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Abstract. The problems of mining waste management at industrial enterprises and increasing the economy
of production are among the most urgent ones, especially for the Arctic ecosystems, characterized by high
sensitivity to external factors and the complexity of recovery. The research was conducted on the example
of large industrial corporations directly operating in the Arctic, including PJSC PhosAgro, PJSC MMC Norilsk
Nickel, Severstal Resource division of PJSC Severstal and PJSC NOVATEK. The key indicators related to waste
management for 2018—2022 were analyzed. The trend of increasing volumes of mining waste in the Arctic
was revealed, while the level of its utilization remained practically unchanged. It is proposed to intensify
scientific research in the field of rational use of mining waste and to develop technologies for their pro-
cessing, taking into account the impact on the Arctic ecosystems. It is suggested to create research and
production centers for each industrial enterprise using the experience of the balanced “triple helix” model.
It is recommended to actively participate in the Interdepartmental Scientific Council of the Russian Acade-
my of Sciences on the development of the mineral resource base and its rational use, created in 2023, to
develop the scientific foundations for the extraction and processing of minerals and accelerate import sub-
stitution.
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Introduction

The development of mineral resources in the Arctic zone of the Russian Federation (here-
inafter referred to as the Arctic) by mining enterprises is accompanied by the formation of waste,
which has a negative impact on the natural environment. For the Arctic ecosystems, the problem
of waste is particularly important, since the natural environment in this region is extremely sensi-
tive to external influences and is characterized by slow recovery, so the consequences can be irre-
versible [1, Smirennikova E.V., Ukhanova A.V., Voronina L.V., p. 73; 2, Tsukerman V.A., Ivanov
S.V.]. In this regard, the issues of reducing the formation of mining waste at production enterpris-
es and increasing the efficiency of their use are especially relevant. Mining waste management

involves collection, transportation, processing, recycling or disposal.
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The main decisions and legal framework of state policy aimed at reducing waste by indus-

trial enterprises are formulated in laws No. 7-FZ “On environmental protection” and No. 89-FZ “On
production and consumption waste”, as well as Decrees of the President of the Russian Federation
No. 164 “On the fundamentals of the state policy of the Russian Federation in the Arctic for the
period until 2035” and No. 204 “On national goals and strategic objectives of the development of
the Russian Federation for the period until 2024” and other legislative documents of the Govern-

ment of the Russian Federation > %3 *

. Mining enterprises need to comply with Russian and inter-
national legislation related to industrial waste, develop and implement innovative technologies
and take the necessary measures to ensure environmental safety.

Wastes are divided into five hazard classes according to the degree of their impact on the
environment °. Mining wastes are assessed as practically non-hazardous (hazard class 5), however,
they are a source of permanent and significant pollution of territories, including after the comple-
tion of field operation [3, Nevskaya M.A., Seleznev S.G., Masloboev V.A. et al., p. 13]. Already at
the early stage of storage of such wastes, deterioration of technological qualities and change of
properties of mineral masses in dumps begin due to hypergenesis. These wastes pose a serious
threat to the atmosphere, soil and water because of dusting and migration of pollutants, which
has become persistent in mining regions [4, Derome J., Lindroos A.J.; 5, Csavina J., Field J., Taylor
M.P. et al.; 6, Zhang X., Yang L., Li Y. et al.; 7, Liang J., Feng Ch., Zeng G., et al.; 8, Cheng Z., Jiang J.,
Fajardo O.A. et al.]. Long-term disposal results in widespread and irreversible contamination of the
surrounding areas.

Stored mining wastes are used in a limited volume and placed in dumps and tailing ponds,
the maintenance of which requires serious economic costs [9, Suvorova O.V., Manakova N.K., p. 1;
10, Tsukerman V. A,, Kozlov A. A.; 11, Maslov A.D., Melnikov N.N., Kalashnik A.l. et al.; 12, Kalash-
nik A.l., Gilyarova A.A., Kalashnik N.A. et al.]. It should be especially noted that wastes are not

! Federal'nyy zakon «Ob okhrane okruzhayushchey sredy» ot 10.01.2002 N 7-FZ [Federal Law “On Environmental Pro-
tection” dated January 10, 2002 N 7-FZ]. URL: http://pravo.gov.ru/proxy/ips/?docbody=&nd=102074303 (accessed 19
June 2023).

