by the Shenyang Institute of
Automation unde the Chinese Academy
of Sciences as part of a pilot strategic
science and technology project called
“Metabolism and Energy in the Tropical
Area of the Western Pacific Ocean and
Its Impact”. The robot was technically
modernized and modified, adapted to
the new, cold environment, and conFig.d
for navigation in the high-latitude zone.
The research was carried out within
the framework of the 12th Chinese
scientific expedition in the high-
latitude zone. Four researchers studied
the Arctic shelf on the expedition
icebreaker “Xuelong-2" [25]. Thanks to
the successful immersion of the Tan’so
4500, the Arctic zone received the most
important statistical data necessary for
more detailed research, understanding
of geological processes, studying the
multicyclicity of energy and substance
exchange in the Mid-Atlantic Ridge
area. The project became the scientific
basis for China’s active participation in
the protection of the Arctic environment.

Due to the high density of ice in the
area of the Arctic scientific expedition,
a group of researchers developed an
innovative technology for extracting
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samples from under the ice. It consists
of acoustic remote control and automatic
guidance, allowing the underwater robot
to overcome various obstacles caused by
the fast moving ice and a limited area of
open sea to return to the ship. Thanks
to this robotic technology, diving of the
underwater robot in the high-latitude zone
of the Arctic seas covered by dense ice
was successfully completed, as well as its
safe return to the ship [25].

Staying near the bottom, the Tan’so
4500 collected data necessary to study
the topographic and geomorphological
features of the Mid-Atlantic Ridge, its
magma and hydrothermal activity.

2.5. IceNet — a new prediction tool
with artificial intelligence

In the Nature Communications journal,
an international team of researcher, led by
the British Antarctic Survey and the Alan
Turing Institute, describes a new Al tool
called lIceNet. IceNet has the potential to
predict the sea ice situation and, according
to the authors, works thousands of times
faster than traditional methods. The tool
can predict the presence of sea ice two
months ahead with an accuracy of 95%.
Unlike conventional prediction systems
that try to directly model the laws of
physics, IceNet is based on the concept
of deep learning. Researchers uploaded
decades of ice sea level observations,
as well as thousands of years of
climate modeling data into the artificial
intelligence tool. This makes IceNet a
dynamic forecasting tool that continues to
learn and adapt [39].

The next goal of scientists is to develop
a model that will estimate the amount
of ice in real time, similar to a weather
forecast. This could work as an early
warning system of the risks associated
with rapid loss of sea ice. As we know,
this is currently an urgent problem, which,
in its turn, affects climate change not only
in the Arctic region, but also on the planet.



3. Conclusions

The following conclusions were made as a
result of the study. According to the potential
of the Arctic, and today it is the export income
of the country, the greatest attention is paid
to the extraction and processing of minerals,
while the current Iceberg project is aimed
specifically at the underwater system of
mineral exploration in the Arctic zone of the
Russian Federation. Given that this project is
still under completion, it already claims to be
a success, as well as the following projects:
robots for marine environmental monitoring
Oceanos, a robotic underwater and surface
vehicle of increased autonomy with variable
hull geometry demonstrate a significant
advancs towards a successful future of the
development of the Arctic. With the use of
digital technologies in the fuel and energy
complex and intelligent, robotic automation
of production, this area of Al implementation
is taking the lead over everything else. In
other areas, painstaking work is being carried
out, and a general concept of using Al and
robotics in Russia’s Arctic zone has been
suggested and id being promoted.

It is worth noting the significant
progress of our foreign partners, such
asthe autonomous underwater robot Tan’so
4500 from China and the forecasting tool
with artificial intelligence — IceNet from
England. Obviously, the West is ahead of
Russia in the development of intelligent
technologies due to good funding from
the state and a strong advantage in
their quality [69, 76]. Despite the work
which already began to introduce Al and
robotics i in the Arctic, as well as the
scale of all projects and ideas, in Russia
the work process will be more difficult
and it will take years to implement all the
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AHAJIN3 3KOJIOTMYECKOM
U SKOHOMMUYECKOM BE3OIIACHOCTU
I[IPUBPEXHBIX PETMOHOB APKTUKU

M. B. YnbueHko', H. B.MoHomapes!

T UHCTTYT 93KOHOMMUCceKmnx npobnem mm. I.T1. JlyauHa o6ocobneHHoe noapaspeneHmne
MepepanbHOro rocyfapcTBeHHOro 6roKeTHOro yupexaeHusa Haykm OepepanbHOro
NCCnefoBaTesbCkoro LeHTpa «KonbCKni HayYHbl LLeHTP POCCUNCKOM akageMmnmn HayK»

AHHOmMauusi: 0co6YI0 aKTyaJbHOCTD IIPMOGPETAIOT BOIIPOCHI U ITPOGJIEMBI 06ECIIeYeHNM ST KO-
JIOTMYECKOM ¥ 3KOHOMIYECKOJ 6€30I1acCHOCTM PErVIOHOB B YC/IOBUSIX YXYAIIEHNsI 9KOJIOTMYe-
CKOJ 06CTaHOBKM, a TaKyKe IPOJO/DKAIONIEroCcs: CAaHKIMOHHOTO [IaB/IeHNsI M PacIIpoCTpaHe-
HISI KOPOHABMPYCHOI MHGeKIVM. B TO Ke BpeMsi pernoHbl APKTHYECKOi 30HBI PoccumiicKoii
depepanuu, re cocpeqoTOUEHBI OCHOBHbIE 3amachl HeQTy, IIPMPOJHOTO ras3a, aaloMUHNS,
30JI10Ta, IJIATVHBI M JPYTUX I10JIE3HbIX MCKOIIa€MBbIX, IIOJBEPrarmTCs BO3J.'leI‘/IICTBI/II'O HebJ1aro-
IIPUSITHBIX GaKTOPOB B GOJIbIIEN CTEIIEHM, YeM PETMOHBI, PACIIOIOKEHHBIE B IIeHTPasIbHOMN
U I0JKHOM 4acTsax CTpaHBbI. 3TO CBS3aHO C HpOMbIHJHeHHOﬁ HaIlpaB/JIEHHOCTbIO 3KOHOMMNYE-
CKOM OesTeJIbHOCTU GOJIBIITMHCTBA APKTUYECKNX ropoaoB, a TaK¥xe C CypOBbIMM YC/IOBUSIMN
JKU3HY, XapaKTepPHbIMM [JisI PErMOHOB 9TOM T'PYIIIBI. B craTtbe OoIpeneseHo, 4To, HeCMOTpPA
Ha 3HAYMTeTbHOE KOJIMYIEeCTBO HAYYHBIX CTaTell, MOHOrpadumit ¥ APYIux paGoT, IOCBSIIEHHbIX
po6ieMaM o6GecrieueHns SKOI0r0-3KOHOMIYECKO 6e30IIacHOCTH, CYIeCTBYET OIpe/ieeH-
HBII IPOGEJT B BOIIPOCAX, CBSI3aHHBIX CO CPABHUTEIBHBIM aHA/IM30M 9K0JIOT0-3KOHOMIYECKOIA
6e30I1aCHOCTY TEPPUTOPMAJIBHBIX CUCTeM. TaKKe AeaeTcsi BBIBOZ, O TOM, YTO KJIIOUEBBIM
3JIEMEHTOM IIpY IIPOBENEeHN CPAaBHUTEIBHOTO aHa/IM3a SIBJIsIeTCs] BhIOOP ITOKa3aresiei, Ko-
TOpPbIE OOJIKHBI OTPa>XaTb COCTOSAHME oxpymalomeﬁ cpenpl, a TakK)Xe 3KOHOMMKM perroHa.
IIoOKa3aTeyin OOJI)KHBI OBITh HE TOJIBKO penpe3eHTaTMBHbBIMM, TO €CThb O6’beKTI/IBHbIMI/I, HO N
IIPOCTBIMM [JISI MHTEPIIPpeTalun. AHa]'II/IS, HpOBeL[eHHbIﬁ B paMKax MuccsienoBaHud, 1okasali,
YTO U3 BCEX PerMOHOB ApPKTUUecKo 30HbI Poccuiickoit ®enepanym SImano-HeHerkuii aBTo-
HOMHBI/ OKPYT 06/1aZlaeT CaMbIM BBICOKMM YPOBHEM 3KOJIOTMYECKOM M S5KOHOMMUECKOI 6e3-
omacHocTu. AyTcaiifepamu okasamch Pecriy6imka Kapemmst u KpacHosipckuit kpaii. B xoze
CpaBHMTE/IBHOTO aHaim3a Pecriy6immka KoMy, He uMelomasi rpaHul] ¢ MOpeM/OKeaHOM, Gblia
VICK/TIOU€HA U3 apKTUYECKUX MTPUOPERHBIX PETMOHOB.

Knwouesvie cnoea: sxosorunyveckast 6€30IacHOCTb, 9KOHOMIYECKasl 6e301acHOCTb, APKTHUKA,
MIPUOPERHBIE PETVIOHBL.

Bnazodapnocmu: ViccriemoBaHue IpoBefeHo B paMKax rpaHra 19-010—00159a “BeisiBiieHue
Ipo6JieM ¥ pa3paboTKa IIOAX0N0B K 00eCIIeYeH IO 9KOHOMIYECKOii 6e30I1aCHOCTH ITPUOPEKHBIX
apKTUUECKUX PErVOHOB B HOBBIX Ie€OMOIUTUIECKUX YCIOBUSIX .
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Abstract: the issues and problems of ensuring the environmental and economic security of
the regions in the context of a deteriorating environmental situation, as well as the ongoing
sanctions pressure and the spread of coronavirus infection, are of particular relevance. At the
same time, regions of the Arctic zone of the Russian Federation, where the main reserves of
oil, natural gas, aluminum, gold, platinum and other minerals are concentrated, are exposed
to adverse factors more than regions located in the central and southern parts of the country.
This is due to the industrial orientation of the economic activity of most Arctic cities, as
well as the harsh living conditions typical of the regions of this group. the article determines
that, despite the significant number of scientific articles, monographs and other works devoted
to the problems of ensuring environmental and economic security, there is a certain gap in
issues related to the comparative analysis of environmental and economic security of territorial
systems. It is also concluded that the key element in conducting a comparative analysis is the
choice of indicators, which should reflect the state of the environment, as well as the economy
of the region. the indicators should not only be representative, i.e., objective, but also easy to
interpret. The analysis carried out as part of the study showed that of all the regions of the
Arctic zone of the Russian Federation, the Yamalo-Nenets Autonomous District has the highest
level of environmental and economic security. The Republic of Karelia and the Krasnoyarsk
Territory turned out to be outsiders. During the comparative analysis, the Komi Republic,
which has no borders with the sea/ocean, was excluded from the Arctic coastal regions.
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The Arctic territories have always
been of particular importance for the
development of the Russian Federation. It
is here that the main reserves of copper,
aluminum, tin, platinum, gold and other
rare earth metals are concentrated, as
well as the overwhelming majority of
the explored reserves of natural gas and
oil [1]. Despite the difficult climatic
conditions of life — low temperatures,
long winter period, alternation of polar day
and night, industrial development of these
territories is a matter of national security.
Even though federal budget revenues
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from the sale of oil and natural gas have
somewhat decreased (from 51% in 2010
to 29% by the end of 2020), they are still
a key source of budget replenishment,
and will remain so in the near future
[2]. At the same time, the industrial
development of the Arctic territories
has an extremely negative impact on
the fragile ecosystem of the Arctic, and
the problems of ensuring environmental
security come to the fore [3, 4, 5, 6].
In order to reduce the pressure on the
environment, the mandatory introduction
of resource-saving technologies and



cyclically closed production is proposed.
[6]. As for the economic component,
the ongoing sanctions pressure, as well
as the fight against the spread of the
COVID-19 coronavirus infection, have a
negative impact on the economy of the
Russian Federation as a whole, and the
regions of the Arctic zone of the Russian
Federation (hereinafter — the Russian
Arctic). It should be reminded that
part of the sanctions — the ban on the
purchase of equipment and technologies
that allow deep-sea drilling, the refusal of
Russian oil and gas companies in long-
term lending and cooperation with major
foreign partners, are aimed precisely
at complicating the work of domestic
companies on the development of oil and
natural gas fields, primarily on the shelf
of the Arctic seas. Thus, the relevance of
the article is beyond doubt, and the main
goal is to compare the Arctic coastal (sea/
ocean-facing) regions of Russia in terms
of environmental and economic security
and to identify trends in the economic
development of the designated territories.

1. Overview of the main sources of
research and publications

Many scientific articles and
monographs [7, 8, 9, 10] are devoted to
the issues and problems of assessing the
environmental and economic security
of states and regions. Of particular
interest are the first works of Russian
scientists, in which the national level
of economic security was highlighted,
and attempts were made to develop a
system of indicators and threshold values
[11, 12, 13, 14, 15, 16]. The success of
such developments is confirmed by their
recognition and application by the state
authorities to assess the state of the
economy of the Russian Federation in the
mid-1990s.

However, the use of existing systems
of indicators at the regional level was not

so effective. This is due to the presence
of peculiarities in the development of
certain groups of regions that were not
taken into account in the system of
indicators developed for the national
level. Therefore, there was a need not just
to highlight the regional level of economic
security as a separate object of study, but
also to determine the features in their
development, grouping, development of
new indicators and their threshold values.
It should be noted that in recent years,
many scientific papers have been devoted
to the problems of economic security
of territorial systems. Among the most
interesting and significant is the work of
V. K. Senchagov Economic security of the
regions of Russia, which examines in detail
the existing levels of economic security,
as well as factors that have a decisive
impact on the economic development of
the regions. One of the main conclusions
is “ensuring the national interests of the
country begins at the regional level” [17].
As for ensuring the environmental and
economic security of the Arctic regions,
these issues are discussed in detail in the
works of V.S. Selin [9]. In particular, the
features characteristic of the development
of these regions are highlighted, the
indicators that take these features into
account are defined, and the main threats
to environmental and economic security
are identified.

The analysis showed that, despite a
significant number of scientific articles
and monographs devoted to topical issues
of ensuring ecological and economic
security of regions, there is a certain gap
in the issues of comparative analysis of
security between regions.

2. Comparative analysis of economic
security of Arctic coastal territorial
systems

According to Decree of the President
of the Russian Federation No. 296 of
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02.05.2014 (as amended by Decree No.
287 of June 27, 2017, No. 220 of May
13, 2019), the territories of the following
regions are fully or partially assigned to
the Arctic zone of the Russian Federation:
Arkhangelsk Region, Krasnoyarsk
territory, Murmansk region, Nenets
autonomous district, Republic of Karelia,
Komi Republic, Republic of Sakha
(Yakutia), Chukotka autonomous district
and Yamalo-Nenets autonomous district
[18, 19, 20].

As part of an earlier study, it was
found that both coastal and Arctic regions
are considered to have a coastal coastline
and belong to the Russian Arctic, that is,
all of the regions listed above, except for
the Komi Republic [10].

The earlier study showed that in
practice there are several methods for
assessing the economic security of regions:
rating assessment; the use of a system of
indicators and threshold values; methods
of applied mathematics. However, the
approach based on a comparative analysis
of the economic situation of territorial
systems seems to be the most preferable
for comparing regions with each other
according to criteria and indicators
of economic security. The essence of
this method consists in performing the
following steps:

- Setting the oscillation range. Based
on the above, we can say that:

Bmax - Bmin’ (1)

is the maximum value of
is the

where B, .,
a specific indicator, and B,
minimum.

— Setting the interval value — D:

n

B -B._.
D — ( max mln), (2)
k
where k is the number of intervals,
k=p-1, (3)
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where p is the number of objects that
participate in the comparative analysis.

- We can find the value of each
indicator (F) for each territorial system — F :
B —-B_

Fn — max mln) +1, (4)
k

The resulting score of economic
security indicators is found by adding
each of the ten components:

PBb=Fl+F2+F3+F4A+F5+F6+
+ F7 + F8 + F9 + F10, (5),

Kb=F1+F2+F3+F4A+F5+F6+
+F7 + F8 + F9 + F10,

where F1 is the value of GRP per capita
(thousands of rubles); F2 is investments
in fixed assets per capita (thousands of
rubles); F3 is the monetary income of
the population per capita (thousands of
rubles); F4 is the population with incomes
below the subsistence minimum (%); F5
is the unemployment rate (%); F6 is retail
trade turnover (thousands of rubles); F7
is household spending on housing and
communal services (% of total consumer
spending); F8 is the commissioning of
residential buildings (per 1000 people, m2);
F9 is volume of pollutants released into
the atmospheric air (thousands of tons);
F10 — population per doctor (person).
The choice of indicators is a key
point in assessing the level of economic
security. On the one hand, each of the
selected indicators should reflect the state
in a particular area of economic activity,
and on the other hand, be representative,
that is, objective, and at the same time
easy to interpret. The basic one is
the so-called gross regional product,
which not only reflects the real level of
development of a particular region, but
also gives a total cost estimate of the
goods produced and services rendered.
The unit of measurement is thousands of
rubles per capita. Another indicator —
“Investments in fixed assets”, reflects the



total amount of costs that are aimed at
incrementing the cost of fixed assets. This
may be the purchase of new machinery
and equipment, including as part of
the modernization and/or expansion of
production, software, as well as other
elements of intellectual property.

Monetary income of the population per
capita is a generalized value reflecting the
average income of 1 person, in this case
for a month. It is calculated as the sum of
all incomes of the population of the region
divided by the total number of residents
of the region. Despite the unequal number
of pensioners, workers, children and
other categories of the population from
region to region, this indicator allows us
to compare the average per capita income
of the population between regions of the
same group — the Arctic coastal zone of
the Russian Federation.

The next indicator — “population
with incomes below the subsistence
minimum” — provides information in

percentage terms about what part of the
population has incomes below the required
level, which is defined by the state as the
minimum. This indicator allows us to
determine which part of the population of
a particular region is below the so-called
poverty line.

Unemployment rate: this indicator
reflects what part of the working-age
population is currently unemployed for
one reason or another, but is actively
looking for work. We can say that this
indicator indirectly characterizes the
efforts of regional authorities to create

new jobs.
The indicator — “retail trade
turnover” — is the amount of money

received from sale of goods to the
population, both for personal needs and
for use in the household. At the same
time, the proceeds received from the sale
of goods to individual entrepreneurs and
legal entities are not taken into account in

the retail turnover, as well as the turnover
of public catering is not accounted.

The next indicator “household
expenditures on housing and communal
services”— is the amount of money spent
by an individual family each month to pay
for housing and communal services —
electricity, cold and hot water, heating,
garbage collection, maintenance and
repair. In this case, it is % of the total
family spending on consumer needs. At
the same time, consumer spending refers
to all family’s expenses for the purchase
of goods and services, with the exception
of those funds that were used to purchase
certain categories of goods, such as
jewelry, works of art, etc. This indicator
allows us to estimate how large is the
share of compulsory payments in the
total consumer spending of the region’s
population.

The indicator “commissioning of
residential buildings (m2 per 1,000 people)”
represents the volume of residential space
commissioned per 1,000 people. The
higher the value of this indicator, the more
attractive the region is for the population.
It indirectly characterizes the capabilities
of the construction industry and reflects
the current socio-economic situation in a
particular region.

The indicator “volume of pollutants
released into the atmospheric air”
characterizes the volume of emissions
of pollutants that have a negative impact
on human health and the environment
released into the atmospheric air, the unit
of measurement is thousands of tons.

The indicator “population per doctor”
is calculated as the ratio of the total
number of doctors to the average annual
population of the region. This indicator
characterizes the availability of doctors to
the population of a particular region.

Further, with the help of expert
evaluation, the significance of each of the
indicators — fn — is determined. Thus,
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the most significant indicator was F1 —
the value of GRP per capita — 1.0, and
the least significant — F9 — the volume
of pollutants released into the atmosphere
(thousand tons) — 0.16. Further, F2 —
investments in fixed assets per capita —
0.69; F3 — monetary income per capita —
0.8; F4 — population with incomes below
the subsistence minimum — 0.56; F5 —
unemployment rate — 0.51; F6 — retail
trade turnover — 0.46; F7 — household
spending on housing and communal
services — 0.24; F8 — commissioning
of residential buildings — 0.2; F10 —
population per doctor — 0.38.

The G ranking for each region is
determined within the significance of each
of the levels of indicators:

Gi=Zk:an/z, (6)

p-1

where z is the significance of the points.
At the same time, the integral ranking
is determined by the formula:

Gint=>Gi @)
i1

The sum of all indicator rankings
gives the final indicator of the economic
situation of territorial systems, relative
to each other, based on ten components
(values of 10 economic indicators).

Tables 1 and 2 provide calculations
and data on the economic situation of the
Acrctic coastal regions. The Yamalo-Nenets
Autonomous District has the highest
level of economic security, followed by
the Nenets and Chukotka Autonomous
Districts.

The data presented in the tables show
that the Yamalo-Nenets Autonomous
District, like the Chukotka Autonomous
District, are among the top three in all
groups of indicators, while the Nenets
Autonomous District is the undisputed
leader only in the first group of indicators.

46

This group includes such indicators as —
“GRP”, “investments in fixed assets” and
“monetary incomes of the population”,
all indicators are given per capita. At the
same time, this region is characterized by
the highest unemployment and extremely
low provision of the population with
doctors.

The obvious outsiders are the
Krasnoyarsk territory — the eighth
place, and the Republic of Karelia —
the seventh place. At the same time, the
Krasnoyarsk Territory took the last place
among all the coastal Arctic regions, when
assessing such indicators as “retail trade
turnover”, “emissions of pollutants into
the atmosphere” and “provision of the
population with doctors”. Also extremely
low values were noted for such economic
indicators as “the number of people with
incomes below the subsistence minimum”
(seventh place) and “per capita monetary
incomes of the population” (seventh place).
The positions of the Republic of Karelia
were also extremely weak —seventh place
when assessing such an indicator as “GRP
per capita”, eighth place — “investments
in fixed assets”, “monetary incomes of
the population per capita” — also eighth

place, “unemployment rate” — seventh
place, “retail trade turnover” — seventh
place.

3. Conclusions

Based on the above, a number of
conclusions can be drawn:

1. Despite the significant number of
scientific articles and monographs devoted
to topical issues of regional environmental
and economic security , there is a certain
gap in the issues of comparative analysis
of security between regions.

2. The choice of indicators is a key point
in assessing the level of environmental
and economic security. On the one hand,
each of the selected indicators should
reflect the state in a particular area of



economic activity, on the other hand, be
representative, that is, objective, and at the
same time easy to interpret. At the same
time, the simultaneous use of indicators
characterizing the environmental and
economic components of regional security
is an effective method of obtaining
consolidated information about the
development of the regions.

3. The comparative analysis carried out
within the framework of the study showed
that among all the territorial systems
referred to the coastal Arctic regions, —
Nenets, Chukotka and Yamalo-Nenets
Autonomous Districts have the highest
level of environmental and economic
security. Krasnoyarsk Territory and the
Republic of Karelia are the outsiders.
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KOHLIEILINS YIIPABJIEHUSA
COLIMO-3KOJIOT0-9KOHOMMUYECKOM
CUCTEMOM APKTUYECKOM 30HbI HA OCHOBE
CTEMKXOJIAEPCKOI'O ITOOAXOOA

C.M. Caxapoga', T. A. Tonosuna', U./1. Aspeesa’, /1. B. MapaxuHa', A.B. MonsHuH'
T CpepHepyccKkuii MHCTUTYT ynpasneHna — éununan PAHXuIC, Poccua

AHHOmMauus: aKTyaabHOCTDL MCCTIeIOBAHMSI ONpesiesisieTcsl HeO6XOAMMOCTBIO CO3JaHNMsI HayYHO
06OCHOBAHHBIX TIO/IXO/IOB K YIIPaBJIEHMIO COLIMO-IK0JIOTO-3KOHOMMYECKOM CUCTeMOl ApKTude-
CKOJi 30HBI Ha OCHOBe yueTa M OLIEHKM MHTepeca BCeX 3ayHTepecOBaHHbBIX CTOpoH. focynap-
CTBEHHOE YIIPaB/IeHMsI Pa3sBUTMEM [JAHHOTO PErMOHa Ha OCHOBE CTEMKJIOXOJIIEPCKOro IOAXoaa
OyzeT CriocoOCTBOBATh YCTONYMBOMY PasBUTHIO JAHHOI Tepputopyu. Bostee Toro, cymecTBeHHO
TIOBBIIIAETCsI TPOJOJIKUTEIbHOCTD M KaueCTBO B3aMMOCBSI3eli BCeX 3a/fHTePeCOBaHHBIX CTOPOH,
YTO CIIOCOGCTBYET YCUJIEHMIO KOOIEPAIMOHHOIO B3aMMOJEVICTBUSI Ha TEPPUTOPUM B PelIeHNM
COIVA/IbHBIX, SKOHOMIUYECKMX Y 9KOJIOTMUECKUX Mpo6seM. Llenbio ucciienoBaHust sIBISIETCST U3-
y4eHMe KOHIENINY CTeKXO0//IePCKOro MoAxXo/a K rocyjapcTBEHHOMY YIIpaB/IeHMIO Pa3BUTHEM
TePPUTOPIM ¥ 06O0CHOBAHMY METO/IOB I'pa/laliuy 1 YIIpaB/IeHMs PasINIHbIMY IPYIIIaMy 3aiHTe-
pecoBaHHbIX CTOPOH. 3a/jlauaMy IIPOBO/IMMOTO MCC/IeIOBaHMSI BBICTYTIAIOT: CHCTeMaTU3alusl Te-
OpeTMUYEeCKMX TI0XO0/I0B K M3yUeHMIO KOHIIeNIIMM YIIPaB/IeHNs] 3aHTePeCOBaHHbIMY CTOPOHAMY;
YTOUHeHMe cofiepsKaHMs CTeVKXO0JIepCKOro Mo/iXofa B CHCTeMe TOCyJapCTBEHHOTO YIpaB/IeHusT;
060CHOBaHe MeTOMKI KapTUPOBAHMSI CTEMKXO/I/IEPOB /1151 BLIGOPa ONTUMAsIbHO¥ MOJIe/M CTpa-
TETVYECKOr0 B3aVMOJENCTBYS ¢ HuMu. [I7I1s1 aHa/mM3a MaTepyalia o 3asiBJIeHHOJ IIpo6JieMaTyKe
aBTOPBI UCTIONIb30Ba/ M TaKye MeToIMYecKye IpUeMbl ¥ MHCTPYMEHTBI KaK: MEeTOJbI CTPYKTYPHO-
TO U CMCTEMHOTO aHajM3a, peTPOCTIeKTUBHAS OIleHKa ¥ TeKCTMaltHMHT. OCHOBHBIMM pe3ysibTaTa-
MM JICC/Ie[IOBaHMSI SIBJISIIOTCSI YTOUHEHMe KOHIEeTIM CTeMKXO0/1/IepPCKOro MoAxo/a K yIpaB/IeHMIo
COIIV10-3K0JI0r0-9KOHOMMYECKOJ CHCTeMOi APKTIUeCKOi 30HbI; 000CHOBaHMe 11e/1ecO06Pa3HOCTH
VICIIO/Ib30BaHMsI METO/IA KapTUpoBaHus AJist AuddepeHIManyy 1 yrpap/ieHnsi CTeKXoiepamMu
B IIeJISIX TIOBBIMEHVS 3$(EKTMBHOCTY IIPUHSITHSI CTPATEIMIECKMX YIIPAB/IEHIECKUX PeIleHNit,
HaIlpaBJ/IeHHbIX Ha TapMOHMYHOe B3auMoJielicTBMe JesloBeKa 1 Ipupoasl. Hayunas sHaummocThb
3aKJII04aeTcsl B paclIMpeHny TeopeTUecKMX Npe/iCTaB/IeHNMil O 3HaYMMOCTH CTeMKX0/IepCKOro
No/iXofa B YIpaBJIeHUM COIMO-3KOJIOr0-9KOHOMUYECKMMI cucTeMaMu. IIpakTudeckass 3sHaum-
MOCTb 3aKJIlo4aeTcsi B pOpMUPOBaHMM METOAMUYECKMX OCHOB IIOHMMaHMS Tpafaluy 3auHTepe-
COBaHHBIX CTOPOH ¥ MX BOBJIeUeHMsI B IPOILECCHl MHTeTrpaluy 3KOJIOTMUeCKoi CcocTaBsIomel
B CHCTeMY COLIMaIbHO-3KOHOMMUYECKX OTHOIIEHNi Ha YPOBHe APKTUUECKO} 30HbI.

Knrouesvie cno6a: couyo-3K0I0ro-3KOHOMMYECKas CUCTeMa, YCTOUMBOe pasBuTue, ApKTide-
CKasl 30Ha, rocyJapCTBeHHOe yIIpaBjIeHNe, CTeMKXO0/IIepPCKuUi IIOAXO0/I, MeTOJ, KapTUPOBaHMs,
CTpaTermyeckye yrpaBjeHUeCKye peleHns.
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The concept of the socio-environmental and economic system of the Artic
zone on the basis of stakeholder approach

S. M. Sakharova', T.A. Golovina', I.L. Avdeeva’, L.V.Parakhina’, A.V.Polyanin!
1 Central Russian Institute of Management, Branch of RANEPA, Orel, Russia

Abstract: The relevance of the study is determined by the need to create science- based
approaches to the state management of the socio-environmental and economic system of the
Arctic zone based the consideration and assessment of the interests of all stakeholders. The
state management of the development of the region employing the stakeholder approach will
contribute to the sustainable development of the area. Moreover, the duration and quality of
communication of all stakeholders increases significantly, which, in its turn contributes to the
cooperative interaction to solve social, economic and environmental problems in the area. The
main results of the study are the clarification of the concept of the stakeholder approach in the
management of the social, environmental and economic system of the Arctic zone; clarification
of the feasibility of applying the method of mapping for differentiation and stakeholder
management to improve the efficiency of strategic governmental management decisions aimed
at the harmonious interaction between man and nature. The scientific significance lies in
the expansion of theoretical knowledge about the importance of the stakeholder approach in
the state administration of the solution of social, economic and environmental systems. The
practical significance lies in the formation of methodological grounds for understanding the
gradation of stakeholders and their involvement in the processes of integration of environmental
parameter in the socio-economic relations at the level of the Arctic zone.

Key words: socio-environmental and economic system, sustainable development, Arctic zone,
state management, stakeholder approach, method of mapping, strategic management decisions.
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1. Introduction

The object of the study is the
stakeholder approach as an effective
instrument of state management of the
social, environmental and economic
system of the Arctic zone.

The issue of multilateral development
of Russia’s Arctic zone has received
increased attention in recent years as state
authorities look for ways to combat the
negative consequences of the outflow and
aging of the population and its natural loss
prevailing since the collapse of the USSR.

Due to the length of the Russian
Arctic, Russia must diplomatically insist
on the role of environmental leader and
“vanguard,” which will confirm the status
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of the Arctic country which, more than
anyone else understands the scale of
threats in the region and bears effective
responsibility for its future.

The relevance of the study is due to
the lack of integrity and completeness of
the fundamental principles and practical
mechanisms to provide the effective
interaction of natural and anthropogenic
components of the Arctic zone. As a
result, the divergence of economic,
social and environmental vectors of the
development of the Arctic territory, s often
observed in practice, is the reason for its
spontaneity and fragility. Moreover, the
rapid development of the strategic interest
of foreign countries and national economy



in the resources of the Arctic requires
the improvement of organizational and
managerial mechanisms of interaction
between territorial and sectoral authorities,
the maximum involvement of all
stakeholders with a special emphasis on
the key groups of the local community for
the sustainable development in the region.
The purpose of the research is to study
the essence of the stakeholder approach,
its role in the effective administration
of social, environmental and economic
development of the territory and to
substantiate the tool of differentiation of
all parties involved to choose a balanced
model of sustainable development of the
Arctic zone.

The objectives of this study are
systematization of the theoretical
approaches to the study of the essence
of social, environmental and economic
system and its content in relation to the
Arctic zone; clarification of the concept
of stakeholders management in the system
of administration of social, environmental
and economic development of the Arctic
zone on the basis of the stakeholder
approach; clarification of the feasibility
of the mapping method for scaling and
selection of a model to interact with
stakeholders.

Issues of the content of the socio-
environmental-economic system and its
transformation, in the light of modern
challenges and threats, are considered in
the works of Russian and foreign scholars.
In their works, they pay much attention
to the organizational and managerial
mechanisms of interaction between man
and nature.

American researchers define environ-
mental quality as a set of peculiar properties
and characteristics of epy general or
local plan in terms of their impact on
people and other living beings, as well
as in terms of compliance with human
needs or goals of life [4, 5, 8]. According

to the interpretation of the European
Environment Agency, the condition of the
environment in urbanized areas can be
defined by various characteristics related
to the natural and artificial environment,
as well as its possible impact on the
physical and mental health of individuals
and the results of human activity [1].

A significant contribution to the
development of a new conceptual ideology
of socio-environmental and economic
management of territories belongs to
the Los Angeles School of Urbanism
[17]. Unlike the Chicago School, which
embodies the concept of classical
urbanism, its representatives emphasized
the polycentricity of the territory. At
the same time, the emphasis is placed
on the processes of de-industrialization
and re-industrialization. The study
conducted by the authors of the article
showed that the concept of sustainable
development for several decades has
been the dominant modern approach
to the management of territorial socio-
environmental and economic systems
of different levels. The authors of the
article agree with the views of F. Berkes,
K. Folke and J. Kolding, who consider
sustainable development as a process
contributing to the satisfaction of human
needs and improvement of their quality of
life, allowing ecosystems to be preserved
and renewed [2, 25]. It is necessary to
note the views of D. McLaren and
J. Agyeman, who consider sustainable
development as a hierarchy of elements
of the habitat, including nature, society
and economic relations that do not
threaten the environment [18]. Among
the works of Russian scientists, it is worth
noting the works of O.S. Pchelintsev.
He interprets sustainable territorial
development as the system management
of socio-demographic, environmental
and economic processes occurring within
the boundaries of the territory [16].
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In this context, the views of M. Jenks
and M. Dempsey deserve attention,
who interpret socio-environmental and
economic development as the pursuit to
improve quality of life, including positive
dynamics of environmental, cultural,
political, institutional, social and economic
components, not accompanied by negative
consequences for future generations [6].

In general, summarizing the positions
of domestic and foreign scholars in the
management of the socio-environmental
and economic system of the territory,
it should be noted that this approach to
territorial development contributes to the
formation of opportunities for reaching
a qualitatively new level of socio-
economic, demographic and technological
development. At the same time, in relation
to the territory of the Arctic zone, there
is a great diversity of participants in
the socio-environmental and economic
system, as well as the diversity of their
versatile and mutually beneficial interests
[7]. This circumstance requires a scientific
rethinking of the concept of management
of the socio-environmental-economic
system of the Arctic zone on principles of
the stakeholder approach.

The term “stakeholder” emerged
in the 1960-s in management, and the
stakeholder approach was proposed by
the American economist Edward Freeman
in 1984 [15] and became widespread
already in the 1990s. In the studies of of
L. Vuorinen M. Martinsuo stakeholders
(in English stakeholder is a person having
interest in...) are defined as “groups
without whose support the organization
will cease to exist” [28].

J. Horisch., S. Schaltegger, R. E.
Freeman, A. Knaggard., D. Slunge, A.
Ekbom, M. Goéthberg, U. Sahlin, M. C.
Pucheta-Martinez, |I. Bel-Oms, L.L.
Rodrigues [10, 13, 19, 22] deal with the
classification of stakeholder classification
and study their role in different spheres.
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Moreover, A. Vallet, B. Locatelli, H.
Levrel, C. Barnaud, Y. Q. Conde developed
models to identify the significance of
interested organizations [27], the concept
of balancing the requirements of various
stakeholders with the interests of the
organization are considered in the works
of R. Volk , R. Miiller, J. Reinhardt, F.
Schultmann [28]. M. Shahzad, Y. Qu,
A.U. Zafar, X. Ding , S.U. Rehman .
study the coordination of interests and
interactions between the key participants
of the decision-making process in
environmental policy [23, 26]. J. Jiao,
C. Liu, Y. Xu consider the stakeholder
theories as applied to a company or firm
[11]. In the study [25], in order to create
favorable conditions for improving the
socio-ecological and economic situation,
the authors propose the mandatory
introduction of cyclic closed production
and resource-saving technologies. At the
same time, the relevant terminology also
penetrates into public administration,
for example, in the form of the concept
of “Open government” [30]. And also in
higher education, in the system of training
specialist managers [26].

Currently, according to the stakeholder
approach, there are six groups of stakeholders:
company owners, shareholders, investors,
board of directors; government agencies;
employees; customers, consumers; non-
profit organizations, activist groups,
social movements, social media, and local
communities.

Thus, there are several definitions
and approaches to the concept of
stakeholders. Summarizing them, the
following definition can be considered
the most sound: stakeholders are persons,
institutions, organizations, formal and
informal groups whose interests may
be affected and (or) can influence the
decisions and actions of the company.
Theoretical, methodological and applied
aspects of the problem of managing the



socio-environmental -economic system
of the Arctic zone, studied by the above
authors, do not cover all the stages of
this process, in particular, the features
of socio-environmental- economic
interaction on the basis of the stakeholder
approach. This determines the need to
develop a concept for the management
of the socio-environmental-economic
system of the Arctic zone, taking into
account the diversity of stakeholders and
their participation in the management of
sustainable development of the territory.

2. Materials and Methods

The work uses the methods of
structural and system analysis to study
the essence of the stakeholder approach in
the management of socio-environmental-
economic systems. The retrospective
assessment and textual analysis of domestic
and foreign experience in studying the
essence of socio-environmental-economic
system made it possible to define its
content in relation to the Arctic zone and
propose the concept of the stakeholder
approach which allows to differentiate
the interests of the parties and choose the
most effective strategy of interaction for
sustainable development of the region.

3. Results

For a long time, the priority of state
management in the territory of the Arctic
zone has been an economically oriented
approach to addressing key issues, which
does not often take into consideration the
specifics of the interaction between man and
nature in the territory. These circumstances
reinforce, and practically directly create
the negative impact of a set of factors
determining unsustainable trends in the
development of the socio-environmental-
economic system of the Arctic zone.

The study presents the Arctic zone
as a set of interdependent relationships,
which find their manifestation in the

socio-environmental-economic geosystem
and are formed under the influence of its
constituent elements, which are directly
dependant on each other.

Any territorial socio-environmental-
economic system should be studied
immanently in the framework of its
interaction with various elements forming
the environment of the system [14, 21].
In this context, the Arctic zone is formed
as socio-environmental-economic system,
which is an interdependent set of territory
and a set of economic, environmental and
social factors that directly determine the
direction of its development processes.

It is necessary to point out the following
main contradictions that determine the
current environmental problems of the
Arctic zone:

1) between the development goals
of an area and the growing g scarcity of
natural resources

2) between the increasing impact on
the environment and limited technologies
for studying natural processes

3) between the inadequate reflection in
the public consciousness of the problems of
human relations with the environment and
the possibilities of innovative approaches
to reforming the above relations.

The set of environmental problems is
reflected in the strategic documents on the
planning of socio-economic development,
which highlight the negative factors
slowing down the advancement of the
Arctic zone towards achieving sustainable
development goals. At that the same time,
these problems, on the one hand, are
mainly conditioned by the peculiarities
of the modern spatial development of the
Arctic zone, and on the other hand, they
themselves form a set of obstacles that
Llimit this development. In our opinion, this
is due to the lack of management culture
and the low priority of environmental
objectives in the work if public authorities,
which prevents timely identification and

53



prompt response to from the needs of the
residents of the Arctic zone to ensure their
environmental well-being. The Arctic
zone is an open system, and its forming
elements are characterized by the presence
of internal and external interrelations
reflected in the movement of energy,
substance and information flows [20, 24].
To ensure the normal functioning and
development of the Arctic zone, external
resources of various origin are needed. At
the same time, the result of the sustainable
systemic functioning of the territory is the
material and spiritual benefits, as well
as the accompanying production waste
polluting the environment, which in its
turn allow to define the systemic elements
that create the socio-environmental and
economic system of the Arctic zone. The
concept of managing the development of
the socio-environmental-economic system
of the Arctic zone is shown in Fig. 1.

According to the authors of this study,
it is advisable to include the concept of
stakeholder management in the most
promising approaches, aimed at achieving
the goals of sustainable development of
the Arctic zone.

An important socio-environmental-
economic goal of the stakeholder approach
is taking into account mutual interests
and implementing joint management
actions that allow solving social and
environmental problems of the Arctic zone
and meeting the needs of the economic
sphere. The mechanism of the stakeholder
approach is in good agreement with the
provisions of the concept of sustainable
development .

The stakeholder management
methodology provides for the use of
various forms of citizen involvement
in the management of the territory
development, including their participation
in the selection of priority investment
projects, regional competitions and grants,
public hearings, and in the work of public
councils in order to use the potential of
actors to achieve results [3, 9, 12, 29].

The need to take into account the
interests is due in accordance with the
conflict nature of development, which
is characteristic of network structures of
different levels, including regions. The
number of actors interested in the socio-
economic development of the territory,
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in addition to the authoritiesof the
federal and regional levels, includes the
population and business structuress that
own economic zones in different regions.

The content of the stakeholder approach
to managing the socio-environmental and
economic system of the Arctic zone is
shown in Fig. 2.

Thus, the management of the socio-
environmental and economic system of
the Arctic zone should be formed and

implemented in the course of interaction
and cooperation among the main
stakeholders including representatives of
regional and federal authorities, experts,
scientific researchers, representatives of
civil society and business structures.

The mechanism of extended
partnership of all stakeholders makes
it possible to increase their social and
environmental responsibility in the Arctic.
Harmonizing the interests stakeholder
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requires the formation of a common
vision of the prospects for sustainable
development of the Arctic zone and
mechanisms of its achievement. The
Arctic combines complex structural ties
of economic elements, which interact
with the environment to solve internal
social, environmental and economic
problems, satisfying the needs of the
subjects of socio-environmental-economic
system. However, under the conditions
of limited resources within the socio-
environmental--economic system, there
is inevitably a conflict of interests of its
constituent stakeholders, which leads to a
violation of sustainability. In this regard,
an important task of management in the

socio-environmental-economic system
is the analysis of conflict situations
and reconciliation of the interests of
stakeholders to achieve common goals. In
the opinion of the authors of the study, it is
reasonable to distinguish two main types
of interests in the socio-environmental-
economic system: the system of mutual
interests of business and government, the
system of mutual interests of business and
society. The mechanisms of interaction
of the key elements of the socio-
environmental-economic system of the
Arctic zone in the context of their mutual
interests are shown in Fig. 3.
Coordination of interests of business
structures, population and authorities
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allows to develop socio-economic space
of subjects of the Federation in three
directions: as an economic zone, as a
living environment and as an object of
state management. The interests of the
population, which is the most numerous
and therefore the most important group of
stakeholders, are based on the ability to
meet vital needs, including physiological
needs, comfort and sf of habitat, level of
employment, attractiveness of the from
the position of personal self-development.

The territory of the Arctic zone is the
region with diverse and diversified groups
of stakeholders.

Given the intensified involvement
of various stakeholders in the process
of developing directions for the socio-
economic development of the territory, they
include: control, supervision, regulation
bodies; founders, shareholders, investors,
lending institutions, business partners,
expert community, local communities.

Among the most frequently used
methods for positioning stakeholders are
the models of O. Mendelow, Mitchell-Egle-
Wood, G. Savage, and the RACI table.

According to the authors of the study
from the scientific and practical points of
view, the mapping method of determining
the stakeholders of the territories’

development is of great interest. This
method is of major interest due to the
fact that in the socio-environmental
economic system of the Arctic zone
for sustainable development, a large
number of stakeholders function not only
with common interests, but also with
completely polar ones. The method of
mapping makes it possible to identify the
most significant groups for the sustainable
development of the Arctic zone. The
essence of this method is in the gradation
of stakeholders into four groups according
to the degree of influence and interest,
each of which occupies one place on the
four-dimensional map (Fig. 4).

According to the position of this
method four groups of stakeholders can
be distinguished:

- Promoters — the group of
stakeholders located in the top segment of
the map is the most important for strategic
state administration. Promoters have a
strong interest in administrative decisions
of government bodies and can help make
them more effective. Regarding the socio-
environmental and economic system of the
Arctic zone, it is advisable to include such
groups as: the owners, shareholders of the
company, investors, the board of directors;
government agencies; employees.
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Fig. 4. Map of stakeholders (supplemented by the authors)
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- Apathetics — the group of
stakeholders placed in the lower segment
of the map is the least significant in
the system of state administration.
The apathetics show little interest and
potential, they may not even be aware of
the existence of management decision or
measure to implementate it. Regarding
the socio-environmental and economic
system of the Arctic zone, it is advisable
to include such groups as: non-profit
organizations, activist groups, public
movements, the media.

- Advocates are a group of
stakeholders placed in the right-hand
segment of the map. The advocates have
a vested interest and can support state
authorities, but have no real potential
(resources and capabilities) to influence
any managerial decision. Regarding
the socio-environmental and economic
system of the Arctic zone, it is advisable
to include such groups as: the owners,
shareholders of the company, investors,
board of directors; buyers, consumers;
local communities.

— Latents are a group of stakeholders
placed in the left-hand segment of the map.
The latents have no particular interest and
do not participate in decision-making, but
can strongly influence them if they become
interested. When applied to the socio-
environmental and economic system of the
Arctic zone, it is advisable to include such
groups as buyers and consumers.

In practice, to implement this
approach, it is advisable to use the method
of expert assessment with the involvement
of qualified experts — subjects of the
Arctic zone. The level of the total score
will form the rating of each stakeholder,
determine the degree of their interest and
influence on the processes of management
of the socio-environmental-economic
development of the Arctic zone.

From the perspective of managing the
socio-environmental- -economic system
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of the Arctic zone, the role of mapping is
that the most important stakeholders are
those who have suffered the most, those
who have least implemented their interests.
From this perspective, it does not matter
which group the stakeholders belong to,
even if they were in the apathetic group
before the start of the interests alignment.
They are distinguished by their appreciation
of the authorities’ managerial decisions
that affect the conditions of their activities
in the Arctic zone. If their attitude to the
authorities is positive and they can really
make efforts to solve strategic state tasks
and can invest in solving socio-economic
problems of the Arctic zone, then they
should be involved, creating favorable
conditions. In turn, public authorities
should involve these groups in the strategic
planning process, which will be considered
by all parties as a significant contribution
to the overall efforts. They should feel
responsibility for some of the strategic
decisions of state authorities. It is also very
important to pay attention to the views of
stakeholders and agree with them where it
is in the common interest.

Given the currentconditions for the
development of the Arctic zone, the most
significant goal of state authorities should
be to bring together the importance and
influence of all stakeholder groups that
can contribute to the creation of creation
of a comprehensive plan for the socio-
environmental and economic development
of the territory. The most influential
groups should ensure the involvement
of other groups in the planning process,
ensure the collection and analysis of
sound opinions, proposals, problems,
and initiate the development of a legal
and regulatory framework to create a
favorable environment for interaction.
Passive and less influential parties
should see themselves as part of socio-
environmental and economic environment,
see their opportunities and needs, boost



their position while developing strategic
government decisions and their further
implementation.