2 Federal'nyy zakon «Ob otkhodakh proizvodstva i potrebleniya» ot 24.06.1998 N 89-FZ [Federal Law “On Production
and Consumption Waste” dated June 24, 1998 N 89-FZ]. URL:
http://pravo.gov.ru/proxy/ips/?docbody=&nd=102053807 (accessed 19 June 2023).

® Ukaz Prezidenta RF ot 05.03.2020 N 164 (red. ot 21.02.2023) «Ob Osnovakh gosudarstvennoy politiki Rossiyskoy
Federatsii v Arktike na period do 2035 goda» [Decree of the President of the Russian Federation dated 05.03.2020 N
164 (as amended on 21.02.2023) “On the Fundamentals of State Policy of the Russian Federation in the Arctic for the
period until 2035”]. URL: http://static.kremlin.ru/media/events/files/ru/f8ZpjhpAaQOWB1zjywN040gKillmAvaM.pdf
(accessed 19 June 2023).

* Ukaz Prezidenta RF ot 07.05.2018 N 204 «O natsional'nykh tselyakh i strategicheskikh zadachakh razvitiya Rossiyskoy
Federatsii na period do 2024 goda» [Decree of the President of the Russian Federation dated May 7, 2018 N 204 “On
national goals and strategic objectives of the development of the Russian Federation for the period until 2024”]. URL:
http://static.kremlin.ru/media/acts/files/0001201805070038.pdf (accessed 19 June 2023).

> Prikaz Ministerstva prirodnykh resursov i ekologii Rossiyskoy Federatsii ot 04.12.2014 Ne 536 «Ob utverzhdenii Krite-
riev otneseniya otkhodov k I-V klassam opasnosti po stepeni negativhogo vozdeystviya na okruzhayushchuyu sredu»
[Order of the Ministry of Natural Resources and Ecology of the Russian Federation dated December 4, 2014 No. 536
“On approval of the Criteria for classifying waste into hazard classes I-V according to the degree of negative impact on
the environment”]. URL: http://publication.pravo.gov.ru/Document/View/0001201512310003?index=1 (accessed 19
June 2023).
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losses and can be effectively used to obtain marketable products that can be widely used in the

national economy. Depletion of the raw material base, decrease in the quality of raw materials,
involvement in processing of more difficult to enrich ores and lack of efficiency of the existing en-
richment technologies increase the interest in the search for unconventional and alternative
sources of raw materials, which forces to consider mining wastes as technogenic deposits with
great economic potential, especially in the case of extraction of mainly limited mineral compo-
nents [13, lvanova V.A., Mitrofanova G.V., p. 135; 14, Goryachev A.A., Makarov D.V., Svetlov A.V.,
p. 116]. Increasing the rational use of such technogenic deposits by involving them in economic
circulation, for example, to obtain building materials, is cost-effective, since mining wastes are lo-
cated, as a rule, in close proximity to the processing plants of enterprises, and the cost of their
processing is low [15, Churkin O.E., Gilyarova A.A. p. 908; 16, Abaka-Wood G.B., Ehrig K., Addai-
Mensah J. et al.]. This makes it possible to strengthen the mineral resource base, providing addi-
tional sources of mineral raw materials, to increase the efficiency of its exploitation and reduce
the resource intensity of products, as well as to reduce the negative impact on the unique Arctic
natural environment [17, Gromov E.V., Opalev A.S., Ivanova V. O.A., Khokhulya M.S.; 18, Tsuker-
man V.A., lvanov S.V.]. However, mining enterprises operate over a long period of time, and their
high level of energy capacity and resource consumption seriously hinders technical re-equipment

and reconstruction [19, Lébre E., Corder G.D., Golev A.].

Materials and methods

The main objectives of the study include effective management of industrial waste, crea-
tion of the necessary conditions and infrastructure for waste processing, increasing the share of
waste recycling, creating an environmental regulation system, developing and implementing inno-
vative technologies to protect the environment and improve economic performance.

The purpose of the work is to study the possibility of reducing the environmental impact of
Arctic mining enterprises by reducing production waste and their scientifically justified application
in order to increase economic performance and stimulate environmentally oriented management
of these enterprises.

The study was carried out using the example of large industrial corporations that directly
operate in the Arctic and provided data in the public domain, namely: PJSC PhosAgro, PJSC MMC
Norilsk Nickel, Severstal Resource division of PJSC Severstal and PJSC NOVATEK.