4. Conclusion

The model presented will contribute
into the increase of fundamental knowledge
in the sphere of improving the efficiency
of management of socio-environmental
and economic development of the Arctic
zone, taking into consideration the
characteristics of the territory, the interests
of state authority bodies and stakeholders,
will ensure the development of existing
approaches to modeling organizational
and managerial processes in the system of
public administration. Scientific results of
the study are aimed at achieving the most
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TEXHOJIOTUYECKAS YCTOMUYUBOCTD
KAK OCHOBA YCTOMYUBOTI'O
[IPOMBIILJIEHHOI'O PA3SBUTUS
PETMIOHOB APKTUKU

B.C. Xapos

NHCTUTYT akoHOMMYecKknx npobnem um. I. 1. JlysnHa OepepanbHOro nccneoBaTesibCKoro LieHTpa
«Konbckuni HayuHbIn LeHTp PAH», Anatutbl, Poccna

AHHOmMauus: paccMOTPeHbl pPa3/IMyuHble BU/IbI YCTOMYMBOCTY M COOTBETCTBYIONIME UM OMperese-
Hus. Lesblo CTaTbM SIBJISIETCSI pacCMOTpeHNe HOBBIX MOHSITUI «TeXHOJIOTMYecKasl YCTOIMBOCTb»
U «YCTOIYMBOE TEXHOJIOTMYECKOE PasBUTHE», BO3MOXKHOCTU JOCTVKEHMSI IPOM3BOJICTBEHHBIMU
CUCTEMaMM TaKOTO COCTOSTHMSI Pas3BUTHMSI M OIl€HKa BJIMSIHMSI TEXHOJIOTMYECKOM YCTOUMBOCTY
MIPOM3BO/ICTBA B YC/IOBUSIX Tlepexofja MUpPOBOJ SKOHOMMKM Ha KOHIIEMIMIO pasButus «VIHoycTpus
4.0» Ha 9KOHOMIUECKYI0, 3KOJIOTMUECKYIO U COLIMAIbHYIO YCTOMUMBOCTD PasBUTHSI SKOHOMIUECKIX
CHUCTEM PA3HOTO YPOBHSI, B TOM YMCJIe apKTUIECKUX pernoHoB Poccum. ViccnenoBaHue 6asupyer-
Cs1 Ha BBEZICHHOM B Hay4HbIIi 060POT MOHSITUM JKM3HEHHOTO IMKJIA TEXHOIOTMYECKOTO Pa3BUTHS
TIPOV3BOACTBEHHBIX CUCTEM (IIPOM3BOACTBEHHBIX $MPM ¥ OTpacseil IPOM3BOACTBA), COCTOSIIIEM
3 IIIeCTY CTaJVIA, T/l KaXKasi CTa/iMsl II0Ka3blBaeT 3MeHeHe 3HaUeHi1 BO BpeMeHH (yBe/4eHye
/G0 yMeHbllleHVe) MoKa3aTeslell MaTepuaaooTaaun, GOHIOOTAAUM U caMOe BaykKHOe — K03pdu-
I[VIeHTa YPOBHSI TEXHOJIOTMYHOCTM MPOM3BO/ICTBA KaK OTHOLIEHMSI MaTepuaIooTaaun K GpoHI00T-
nadve. YCTOIUMBOE TEXHOJIOTMYECKOE Pa3BUTHE ITPOM3BOIACTBEHHBIX CHCTEM 0GeCTIeUMBAETCS JINIIb
Ha OfIHOM CTafuil M3 IIeCTM BO3MOXKHBIX, KOIZIa OQHOBPEMEHHO YBeIMUMBAIOTCS 3HAUEHUs] Ma-
TepuasooTnauy, poHmooTaauM 1 Ko3adPuIMeHTa YPOBHS TEXHOJIOTMYHOCTY ITPOM3BOACTBA. B pe-
3y/JIbTaTe 3a CYET CYIIECTBEHHOTO MOBBIIIEHNUST YPOBHSI MaTepMasIOOTAAYM, & 3HAYMUT CHVKEHVS
YPOBHSI MaTep1asoeMKOCTH, IIpY BHEAPEeHMU!M TEeXHOJIOTMUYECKMX MHHOBALIMI CHMIKAaeTCsl pacxof,
ChIpbsI , MaTepMaIoB ¥ SHEPIUM Ha eIVHMUITY BbITyCKaeMoil TPOAYKIIMM U TeM CaMbIM CHIDKAETCSI
BO3[IeliCTBME MPOU3BO/ICTBA HA MPUPOIHYIO Cpely, B TOM UMC/Ie U 3a CUeT YMeHbIIeHNs o6beMa
OTXOJIOB IIPOM3BOJICTBA, TO €CTb 00ECIeUBAETCs IKOJIOTMYecKasi YCTONUMBOCTb. PaccMOTpeHHbIE
TEOPETMKO-METO0JIOTMIECKYIE TTOJIOKEHVSI GBIV MCIIOTb30BAHBI /IJIST OLIEHKY YCTOMYMBOCTY IIPO-
MBIIIUTEHHOI'O TEXHOJIOIMYECKOr0 PasBUTHS YETHIPEX PEIMOHOB — CyObekToB demepariyn, I0IHO-
CTBIO BXOASIIUX B ApKTUYeckylo 30Hy P®, 3a nepuop 2005—2016 rr.

Knioyesvle c06a: TeXHOJIOITYECKAS] YCTOWYMBOCTD, YCTOMUMBOE ITPOMBIIUIEHHOE PasBUTHE,
pervoHel ApKTUKM, KV3HEHHBII [VIK/T TEXHOJIOTMYECKOTO Pa3BUTHSL.
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Abstract: Various types of stability and their corresponding definitions are considered in
the literature. The purpose of the article is to consider the new concepts of “technological
sustainability” and “sustainable technological development”, the possibility of achieving
such a state of development by production systems and to assess the impact of technological
sustainability of production in the context of the transition of the world economy to the concept
of development “Industry 4.0” on the economic, environmental and social sustainability of the
development of economic systems of various levels, including the Arctic regions of Russia. The
research is based on the concept of the life cycle of technological development of production
systems (manufacturing firms and industries) introduced into scientific circulation, consisting
of six stages, where each stage shows a change in values over time (increase or decrease) in
material productivity, capital productivity and, most importantly, the coefficient of the level
of manufacturability of production as the ratio of material productivity to capital productivity.
The sustainable technological development of production systems is ensured only at one stage
out of six possible, when the values of material productivity, capital productivity and the
coefficient of the level of manufacturability of production simultaneously increase. As a result,
due to a significant increase in the level of material output, which means a decrease in the level
of material consumption, the introduction of technological innovations reduces the consumption
of raw materials, materials and energy per unit of output and thereby reduces the impact of
production on the natural environment, including by reducing the volume of production waste,
that is, environmental sustainability is ensured. The theoretical and methodological provisions
considered were used to assess the sustainability of the industrial technological development
of four regions — subjects of the Federation, which are completely included in the Arctic zone
of the Russian Federation, for the period 2005—2016.

Key words: technological sustainability, sustainable industrial development, Arctic regions, the
life cycle of technological development.
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1. Introduction

Modern scientific ideas about the
sustainability of economic systems since
1987, that is, after the report to the UN
General Assembly of the World Commission
on Environment and Development under
the leadership of Norwegian Prime
Minister G.H. Brundlandt [1], have
undergone significant changes and are now
shifting their view from environmental
protection to the triad of sustainability
assessment: environmental, economic and
social [2—4]. Currently, most scientists
recognize that innovation is needed for the
sustainable development of such systems,
the development of an intelligent person,
and the state [5,6,7].

Accordingly, when implementing the
“Industry 4.0” development concept in the

world economy, attention is being increased
to assessing the impact of technological
aspects of the IV Industrial Revolution
from various positions — environmental,
economic and social [8,9], that is, the task
is to assess the sustainability of economic
systems using technological innovations,
digitalization of the economy and the
introduction of artificial intelligence
elements into production management
systems [10—12].

At the same time, the results of
scientific research on the assessment of the
impact on the stability of the life cycle of
systems are actively published in modern
foreign literature [13], however, these
results are still diverse and fragmentary.
The most developed studies are on the
environmental assessment of the life
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cycle [14, 15] and, to a certain extent,
the assessment of the cost of life products
(goods) [16]. There are very few results
of research on the life cycle of processes,
primarily technological ones [17,18]. In
this regard, the research of S-curves has
been significantly developed [19,20], in
the study of which, in relation to changes in
production technologies at the level of an
individual firm, Prof. K. Christensen made
a significant contribution [21]. However,
research in this direction is primarily
related to changes in the effectiveness
(productivity) of technologies over time
and does not determine the relationship of
changes in production costs with changes
in the stages of production technology.

In the last decade, foreign literature
has also been actively discussing, but
mainly at the theoretical level, issues
related to the development of various
business models, including those related
to the use of technological innovations
[22], however, the assessment of the
sustainability of enterprises is not
considered. Also recently, the mutual
influence of technological, managerial and
marketing innovations has been discussed
[23] from the point of view of assessing
the possible increase in the efficiency of
firms in various sectors of the economy.
However, as a rule, conclusions are based
on the results of processing a variety of
data using correlation analysis methods
and are not related to the stability of firms.
At the same time, specific indicators of
innovation performance have not yet been
determined, the values of which clearly
show a connection with the sustainability
of firms [24 ].

The purpose of the article is to consider
the new concepts of “technological
sustainability” and “sustainable techno-
logical development”, the possibility of
achieving such a state of development
by production systems (enterprises and
industries) and to assess the impact of
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technological sustainability of production
in the context of the transition of the world
economy to the concept of development
“Industry 4.0” on the economic,
environmental and social sustainability of
the development of economic systems of
different levels.

2. Materials and methods

When considering the economic
development of the country and regions,
the determining factor is the achievement
of a state of economic stability, but at
the same time, in order to ensure the
maximum possible rates of economic
growth, it is necessary to achieve
maximum efficiency in the use of basic
production resources — material, labor
and physical capital (fixed assets). In
economic theory, at the macroeconomic
level, this is well demonstrated by the
curve of production capabilities, which
is the boundary of achieving such a state.
However, it is possible only with the use of
the most efficient production technologies.
Accordingly, the question arises — how
is the use of production technologies
directly related to the efficiency of the use
of production resources at the micro level,
that is, at the enterprises level?

From the point of view of the theory
of the development of complex systems
and the consideration of their life cycle,
stability is ensured only at certain stages
of the life cycle curve and, above all, at
the stage of quantitative accumulation
of elements in the system, that is, at the
stage of growth, until the moment when
negative external and internal conditions
of the development of the system lead it to
a state of instability and then to the point
of bifurcation characterizing revolutionary
changes in the system.

Any technology used in the production
of goods can also be considered as a
system from the point of view of its
development, that is, its introduction into



production, improvement, obsolescence
and subsequent replacement with a new
technology. However, it is not clear
how these stages are directly related to
the efficiency of the use of production
resources and how to determine this
efficiency when using production
resources together?

We have developed the foundations
of a new type of economic analysis of
the activity of production systems — the
analysis of their technological renewal,
where it is shown that there is a proportional
analytical dependence between the
capital intensity of production and its
material intensity [25]. Such dependence
as a measure of proportionality is
quantitatively expressed by the coefficient
of the production manufacturability level
(Cpml), since the increase in its value
is directly determined by the degree of
renewal of the main production assets
of the enterprise, and above all their
active part, that is, machinery, equipment
and vehicles. Quantitatively Cpml is
calculated by the ratio of the value of the
capital intensiveness of production to the
material intensity of products or by the
ratio of the value of material efficiency
to the efficiency of capital. As a result of
a joint study of changes in the values of
material intensity and capital productivity
(as the inverse of the value of capital
intensity) and the corresponding change
in the values of Cpml the example of the
activities of many industrial enterprises
over a long fifteen-year period of time,
we have developed a matrix of possible
directions of their development, and
based on it — a graphical model of the
life cycle of technological development
of production systems (enterprises and
industries) in the form of a curve, which
in appearance corresponds to the schedule
of development of any system [26].
The resulting curve shows the change
in the level of material output values

as the inverse of the material intensity,
depending on the degree of renewal
of fixed assets and the corresponding
changes in the values of the level of capital
output and the coefficient of the level of
manufacturability of production. Thus,
this curve directly shows the influence
of the level of novelty of the technology
used simultaneously on the economic
efficiency of using all three main types
of production resources, since it is known
that the increase in the level of capital
return is an intensive factor in increasing
the level of labor productivity.

3. Results and discussion

The curve of the life cycle of
technological development of production
shows that, firstly, the technology used
makes it possible to increase the value
of material output, that is, to reduce the
material intensity of production, only to a
certain level, even with its improvement,
and this level can be calculated for each
specific enterprise based on the analysis
of its reporting data. Secondly, one full
cycle of technology development includes
six stages, in which at three stages
the values of material return, capital
return and the coefficient of the level of
manufacturability of production increase,
and at the other three decrease, and only at
one stage the values of all three indicators
increase simultaneously. Thus, only at this
single stage of technology development,
the maximum possible efficiency of
the use of material, labor resources and
physical capital is achieved, and therefore
the maximum possible increase in profit
from each unit of manufactured and sold
products. Accordingly, the technological
development of production systems at this
stage, which corresponds to the concept
of “technological stability”, ensures their
economic stability, but not only it.

The fact is that, firstly, with the
improvement of technology, a decrease
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in the material intensity of production
due to an increase in material output
leads to a decrease in the volume of
production waste, and the introduction of
a new technology will allow the use of
previously accumulated production waste,
that is, the environmental sustainability of
production is ensured. Secondly, due to
the maximization of the level of capital
return due to the intensive renewal of
fixed assets, the level of labor productivity
will significantly increase, and hence the
level of average wages at enterprises
and in production sectors. If at the same
time, at enterprises due to the active use
of technological innovations, the growth
rate of the average salary will exceed the
average industry rate or the average for
the country as a whole, then it becomes
possible to use part of the salary fund
to form a guaranteed income fund to
pay the personnel of enterprises released
as a result of productivity growth or
for other social activities. Accordingly,
social sustainability will be ensured at the
enterprises.

Thus, when production systems
achieve technological sustainability,
economic, environmental and social
sustainability will be ensured at the
same time, which will correspond to the
concept of “sustainable technological
development”. It is very important to keep
in mind that with this type of development
of production systems, the main economic
interests of enterprises, regions-subjects of
the Federation and the state are combined,
since a decrease in the level of material
intensity of production simultaneously
leads to an increase in the profit of
enterprises per unit of sales volume, as
well as to an increase in the share of
value added in this volume, which means
that the growth of the gross regional
product (GRP) of the regions-subjects
of the Federation and the growth of the
gross domestic product (GDP) of the
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country is ensured. At the same time, the
regions and the country receive additional
amounts of tax deductions, therefore
they should be interested in accelerating
the technological renewal of production
systems, therefore they should create the
necessary preferences for enterprises and
manufacturing industries, primarily in
the formation of an effective system for
stimulating innovation.

The above theoretical provisions were
used to assess the sustainability of the
technological industrial development of
the four Arctic regions — the subjects
of the Federation, which are completely
included in the Arctic zone of the Russian
Federation, for the period 2005 — 2006
(table 1).

The calculated data given in the table
show that in all regions the production
of electricity, gas and water has been
developing more technologically steadily,
but the maximum efficiency of using
resources (development stage 1—1):
material, labor and physical capital (fixed
assets) was achieved in each region only
in certain years.

Mining has been developing relatively
technologically steadily (with a lower
level of resource efficiency) in all regions.

Accordingly, of the three types of
industrial activity, the most problematic
situation with the sustainability of
technological development has developed
in the processing industry, especially in
the Nenets National District and in the
Murmansk Region, where in the analyzed
period of time the values of the coefficient
of the level of manufacturability of
production had a tendency to decrease.

Conclusions

For the sustainable development
of economic systems, innovations are
necessary, primarily technological
ones, but their specific impact on the
achievement of economic, environmental



Table 1

Parameters for assessing the sustainability of technological development of the Arctic regions
by types of industrial activity?

Regions Indica-| 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
tors
Nenets Autonomous Okrug
Mining MI 0,207 | 0,253 | 0,286 | 0,330 | 0,282 | 0,272 | 0,268 | 0,183
EC 0,986 | 0,590 | 0,595 | 0,509 | 0,493 | 0,455 | 0,418 | 0,346
Cpml | 4,90 6,69 5,87 5,95 7,19 8,07 8,91 | 15,79
No 4-2 3 4-2 2 2 2 2
Processing Ml 0,611 | 0,746 | 0,610 | 0,592 | 0,524 | 0,905 | 0,947 | 0,966
EC 2,654 | 4,212 | 3,050 | 3,455 | 1,889 | 10,670 | 19771 | 40,073
Cpml | 0,61 0,32 0,54 0,49 1,01 0,10 0,05 0,03
No 3 2 1-2 2 3 3 3
Electricity, Ml 0,195 | 0,224 H.n | 0,471 | 0,413 | 0,343 | 0,357 | 0,412
gas and.water EC 1,269 | 0,837 H.n | 0,750 | 0,825 | 0,888 | 0,801 | 0,911
production Cpml | 402 | 533 | Ha | 2,83 | 293 | 328 | 350 | 2,66
No 4-2 4—-1 | 1-1 | 1-1 | 4-2 3
Murmansk region
Mining Ml 0,469 | 0,431 | 0,407 | 0,421 | 0,405 | 0,524 | 0,460 | 0,438
EC 1,312 | 1,246 | 0,599 | 0,527 | 0,583 | 0,428 | 0,489 | 0,527
Cpml | 1,62 1,86 4,10 4,50 4,24 4,46 4.44 4,33
No 2 2 4—-2 1-2 4—-2 1-2 1-2
Processing MI 0,256 | 0,539 | 0,546 | 0,614 | 0,625 | 0,650 | 0,683 | 0,720
EC 1,895 | 2,971 | 2,590 | 2,707 | 2,273 | 2,667 | 3,027 | 2,833
Cpml | 2,06 0,62 0,71 0,60 0,70 0,58 0,48 0,49
No 3 4-2 3 4-2 3 3 4-2
Electricity, Ml 0,629 | 0,656 | 0,680 | 0,678 | 0,673 | 0,655 | 0,607 | 0,588
gas and.water EC 0,584 | 0,617 | 0,482 | 0,491 | 0,456 | 0,327 | 0,377 | 0,426
production Cpml | 2,72 | 2,47 | 305 | 301 | 326 | 385 | 437 | 3,99
No 3 4—-2 1-2 2 2 1-1 1-2
Yamalo-Nenets Autonomous Okrug
Mining Ml 0,257 | 0,329 | 0,308 | 0,305 | 0,318 | 0,295 | 0,264 | 0,284
EC 0,421 | 0,255 | 36,683 | 0,301 | 0,325 | 0,318 | 0,330 | 0,249
Cpml | 9,26 | 11,92 | 0,09 | 10,89 | 9,69 | 10,69 | 11,48 | 14,14
No 4-2 | 1-2 2 3 2 1-1 | 4-2
Processing MI 0,674 | 0,857 | 0,891 | 0,876 | 0,848 | 0,856 | 0,877 | 0,890
EC 3,882 | 2,515 | 1,388 | 2,584 | 3,189 | 0,905 | 6,248 | 0,371
Cpml | 0,38 0,46 0,81 0,44 0,38 1,29 0,18 3,03
No 4—-2 4—-2 1-2 1-2 4—-2 3 4—-2
Electricity, Ml 0,504 | 0,428 | 0,347 | 0,419 | 0,350 | 0,320 | 0,366 | 0,363
gas and.Water EC 0,397 | 0,292 | 0,282 | 0,296 | 0,351 | 0,247 | 0,222 | 0,119
production Coml | 499 | 7,99 | 9,34 | 805 | 814 | 12,68 | 12,34 | 2315
No 2 2 3 1-1 2 4-1 2
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End of Table 1

Regions Indica-| 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
tors
Chukotka Autonomous Okrug

Mining Ml | 0,650 | 0,581 | 0,517 | 0,494 | 0,576 | 0,620 | 0,612 | 0,603
EC | 2,127 | 2,217 | 2,207 | 1,680 | 1,096 | 1,675 | 2,023 | 1,620
Cpml | 072 | 0,78 | 0,88 | 1,20 | 1,58 | 09 | 0,81 | 1,02

No 1-1 2 4-2 3 1-2 3
Processing Ml | 0,824 | 0,414 | 0,639 | 0,849 | 0,867 | 0,826 | 0,649 | 0,562
EC |40,143| 0,541 | 0,670 | 0,541 | 0,585 | 0,959 | 0,799 | 0,606
Cpml | 0,03 | 446 | 2,33 | 2,18 | 1,97 | 1,26 | 1,93 | 2,94

No 2 4-1 3 1-2 2 2
Electricity, Ml | 0,355 | 0,209 | 0,150 | 0,296 | 0,385 | 0,262 | 0,299 | 0,252
gas and water EC | 0,495 | 0,527 | 0,384 | 0,526 | 0,497 | 0,402 | 0,411 | 0,401
production Cpml | 568 | 9,06 | 17,33 | 6,42 | 522 | 9,49 | 8,14 | 9,90

No 1-1 3 4-2 2 3 2

2 Calculated on the basis of data from the annual statistical collections “Regions of Russia.
Socio-economic indicators”. Ml — the material intensity of products, EC — the efficiency of
capital, Cpml — the coefficient of the production manufacturability level, No — the number of the

stage of development.

and social sustainability by production
systems at the same time is not considered
in the scientific literature.

To do this, it is proposed to use the
concept of the life cycle of technological
development of manufacturing enterprises
and industries and a curve graphically
reflecting such a cycle, including six
stages. At the same time, the concept of
“technological stability” corresponds to
the development of the production system
only at one stage, when the values of the
efficiency of the use of three main types
of production resources — material,
labor and physical capital simultaneously
increase (fixed assets). As a result, the
simultaneous achievement of economic,
environmental and social sustainability
by the production system is ensured,
which is proposed to be designated by
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Sustainable development of the Russian Arctic region: environmental
problems and ways to solve them
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Abstract: the Arctic region of Russia is of strategic importance to the country due to the presence
of important sea routes, military bases and a wide variety of minerals. At the same time, despite
the strategic importance of the region, its development is slow due to various environmental

© H.B.Pomawesa, M.A.babeHko, J1.A. Hukonaiuyk. 2022

78



problems. In addition, there are various environmental problems that hinder the full development
of the North of Russia (global warming, air, water and soil pollution). The threat of environmental
instability is largely due to the activities of industrial enterprises in the region; as a result, the
production process must be modernized in such a way as to eliminate or minimize possible
risks to the environment. The article identifies the main problems of development of the mining
and industrial complex of the Arctic region of Russia. The directions and ways of solving the
identified problems, ways of achieving environmentally responsible nature management and
establishment of circular economy in the region are considered. The main results of the study are
the presentation of the relationship between the identified environmental problems and ways to
solve them, the analysis of the negative impact of a number of mining companies on the Arctic
environment, and the calculation of the economic effect of the introduction of water treatment
facilities at the company of PAO MMC Norilsk Nickel.

Key words: Arctic region, mining complex, environment, sustainable development, water
pollution and purification.
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Introduction

The Arctic is a strategically important
region for a number of countries, including
the Russian Federation. It has acquired
such importance due to the significant
reserves of minerals, especially oil, gas,
tantalum, niobium and others, for which
there is a “battle” between many countries
[1, 2]. In addition to geological riches,
major sea routes pass through the Arctic,
which contributes to the development of
trade and international relations [3, 4].

Despite the importance of the Arctic
region for Russia, it has been not
sufficiently developed to contribute to the
growth of the economy of the region and
the state through the use of its resources. At
the same time, the sustainable development
of the region is associated with a number of
problems, the main of which are: problems
of attracting human capital; lack of
infrastructure; severe climatic conditions;
high energy intensity of mining production;
lack of investment in the region; lack of
necessary technology, and environmental
problems (emissions, wastewater discharge,
solid waste generation in large areas, etc.)
[5, 6]. According to many studies [7—9],
the Arctic is the region most affected by
global warming, and the activities of the

mining industry only degrade this situation,
and the entire ecosystem of the Arctic may
suffer from this [10—12].

In connection with the above, the
purpose of the work is to identify the
negative impact of mining companies on
the environment, identify ways to reduce
this impact, as well as the economic
justification for the construction of
wastewater treatment facilities.

Materials and methods

The analysis is based on the materials
of conferences (official documents, texts
of reports, presentations and summaries
of participants’ speeches) held in Russia
in the last ten years, as well as an
array of Russian and English-language
scientific publications published since
2015 (periodicals devoted to the Arctic,
including separate specialized issues of
journals, collections of articles), materials
of the Journal of Mining Institute.

The methods of calculation and
evaluation of economic efficiency
indicators, desk studies, statistical methods,
methods of comparative analysis, synthesis
and deduction, principles of systematic
approach, as well as tabular and graphical
methods were used in the work.

79



Research results

Russia is the leading “Arctic” state
from a geographical point of view, since
quite large territories, in comparison
with other countries, are located beyond
the Arctic circle, and the Russian Arctic
includes not only the continental part of
the state, but also the shelf areas. Russia’s
Arctic includes more than 20 territories
[13], but the development of the North is
significantly inferior to the western and
southern regions of the country. At the
same time, the Arctic is rich in mineral
resources, and therefore its exploration and
sustainable development are the priority
objectives of Russia’s strategic planning
for the period up to 2035 [14—15].

The Russian Arctic large hydrocarbon
resources (85.1 trillion cubic meters of
natural gas, 17.3 billion tons of oil) [16—
18], amounts of solid minerals (SMs): gold,
tin, titanium, iron ore, apatite, coal, nickel,
various rare earth metals, construction
materials (sand, clay, gravel) and others.
The total value of SMs reserves in the
region is $1.5—2 trillion [19]. However,
as a result of the activities of mining
and concentrating plants and mining and
metallurgical plants (MCPs and MMPs),
toxic substances are released into the
water and atmosphere, and solid wastes
accumulate in the form of overburden
at dumps. For example, copper and
nickel processing produces such harmful
substances as sulfur dioxide, heavy metal
oxides, aerosols, hydrogen sulfide, etc [20].
At the same time, in the Kola Peninsula
alone, waste disposal (overburden and
host rocks, waste in tailings ponds, poor
ores) does not exceed 3—4% of the total
extracted rock mass [21]. Various types of
pollutants are present at almost all mining
enterprises, of which there are many in the
Arctic region: Olenegorsk MPP, Norilsk
MTPP, Lovozero MMP, ANOF-3, Gorevsk
MMC, Deputatsk MMP and others [22].
However, the environmental pollution
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associated with the mining and industrial
complex (MIC) can occur not only in
the production process. An example of
colossal damage to the environment is the
oil spill at the Norilsk Thermal Power Plant
in 2020. The cause of the accident is called
subsidence of foundation piles due to
melting of permafrost [23], which indicates
two other problems of the Arctic region at
once: the undeveloped old infrastructure
and global warming.

At present, many enterprises owned by
large companies of the mineral resource
complex are trying to minimize the
environmental damage from the results of
their activities [24], but these methods do
not fully contribute to the elimination of their
negative impact. The environmental damage
caused by the activities of mining enterprises
can be described as follows [25—27]:

e The production process at the
enterprises of the MIC entails the
formation of solid waste, from which
overburden dumps are formed, occupying
significant territories. Dumps like these
contribute to soil corrosion, the formation
of empty spaces in the subsurface (which
later leads to subsidence of the soil)
[28], land contamination with various
substances and a decrease in biodiversity.

e The production process require large
quantities t of water. Used water that
contains toxic substances, is discharged
into water bodies, which causes their
pollution. Toxic substances can spread In
the water and poison it or be deposited
in the soil, reaching groundwater. This
process also reduces biodiversity, making
the water unfit for drinking.

e During the production process many
toxic substances and greenhouse gases
with various impurities are released into
the atmosphere, resulting in excessive
concentrations of harmful substances in
the air and intensifying the greenhouse
effect. Also, air emissions of harmful
substances contribute to precipitation



in the form of acid rain, which pollutes
water. Air pollution accelerates global
warming processes, breathing problems.

The statistics of the environmental
impact of some enterprises of the Arctic
region MIC presented in Tab. 1.

Based on the data in Tab. 1, it
can be concluded that the amount of
environmental damage in the region is
quite large, especially since the data were
collected only for some PAOs, excluding
small and medium-sized companies.

The protection of the Arctic environment
is not only part of the Russia’s Strategy,
but also part of the international Paris
Agreement, ratified by Russia, which
states that the growth of the global average
temperature should be kept below 2°C [33].

Tab. 2 presents the main environmental
problems of the development of the Arctic
region and identifies possible solutions to
these problems.

Compliance with these measures
will make it possible to reduce the
negative impact on the environment by
enterprises associated with the extraction
and processing of ores of various metals.
That will be of a great importance for
large enterprises (MMP Norilsk Nickel,
Deputatsk MPP, etc.) [34].

Itis known that one of the most important
is the legislation on the extraction and use
of water [35]. One of the perspective ways
to comprehensively solve the problem of
the negative impact of mining companies
on the environment is the construction
of wastewater treatment facilities. These
facilities will minimize harm to aquatic
ecosystems from the discharge of
substances into water bodies. An example
of using this technology is the Southwest
Treatment Facility (hereinafter — SWTF)
in St. Petersburg. The first stage of treatment
is the mechanical purification of water,

Table 1
Environmental impact of MIC companies in the Arctic Region of Russia in 2019 [29—-32]
Company
PAO PAO MMP PAO PAO
PhosAgro | Norilsk Sevestal Akron
nickel
Atmosphere
Evissions of pollutants into the atmosphere 9.221 1914.567 213131 4.60
(thousand tons), incl.:
Sulfur dioxide 3.458 1 898.139 69.860 0.126
Nitric oxide 1.535 3.120 5.068 0.912
Carbon monoxide 0.478 n/d 4.090 2.160
Solids 3.734 13.308 9.329 n/d
Others 0.000084 n/d 124.523 1.402
Greenhouse gases (CO, equivalent), 1 447.853 | 9 869.905 23, 400 617.63
thousand tons
Water bodies
Total water intake, mln m3 145.404 319 116.571 7.267
Total wastewater discharge, mln m3 137.386 67.79 60.694 3.843
Discharge of pollutants in wastewater, 12.42 209.49 20.89 0.00
thousand tons
Waste management

Waste generation (mln tons), incl.: 101.313 36.420 202.557 36.405
Wastes |-V Hazard Class 0.007 1.120 5.287 0.005

81



End of Table 1

Company
PAO PAO MMP PAO PAO
PhosAgro | Norilsk Sevestal Akron
nickel

Wastes V Hazard Class 101.306 35.300 197.270 36.4
Waste from other organizations, mln tons n/d 0.633 n/d n/d
Waste disposal at own enterprise, mln tons 19.657 22.769 13.894 n/d
Neutralization of waste at own enterprises, n/d 0.003 1.186 n/d
mln tons
Transfer of waste to other organizations n/d 0.502 0.308 n/d
for utilization or neutralization, mln tons
Transfer of waste for disposaz to other n/d 0.640 n/d n/d
organizations, mln tons
Waste disposal at own facilities, mln tons 81.635 6.025 189.040 n/d

Table 2

Environmental problems and ways to solve them

Problem

Decision

Clarification

High level of pollution
of local water bodies

Water treatment
facilities

With wastewater treatment plants, the concentration
of harmful pollutants in wastewater will be
reduced, which will have a positive impact on the
environment. The activated sludge used in water
treatment and accumulated garbage can be sent

for recycling, obtaining from it building materials,
electricity, or even the main products produced by
the company. Building materials can be used for the
development of the region’s infrastructure.

High level of air
pollution, large
volumes of greenhouse
gas emissions

Gas cleaning
systems and
disposal of
carbon dioxide

Gas purification systems will capture harmful
substances from the gases emitted during the
production process, leaving only carbon dioxide at
the outlet, which will be captured by specialized
units. This will minimize the amount of hazardous
substances and greenhouse gases in the atmosphere
and improve air quality in the region.

bioproductive capacity
of lands and soils

reclamation

Generation of large Complex processing of rock in the dumps and tailings using
volumes of solid waste | processing special technologies will make it possible to increase
at dumps and tailings the volume of extraction of the mineral.

Degradation of the Land Reclamation technologies after the damage caused

by the mining enterprise will enable to continue to
conduct other activities on these territories

Incomplete
development of
mineral deposits

Admission to
the industry
of technically
advanced
small and
medium-sized

businesses

Based on foreign experience, the admission of small
and medium-sized companies to the industry may
allow for a more complete extraction of minerals
from the subsurface, since big companies may not
take on small deposits or not fully develop large
ones, due to lack of equipment or low profitability.
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which removes large pollutants and debris.
The next phase is biological treatment
with the help of activated sludge (special
microorganism scavengers). To ensure
the breathing of the activated sludge, it is
necessary to pump air into it. To remove the
various biogenic elements, special reagents
are used at the SWTF, through the use of
which insoluble compounds are formed
and removed from the system along with
the sediment. At the final phase, the water
is completely disinfected by ultraviolet
light [36]. Such water treatment minimizes
the risks associated with the release of
pollutants into water bodies. In addition,
it is possible to reuse water in production
process (industrial water).

The sediment obtained in the course
of water treatment can be re-enriched if
it contains metals, and the remaining part
can be sent for disposal or for recycling
into building materials. These materials
can be used in the future to develop the
infrastructure of the region. Production of
building materials is also possible in the
main block of the metallurgical process
used in the production of non-ferrous
metals. The raw material is a mixture
of solid industrial and municipal waste.
The essence of the process of obtaining
materials is the melting and burning of
organic components from the waste. A
special feature of this technology is the
joint processing of all types of waste [37].

During thermal processes, gases
containing harmful substances are
produced. They can be eliminated by
means of gas purification systems, where
the gas must be supplied immediately
after the thermal processes, in order to
obtain clean carbon dioxide at the output.
The scheme of gas purification may look
as follows: hot gas in combination with
pollutants enters electric filters, where
the particles of the pollutants adhere to
the electrodes, after which wet irrigation
begins, in which all these substances

adhere to drops of water or special
reagents, and the purified gas is released
into the atmosphere or enters the next
stage — sequestration. There are many
other gas purification systems, such as a
centrifugal filter, which does not require
water to operate.

After gas purification it is rational
for environmental protection to use
technologies for the capture or utilization
of carbon dioxide, as well as the use
of carbon dioxide in industry. In the
world there are already projects using
technology to capture and utilize carbon
dioxide in the oil field, coal industry,
metallurgy, mining, chemical and other
industries, but at the moment there are
no such projects being implemented in
Russia. The use of such technologies
allows to achieve the following results:
improving the environmental situation in
the region; increasing life expectancy of
people; development of infrastructure and
oil and gas complex and so on [38].

More clearly the stages of cleaning of
industrial emissions are shown in Fig. 1.

Nowadays, the technology of gas
capture technologies is quite expensive
and not widespread in Russian companies,
so the economic effect of the introduction
of water treatment facilities will be
considered further on the example of a
company whose emissions are the highest
among the companies considered, i.e., —
PAO MMP Norilsk Nickel.

The discharge of pollutants included
in wastewater from the activities of
enterprises of this company is more than
200 thousand tons. The integration of
water treatment technologies is planned
based on the example of the SWTF.
Wastewater discharge of MMP Norilsk
Nickel is almost half the volume of water
filtered at the SWTF, so calculations
will be made based on this information.
Additional costs for the construction of
wastewater sludge processing plants are
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Production process
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Fig. 1. Stages of cleaning industrial emissions
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Emitted
gases

A 4

Constructions for capturing and burying

gases

A

J Purified gas supply (CO,)

Helpful use of gas / transportation

Table 2
Calculations of the economic effect of water treatment facilities introduction at Norilsk Nickel's
enterprises
Index, min rub. Year
2021 2022 2023 2029 2030
Capital investments 400 000 0 0 0 0
Depreciation 40 000 40 000 40 000 40 000 | 40 000
Increase in cost due to 40 000 40 000 40 000 40 000 | 40 000
depreciation
Increase of taxable profit due 9130 9130 9130 9130 9130
to decrease of electricity costs
Increase of taxable profit 51 000 51 000 51 000 51 000 | 51000
due to increase of produced
building materials
Increase of taxable profit due 10 370 10 370 10 370 10 370 | 10370
to increase of produced mail
products due to processing of
pollutants from wastewater
Income tax 6100 6 100 6 100 6 100 6 100
Net profit 24 400 24 400 24 400 24 400 | 24400
Cash Flow -335 600 64 400 64 400 64 400 | 64 400
Discount coefficient 1,00 0,91 0,83 0,47 0,42
NPV -335 600 58 545 53 223 30 043 | 27 312
Cumulative NPV -335 600 | -277 055 | -223 831 7 969 35281

not envisaged, since the company already
has plants in the regions where the ore

mining enterprises are.

In addition to the processing of
pollutants in the discharged wastewater
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(metals, petroleum products, nitrogen,
phosphorus, etc.), the activated sludge is
the also subject to processing. The mass

total volume of wastewater [39].

of dry sludge, is usually about 1% of the




If 68 million m3 of water is filtered
(this is the volume of untreated
wastewater discharged by Norilsk Nickel’s
enterprises), 6.8 million m3 (or 10.2 mln
tons) of dry mass is produced per year,
from which 2.55 mln tons of building
materials and 1.826 million kW of energy
per year are produced by pyrolysis. The
construction cost of the SWTF and the
cost of the necessary pyrolysis facilities
were taken as capital investments.
Depreciation is calculated using the linear
basis. A discount rate of 10% was chosen
for the calculations. Calculations of the
economic effect are presented in Tab. 2.

In this case, the company’s profit
increases due to an increase in the volume
of things produced and a reduction in energy
costs. According to calculations, the project
of introducing water treatment facilities at the
enterprises of MMP Norilsk Nickel will pay
off in 9 years, with a NPV of over 35 billion
rubles. The profitability index will be 1.09,
and the internal rate of return — 12.4%.

Thus, with the right approach to recycling
and reuse of industrial waste in the complex
processing of SM in the Arctic region of
Russia, it is possible to achieve maximum
benefits from the environmental point of
view and from the social point of view.
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AHAJIN3 3PPEKTUBHOCTY TEIIJION3OJIALUNN
PYKABOB BbICOKOI'O JABJIEHS BYPOBOU
YCTAHOBKMU YPB-2A2 HA OCHOBE

MATEMATHUYECKOI'O MOIOEJIMPOBAHUA
J. M. Tatapunos', U. A. Eropos', A.E. Konecos'

T CeBepo-BocTouHbl defepanbHblii yHuBepcuteT nMmeHn M. K. AMMOocCoBa, T. AKyTck, Poccus

AHHOMauus: TEMOJ CTaThy SIBJISETCS Ipo6GIeMa 3aMep3aHusl I'MIPaBIMUYECKO CUCTEMBI
IIpy 3KCIUTyaTalluy TeXHMKU B CYPOBBIX KMMaTuueckux ycaobusix CeBepo-Bocroka u Ap-
KTuKYU Poccuiickoit ®enmeparun. B naHHOI pa6oTe aBTOPHI JAlOT IOIPOGHOE ONMMCaHMeE OC-
JIO)KHEHMSIM, KOTOpble BO3HMKAIOT BCJ/IE[ICTBME HEraTMBHOIO BJIMSIHMSI HU3KUX TeMIlepaTyp
OKpYJKalolllell cpefibl Ha TMIpPaBINYeCKYI0 cucTeMy TexHMKMU. [Ipy npoBefeHun uccaenosa-
HYSI GBIJIO YCTAHOBJIEHO, YTO OCHOBHOJ IIPMUYMHOJ OTKa3a TEXHUKM B 3UMHeEEe BpeMsl SIBJISI-
eTCsl HapylleH)e epMeTMYHOCTM PyKaBOB BBICOKOTO [IaBJIeHMS BCJIE/ICTBME IIOTEPU YIIPY-
TMX CBOJMCTB Pe3MHOBBIX COCTABJISIIOLIMX, U3 KOTOPbIX OHM M3TOTOBJIEHBI U3-3a HETATMBHOIO
BO3MIeJICTBUSI HU3KMX TeMIIepaTyp OKPYsKalollell cpeibl Ha IMpaBIndeckoe 060pyLoBaHue.
B kauecTBe peleHys BblllleyKa3aHHO IIPOG6JIeMbl aBTOPAMM CTAThy IIPe/iJIaraeTcsi Cocod co-
BEPIIEHCTBOBAHNSI I'M/IPaB/IMYECKOI CUCTEMBI CTAH/IAPTHOTO Ie0JIOr0pa3BeOuHOr0 060PYI0-
BaHUSI Ha NIpuMepe G6ypoBoro cTaHka YPB-2A2 myTeM yTeruleHus: eé ruipaBIniecKoii CucTe-
MBI TeIJIOU30JISIIMOHHBIM MaTepyuasioM Ha OCHOBe MUHepasIbHOM BaThl. /151 NOATBEPXKAEeHNST
9 $eKTUBHOCTM IIPE/IJIOKEHHOTO0 ClI0co6a 60pbObI € MPO6IEMOI 3aMep3aHusi TUIPOOOOPYHO-
BaHMsI aBTOPbI CTATh) BBIIOJHWIM MaTeMaTHYeCcKoe MOJe/IMpOBaHye TelJIOBBIX IIPOLeCcCoB,
BO3HMKAaOUWMX B IMIPaBINYECKON CUCTEME U CHAesa/i CPaBHUTEJ/IbHBIV aHaIu3 CKOPOCTHU
HoTepyu TeIlla pabodeil KUAKOCTY B pyKaBaX BBICOKOTO AaBjIeHMSI 6e3 TeIIOM3OJISIIUN U C
[IpMMeHeH)eM TeIUIOM30/IIIUY Ha OCHOBE MMHepasIbHON BaThl. [IJIS1 YMC/IEHHOIO pelleHMusI
nuddepeHnanbHbIX YpaBHeHMI UCIIOIb30BaJICS MeTO, KOHEUHBIX 3/IeMeHTOB. PacueTsl mpo-
BOAM/IACH Ha BbruycauTesibHOM IakeTe FEniCS. PesysnbraThl BBITIOJIHEHHOTO B CTaThe Mare-
MaTUYeCKOro MOJe/IMPOBAHMS IOKA3bIBAIOT, YTO TETUION3OJISIIINS TUAPOOOOPYIOBAHNS SIBJISI-
eTcst 3GPEeKTUBHBIM CIIOCOG0M GOPBOBI C 3aMep3aHMeM I'MIPaBINYECKOI CHUCTEMBI TEXHUKMA.
CiiepyomyM LIaroM aBTOPOB SIBJISIETCS IIPOBe/leHNe HaTyPHbIX MCIIbITaHWI IpefjiaraeMoro
crioco6a peureHus mpo6yeMsl Ha 6a3e kommauuy 000 «ApkTuk-Byp», Ha caMOXOZHBIX Gy-
poBbIX ycraHoBKax YPB-2A2 u YPB-2]13.

Knioueevie cn0ea: GypeHye, MHOTOJIETHSISI MepP3JI0Ta, METOJ, KOHEUHbIX 3JIEMEHTOB, TM/IpaB-
mdyeckoe o6opynoBaHue, FEniCS, TerionsosnsuyoHHbIe MaTepyasibl, pyKaBa BbICOKOTO [IaB-
JIeHus1, TUIpoCcKCcTeMa, GypoBasi yCTaHOBKA, APKTMKA, pabodasi JXMUAKOCTb, MaTeMaTNIecKoe
MoJle/IMpOBaHue.

Ona uumupoeanus: Tamapuros [. M., Ezopos M. A., Konecog A.E. AHanmu3 a¢pPeKTUBHOCTU
TEIUIOU30JISIIMY PYKaBOB BBICOKOTO JiaBjieHusi GypoBoii ycraHoBKM YPB-2A2 Ha ocHOBe Ma-
TeMaTn4ecKoro MozenupoBanus // TopHbI MHPOPMALVOHHO-aHAIUTUIECKMI GIOJIETEHD. —
2022. — N2 10-2. — C. 88—94. DOI: 10.25018/0236_1493_2022_102_0_88.
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Analysis of the efficiency of thermal insulation of high-pressure hoses
of the drilling rig URB-2A2 based on mathematical modeling

D. M. Tatarinov', I. A. Egorov’, A.E. Kolesov'
T M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

Abstract: We consider the problem of freezing the hydraulic system during the operation of
equipment in the harsh conditions of the North-East and the Arctic of the Russian Federation. The
main reason for the failure of equipment in winter is the damage of high-pressure hoses due to the
loss of elastic properties of the rubber components caused by low ambient temperatures. To solve
this problem, we propose a way to improve the drilling rig URB-2A2 by insulating its hydraulic
system with a thermal insulation material based on mineral wool. To confirm the effectiveness of
the proposed approach, we performed mathematical modeling of thermal processes occurring in
the hydraulic system. We compared the rate of heat loss of the working fluid in high-pressure hoses
without and with thermal insulation. The finite element method is used for numerical solution
of differential equations. The software implementation was carried out on the FEniCS computing
package. The results of mathematical modeling prove that thermal insulation of hydraulic
equipment is an effective way to combat freezing of the hydraulic system of equipment. Our next
step is to conduct full-scale tests of the proposed method of solving the problem on the basis of the
company “Arctic-Bur” LLC, on self-propelled drilling rigs URB-2A2 and URB-2D3.

Key words: drilling, permafrost, finite element method, hydraulic equipment, FEniCS, thermal
insulation materials, high pressure hoses, hydraulic system, drilling rig, Arctic, working fluid,
mathematical modeling.

For citation: Tatarinov D. M., Egorov I. A., Kolesov A.E. Analysis of the efficiency of thermal
insulation of high-pressure hoses of the drilling rig URB-2A2 based on mathematical modeling.
MIAB. Mining Inf. Anal. Bull. 2022;(10-2):88—94. [In Russ]. DOI: 10.25018/0236_1493 2022 102

_0.88.

1. Introduction

During various operations, any equipment
is affected by various negative factors that
can lead to premature failure. In turn, any
breakdown of equipment causes a loss of
time and money. The reliability of equipment
becomes especially relevant when operating
equipment in the harsh conditions of the North-
East and the Arctic of the Russian Federation.
In these regions, huge territories are still not
developed, and settlements are located at a
great distance from each other. There is no
necessary infrastructure for carrying out any
work. In many areas, roads are available only
in the cold season, and the ambient temperature
in winter can drop to —60°.

As previous studies show, extremely
low ambient temperatures have a negative
impact on almost all elements of the
hydraulic system of the equipment [1].

First, under the influence of low temper-
atures, hydraulic fluid properties deteriorate
due to a significant increase in its viscosity
and density and the formation of hydrates.

Secondly, under the influence of
extremely low temperatures, deformation
occurs, changes in the dimensions and
gaps of hydraulic equipment parts, leading
to an increase in friction forces, pinching
of moving elements, and saturation of the
working fluid with air [1].

Thirdly, at low temperatures, the
elastic properties of the rubber of high-
pressure hoses deteriorate, which can
cause its rupture.

When operating equipment at an ambient
temperature of —30° or less, all of the above
complications usually coincide and can
negatively affect the operation of hydraulic
equipment or cause its destruction.
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2. The negative effect of low
temperatures on the hydraulic
system of machinery

We studied the long-term experience of
the “Arctic-BUR” LLC engineering and
survey company, which is engaged in drilling
operations on the territory of the Republic
of Sakha (Yakutia) all year round. The
company’s main drilling rig for geological
exploration is the URB-2A2, based on the
KAMAZ vehicle equipped with a screw
compressor. Due to their versatility and
accessibility, these drilling rigs are among the
most common in the Russian Federation and
are mainly used in geological exploration and
engineering survey work.

URB-2A2 is a fully hydroficated
drilling rig and is equipped with a movable
rotator and a lifting mast. All elements of
the hydraulic system are connected through
high-pressure hoses (HPH) (Fig. 1).
As practice shows, they are the most
vulnerable elements of the hydraulic system
since, during operation, they are most often
subjected to various mechanical loads and
negative environmental influences.

During equipment operation, working
fluid temperature increases due to high
pressure and friction, so, in winter, the
optimum temperature is maintained
inside the hydraulic system. When the
temperature is below —40-50°, equipment
operation is undesirable even with special
frost-resistant hydraulic oils. At such
extreme temperatures, the oil’s viscosity
increases, resulting in increased pressure
losses in the hydraulic system, increased
hydraulic flow resistance, and friction
forces in the movable joints. Difficulties
arise with starting the hydraulic drive, and
the elastic properties of rubber seals and
HPH occur. All of the above complications
significantly increase the probability of
failure of hydraulic equipment [1-5, 8-20].

To prevent and combat the problem of
freezing the hydraulic system, we consider
insulating the hydraulic equipment of
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Fig. 1. High-pressure hoses of the drilling rig
URB-2A2

the drilling rig with thermal insulation
materials. We believe that due to the thermal
insulation of the oil tank and high-pressure
hoses, it is possible to significantly increase
the efficiency of hydraulic equipment
in winter since the heat generated by
hydraulic oil will not instantly escape into
the environment due to the high thermal
conductivity of rubber and metal elements
of the hydraulic system.

We propose to thermally insulate
the hydraulic system of the drilling rig
URB-2A2 with a thermal insulation material
based on mineral wool, in particular, the oil
tank and high-pressure hoses. The method
of insulation is shown in Fig. 2.

3. Mathematical modeling

To study the thermal insulation of
high-pressure hoses (rubber pipes), we
perform mathematical modeling of hoses’
interaction with the environment. Fig. 3
shows the computational domain consisting
of three subdomains: Q;, — oil, Q, —
rubber, Q; — insulation. To determine the
temperature distribution T, we will solve
the heat conduction equation [6]:



Fig. 2. Heat-insulated high pressure hose: 1 — thermal insulation layer; 2 — high pressure hose

cp%—V-(KVT):O,xeLLL (1)

Here, ¢ — the specific heat, p — the
density, A — the thermal conductivity
coefficient, which are defined as

¢, xell,
c(x)=4c,, x elll,,
cy, x e,

Py, xelll,
p(x)=1p,, xelll,
Ps, x €L,

Ay x e,
A(x) =12y, x elll,,
Ag, x € UL,

where subscripts 1, 2, and 3 denote oil, rubber
and insulation properties, respectively. Also,
equation (1) must be supplemented with
boundary and initial conditions. Convective
heat exchange with the environment will
take place at the border

o
on

=o(T-T.

out

), xel |, 2)
where o0 — the heat transfer coefficient,
T, — the Temnepatypa okpyxatoLien

out
cpeabl. The initial temperature is

Q3

Fig. 3. Computational domain

T=T, xell 3)

For the numerical solution of the problem
(1)—(3), we use the finite element method [7].
The software implementation is carried out on
the FEniCS computational package [8]. This
package allows us to automate the numerical
solution of differential equations using the
finite element method. The geometrical
domain and the computational mesh (Fig. 4)
are generated using the Gmsh program. All
software used in the research are open source.

We modeled the cooling of the pipe
without thermal insulation, and with thermal
insulation was carried out for one hour. The
initial temperature is equal to T, = 30°, the
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Table 1

Thermophysical properties

Material ¢ J/(kg - °C) p, kg/m3 A, W/(m - °C) a, W/m2 - oC
Oil 1860 870 0.1333 -
Rubber 1420 1500 0.175 65
Insulation 920 50 0.0356 3

Fig. 4. Computational mesh

ambient temperature — T, = = =50 °C. The
outer diameter of the pipe is 46 mm, and the
wall thickness is 7 mm. The pipe material
is rubber. Mineral wool with a thickness
of 10 mm is taken as a heat insulator.
Thermophysical properties of oil, rubber,
and insulation are presented in Table 1.
Calculations are performed with a time step

of 1 minute for 1 hour (60 timesteps).

We present calculation results in Fig. 5,
where the temperature distribution without
thermal insulation after 1 hour is shown on
the left and with thermal insulation on the
right. It can be seen that without insulation,
the oil completely freezes, and its temperature
will be —42 °C The oil does not freeze when
the pipe is covered with insulation, and the
temperature drops to 12 °C. Fig. 6 shows
the change in maximum oil temperature
over time. The solid blue line shows the
temperature distribution with insulation, the
dashed orange line without insulation. It can
be seen that without insulation, the oil will
freeze within 20 minutes.

4. Conclusion

We believe that improving the technical
characteristics of equipment is primarily
achieved by adapting them to working
conditions. At the same time, it is necessary
to achieve the desired result without serious
modifications to existing equipment and
significant financial investments. In our
opinion, using this approach, we can achieve

-49.1 -48 -47 -46 -45 -44 -42.5
-

229 -15-10 -5 0 5 123
; L
.

Fig. 5. Temperature distribution without insulation (left), with insulation (right)
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Fig. 6. Maximum temperature over time: 1 — with insulation, 2 — without insulation

success in the realities of the North-East and
the Arctic of the Russian Federation.

The approach we have proposed to
combat the problem of freezing of the
hydraulic system meets all the above
requirements and, in our opinion, it is
practical and economical.

The results of mathematical modeling
prove that thermal insulation of hydraulic
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MHHOBALIMOHHAS AKTUBHOCTbD CEBEPHBIX
TOPHOIIPOMBIUIJIEHHBIX [IPEANPUATUN
KAK BAKHENIIUNA ®AKTOP CHUKEHUSA

BO3IEVNCTBUS HA OKPYKAIOLIYIO
[IPUPOOHYIO CPEAY

B.C. Xapog'?, B. A. Llykepman', H.B. YXapos', C.B. /BaHos'

T IHCTUTYT 3KOHOMMYecKunx npobnem um. I.. M. JlysuHa ®epepanbHOro nccnefoBaTesibCkoro
LeHTpa «Konbcknin HayuHbI LeHTp PAH», AnaTtuTbl, Poccua
2 Ounman MypmaHCKOro apKTUYeCKoro rocyAapCcTBEHHOro yHuBepcuTeTa B . AnatuTbl,
Anatutbl, Poccua

AHHOmMauusi: PoCCUIICKME TOPHOITPOMBIIUIEHHbIE IpeanpusiTusi, GyHKIMoHMUpyomye Ha Ce-
Bepe U B ApPKTHKe, HeraTMBHO BJIMSIOT Ha OKPY’KalIlyo IPUPOHYIo cpeny. CiiemoBarTesibHO,
IJISI OCYIEeCTBJIEHNSI «3eJIEHOi» PEBOJIIOLMY Heo6X0IMMa pa3paboTKa M peaam3alysi TeXHOJIO-
IMYeCKMX MHHOBaIMIA. 1lesibio paGoThI SIB/ISIETCST KOJIMIECTBEHHDI aHaIM3 YPOBHS MHHOBALM -
OHHOJ aKTMBHOCTY FOPHOIIPOMBILIIEHHBIX IPEANPUATUIA CeBEPHBIX PErMoHoB. Iloka3aHo, uToO
VHHOBALIMOHHAS aKTUBHOCTD GOJIBIIMHCTBA CEBEPHBIX TOPHBIX NPEATIPUSITUII HU3Kasi. BHenpe-
Hye MHHOBAIIMOHHBIX TEXHOJIOIMII OCBOEHMS U NepepaboTKM MMHepPasIbHO-CHIPhEBBIX pecyp-
COB IT03BOJISIOT CHM3UTb MaTepuaoeMKOCTb ITPOM3BOJICTBA M YMEHBIIUTb OGbeMbl OTXO/IOB.
Ha ocHOBe KCIIO/Ib30BaHMSI HOBOTO METOMOJIOTMUYECKOrO IIO[XO/A BBINOJIHEHA KOJIMYeCTBEH-
Hasl OIleHKa YPOBHSI MHHOBALIMOHHOM aKTMBHOCTM TpeX poccuitckux koproparmii (AO «Or-
KoH», AO «Kapenbckuit okatsii», [TAO «'MK «HopubCKuit HUKeTb») 1 MBEACKON KOMITaHUN
«Boliden Group». ITpu orcyTctBuM B Poccuy adpdeKTMBHOI CUCTEMBI CTUMY/IMPOBAHMUS MHHO-
BallMOHHOV aKTMBHOCTY IIPEATIPUSITHI, B TOM 4lCJIe TOPHOIIPOMBIIIIEHHBIX, /IS aKTUBU3aLUN
MX VIHHOBAIIVIOHHOJ [esiTe/IbHOCTY IIpeJjiaraeTcsi MOpPsIIOK paspaboTKM KayKAbIM IpefIpu-
SITMeM COOCTBEHHO! CTpaTerny MHHOBAIMOHHOTO pa3BuTus. PopMupoBaHMe TaKUX CTpaTeruii
IIOKayKeT, C OHOV CTOPOHBI, BO3MOKHOCTI IIPEANIPUSATHIA IT0 LOCTUKEHMUIO BBICOKMX 3HAUEHUI
1LIeJIeBBIX TIOKa3aTesiell MHHOBAIMOHHOM aKTUBHOCTH, &, C IPYTOi CTOPOHBI, ONPEIe/INT IieJle-
CO06Pa3HOCTb ¥ BO3MOYKHOCTD TOCY/IaPCTBEHHO GMHAHCOBOM ITOJIEPIKKN.

Kniouesvie cnoea: CeBep 1 ApKTHKa, TOPHOIIPOMBIIIJIEHHbIE IIPeIIPUSITISI, MHHOBALIMOHHAS
aKTMBHOCTb, CTpaTeryusi VHHOBALMIOHHOTO PasBUTUSI, CTUMY/IMPOBaHMeE.

Jns uumuposanus: Xapos B. C., Ilykepman B. A., )Kapos H. B. , eanos C. B. VIHHOBallMoOHHast
aKTMBHOCTb CeBEPHBIX TOPHOIIPOMBIIIIEHHBIX NPeANPUSITUI KaK BaskKHemmii GaKkTop CHIXKe-
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Abstract: Russian mining enterprises operating in the regions of the North and the Arctic
have a negative impact on the environment. Therefore, for the implementation of the “green”
revolution it is necessary to develop and implement technological innovations. The aim of
the work is a qualitative analysis of the innovation activity level of the mining enterprises
of the northern regions. It is shown that the innovation activity of the majority of northern
mining enterprises is low. Implementation of the innovation technologies for the exploitation
and processing of mineral resources allow to decrease the material intensity of production and
reduce the waste volume. Based on the use of a new methodological approach a quantitative
assessment of the innovation activity level of three Russian corporations (JSC Olcon, JSC
Karelsky Okatysh, PJSC MMC Norilsk Nickel) and the Swedish company Boliden Group was
carried out. With the absence in Russia of an effective system for stimulating the innovation
activity of enterprises including mining a procedure for each enterprise to develop its own
strategy of innovation development in order to activate their innovation activity is proposed.
The formation of such strategies will show on the one hand to identify the possibilities of
enterprises to achieve high values of target indicators but on the other hand will determine the
expediency and possibility of state financial support.

Key words: the North and the Arctic, mining enterprises, innovative activity, innovative
development strategy, stimulation.
For citation: Zharov V.S., Tsukerman V. A., Zharov N.V., Ivanov S.V. Innovation activity

of northern mining enterprises as the most important factor of reducing the impact on the
environment. MIAB. Mining Inf. Anal. Bull. 2022;(10-2):95—104. [In Russ]. DOI: 10.25018/0236

1493 2022 102 0 95.

1. Introduction

Mining enterprises are the basis of
the economy of the most regions of the
North and Arctic that are subjects of the
Federation, therefore their development
determines the further growth of the
gross regional product (GRP) [1]. At
the same time, mining enterprises have
a negative impact on the environment
[2]. Herewith rich ore deposits decrease
forcing to exploit poor ore deposits. At
the same time the amount of hazardous
production waste containing a number of
toxic elements will increase. Accordingly,
to prevent such tendency it is necessary
to develop and implement innovation
technologies that allow to ensure the
“green revolution” [3—5].

In this regard, it is necessary to
conduct a quantitative analysis of the
innovation activity level of the mining
enterprises from the point of view of the
technological innovations to decrease the
level of their impact on the environment
which is the purpose of the work.
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2. Materials and methods

The concept of innovation activity in
the scientific literature does not have an
unambiguous definition [6], since for this
it is necessary, first of all, to formulate
self-consistent indicators (one or more
interconnected), the change in the values
of which will show how innovatively or
non-innovatively a particular enterprise
has developed. If innovatively then what
is the degree of innovation activity that
characterizes the rate of change in the
values of indicators used for such an
assessment.

In [7] it is shown that in the economic
literature two approaches to determining
the innovation activity of enterprises
are considered. In the first approach, an
enterprise that implements any innovations
in the appropriate period of time is
considered to be innovatively active. In
accordance with the second approach,
innovatively active enterprises will include
any enterprise that has R&D costs. It is
used more often, but in [7] this approach



is rightly criticized, since the volume of
R&D costs does not correlate with sales
revenue. At the same time, the authors
of the work propose their own approach
based on an expert assessment of the
significance of three blocks of indicators,
however, firstly, such an assessment is
always subjective. Secondly, each block
includes many different indicators, and
some of them are absent in the public
reporting of enterprises. As a result, a
comparative assessment of the innovation
activity of different enterprises becomes
impossible.

It is proposed a new approach to
measuring the innovation activity of
industrial enterprises and industrial sectors
of the economy of the regions — subjects
of the Russian Federation and the country
as whole. lts basis is the proposed by
authors a new type of the economic
analysis of the activities of enterprises and
industries — an economic analysis of the
technological renewal of production. In
accordance with this method technological
development of enterprise or industry
depending on the economic efficiency
of using the main types of production
resources (material, including energy, labor
and physical capital in the form of fixed
assets) is determined by its life cycle which
includes six stages [8].At the same time, an
indicator of the transition of an enterprise
to the corresponding stage is a change of
the value in one direction or another of one
of three interrelated indicators: coefficient
of the production manufacturability
level (CPML), material efficiency (ME)
and efficiency of capital (EC). First of
these indicators is defining one since
the growth rates of its values show in
authors’ opinion the degree of innovation
activity of enterprises and industries
and the absolute value of CPML in the
corresponding period of time indicates
the level of their innovation technological
development. Quantitatively CPML is

calculated by the ratio of the value of the
capital intensiveness of production to the
material intensity of products or by the
ratio of the value of material efficiency to
the efficiency of capital and its essence lies
in the fact that the technological renewal of
the active part of fixed assets (machinery,
equipment and vehicles), that is according
to the classification of G. Chesbro [9] open
innovations in the form of materialized
(“bodily”) knowledge, has a direct
impact on reducing the material intensity
of manufactured products, that is, on
increasing the level of material efficiency.
This theoretical assumption which
results from the theory of endogenous
economic growth is confirmed by
numerous calculations of the proportional
relationship between the values of material
intensity and capital intensiveness carried
out according to the data of the activities
of many industrial enterprises primarily
located in the regions of the North and the
Arctic over a long (more than 15 years)
period of time [10].

Of the six stages of the life cycle of
technological development of enterprises
and industries mentioned above only
one stage shows the possibility of a
simultaneous increase of the values of all
three indicators. Accordingly, in order to
maximize the efficiency of use of basic
economic resources each enterprise should
strive to achieve production activities
precisely at this stage but then the question
arises — how can it make such a transition
and whether it possible based on its current
or prospective financial capabilities?

3. Results and discussions

Decree of the President of the Russian
Federation of May 7, 2018 No. 204
set the task to increase the number of
organizations implementing technological
innovations to 50% of their total amount by
2024. To determine the innovation activity
of the northern industrial enterprises
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in terms of introducing technological
innovations 19 mining companies that
provide information in the public access
on websites and in the annual reports as
well as in scientific publications for the
period 2013 — 2020 were chosen.

Companies that have implemented
technological innovations:

Kirovsk branch of JSC “Apatit” PJSC
“PhosAgro”.

In 2017 the enterprise developed and
implemented a technology for cyclical-
flow transportation of overburden with the
participation of Thyssen Krupp Industrial
Solutions (Germany), which made it
possible to increase ore production by 10%.

In 2018 the enterprise developed and
implemented a fine screening technology
using high-frequency Landsky screens,
manufactured by Beijing Screen
Technology Co., Ltd. (China), which
allowed to increase the efficiency of ore
separation by size classes and process
lean and off-balance ores (with a P205
content from 4 to 6%).

In 2019 the enterprise together with PLC
Epiroc RUS developed and implemented a
technology for remote control of drilling
equipment for underground ore mining
which made it possible to increase the
drilling efficiency by 20%.

JSC Kola MMC is a subsidiary of
PJSC MMC Norilsk Nickel

In 2017 the enterprise together
with PLC Gipronickel developed and
implemented a technology for briquetting
copper-nickel concentrate which allowed
to reduce sulfur dioxide emissions by
35— 40 thousand tons per year.

In 2018, the enterprise developed and
implemented a technology for controlling
finished products in the briquetting section
using artificial intelligence and machine
vision which made it possible to improve
quality control of finished products.

In 2019 the enterprise together with
LLC Gipronickel developed a technology

98

for producing electrolytic nickel from
solutions of chlorine dissolution of nickel
powder of tube furnaces which makes
it possible to increase the production of
electrolytic nickel from 120 thousand
to 145 thousand tons per year and to
increase the level of nickel extraction into
concentrate by 1%.

JSC North-Western Phosphorous
Company is a subsidiary of PJSC Acron.

In 2020 the company introduced a
water accumulation technology allowing
to reduce the load on the pumping
equipment of the mine and the industrial
site of the mining and processing plant.

JSC Olkon part of the Severstal
Resources division of PJSC Severstal.

In 2015 the enterprise together with
PLC SPB-Giproshakht introduced the
technology of cyclical-flow delivery of ore
using a steeply inclined conveyor which
made it possible to reduce transportation
costs by 2 times [11].

In 2019, the enterprise together with
scientists from the Ml FRC KSC RAS
introduced the technology of magnetic-
gravity separation which allowed to
increase the iron content in the concentrate
to 68.46%.

In 2020, the enterprise together with
the FRC KSC RAS introduced a screw
separation technology which made it
possible to obtain hematite concentrate at
a level of 62%.

PLC Mayskoye Gold Mining Company
is a subsidiary of JSC Polymetal.

In 2018 the enterprise together with the
company “SGS” (Russia) implemented a
technology for processing oxidized ore in
a combined way allowing to increase the
share of gold in concentrate by 24%.

Polar Division of PJSC MMC Norilsk
Nickel.

In 2017 the enterprise together with JSC
Mekhanobr Engineering at the Talnakh
enrichment plant introduced a technology
for enrichment of a charge of rich and



cuprous ores which made it possible to
process low-nickel pyrrhotite [12].

Thus for only 13 out of 19 (30%)
considered enterprises have implemented
technological innovations. Including JSC
Karelsky Okatysh and JSC Vorkutaugol (as
part of the Severstal Resources division of
PJSC Severstal), JSC Kovdorskiy GOK,
MCC PJSC Eurochem, PLC Lovozersky
GOK, Rusal Kandalaksha — a branch of
JSC Rusal Ural UC Rusal.

Thus, one can state that the innovation
activity of the majority of Russian
mining enterprises in the North and the
Arctic is relatively low but this is a very
generalized conclusion characterizing
only the introduction of new production
technologies which is usually rarely
carried out at Russian enterprises
unlike, for example, the Scandinavian
countries located mainly in the North.
Many Russian mining enterprises are
engaged in improving existing production

technologies, however, in accordance with
the approach mentioned above they are
not considered to be innovatively active
[13—15].

In authors’ opinion a more accurate
classification of mining enterprises as
innovatively active can be obtained using
the calculation of the absolute values
of the coefficient of the production
manufacturability level and the rate of their
change. To substantiate this conclusion,
the technical and economic indicators of
activities of two mining and processing
enterprises that have approximately the
same production technology and are part of
the same holding of PJSC Severstal: JSC
Olkon and JSC Karelsky Okatysh for ten
years (2011 —2020) (tables 1 and 2) were
considered. Sales revenue of products at
each enterprise during this period increased
equally by 71 percent [16].

The mentioned above calculated data
show that, first, for the analyzed period

Table 1
Technical and economic indicators of activities of JSC Olcon’
Indicators 20M 2012 2013 2018 2019 2020 growth
rate for the
period (%)
ME 4,27 2,89 2,88 2,71 3,54 3,69 86,5
EC 3,36 2,24 1,92 2,64 2,87 2,87 85,4
CPML 1,27 1,29 1,50 1,02 1,23 1,29 101,6
Table 2
Technical and economic indicators of activities of JSC Karelsky Okatysh’
Indicators 20M 2012 2013 2018 2019 2020 growth
rate for the
period (%)
ME 4,27 2,89 2,88 2,71 3,54 3,69 86,5
EC 3,36 2,24 1,92 2,64 2,87 2,87 85,4
CPML 1,27 1,29 1,50 1,02 1,23 1,29 101,6

1Calculated by the authors based on the data of annual reports on the activities of enterprises
[16], where ME — material efficiency of manufactured products;

EC — efficiency of capital of production by the residual value of fixed assets at the end of the year;

CPML — coefficient of the production manufacturability level.

Indicators corresponding to the best stage of the technological development life cycle are marked

in bold.
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of time, the rates of change in the values
of the coefficient of the production
manufacturability level at the two
enterprises are almost the same. At the
same time JSC Karelsky Okatysh was
actively engaged in improving production
technology, which allowed it in 2020 to
only slightly reduce material efficiency
and efficiency of capital compared to
2010. Accordingly, this enterprise can also
be considered innovatively active.

Second, due to the introduction of new
production technologies in 2018 — 2020,
JSC Olcon managed to significantly
increase the level of material efficiency
and, accordingly, reduce the specific
consumption of materials and energy per
ruble of manufactured products, although
the level of 2011 was not reached.
However, without the activation of such
type of innovation activity the decrease of
the values of material efficiency would be
more significant.

Third, JSC Olcon over the past two
years has developed as efficiently as
possible in terms of increasing resource
efficiency, that is, at the best stage of the
life cycle of technological development
of enterprises. At the same time, JSC
Karelsky Okatysh reached the best stage
of technological development only in
2019. This shows that in the future this
enterprise will not be able to reach the
maximum possible resource efficiency
of production only by improving the
production technology.

Compared to mining and processing
enterprises, mining and metallurgical
enterprises have a more significant
environmental pollution. In this regard,
it is of interest to compare the level
of their innovation activity, and it is
especially important to compare the
results of innovation activity and the
corresponding change of the volume of
pollutant emissions of Russian and foreign
enterprises.
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To perform a comparative analysis,
two non-ferrous metallurgy enterprises —
PJSC MMC Norilsk Nickel (Russia)
and Boliden Croup (Sweden) (tables
3 and 4) for the period of their activity
of 2011 —2020 were selected. Each
of them produces copper and nickel
among the group of metals. In addition,
they are relatively comparable in scale
of production (in 2011, the volumes of
sales revenue of these companies in US
dollars were the same, however, in 2020,
the Russian enterprise increased its sales
volume three times, and the Swedish —
only one and a half times, mainly due to
for lower rates of growth in prices for zinc
and lead compared to prices for cobalt and
palladium).

The main conclusion from the data
obtained is that the innovation activity of
the Russian company was mainly aimed
at improving the existing production
technology, when in the Swedish one —
at the introduction of new technological
processes, since over ten years the value
of the coefficient of the production
manufacturability level for PJSC MMC
Norilsk Nickel has increased only by
20%, and the Boliden Group by 70%.
At the same time, the Swedish company
showed a steady growth trend of the
CPML values, and the sharp increase of
the values of this indicator at the Russian
company in 2012 —2017 is mainly due to
the change in the organizational structure
of PJSC MMC Norilsk Nickel and the
corresponding changes in the data on the
volume of material costs. The obtained
conclusion is confirmed by the fact
that R&D expenditures of the Boliden
Group in relation to sales revenue are
more than 1.3% and have doubled in
absolute expression over ten years. At
the same time, such costs for the Russian
company are ten times less and, according
to scattered data from annual reports,
amount to about 0.02% of sales revenue.



Table 3

Results of production and innovation activities of PISC MMC Norilsk Nickel' [17,18]

Indicators 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
ME 516 | 823 | 7,60 | 9,71 | 10,28 | 9,53 | 6,95 | 7,09 | 7,09 | 4,96
EC 303 | 248 | 2,12 | 2,57 | 1,31 | 123 | 1,26 | 1,63 | 2,46 | 2,34
CPML 1,70 | 3,32 | 359 | 3,77 | 7,86 | 7,74 | 552 | 435 | 2,88 | 2,12
Air emission 2016 | 2044 | 2033 | 1948 | 2009 | 1878 | 1785 | 1870 | 1898 | 1911
of SO,,

thousand tons

Air emission 210 | 190 | 20,0 | 21,5 | 19,6 | 13,6 | 13,0 | 13,1 | 11,2 | 10,2
of solids,

thousand tons

Wastewater 139 147 146 146 141 144 148 164 142 | 202,5
discharge,

million m3

Table 4

Results of production and innovation activities of Boliden Group' [19]

Indicators 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
ME 1,59 | 1,59 | 157 | 1,64 | 1,66 | 2,00 | 2,04 | 199 | 2,06 | 1,97
EC 1,76 | 1,59 | 1,26 | 1,29 | 1,42 | 1,16 | 1,36 | 1,35 | 1,14 | 1,29
CPML 0,90 | 1,00 | 1,25 | 1,27 | 1417 | 1,72 | 1,50 | 1,47 | 1,81 | 1,53
Air emission 924 | 1008 | 1000 | 1001 | 889 | 1052 | 1024 | 971 917 897
of CO,,

thousand tons

Air emission 7410 | 8240 | 6410 | 7320 | 7210 | 7060 | 7360 | 7720 | 6240 | 6310
of SO,, tons

Air emission 23 92 75 126 88 100 109 92 69 60
of metals, tons

Metal 14 21 23 21 18 13 9 8 51 37
discharge into

water, tons

Share of R&D | 0,89 | 1,07 | 1,48 | 1,07 | 123 | 1,31 | 1,33 | 1,34 | 1,48 | 1,33
expenditures

in revenue, %

1Data on environmental pollution are given from the annual reports of companies, and the other
values of indicators are calculated by the authors based on the data of these reports.

As a result of such innovation activities
in 2020 compared to 2011 the material
efficiency of the Russian company
decreased by 4.5% and in the Swedish
company is increased by 23.9% that is
the consumption of natural capital (raw
materials, materials and fuel) decreased
significantly per unit of production value.

It should be noted that each company
carries out significant targeted activities

to reduce environmental pollution by
production waste but even so for example
a Russian company has even increased
wastewater discharge over ten years
while a Swedish company has more
than doubled its metal emissions into the
atmosphere and water.

The problem of utilization of sulfurous
gases deserves special attention. The Boliden
Group has practically solved it since less
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than ten thousand tons of SO, are emitted
into the atmosphere and there is a tendency
for a further decrease. At PJSC MMC
Norilsk Nickel the problem of utilizing
sulfur dioxide is much more complicated
since the volume of SO, emissions is
about two million tons that is more than
200 times higher than the emissions of the
Swedish company. It should be noted that
the Russian company uses more high-sulfur
ore but its processing technology has been
used for several decades without significant
changes. The current situation will change
significantly for the better only after the full
implementation of the “sulfur project” in the
coming years.

The low level of innovation activity
of Russian mining industrial enterprises
is largely determined by the fact that in
Russia unlike for example the subarctic
countries the system of stimulating the
introduction of innovations is poorly
functioning [20, 21]. The state policy in
the field of innovation activities is reduced
only to the formation of various Strategies
and Development Programs but their
implementation turns out to be ineffective
including due to the lack of federal
bodies (organizations) existing in all
Scandinavian countries which main tasks
are to coordinate innovation policy in the
country, information and advisory support
of innovation activities and selection of
highly effective projects and financing of
investments in such innovation projects
(directly or through various funds).

The proposed industrial policy
for increasing resource efficiency by
transferring enterprises to the best
available technologies (BAT) [22] will
not solve the problem of a significant
reduction in the material intensity of
production and reduction of the impact of
enterprises on the environment since in
general such technologies will allow only
to improve the technological processes
existing in production.
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Each enterprise including mining one
with an increase of the level and degree
of its innovation activity especially when
transition to new innovation production
technologies may experience a great
risk of failure to reach the required
technological, technical and economic
results including from ineffective
implementation of relevant investment
projects. In this regard any enterprise
in order to determine the need for and
the possibility of enhancing innovation
activities in order to increase resource
efficiency should, in authors’ opinion,
develop its own strategy for innovation
development based on the possibility of
using not only its own financial resources
but also attracting borrowed capital from
various external sources however subject
to compliance the required level of
financial stability.

The primary basis of such a strategy
should be a preliminary determination of
the prospective values of the mentioned
above target indicators that is CPML,
ME, EC and the amount of investments
from various sources required to reach
them. Then through iterative calculations
the real possibility of reaching the target
values is checked and if necessary they
are adjusted downward..

4. Conclusions

1. The performed analysis based on
a new methodological approach of the
level of innovation activity of Russian
northern mining enterprises showed a low
level of implementation of innovation
technologies for the exploitation and
processing of mineral resource, which
could reduce the material intensity of
production and reduce the negative impact
on the environment.

2. A comparative analysis of the
level of innovation activity of four
enterprises (JSC Olcon, JSC Karelsky
Okatysh, PJSC MMC Norilsk Nickel,



Boliden Group (Sweden)) for the period
2011 — 2020 was carried out. The analysis
showed that an increase of the production
manufacturability level is typical only for
enterprises of the Boliden Group where a
significant increase of material efficiency
and accordingly a decrease of the level of
natural capital use and hence the impact
on the environment is ensured.

3. With the absence in Russia of
an effective system for stimulating
the innovation activity of enterprises,
including mining, in order to activate
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TPAHC®OPMAILIMS POJIU TOBBIBAIOIIUX
KOMIIAHUY B YCTOMYMBOM PA3BUTUU
CEBEPHbBIX PETMMOHOB KAK YCJIOBUE
CTAHOBJIEHUS «3EJIEHOM S9KOHOMMUKW»

N.A.CuBob6posa’, B.B.CrenaHosa', ¥.E. fkywesa’

1 CeBepHbIl (ApKTUYeckuin) defepanbHblii yHMBepcuTeT nMmeHmn M. B. JToMmoHOCOBa,
ApxaHrenbck, Poccua

AHHOMauusi: PacCMOTPEHO YIIpaBJIeHYECKVe AaCIeKTbl O00eCleyeHVs! YCTONYMBOIO PasBUTHS
CEBEPHBIX TEPPUTOPMI, B Hell ITPOAHAM3MPOBAHBI IIOAXOABI K POJIM JOOBIBAIONUIMX KOMITAHWIA
B CTAHOBJIEHMM OCHOB «3€JIEHOJ SKOHOMMKM» ¥ OIpefesieHbl IIepuosibl B TpaHchopMaly 3Toi
porm. IIpu 3TOoM paccMOTpeHbl OCHOBHbIE COCTaBJISIIOLIME KOMIIOHEHThI YCTONYMBOTO PasBUTHSI
B [IesITeJIbHOCTM KOMIIaHMii. ABTOpaMy TIpe[CcTaBjeHbl OCHOBHbIe HaIlpaBJieHMs M3MeHeHMit
B 9KOHOMMYECKOJA, 3KOJIOTMIECKOH M COLMAIbHO PO/ TOOBIBAOIINX KOMIIAHMI, KOTOPbIE BHO-
CSIT CyILleCTBeHHBI BKJIa/l B TIOBBIIIEHME TTOTeHIMasIa YCTOWYMBOTO PasBUTHMSI TEPPUTOPUIA: OCY-
IIecTB/IeHNe VHBECTULIMIE B 9KOJIOTMYECKHe, COLMaIbHble ¥ HayYHO- MHHOBAIIMOHHbIE IIPOEKTHI,
nepexofl, K OTBETCTBEHHOI! MOJIMUTHUKe YCTOMUMBOTO pa3BUTHSI KOMIIaHMIA, pacliMpeHye ClieKTpa
ToJTy4aTesieit BBITOJ] OT KOPIOPATMBHOM COLMAIbHOM MOMMTUKY. [loka3aHa HEOGXOIVIMOCTD yUe-
Ta PErMoHaJIbHBIX 0coOeHHOCTell CeBepa Ipy BHIGOPEe HAIPaB/IEHMI M COCTAB/ISIIOINX KOMIIO-
HEHTOB YCTOUMBOTrO PasBUTHSI, a TakoKe IIepecMOTpa PO/ U MeCTa 3aMHTEePECOBAaHHBIX CTOPOH
M YYACTHMKOB B Ipolleccax yIpaB/IeHUs] TaKuMM pa3BUTMEM, HEOOXOAMMOCTDb I1€PeOCMbIC/IEHNS
COBUTA OT OPraHOB IOCYIAPCTBEHHOTO ¥ MYHMIMIIAIBHOTO YIIPaB/IeHNs K KOMIIaHUSIM paboTa-
IOLIIMM Ha CeBEPHBIX TEPPUTOPUSX, TO €CTh JOCTVDKEHMSI TaKOTO KOMIIpOMMCCA MEX/y MHTepe-
caMy BCcex CTOPOH (BJIacTy, GM3Heca, Hace/leHus1), KOTOPbIil He OrpaHNuyBaj Gbl BO3MOKHOCTH
GyIylMX MOKOJIEHNII B YCTOMYMBOM PasBUTUM. [I03UTUBHBIN aclIeKT B TAKOM YIIpaBJIeHUeCKOM
TpeH/le COCTOMT B TOM, YTO KOMITAHMM, JIOKaIM30BaHHbIe Ha CEBEPHBIX TEPPUTOPUSIX, HAUMHAIOT
IPMHMMATh Ha ce0sl OTBETCTBEHHOCTD 3a YCTOMUMBOCTb PasBUTHSI 3TUX TEPPUTOPMIA, 3a COXpa-
HeHJe OKpY>Kalollleli cpelibl 1 3a IPUBJIeKaTeIbHOCTD [1JIsI )KU3HM Ha HUX.

Kntoueevie cnoea: ,ELOGI)IB&IO]J.H/IB KOMIIaHUM, CeBep, YCTO]‘/'IHI/IBOE pa3Butme, KopropaTrmBHas
conmasibHasis OTBETCTBEHHOCTDb, 3KOJIOTMYECKas SKOHOMMKaA.
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Abstract: the article examines approaches in management science to the role of mining companies
in achieving the Sustainable Development Goals and the formation of green economy in northern
regions, identifies periods in the transformation of the corporate role and reviews the activities
of companies in the context of the main components of sustainable development. The authors
identify the main changes in the economic, environmental and social role of mining companies,
which make a significant contribution to achieving sustainable development in the regions:
investment in environmental, social, scientific and innovative projects, transition to a new
corporate policy aimed at taking responsibility for sustainable development, expansion of the
number of potential beneficiaries from corporate social policy. The article shows the importance
of taking into account regional characteristics of the North when choosing the directions and
components of sustainable development, as well as revising the role and place of stakeholders
in the management of such development: the transition from state and municipal authorities
to companies operating in the northern territories. Such transformation requires a compromise
between the interests of all actors (state, business, local residents) that would not limit the
opportunities of future generations in sustainable development sustainable development of the
northern territories can be achieved when the enterprises of the major industries in the region
grow steadily. companies take responsibility for the preservation of the environment and the
attractiveness of life in the northern regions. This leads to the achievement of the Sustainable
Development Goals and the formation of a “green economy”. Theoretical framework.

Key words: mining industry, the North, sustainable development, corporate social responsibility,
green economy.
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Most researchers of problems and trends  responsibility for the implementation of

of sustainable development of northern
regions note that there is a need to rethink
the role of such areas in the development
of Russia and recognize their significant
specific features. These features include,
first of all, climatic conditions that create
discomfort for the population and increase
the risks of injury in these regions, rise
vulnerability of environmental systems
and other additional risks associated with,
for example, soil structure or permafrost
[1, 2, 3, 4]. Management processes in
the transition to sustainable development
should be focused not only on determining
the responsible parties for economic
growth, but also on environmental
safety, preservation of the environment,
development of a “green” economy, as
well as on improving the quality of life of
the population. Most studies by Russian
scientists have developed the notion that
state or regional authorities should bear the

the principles of sustainable development,
and the main focus should be made on
economic and social components of
sustainable development. The social
component of sustainable development
could be embodied through introduction
the green curricula in the bachelor and
master programs to train highly qualified
and responsible labor force for the North
[5, 6].

P. M. lvanov [7] in his monograph
described the model of sustainable
development management in the context
of relations in the system “Center —
Periphery”. In this system, the main actors
are the authorities, and then the problem
of sustainable development is considered
only in two aspects — economic and
national-territorial (ethno-environmental).
Moreover, the thesis that “the ethnic
aspect of the environment also manifests
itself” was formulated by the author, but
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not analyzed in detail. T. V. Uskova [8]
investigated the management system of
sustainable development of the territory,
including the collaborative activities of
the authorities at the federal, regional
and local levels. Another omission in
the studies of sustainable development is
that the authors [9,10,11,12] consider in
detail the relationship between sustainable
development and environmental problems,
analyze various industrial problems
(energy, bioeconomics and others), but
do not highlight managerial aspects,
with the exception of the research of
various regulatory legal acts, declarations,
strategies and programs.

Studies of foreign scientists mainly
focus on the analysis of the weight of
the environmental and social components
in sustainable development and skip
the economic component. The process
of implementation of sustainable
development is frequently considered
with the engagement of corporations
[13,14,15]. G. Hilson and B. Murck in
their work “Sustainable development
in the mining industry: clarifying the
corporate perspective” provided guidance
for companies for the engagement of
sustainable development principles and
emphasized the minimization of negative
impacts. The corporate contribution
to sustainable development in the
context of environmental aspect can be
achieved by applying environmentally
friendly goals, annual monitoring and
publication of results in Sustainability
reports, modeling the negative outcomes
of production activities, implementation
and modernization of cleaner production,
conducting training sessions, interaction
with stakeholders [13].

D. Rondinelli, M. Berry, L. Shen,
K. Muduli and A. Brave focused on
determining the place of corporations in
sustainable development with an emphasis
on the environmental component. In
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particular, L. Shen, K. Muduli and A.
Brave analyzed the processes of green
supply chain management, and D.
Rondinelli and M. A. Berry highlighted
a set of corporate measures to preserve
biodiversity (conservation of renewable
and non-renewable resources and energy,
implemention of environmental accounting
system) [14,15]. V.S. Litvinenko, P.S.
Tsvetkov, K.V. Molodtsov considered
corporate social responsibility as a way to
reach internal corporate sustainability [16].

Neither Russian nor foreign
researchers see steps or a mechanism
for the implementation of principles
of sustainable development, because
their point of view can be divided into
two opposing approaches. On the one
hand, “environment” is an independent
component of sustainable development
and should be considered separately
from other components. On the other
hand, “environment “ can be seen as part
of the economy and be integrated into
economic development (for example,
in an environmentally sound economy).
Then, according to the first approach,
the implementation of the principles of
sustainable development in the region can
take place in several stages:

1. Obtaining financial well-being or
“financial security cushion”;

2. Integration of the economic system
with elements of the environmental
system: for example, the use of indicators
to describe the environmental system

3. Solving social problems

4. Solving environmental problems,
but with emphasis on those that threaten
the existence of life

5. Implementing the concept of weak
sustainability [17].

The above-mentioned stages of
implementing sustainability principles are
partly similar to the process of corporate
role transformation in sustainable
development. The process of corporate



role transformation implies changing of
the share of spending on social issues from
achieving internal production goals to the
Sustainable Development Goals. Such
corporate role transformation consists
of five successive stages, which can be
defined by the share of company spending
on the Sustainable Development Goals.
Depending on the stage, such expenditures
can be 1) unallowed, 2) undesirable,
3) possible, 4) desirable, and 5) necessary.

For companies starting out in the
Nordic region, spending on social and
environmental issues is not allowed for
the reason that regular production costs
have already exceeded the industry
average. This leads to the risk of non-
competitiveness. Spending on social and
environmental issues then moves to the
“undesirable” category and more ercently
becomes “possible”. When costs move to
into the “possible” or “desirable” category,
it means that the company is actively
involved in the sustainable development
of the region.

The transformation of the corporate
role in achieving the Sustainable
Development Goals is reflected in its
role in the three major components of
sustainable development: economic, social
and environmental. Therefore, the aim of
the study is to determine the stage of the
process of transformation of the corporate
transformation role (mining industries)
in the context of the three aspects of
sustainable development. The scope of
study is mining companies operating in
the Arctic zone and North of the Russian
Federation. The research method is content
analysis, and the main source of information
is secondary data from corporate reports
and official websites of companies.

Transformation of the economic role

of mining companies

Economic and population growth
increases pressure on ecosystems and

natural resources. The future demand for
reliable, affordable and sustainable energy
requires from companies significant and
timely investments in resource-efficient
and climate-friendly activities. Changes in
the investment profile of mining companies
are the first sign of their commitment to
sustainable development. Two directions
of changes can be distinguished: in terms
of amount or scope of investment, such
as addressing environmental issues and
supporting advanced scientific innovation.
Mining companies in the Arkhangelsk
region (part of the northern regions of
Russia) are analyzed as an example of
such changes.

In May 2019, eight investment
projects were approved by the regional
government, but two of them account for
61.8% of the total investment volume.
These projects are developed by mining
and primary processing enterprises:
Mining and Processing Plant (MPP) at
the Lomonosov diamond deposit of PJSC
Severalmaz, MPP at the Pavlovskoye lead-
zinc ore deposit and the port complex of
JSC First Ore Mining Company. Another
project of JSC AGD DIAMONDS, worth
nearly 20 million rubles, aims at technical
re-equipment of the concentrating plant at
the V.Grib MPP, including the construction
of a drainage system and a reservoir [18].

Mining companies show good
examples of R&D investment profile.
For instance, JSC AGD DIAMONDS
is implementing a project worth 307.2
million rubles. The idea of the project is
the organization of high-tech production
for synthesis of diamond mono crystals
by the temperature gradient method and
manufacture of monocrystalline diamond
plates with specified characteristics for
research and development in the field
of quantum sensing, X-ray optics and
other promising areas of scientific and
technological development. And JSC First
Ore Mining Company launched a project
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for 19 million rubles, taking into account
the needs of its employees. The project
focuses on a software and hardware
solution based on robotics and virtual
reality for telemedicine, which allows
to automatically collect anamnesis of
employees (patients) and organize virtual
online consultations in healthcare [19].

PJSC Lukoil also responds to all
modern trends in the digitalization of
the economy and started operating a
comprehensive large-scale digital model
of the Vatyeganskoye oil field, which is
part of the “Intelligent Field” corporate
project. Digital twins have been created for
more than 3,000 wells and 12 production
facilities, covering the entire production
chain [20].

The above cases provide arguments
about the transformation of the economic
role of mining companies. Corporations
invests not only in increased production
and profits, but also in programs that
contribute to sustainable development of
northern territories.

Transformation of the environmental

role of mining companies

The transformation of the corporate
environmental role of mining companies
in the context of sustainable development
is also determined by the transition from
passive and rather formal activities to
active and responsible policies. This
translates into a shift from compliance with
minimum environmental requirements
and emission limits to the implementation
of preventive environmental actions
to reduce environmental risks. These
methods of reducing and transforming
environmental risks include:

- active monitoring based on indicators

- attracting scientists for research on
the corporate impact on the environment

- supplementing additional initiatives
or policy briefs to existing development
strategies
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- implementation of specific projects
to increase biodiversity, save resources,
waste recycling, etc.

As an example, changes in the structure
of Sakhalin Energy Investment Company
Ltd.’s (Sakhalin Energy) operations were
examined. Sakhalin Energy is the major
operator of the Sakhalin-2 Project and
has been in operation for more than 9
years. The company is a leader in the
Environmental transparency rating of oil
and gas companies operating in Russia
in 2019 [21]. Analysis of sustainable
development reports of Sakhalin Energy
shows that the main environmental
activities in 2012 correspond to
management control functions, such as
standards for air emissions, water use,
water discharge, waste disposal, and
monitoring performance in the mentioned
fields. And only a few activities are related
to the monitoring of flora and fauna in
the areas where the company operates.
For instance, in 2012, Sakhalin Energy
conducted environmental inspections
at 21 tested areas in the Prigorodnoye
Production Complex (PPC) and at 35
sites in the zone of potential impact of
the integrated onshore technological
complex near PPC [22]. But in 2016,
Sakhalin Energy officially announced
that the company is participating in
the implementation of all Sustainable
Development Goals [23]. In 2020, electric
and gas-powered vehicles were purchased
for cargo and passenger transportation
to reduce emissions, which is part of
the corporate policy of switching to an
environmentally friendly vehicle fleet.
Moreover, Sakhalin Energy conducted
acoustic monitoring of gray whale feeding
to measure the level of anthropogenic noise
from the company’s offshore facilities as
part of the development of an ecological
biodiversity monitoring program [24].

Another case of the corporate
environmental role transformation



demonstrates LLC Lukoil-Komi. The
transformation implies a transition from
mere compliance with environmental
legislation to restoration of biodiversity of
northern water bodies and compensatory
reforestation projects in the Komi
Republic as part of the National Projects
in Russia [25].

The dissemination of the practice of
participation mining companies in various
environmental activities contributes
not only to the implementation of the
Sustainable Development Goals, but
also the strategic goals and priorities of
socio-economic policy of the Russian
Federation at the state and regional levels,
the formation of a “green” economy.

Transformation of the social role

of mining companies

In the last decade, the focus on
sustainable development has led to a
transformation of corporate policies in
the region where the company operates.
In particular, mining companies that have
adopted a social responsibility policy
have begun to more active in publishing
data about conducted social events in the
region. For instance, LUKOIL Group has
been publishing its Sustainability Report
once every two years since 2003, and
annually since 2015. The Sustainability
Report of LUKOIL Group consolidates
the information on the activities of
all companies in the Group. The first
Sustainability Report was rather formal
and general in nature, covered such issues
as economic contribution, interaction
with local authorities, personnel support
activities and environmental issues. [26].
LUKOIL Group focused on disclosing the
approaches and principles of operating in
the regions, confirming the information
with aggregated statistical data. The 2020
Sustainability Report contains detailed
and in-depth information on the ongoing
activities. The Corporation discloses the

issues of building the entire management
system with the main focus on reducing
negative impacts, energy conservation,
occupational health and safety. The
document includes analytics on a wide
range of safety aspects, with a strong focus
on the development of local communities
and Indigenous Peoples of the North
[27]. Quality education, gender equality
and partnerships could be the further
priorities for the company in achieving
the Sustainable Development Goals [28]
We can conclude that the entire policy
of goal-setting of mining companies has
changed . At the start of the corporation’s
activity, the goal of social activity was
“gaining trust”. Lately, it had been
transformed to “corporate citizenship”
(Fig. 1). Corporate citizenship means
that companies take over some of the
social functions of the state. This leads
to significant investment by companies in
the construction of social infrastructure
facilities, which significantly increases
the social potential of the region and
strengthens protection against social
risks. It should be noted that in the
Northern regions there is a lack of social
infrastructure facilities, their high wear
and tear, old technical equipment and lack
of modern technology. Another problem
is also the excessive concentration of
social facilities in the largest settlements
(e.g., cities), which, in fact, sharply
limits their use by part of the population
living in rural areas. Initially, the target
audience for corporate social activity
was only the company’s personnel,
and, in part, the Indigenous Peoples of
the North. Currently, corporate social
activity has extended to schoolchildren,
youth and the elderly. This indicates the
transformation of the corporate policy to
an understanding of the idea that the harsh
climatic conditions of the North must be
compensated. In short, the attractiveness
of the territory for living becomes the
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Fig. 1. The transformation of the social role of mining companies in achieving the Sustainable

Development Goals
Source: developed by the authors

most important component of social and
economic development.

At the present stage of transformation
the social role of mining companies
is focused on eleven of the seventeen
Sustainable Development Goals, includes
being a responsible partner in addressing
a wide range of social issues, and
complies with the principles of the Arctic
Investment Protocol [29].

Main research results

The Arctic and the northern regions
have become one of the key priorities
of the country’s policy, despite the
specific features of their settlement and
development, the challenges and risks of
sustainable development in these areas. It
can be explained by the fact that in the
context of climate change the Arctic and
the northern regions are the most important
drivers of increasing geopolitical and
socio-economic positions of Russia in the
global economy.

In view of this fact, the role of all
stakeholders in the sustainable development
of mentioned area has changed. The
responsibility for sustainable development
management has partially shifted from the
authorities to the companies that operate
in the northern regions. The corporate role
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in achieving the Sustainable Development
Goals has changed. Spending on
“sustainable development” programs were
“unallowed” for companies in the early
days of resources production in northern
regions. Then the companies came to
understanding the value of sustainability
and their responsibility for ensuring
it, implemented corporate sustainable
development policies and became
involved in the management of sustainable
development in northern regions.

The role transformation of mining
companies includes three components
of sustainable development: economic,
environmental and social.

The economic aspect of the transfor-
mation covers changes in the priorities and
spheres of corporate investment activity.
Investment projects have become more
complex and necessarily include environ-
mental (green financing) and social sec-
tions and subprojects. Also, the volume
of investment in scientific and innovative
projects has increased significantly. As a
result, not only economic growth takes
place, but also environmental safety and
the quality of life increases.

The transformation of corporate
environmental responsibility includes
a transition from compliance with



environmental legislation and pollution
control to environmental, remediation and
ensuring preventive action. These activities
are implemented in such projects as increasing
biodiversity, resource conservation, waste
recycling, clean energy and etc.

The transformation of the corporate
role in the social sphere occurred in the
awareness of responsibility for ensuring
the quality of life not only for the
company’s employees, but also of the
entire population living in region where
company operates. And if initially the
Indigenous Peoples of the North were
the main target group, now the sphere
of corporate responsibility extends to
schoolchildren, students, the elderly and
other people who require special care.

The transformation of the role
of corporations in the sustainable
development of northern regions is so
obvious that not only the leaders and
management of the companies but also
scientists and other actors are paying more
and more attention to this issue. This can
be confirmed by the emergence of the
Polar Index project created by Project
Office for Arctic Development (the
PORA Expert Center) and the Faculty of
Economics of Lomonosov Moscow State
University [30]. The Polar Index project
was presented by its developers [31], but
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9KOJIOTMYECKAS ITOJIMTUKA NOBbIBAIOUINX
KOMIIAHUUN B APKTUKE

T.C. MBaHoBa', XaH-Mbep Jesunaepu?

11 CeBepo-BocTouHbiin pepepanbHblii yHnsepcutet (CBOY), AkyTck, Poccus;
2 YnuepcuTeT Mapwx-Cakne, Bepcanb, OpaHuna
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COLIMAJIbHOM OTBETCTBEHHOCTDbIO, C KOTOPOJT He MOT'YT He CUMTAThCsl AOObIBaloIIe KOMIIaHUHY,
IIPOCUMTBIBAIOIIE PUCKM, CBSI3aHHbIE C HETraTMBHBIM BO3/IICTBMEM IIPOMBILIEHHOCTY Ha OKpY-
JKaIOIYIo0 Cpefy ¥ y4eTOM MHTEPECOB 3allHTePeCOBaHHBIX CTOPOH B ApKTHKE.
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Abstract: The article deals with the environmental policies of large mining companies operating
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1. Introduction

Today, Russian mining companies
are faced with the need to provide open
information about their activities, the
importance and impact of a particular
company on the region’ economy, the
environment, and relations with the
local population and authorities. This is
especially true for the Russian Arctic,
where there has recently been active
exploration of the subsoil [1].

First of all, partners of companies,
public authorities and local community are
interested in what policy is being pursued
in the field of environmental protection
related to sustainable development of
the company, its impact on natural
components [2]. Large companies with
state participation, state corporations,
since the beginning of 2000, have been
annually publishing social, environmental
and sustainable development reports on
their websites. The non-financial indicators
reflected in these reports characterize the
company in three areas, which are called
ESG-factors (environmental, social and
governance). This is information about the
company’s strategy in the field of ethical
business conduct, taking into account
the interests of all parties in relations
with which they enter — counterparties,
government and local authorities, the
local community. As a rule, the reports
contain indicators of the effectiveness of
corporate governance, industrial safety and
labor protection, quality of products and
services, contribution to environmental
protection, information on social policy
and support of local communities,
including indigenous peoples of the North.

These factors act as criteria for the
selection of companies in order to invest

in their activities. At the same time, the
investment community is increasingly
paying attention to the long-term
sustainability of mining companies,
their policies of managing social and
environmental risks, that is, their
sustainable development in the future.

Thus, the topic of sustainable
development has become relevant not
only in the world, but also for the Russian
mining industry [3, 4, 5]. This is evidenced
by the decisions of state authorities and
the requirements of financial institutions,
including global stock exchanges. Cost-
effectiveness is increasingly viewed through
the lens of environmental performance
indicators and governance [6].

2. Regulatory requirements in EU

member states

The requirements for disclosure of
information on performance have been
introduced into national legislation most
consistently since the adoption of Council of
Europe directives 2013/34 / UE of June 26,
2013 and 2014/95 / UE of October 22, 2014.

The directives provide for the
publication of off-budget reports by large
enterprises and require a description of
their environmental and social policies,
major risks, problems associated with
commercial activities, and information on
the management of these risks. This extra-
budgetary reporting is annual. According
to Article 4 of Directive 2014/95/UE,
Member States must implement its
provisions from 2017.

The next step was the adoption of
a resolution on sustainable enterprise
management by the European Parliament
on December 17, 2020. On March 10,
2021, MEPs voted in favor of a resolution
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containing recommendations on the duty of
diligence and responsibility of enterprises.
In its turn, the European Commission
presented a draft directive replacing
Directive 2014/95/UE, which provides
for clarification of transmitted data of
non-financial reporting, the expansion
of enterprises concerned with reporting
(for EU member states from January 1,
2026), and the analysis of reporting data
within the framework of independent
control [7]. New trends in the expansion
of liability for non-financial reporting will
also directly apply to companies in the
extractive industries.

3. Requirements of the environmental

policy of companies in Russia

Mining in the Arctic is one of the
problematic sectors of the economy that
has a significant negative impact on the
environment. To ensure the competitiveness
of industrial companies, society needs to
have open, accessible information about their
activities and the policies of responsibility
adopted by the companies [8].

In this regard, it is necessary to create
more effective mechanisms that can
reduce the negative impact of mining
companies on the environment and the
conflicts arising on this basis.

This is facilitated by the approaches
of companies to the formation of public
non-financial reporting in accordance
with international norms and standards
(for example, GRI, SASB). But as N. V.
Dyadik and A.N. Chapargin note [9],
many large Russian holdings practice the
development of environmental policies
based on the GRI standard, despite the fact
that it is not always possible to determine
the stated objectives of the company by
these standards.

The Russian Federation has also
integrated European Directive 2014/95/
EU into its legislation. At present,
attention is paid to the development of
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normative regulation of the formation
of public non-financial reporting. So,
the first such document is the Concept
for the development of public non-
financial reporting and an action plan
for its implementation, approved by the
order of the Government of the Russian
Federation dated 05.05.2017 No. 876-r
[10] (hereinafter — the Concept).

The Concept applies to state-owned
companies and corporations, public
companies, state unitary enterprises with
revenues of 10 billion rubles and more,
business entities with state participation
of at least 50 percent.

Thus, the provision of non-financial
reporting is mandatory for large
companies, for the rest it is voluntary,
depending on their competitiveness.

The Russian Union of Industrialists
and Entrepreneurs (RSPP) publishes
analytical reviews and, based on the
analysis, identifies leaders of large
Russian companies. RSPN has developed
indices for the Moscow Stock Exchange
“Responsibility and Openness” and
“Vector of Sustainable Development” [11].
These RSPP indices are used to evaluate
Russian companies in the international
market and still remain an independent
tool for their promotion. In addition, the
RSPP publishes collections of corporate
practices “Russian Business and Human
Rights”, reflecting the role of companies
in actively promoting the SDG-2030
sustainable development goals.

RSPP on its website places information
on non-financial statements of companies.
So, as of October 11, 2021, 197 companies
have posted non-financial reports. In total,
1163 reports have been registered since
2000: social reports (374), environmental
reports (101), reports in the field of
sustainable development (415), integrated
reports (273) [12].

These reports can be found on
the websites of such companies as



Table 1

Non-financial reporting of Arctic mining companies by year*

Extractive companies Sustainable | Social reports |Environmental| Integrated
Development reports reports
Reports
PAO Gazprom Neft 2007 — 2020 2002 —2004
PAO Lukoil 2003 —2020
PAO NK Rosneft 2006—2019
Gazprom Energoholding 2012-2019
Group
OAO Severneftegazprom 2012—-2014 2015-2020
2017 —2019
OAO Surgutneftegas 2011-2019
AO NOVATEK 2004 — 2020
PAO Gazprom 2008—2020 2001 —2008
2017 —2019
PAO Severstal 2012—-2020 2004 — 2006
2010—2011
PAO MMC Norilsk Nickel | 2008—2011 2003 —2007
2017 —2020 2012—2016
PAO ALROSA 2019—-2020 2011-—-2018 2018—2019

* Compiled from the library of corporate non-financial reports [13].

GAZPROM, ROSNEFT, ALROSA,
LUKOIL, NOVATEK, NORILSK
NIKEL, engaged in exploration and
production of gas, oil, diamonds and
other mineral resources in the Arctic
zone of the Russian Federation. As a rule,
public non-financial reporting is placed
in the sections “Investors”, “Information
disclosure”, “Sustainable development”,
“Environmental protection”.

In the Russian Federation, on March
15, 2013, the national standard, the
analogue of the international standard,
GOST.R. ISO 26000—2012 “Guidance
on Social Responsibility” [14] was put
into effect. The standard is intended for all
organizations and is aimed at introducing
the principles of social responsibility,
respect for human rights, interaction with
stakeholders. In accordance with GOST. R.
ISO 26000— 2012, the development of
public non-financial reporting should take
into account seven key areas of social
responsibility:

1) organizational management

2) human rights

3) labor practices

4) environment

5) good business practices

6) protection of interests and interac-
tion with consumers

7) involvement and development of
communities.

Following international standards
of corporate social and environmental
responsibility, Russian mining companies
voluntarily commit themselves to mitigate
potential risks and negative consequences
in the development of mineral deposits. In
this regard, the policy of the companies was
based on the World Wildlife Fund (WWF) of
Russia in 2009 “Basic provisions of the policy
of environmental and social responsibility of
mining companies” developed by the World
Wildlife Fund (WWF) of Russia in 2009
[15]. The document was supported by a
group of non-governmental environmental
organizations of Russia.
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As for oil and gas companies, the
formation of companies in the Russian
oil and gas sector is quite specific — the
companies have largely operated and
operate not in the environmentally sensitive
end-consumer market, but in the market of
a “seller of scarce goods”. Nevertheless,
there remains competition for the end
consumer between companies for access to
“longer and cheaper” financial resources to
implement new projects.

World Wildlife Fund (WWF) of Russia
and the CREON group, based on the
“Joint Environmental Requirements of
Public Environmental Organizations for
Oil and Gas Companies” [16], have been
annually conducting ratings of openness of
environmental and corporate information
since 2014. In general, the ratings are
aimed at encouraging companies to
efficiently use hydrocarbon resources,
protect the environment and conduct
socially responsible business in Russia.

All the companies listed in Table 1,
mining in the Arctic, are leaders in the
RSPN indices, participants in the Social
Charter of Russian Business and strive to
comply with the principles of sustainable
development in their activities.

3.1. PAO “Gazprom”

As the world leader in natural gas
production (12% in the world and 68% in
Russia), Gazprom must meet international
standards for producing companies
[17]. Currently, the company is actively
implementing large-scale projects to
develop gas resources of the Yamal
Peninsula and the Arctic shelf.

Environmental reports are published
annually on the company’s website
in the section “For Shareholders and
Investors — Information Disclosure”
and, since 2008, reports on sustainable
development activities.

3.2. PAO Lukoil

The company has been present in the
Arctic since 2000 is the Yamal-Nenets
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Autonomous District (Nakhodkinskoye,
Pyakyakhinskoye and Yuzhno-
Messoyakhskoye fields), the Komi
Republic (Usinskoye and Vozeyskoye
fields, Denisovsky license area), and the
Khanty-Mansiysk Autonomous District.

In 2005 — 2007, the company entered
into agreements on social and economic
cooperation with the Governments
of Yugra and the Yamalo-Nenets
Autonomous District, which have been
extended till 2024 [18].

3.3. AO NOVATEK

The main fields of NOVATEK are
located in the Yamalo-Nenets Autonomous
District. The company is engaged in the
exploration, production, processing and sale
of natural gas and liquid hydrocarbons and
has more than twenty years of experience
in the Russian oil and gas industry [19]. In
total, it owns 72 licenses for exploration
and production of hydrocarbons, mainly
in the Yamalo-Nenets Autonomous District
with total proven reserves of 16.4 billion
barrels. NOVATEK is known for its projects
to process natural gas into liquefied Yamal
LNG, Arctic LNG 2 and ambitious climate
goals to reduce specific pollutant emissions
by 20% by 2030, greenhouse gases in the
production segment by 6% [20].

3.4. PAO ALROSA

ALROSA is a large Russian state-
owned mining company, the leader in the
global diamond mining industry. The main
production region is the Republic of Sakha
(Yakutia). Since 2009, the company has been
steadily increasing its production of rough
diamonds, which in 2019 reached 41 million
carats [21]. Since diamond mining is currently
carried out in remote areas, such as Olenek,
Anabar uluses, the company is transitioning
to a new model of social responsibility.

Although the company declares its
commitment to environmental principles
and is ISO 14001 certified, from time
to time environmental accidents occur
as a result of the company’s operations.



Thus, in August 2018, four dredge pits
at the Irelyakh placer deposit of the
PAO ALROSA’s Mirninsky Mining and
Processing Division were breached, ,
which caused large-scale pollution of water
bodies in the Irelyakh, Malaya Botuobuya
and Vilyui rivers. The | calculation of the
damage according to preliminary data
amounted to 5 billion rubles [22].

In July 2021, a leak occurred during
the breakthrough of the dam of the mining
waste storage facility at the Catoca mine,
which is a joint venture between Alrosa
and Endiama. Toxic substances leaked into
the tributaries of the Congo River — the
Chikapa and Kasai rivers, the water in them
turned red. As a result of the poisoning, 12
people died, more than 4 thousand were
injured. At the same time, the company
stated that it has no control over the mine
[23], although the company undertakes
obligations to protect the environment not
only in the regions of its presence, but also
at the international level.

3.5. PAO MMC Norilsk Nickel

Within the framework of the rating of
openness of environmental information,
since 2019, the monitoring of accidents
and conflicts of oil and gas companies
began for the first time [24]. Today, there
is an acute environmental problem in the
Arctic in connection with the expansion
of activity on the Russian shelf — these
are oil spills, which pose a particular
danger, since the elimination of their
consequences can take several decades.

An example is the spill of oil products
in May 2020 in Norilsk (Krasnoyarsk
Territory) at the facility of NTEK JSC, a
subsidiary of MMC Norilsk Nickel.

The assessments of leading experts
unambiguously show that the accidental
spill at CHPP-3 occurred due to serious
miscalculations in the corporate governance
system of MMC Norilsk Nickel in terms
of assessing environmental risks and
ensuring environmental safety. According

to the results of an audit conducted by
Rosprirodnadzor in September 2020,
the company revealed 139 violations of
mandatory requirements in the field of
industrial and environmental safety [25].
The main production facilities from the
1940 — 1960s were morally and technically
obsolete, while no reconstructions and
major repairs were carried out.

At the suit of the supervisory authority,
an unprecedented decision was made by
the Arbitration Court dated February 12,
2021 in case No. A33—27273/2020 to
recover from the Norilsk-Taimyr Energy
Company Joint Stock Company the
damage caused to the environment (its
components) in the amount of 146 177
467 227, 96 rubles [26].

The degree of closeness of Norilsk
Nickel is well read in the company’s
profile, prepared as part of the calculation
of the ratings of openness in the field of
environmental responsibility. The experts
also found out that MMC Norilsk Nickel has
no voluntary insurance against environmental
risks; moreover, the company does not
publish documentation on environmental
impact assessment in the public domain,
nor does it provide emergency response
plans. This is convincingly demonstrated
by the company’s dynamics in the rating
itself: from 7th place in 2017, Norilsk
Nickel moved down to 12th place by 2019
in terms of openness in environmental
responsibility [27]. Using the example of
this company, which was considered one
of the best mining companies in the Arctic,
but as a result of the accident showed
ineffective risk management, it is likely that
the criteria for analyzing data transmitted in
the framework of non-financial reporting
should be changed.

4. Conclusion

July 13, 2020 President of the Russian
Federation V. V. Putin signed a package of
laws on the creation of a special economic
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zone in the Arctic. The fundamental
concept of the Federal Law N 193-FZ “On
State Support of Entrepreneurship in the
Arctic Zone of the Russian Federation”
[28] is the provision of state preferences
and benefits in exchange for investments
by private companies in the development
of the Arctic region.

The law provides for the adoption
of the standard of responsibility for the
residents of the Arctic zone in relations
with the indigenous peoples of the Russian
Federation, state authorities and local self-
government bodies. The implementation
of the responsibility standard by signing
the agreement is the key to the successful
social and economic policy of residents
in relations with the stakeholders in the
Arctic region, and primarily with the
indigenous minorities living in the Arctic.

With active progress in the Arctic,
it is necessary to create more effective
mechanisms that can reduce the negative
impact of mining companies on the
environment. The practice of introducing
environmental reporting supports the
pursuit of this goal, as it aims to increase the
transparency of the industry and supports
the efforts of companies to prevent harm
to the environment, including minimizing
carbon dioxide emissions.

Environmental reporting of
companies in general makes it possible
to analyze the quality of environmental
risk management in the extraction,
transportation and processing of solid
minerals and hydrocarbons. It should be
noted that reducing the negative impact
on the environment, in addition to the
direct environmental effect, also has
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PAVMIOHUPOBAHUE TEPPUTOPUMU TPACC
TPYBOIIPOBO/IOB IIO CTEIIEHU OIIACHOCTHU
BO3HMKHOBEHUS ABAPUM CPEICTBAMU
TEOVMMH®OPMAILIMOHHBIX CUCTEM
U UCKYCCTBEHHbBIX HEMPOHHbBIX CETEN

B.A. Kucenes', H.B. lyceBa'
1 CaHkT-TeTepbyprckuii ropHolin yHBepcuTeT, CaHKT-MeTepbypr, Poccus

AHHOmMauus: OmMCaH MeToJ PalfoHMpOBaHMSI TEpPPUTOPUM BIOJIb TpacChl TPyOONpoBona
II0 CTeIleHM IOTeHIMaIbHOM OIaCHOCTY BO3HMKHOBEHMS aBapuii. IIporHos ocHoBaH Ha MHO-
rodpakTOpHOM aHa/M3e, BBIIIOJIHEHHOM B MHTEIPMPOBaHHOM cucreMe: I'VIC M MCKYCCTBEHHBIX
HelipoHHBIX ceTeil (ANN) (mporpammHelil KoMmIulekc «Advangeo»). B KayecTBe 0ObeKTa yC-
crenoBaHus 6bL1 B3IT Tpy6onpoBon Ha CeBeproM Ypase (Poccusi). B pesyibrate 06paGoTku
VICXOJIHBIX TAHHBIX ¥ 0OyUeHMsI HEIPOHHBIX CeTell ObLIa II0JTyYeHa KapTa MecT IIOTeHITaIbHbIX
aBapmii 10 Tpacce MHOTOQaKTOPHOM aHajm3e a. Pe3ysbraThl GbUIM COIIOCTABJIEHBI C UTOTAMM
MaTreMaTuKo-Kaprorpadudeckoro mogenvposanusi B cpene I'VIC Maplnfo.

Knioueevle c/108a: pailoHVpOBaHME TEPPUTOPUY TPYOOIIPOBO/L, MHOTO(PAKTOPHBIN aHa/IN3, IIPO-
THO3, MICKYCCTBEHHbIE HEIIPOHHBIE CETI.

Hna uumuposaHusi: Kucenes B. A., I'ycesa H.B. PalioHMpoBaHMe TEPPUTOPUM Tpacc TPy6o-
IIPOBOJIOB IO CTelleHM OIIaCHOCTY BO3HMKHOBEHMsI aBapuil cpeficTBaMy reoHGOPMAIVIOHHBIX
CUCTEM M VICKYCCTBEHHBIX HeJPOHHBIX ceTeii // TopHbII MHPOPMAIMOHHO-aHAIUTIYECKMI
GrojuteteHb. — 2022. — N2 10-2. — C. 185—192. DOI: 10.25018/0236_1493_2022_102_0_185.

Zoning pipeline routes according to the degree of danger of accidents using
geoinformation systems and artificial neural networks

V.A. Kiselev!, N.V.Guseva'
1 St. Petersburg Mining University, St. Petersburg, Russia

Abstract: The article describes a method of zoning the territory along the pipeline route
according to the degree of potential danger of accidents. The forecast is based on a multivariate
analysis performed in an integrated system: GIS and artificial neural networks (ANN) (software
package Advangeo). The pipeline in the Northern Urals (Russia) was taken as an object of
research. As a result of initial data processing and neural network training, a map of potential
accidents along the pipeline route was obtained. The results were compared with the results of
mathematical and cartographic modeling in the GIS MaplInfo.

Key words: zoning of the pipeline territory, multivariate analysis, forecast, artificial neural
networks.
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Introduction

Pipeline logistics is the most efficient
way of transportation at all stages of mining
production. In the extraction of solid
minerals, pipeline transport is used for
the delivery of laying mixtures [23] to the
place of laying [21], and in the extraction
of hydrocarbon raw materials for its
transportation to the place of processing
[22]. Accidents at pipelines are one of the
most serious economic and environmental
problems of the gas industry [14], [18].
The most general analysis shows uneven
distribution of pipeline accidents [4],[13].
Damage of a main pipeline is caused by
two groups of factors. The first group is
caused by a decrease of pipeline bearing
capacity, the second -by increase of
loads and impacts. Decrease of bearing
capacity of oil pipelines occurs due to
defects in the pipe wall, metal aging, and
corrosion [1], [11], [17], [21]. Factors of
the second group are caused by pressure,
stress from the temperature effects of the
pumped oil and the surrounding soil, the
pressure of the soil layer above the pipe,
various static and dynamic loads, earth
surface deformations, seismic impacts
[5], [20], [22]. Factors of the second
group, listed above, are characterized by
spatial reference and the need to process
large volumes of different types of data
in their evaluation [7]. For this reason,
the analysis of this kind data requires the
use of computer technology. A significant
number of works are devoted to this
aspect, considering from different points
of view the problem of zoning pipeline
routes territory according to the degree of
accident risk by means of geoinformation
systems and artificial neural networks.
In particular L.A. Strokova and A.L.
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Ermolaeva [15] on the basis of GIS-
technologies analyzed the main loads and
impacts on the main gas pipeline from
the influence of land surface subsidence
caused by karst and thermokarst
processes, and built schemes of territory
zoning by degree of danger. However,
this work did not take into account the
degree of influence of individual factors
on the results. In the work of V.A.
Chikharev [19], the stages of creating a
spatial database of the pipeline condition
are considered and recommendations on
optimization of geotechnical monitoring
are given. However, the question about the
degree of influence of each of the factors
was not considered. In the work of A.N.
Rasputin, V. A. Zhelobetsky, S. N. Kuimov
and K. V. Postautov [12], solutions to
optimize the system of diagnostics and
control, technical and forecasting state of
the main gas pipeline using GIS based on
geological and geophysical information
are presented. However, the issue of
territory zoning was not considered. S. 1.
Bidenko [3] showed the possibilities
of artificial neural networks (ANN) for
processing and analysis of large arrays
of geospatial data with obtaining testing
errors depending on the accuracy and
quality of training sets. However, this
experience was obtained for specific
coastal conditions and is not relevant to
pipeline systems. S. A. Terekhov, N. N.
Mukhamadieva, N. N. Fedotova, et al.
[16] presented an approach to building
an ANN for modeling a multi-parameter
pipeline system, but the article lacks
spatial reference of the object itself. The
article by A. G. Osipov, V. V. Dmitriev,
S.A. Maslennikov [10] describes scientific
and methodological approaches to GIS-



mapping modeling of pipelines based on
spatial multiparametric analysis of the
territory in order to choose the route of
pipeline system in the model territory in
the Arctic zone of Siberia. In the study the
ranking of landscape properties according
to their influence on the territory suitability,
qualimetric estimations of suitability
classes of natural systems and graph theory
for determination of the optimal pipeline
route based on the Dijkstra algorithm
were used. However, the values of the
weighting coefficients are subjective.
Article by N. E. Mohammed [8] developed
a framework for the integration of GIS
and ANN for forecasting the development
of social objects. GIS is used to collect,
manage and query spatial data, and ANN
is used for modeling. However, how this
approach can be used for the zoning of the
territory according to the degree of danger
along the pipeline route is not clear. The
above review of sources devoted to the
problem under consideration confirms
that the identification of hazardous areas
of pipeline routes by means of GIS and
ANN is relevant.

Methods of research

The Krasnoturyinsky district of the
Northern Urals served as an example
of integrated use of GIS and ANN
technologies for zoning the territory of
pipeline routes according to the degree of
danger of accidents. The specified area is
characterized by massive manifestations
of accidents on the main gas pipeline.
Within its limits, on the area of about 200
km2 in different years there were about
10 major accidents and more than thirty
incidents , including repeated ruptures
of pipes during their hydraulic tests. The
area under consideration is intersected
by a complex system of the largest
geodynamically active faults, which
separates hypsometrically contrasting
differently leveled regions — the Ural

Mountains and the West Siberian Plain
[9]. The area is located within the ore
node of non-ferrous metals, as a result of
which an area alternating sulfidization of
Paleozoic strata is observed. In addition,
the presence of sedimentary hematite-
limonite, sideronite and manganese ores
in the marginal part of the Meso-Cenozoic
cover of platform deposits is established.
The area has a well-developed energy
supply system, which includes long
lines of powerful and heavy-duty power
lines, which determine the electrolyte
characteristics of geochemically saturated
groundwater.

The following digital cartographic
materials served as a working basis for
zoning the territory: maps of power lines,
highways and railoads, hydrography
(Fig. 1, a); maps of active fault zones with
indication of places of recorded pipeline
accidents (Fig. 1, b); map of quaternary
formations (soils) (Fig. 1, c); geological
map and information on ore occurrences,
allowing to judge about types of
groundwater mineralization in different-
age structural and formation complexes
of ore areas (Fig. 1, d).

Identification of active faults and
making a geodynamic map for their
classification was carried out by special
interpretation of a satellite image of scale
1:200,000. The revealed system of faults
was compared with the hypsometric
map of scale 1:50,000 and the results of
morphometric analysis of the territory.
The faults were divided into 5 categories
according to their actual width on the
ground: up to 50 m; from 50 to 100 m;
from 100 to 150 m; from 150 to 200 m; and
from 200 to 300 m. classification of faults
according to their activity was carried out
based on the visible vertical amplitude of
the relative relief-forming spaces separated
by geodynamic blocks. According to this
feature, active faults of 5 categories are
distinguished: with an amplitude of less
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Fig. 1. Source materials: a — network of roads, power lines and hydrography; b — zones of active
faults with indication of places of registered accidents on the pipeline; ¢ — quaternary deposits

(soils); d — rocks

than 10 m (within a block), 10 m, up
to 20 m, up to 30 and more than 30 m
(interblock). Each group of these values
was assigned points of potential danger.
The values of the specified parameters and
their corresponding scores were entered
into the GIS attribute tables. Based on
the obtained results, a thematic map was
created (see Fig. 1, b). The probable
geochemical assessment of groundwater
aggressiveness in zones of active faults
consists of three factors. The first is the
presence and type of ore mineralization
in the geological complexes intersected
by such faults. The second is the
granulometric composition and genesis
of loose quaternary formations containing
pipelines. These soils contribute to
maintaining the level of groundwater
mineralization in the zones of in active
faults or, on the contrary, cause its dilution.
The third one is the proximity to power
lines of different capacity. To account for
the first factor, on the basis of the map
presented in Fig. 1, d, the classification of
rocks on the degree of their geochemical
aggressiveness was carried out. The least
dangerous in the area, apparently, are
those of Paleozoic age. The type of rocks
and the values of these points were entered
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into the GIS attribute table. Similar
operations were performed to account for
the second factor. The compiled digital
map of Quaternary formations reflected
the spatial distribution of individual
differences. Based on the obtained
map, classification of vertical sediments
according to the degree of dilution of a
level of mineralization of groundwater in
zones of active faults was carried out. In
total, taking into account the granulometric
composition and the degree of saturation
with surface water, four categories were
identified, each of which was assigned a
certain value of the potential hazard score.
The type of quaternary formations and the
values of these scores were entered into
the corresponding GIS attribute table.
The software package Advangeo [2]
was used to determine the location of
potentially dangerous geodynamic zones.
The complex was developed for modeling
and analysis of spatial data using artificial
intelligence. It consists of databases (DB)
and GIS. Neural network model database
parameters and metadata are stored in
Microsoft SQL Server. The GIS component
is an add-on to ESRI ArcGIS software.
The artificial neuron is the main
component of the ANN. Neurons are



organized in such a way as to facilitate
data reception and processing (multilayer
perceptron) from layer to layer. Through
this process, the data is simultaneously
evaluated and weighed. This is done
in order to find the best fit to the data
on which the network was trained, and
which will give an accurate forecast. To

a b
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DR v sigmofid
e output gm
B /W/ :j
a activation D1
n fUMtion " oﬂ 20 40 60 80 l‘
Fig. 2. Basic principles of artificial neural networks: a — input signals and activation function;

b — sigmoidal curve

el

,
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calculate the output value, the weight (wi)
may differ for each input signal (ai) and
each activation function (g) (Fig. 2, a).
Activation functions are often determined
by a sigmoidal curve (Fig. 2, b).

The output signal of each neuron of
the previous layer is the input signal of
each neuron of the next layer. All inputs

21 Roads

5] Power transmission lines
(22 Hydrography

(E] Accident sites that were

taken into account when training ANN

] Accident sites that were

not taken into account when training ANN

Fig. 3. Map of pipeline route zoning by accident hazard
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Fig. 4. Map of potentially hazardous zones in the vicinity of the pipeline route, built using GIS

Maplinfo

of one neuron are weighted and used to
calculate the output signal. The number
of layers and neurons in a layer can vary
for each scenario. This type of network is
called a multilayer perceptron. The results
of Advangeo are: maps of the probability
of occurrence of an event of interest ( e.g.,
a pipeline accident ) or maps illustrating a
quantitative forecast of the parameter in
question (e e.g., mineral content in rocks).

Results and discussion

As a result of overlay operations, a
map of potentially dangerous zones is
obtained (Fig. 3).

The obtained results fairly well agree
with the recorded pipeline breaks, which
which were not involved in the ANN
training process (red stars in Fig. 3).
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In addition, the obtained results were
compared with the results of mathematical
cartographic modeling of similar zones of
the same object using the GIS Maplinfo.
The results are shown in Fig. 4.

Conclusions

The results obtained show that the
integration of GIS and ANN in the form
of the Advance software package makes
it possible to predict the zones of possible
pipeline accidents and to differentiate the
degree of danger within these zones. The
approach presented above for identifying
environmentally hazardous zones serves
as the basis for zoning the territory
through which the pipeline is supposed
to be laid. The list of factors taken into



account may be changed depending on  degree of accident risk allows to tmake a
the degree of importance of objects, decision on additional measures to protect
their length, availability of necessary the pipeline or make changes in the
information, etc. Zoning of the territory  position of the future route in this section
along the pipeline route according to the in advance, at the design stage.
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OHEPTETUYECKAS OCHOBA OCBOEHUA
MUHEPAJIbBHO-CBIPBEBbBIX PECYPCOB
APKTUYECKUX PAMOHOB SKYTUU

A.W. Cusues', T.C. UBaHoBa'
1 CeBepo-BocTouHbli dpefepanbHblii yHuBepcuteT nM. M. K. AMMocoBa, AIKyTck, Poccun

AHHOmauusi: 0603HaueHa HeO6XOAMOCTD ITOMCKA M Pa3BeIKM YIJIEBOJOPOIHbBIX SHEPropecyp-
coB 1151 39$PEKTUBHOTO OCBOEHMS GOTaThIX MUHEPAJIbHO-ChIPbEBBIX PECYPCOB APKTUYECKO
3oHbI Pecrry6imky Caxa (SIkyTus). ITocTpoeHa cxeMa pa3MellleHNsI OCHOBHBIX O6bEKTOB MIHE-
PpasIbHO-ChIpbeBOi 6a3bl apKTUYECKMX paitoHoB Peciy6mky Caxa (SIKyTHSI) M I€PCIIEKTUBHBIX
Ha He{Tb M ra3 teppuropmii. Ha 3amagHoM cekrope ApKTU4ecKkoil 30oHbl Pecriy6imkm Caxa
(IkyTHsI) B KauecTBe [IepBOOUEPETHOTO 06BbEKTa BbAe/IeHO 103KHO-TUTSTHCKOE MECTOPOIKIEHME
TsiKes10i1 HepTu. ClenaH BbIBOJ O 6OJIBLIOM IOTEHIasle HapallMBaHUsI ChIpbeBOi 6a3bl Me-
CTOPO>K/IE€HMSI, KOTOPBIV MOXKHO pea/n30BaThb B KPAaTKOCPOUHOI nlepcriekTyBe. OJIeHeKCKoe Me-
CTOPOJK/IEHVE TIPYPOIHOTO GUTyMa IpeJljlaraeTcsi pacCMOTPEThb, KaK I€PCIEeKTUBHbINA 06BEKT
I06bIuY HeTEITPOAYKTOB B IOJITOCPOYHOI ITepcreKTBe. Ha BOCTOYHOM ceKTope APKTUYeCKOM
30HbI Pecniy6rmmky Caxa (SIKyTHsI) IPEJIOKEHO 3a/I0KUTh ITIYOOKYIO IIOMCKOBO-OLEHOYHYIO
CKBa)XXMHY B Ipesiesiax TacTaxCKoro mporu6a, pacriosIoKeHHOTO B HEIOCPeNCTBEHHOM 6/I130-
cty oT CeBepHOro MOpCKoro myTu. OTMeueHa HEOOXOAVMMOCTD IIPOBEeHMsT TeEMAaTUIECKIX JIC-
CJIeTOBaHMIA 110 MePCIeKTMBaM HepTera3oHOCHOCTY VIHAUTMPO-3bIPSTHCKOTO IMpOoruba ¢ y4eToM
BCEX BO3MOXKHBIX IIPUYMH IMOJTYUYeHUs] OTPUIIATEIbHBIX Pe3y/IbTaToB GypeHus. [y ocBOeHMSs
OCTaJIBHBIX OT/IaJIEHHBIX PajloOHOB BOCTOYHOTO CeKTopa ApKTUYecKoi 30HbI Pecriy6iiky Caxa
(SIkyTHs1) IpenIo’keHO PacCMOTPETh BOIIPOC MOIYYeHMsI MOTOPHOTO TOIIVBA M3 GYPBIX YIIEH.
Kntouesvle cnosa: ocBoeHMe pecypcoB APKTUYECKON 30HBI, MUHepaIbHO-ChIpbeBast 6a3a, Me-
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The energy basis for the development of mineral resources in the Arctic
regions of Yakutia
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Abstract: The necessity of search and exploration of hydrocarbon energy resources for effective
development of rich mineral resources of the Arctic zone of the Republic of Sakha (Yakutia)
is outlined. The layout of the main sites of the mineral resource base of the Arctic regions of
the Republic of Sakha (Yakutia) and promising oil and gas territories was constructed. In the
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western sector of the Arctic zone of the Republic of Sakha (Yakutia), the Yuzhno-Tigyanskoye
field of heavy oils is identified as a priority object. The conclusion is made about the great
potential of increasing the raw material base of the field, which can be implemented in the
short term. Olenek natural bitumen field is proposed to be considered as a promising object of
oil products production in the long term. In the eastern sector of the Arctic zone of the Republic
of Sakha (Yakutia) it is proposed to lay a deep exploration and appraisal well within the Tastakh
trough, located in close proximity to the Northern Sea Route. The necessity of carrying out
thematic studies on the prospects of oil and gas content in the Indigiro-Zyryansky Trough
was noted, taking into account all possible reasons for the negative results of drilling. For the
development of other remote areas in the eastern sector of the Arctic zone of the Republic of
Sakha (Yakutia), it is proposed to consider the issue of obtaining motor fuel from lignite.

Key words: development of resources of the Arctic zone, mineral resource base, deposit
occurrence, oil-and-gas-bearing capacity, energy supply, coal, motor fuel.
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Introduction

The Arctic zone of the Republic of
Sakha (Yakutia) covers the territory of
13 districts and occupies more than half
of the entire territory of the republic.
Only 67674 people lived on this vast
territory as of 01.01.2019 [1]. Extreme
climatic conditions causing long heating
seasons, absence of reliable year-round
transportation system, high cost of
imported life-supporting cargoes, low
income level of population and expensive
decentralized power supply make the
Arctic regions extremely depressive for
human habitation.

The basis for qualitative improvement
of human life in the Arctic regions can
only be full-scale effective development
of rich mineral resources of the territory
[2, 3]. There are large and unique deposits
of diamonds, gold, non-ferrous and rare-
earth metals, coal, fossil mammoth bone,
etc. The effective development of the
extractive industry is impossible without
solving the issue of energy supply and,
above all, affordable motor fuel.

Currently, the most convenient and
reliable fossil raw materials for energy
supply and motor fuel production are
hydrocarbons. For allocation of potential
clusters on development of Arctic regions
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it is necessary to consider comprehensively
a condition of a mineral-raw-material
base and prospects of oil-and-gas bearing
capacity of northern territories.

Major mineral and raw material

projects

The Arctic regions of the Republic of
Sakha (Yakutia) are notable for their poor
geological and geophysical knowledge
due to their complex natural and climatic
conditions and lack of reliable transport
infrastructure. At the same time, even the
existing mineral resource base, prepared
mainly in the Soviet era, makes it possible
to outline large investment projects (Fig. 1).

On August 14, 2020, the Strategy of
socio-economic development of the Arctic
zone of the Republic of Sakha (Yakutia) for
the period up to 2035 was approved [1]. The
baseline scenario involves the implementation
of priority measures for the development and
exploitation of the mineral resource base, as
well as transport and energy.

Thus, extensive development and
exploitation of the mineral resource
base is expected in the Anabar and
Olenek districts. In the short term, the
development of the world’s largest deposit
of rare-earth metals (niobium, terbium,
yttrium and scandium) will begin. As
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Fig. 1. Layout of the main objects of the mineral and raw material base of the Arctic regions and
promising oil and gas areas.

Legend: 1 — oil and gas fields; 2 — Olenekskoye deposit of natural bitumen; 3 — promising areas
for oil and gas: 4 — deposits: a — gold, 6 — silver, 3 — tin; 5 — ore zones; 6 — coal deposits: a —
lignite coal, 6 — hard coal; 7 — wells: a — drilled, 6 — recommended; 8 — hydrocarbon feedstock
Promising territories for oil and gas (Fig.s in the square): 1 — Yuzhno-Tigyanskoye field, 2 —
Pronchishchevsky swell, 3 — Tyumetinsky protrusion, 4 — Sukhonskaya depression, 5 — Sobolokh-
Mayan swell, 6 — Kyutyungdik block, 7 — Tastakh trough, 8 — Indigiro-Zyryansky trough, 9 —
Nizhneyansky trough, 10 — South Anyu suture zone, 11 — Berelekhsky trough, 12 — Goose
depression, 13 — Momsky trough, 14 — The Alazeian-Indigir system of depressions.

Coal deposits (Fig.s in circles): I — Salga, 2 — Chaidakh, 3 — Kumakh-Yuryakh, 4 — Buolkalaakh,
5 — Taymylyr, 6 — Chay-Tumus, 7 — Soyginskoye (Northern), 8 — Soyginskoye (Southern), 9 —
Kularskoe, 10 — Uyandinskoe, 11 — Krasnorechenskoye (Sogolokh), 12 — Krasnorechenskoye
(Shakhtnoye), 13 — Krasnorechenskoye (Razrez), 14 — Erozionnoe (Buor-Kemyusskoy), 15 — Sibik
-2, 16 — Kharanga, 17 — Erozionnoe (Zyryanskij), 18 — Buor-Kemyusskoy, 19 — Tikhonskoe.
List of subsoil areas on hydrocarbons (green numbers): 1. Zapadno-Anabrsky (Anabarneftegaz
LLC), 2. Punchischevsky Western (ARKTika LLC), 3. Pronchischevsky Central (ARKTika LLC),
4. Pronchischevsky Eastern (LLC ARKTika), 5. Tirekhtyakhsky (LLC Taimylyrneftegaz), 6. Ust-
Buolkalaakhsky (LLC Taimylyrneftegaz),/. Bulunsky (LLC Yakutskneftegaz), 8. Bysarsky (OOO
Yakutskneftegaz), 9. Yurdyuksky (OOO Yakutskneftegaz), 10. Khastyrsky (OOO Olenekneftegaz),
11. Nuorakhtakhsky (LLC Olenekneftegaz), 12. Surtakhsky (LLC Olenekneftegaz), 13. Tyumyatinsky
(Surgutneftegaz), 14 Ulakhan-Yuryakhsky (Olonkho Mining LLC), 15. Kuogastakhsky (Dezhnev
Mining LLC), 16. Kelimersky (Olonkho Mining LLC), 17. Kyup-Chopkinskiy (Olonkho Mining
LLC), 18. Verkhnekhatygynsky (Dyuglyuneftegaz LLC), 19. Arakh-Bilirsky, 20. Verkhne-
Balagannakhsky, 21. Nizhne-Balagannakhsky (LLC Bilirneftegaz), 22. Bilirsky (LLC Bilirneftegaz),
23. Grigorievsky (LLC Bilirneftegaz), 24. Nizhneonnekhoysky (Udyakanneftegaz LLC),
25. Udyakansky (Udyakanneftegaz LLC), 26. Verkhneudyakanskiy (LLC Tamalakanneftegaz).

of 01.01.2019, there are 86.4 thousand State Balance of the Russian Federation
tons of niobium, 0.43 thousand tons of for the Tomtor ore cluster. According to
scandium and 139 thousand tons of rare  an independent assessment, according to
earths under categories C1 and C2 in the the JORC Code (2012), Tomtor deposit
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contains 700 thousand tons of niobium
and 1.7 million tons of rare earth oxides,
which makes it the world’s third largest
deposit of rare earth metals [4].

In the Yano-Indigirskiy and Kolyma
regions, it is planned to resume and
expand mining of ore and alluvial gold,
silver, and tin.

The Kyuchus gold ore deposit is
located in the lower reaches of the
Kyuchus River, a left tributary of the Yana
River in the Verkhoyanskiy district. On
the state balance sheet as of 01.01.2019,
the reserves of the Kyuchus deposit by
categories A+B+C,+C, are 175.262 tons
of gold with an average grade of 7—9 g/t.

‘Prognoz’ silver deposit. The deposit
contains large reserves of rich ore. As
of 01.01.2019, 9748.6 tons of silver
in categories C;+C,. by category at an
average grade of 560 g per ton of ore.
Inferred resources are estimated at 2,320
tons of silver. Expected annual production
of silver is 420 tons.

‘Tirekhtyakh’ alluvial tin deposit is
located in the North-Yan tin-bearing
district in the territory of the Ust-Yan
district. The state balance sheet of the
Russian Federation takes into account
the reserves for open-pit mining in the
amount of 74 268 tons by categories
A+B+C,+C,. Average tin content is
814.13 g/m3. Expected annual tin
production is 3,500 tons.

In addition to the major projects outlined
in the Strategy, the Verkhnemunskoye
diamond mining enterprise will reach its
design capacity of 3 million tons of ore
per year in the Oleneksky district with
reserves until 2041. There are plans to
develop the Popigayskoye field of impact
diamonds, which is located on the border
of the Krasnoyarsk region and Yakutia in
the area of Popigayskaya astroblem —
a hundred-kilometer meteorite crater.
Reliable reserves and inferred resources
of impact diamonds in high-diamond-
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bearing primary rocks on a total area of
about 120 km2 in Popigaysky area are up
to 212 billion carats [5]. In addition to this
volume in the 50 m layer of impactites
on the rest of the area (about 1020 km?2),
in addition to the areas of deposits and
promising sites, is about 150 billion carats
(with a confidence coefficient of 0.5) [6].

All the mentioned large projects have a
high investment capacity, which could be
significantly reduced if there were available
raw materials for energy resources, including
motor fuel. In addition, in the Arctic zone
of Yakutia 94% of the installed capacity
of decentralized energy systems are diesel
power plants, 4.5% — mini-CHPs and only
1.3% — renewable energy sources (solar
panels and wind installations) [7]. Taking
into account the low rates of modernization
of remote low-power energy systems, diesel
fuel will remain the only source of energy
for a long time.

In connection with the above and the
planned in the Energy Strategy of the
Russian Federation for the period up to
2035 [8] global projects of development
of the Arctic, the search for oil and gas
fields for the formation of new oil and gas
mineral centers becomes an urgent task.

Prospects of oil and gas potential

Western sector

Virtually the entire western part of the
Arctic zone of the republic, which belongs
in tectonic terms to the northeastern part
of the Siberian platform, is in one way or
another promising for oil and gas. In this
regard, Fig. 1 highlights only the areas
where accelerated preparation of raw
materials for energy resources is possible.
The most promising appears to be the
Anabar-Khatanga saddle, where in the
40 — 50s of the last century 5 non-industrial
(in our opinion, due to their underexplored)
oil fields were discovered — Nordvik,
Ilya, Kozhevnikovskoe, Chaidakhskoe
and Yuzhno-Tigyanskoe. The last two are
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Fig. 2. Seismogeological section along the section of profile 050311 on the Western dome of the

South Tigyan structure [8, 9].

Legend: deposits: 1 — upper Jurassic-lower Cretaceous, 2 — lower — middle Jurassic, 3-,
mediumverkhnetarasovka, 4 — upper Permian-lower Triassic, 5 — Nizhnetagilsky Suite lower
Permian, 6 — section of upper Carboniferous-lower Permian (custosa Suite), 7 — Ordovician-lower
Carboniferous, 8 — Vendian-lower Cambrian, 9 — Riphean; 10 — basement; 11 — faults; 12 —
indices of the reflecting horizons; 13 — borehole; 14 — area of transition fault on reset.

located on the territory of the republic
within the Zapadno-Anabarsky license
area. The only well (No. 102-R) which
gives commercial oil flow is located in the
Yuzhno-Tigyanskaya area (oil flow rate is
up to 15.3 m3/day and gas flow rate is up
to 1,455 m3/day). Author’s estimate of
geological reserves of oil from horizon XI
was 1.448 million tons by category C; [9].

Recent studies [10, 11] have proposed a
new model for the structure of the Yuzhno-
Tigyan field, suggesting the presence of
a major producing accumulation in the

lower part of the section (Fig. 2). It is re-
commended to drill a prospecting and ap-
praisal well with a design depth of 5000 m,
which, if successful, will significantly
increase the reserves, and if negative,
will put the existing reserves on the State
balance. The fact that in 2017 Rosneft
discovered the Tsentralno-Olginskoye
field in Khatanga Bay, which is large in
terms of reserves, testifies to the high
prospects of the area.

A number of parametric and
prospecting wells were drilled within
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well NeP-50

Fig. 3. Schematic profile section of the Olenek natural bitumen field.
Legend: 1 — Middle Jurassic deposits, 2 — Lower Jurassic deposits, 3 — Lower Triassic deposits,
4 — Permian deposits, 5 — Upper Cambrian deposits, 6 — bituminous layers

the Lena-Anabar trough and the adjacent
territory of the Predverkhoyanskiy trough
in the second half of the 20th century
(Fig. 1). Only indications of the oil and
gas content of the section (bituminous
and gas showings) were recorded. In the
short term on these territories of oil and
gas deposits discovery is not expected.
General characteristics of oil-and-gas
bearing capacity of these territories is
reflected in work [12].

Under a certain situation in the world
market of hydrocarbons the organization
of heavy oil production from the Olenek
natural bitumen field may be of interest.
It is located in the lower reaches of the
Olenek river and is a relic of a giant oil
field [13], confined to the zone of wedging
of Permian deposits on the northern slope
of the Olenek uplift (Fig. 3). According
to the results of NIIGA (1966 — 1967) the
bitumen resources of the Olenek field are
estimated at a total of 3.5 billion tons.
Explored reserves by category C, in the
Ust-Bur area of 16 km? amount to 15.2
million tons [14].

Eastern sector

According to a number of geological
assumptions, some territories within
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the limits of North-Eastern Yakutia are
potentially oil and gas-bearing as well (Fig. 1)
[15]. These are, first of all, the Indigiro-
Zyryansky trough, made by carbonaceous
terrigenous-volcanogenic deposits of
Jurassic, Cretaceous and Cenozoic age.
Four prospecting and appraisal wells were
drilled in the western part of the Indigiro-
Zyryansky trough. The actual depth of
the wells was 1066 —1611 m and the
total penetration was 5126 meters. No
oil and gas discoveries were made upon
completion of drilling operations. For the
Indigiro-Zyryanskiy Trough, additional
case studies should be carried out, taking
into account all possible reasons for the
negative drilling results. Very likely, gas
deposits were missed [16].

Also promising and to some extent
prepared for deep drilling in the eastern sector
of the Arctic zone is the Tastakh Trough (Fig.
1). Discovery of weakly oxidized oils in the
Omulevsk block [17] and high bituminosity
of the Selenniakh block [18] give reason to
be optimistic about the prospects of oil and
gas content of the predicted Middle Paleozoic
deposits within the Tastakh Trough as well.
This issue will remain open until deep
parametric and exploratory drilling. In [19],



it was recommended to make a parametric
borehole on the northeastern side of the trough
with a depth of up to 4000 m. Here, special
prospects are associated with the Middle
Paleozoic Domanikoid sediments, which
may contain oil deposits. The proximity
of the Tastakh Trough to the route of the
Northern Sea Route is an important favorable
infrastructural and investment factor.

Taking into account the duration of
oil and gas prospecting and exploration
processes, as well as their preparation for
industrial development (15— 20 years) in
the short and medium term it is necessary
to consider options of using alternative
sources of energy resources and motor fuel.
Currently, in the Arctic zone of the Republic
of Sakha (Yakutia) the only traditional
available raw materials for energy is
hard coal (Fig. 1). However, the high
environmental requirements in the Arctic
[20, 21] and the policy of decarbonization
supported at the state level, taking into
account the quality indicators of coals [22,
23], are unlikely to allow the use of coal as
a direct fuel for mini-cogeneration plants.

At the same time, domestic and world
practice has accumulated considerable
experience in obtaining liquid fuels from
coals [24, 25, 26]. The most acceptable
raw material for obtaining synthetic fuel is
lignite, which is widespread in the Arctic
zone of the republic. The increase in prices
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