The methodological basis of the study is the systems approach and the theory of strategic
management, which involves research into methods for analyzing various environmental and eco-
nomic systems and developing strategic directions for their development. The assessment meth-
odology involves consideration of problems of environmental protection and economic develop-
ment, taking into account international recommendations of the Arctic countries. Various meth-
ods of analysis have been used to achieve the set goal, the information basis of which are annual

reports of enterprises, annual statistical data of Rosstat, reports of regional divisions of the Minis-
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try of Natural Resources, relevant legislative requirements and scientific publications. Methods for

specific handling of overburden waste and enrichment and their disposal at each of the presented
Arctic industrial enterprises were considered. Key waste management indicators were analyzed,
including: waste generation, disposal and neutralization, which reflect the future direction of
waste use for product manufacture and application for various purposes, including processing,
combustion and disposal.

Based on official indicators of the Federal State Statistics Service, a comparison of the Rus-
sian Federation and the Arctic in terms of the volume of generation, recycling and neutralization

of production and consumption waste for the period 2018-2021 was made (Table 1).

Table 1
Generation, recycling and neutralization of production and consumption waste in the Russian Federation
and the Arctic, million tons °

2018 2019 2020 2021
Waste generation in
the Russian Federation 7226 7751 6956 8449
Waste generation in
the Arctic 351.6 410.4 437.3 462.1
Waste management
and neutralization in 3818 3882 3429 3937
the Russian Federation
Waste management
and neutralization in 321.8 244.2 167.4 314.3
the Arctic

It can be noted that in the Arctic, as well as in the Russian Federation, there is a certain
upward trend in production and consumption waste generation over the period under review. The
share of recycled and neutralized waste in the Russian Federation is increasing, and in the Arctic

there is also an increase after a reduction in 2020.

Kirovsk branch of JSC Apatit
An analysis of waste utilization by the Kirovsk branch of JSC Apatit for the period 2018—
2022 is presented (Table 2)

Table 2
Landfill disposal and waste utilization at the Kirovsk branch of JSC Apatit, million tons ’
2018 2019 2020 2021 2022
Disposal of wastes at 67.1 81.6 102.4 104 85.2
the landfill, including:
Overburden rocks 54.9 69.1 89.5 90.5 72.3
Enrichment wastes 12.2 12.6 13 13.5 12.9
Utilization of wastes, 213 19.7 18.6 15.9 243
including:
Overburden rocks 9 7.2 6.6 3.4 11.3
Enrichment wastes 12.3 12.5 12 12.5 13.1
Current environmental 4 587.7 43519 4825.3 5510.3 6534.6

® Rosstat. Environmental protection in Russia. 2022: Statistical collection, Moscow 2022, p. 112.
7 Annual reports of PJSC PhosAgro. URL: https://www.phosagro.ru/investors/reports_and_results/ (accessed 19 June
2023).
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protection costs,
min rub.

Rock, overburden rocks and enrichment wastes from the Kirovsk branch of JSC Apatit make
up the bulk of the solid waste generated by PhosAgro (about 63%). An increase in the amount of
waste recycled and disposed of at the landfill can be noted. However, the share of recycled rock
overburden relative to stockpiled rock has decreased. The volume of recycled rocks varied de-
pending on the company’s recycling capabilities. At the same time, the share of recycled enrich-
ment waste remained practically unchanged. These wastes are mainly used to fill mined-out spac-
es. Depending on the volumes of waste disposal, the volumes of current costs were used, taking
into account the change in the cost of activities.

It should be noted that at the Kirovsk branch of JSC Apatit, some waste is recycled and neu-
tralized at special thermal neutralization plants in order to eliminate waste accumulation sites.
Dust suppression measures are being implemented at tailing dumps.

At the St. Petersburg International Economic Forum 2023, a cooperation agreement was
signed between the Russian Ministry of Science and Higher Education, the Kola Science Centre of
the Russian Academy of Sciences and PJSC PhosAgro. The agreement provides for the creation of a
research center for the study of apatite-nepheline ores of promising extraction and the implemen-
tation of projects in the field of new production technologies. It is planned to conduct comprehen-
sive research on the development and implementation of innovative technologies for ore prepara-
tion and enrichment. It is planned to consider the problem of using mining waste from the Kirovsk
branch of JSC Apatit. Essentially, the authors of the article consider it advisable to use a balanced
model of the triple helix of interaction, based on the interaction of the state, research organiza-
tions or universities and industrial enterprises, presented in Fig. 1. This model is effectively used
by foreign countries, especially the Arctic ones, which increases the practical significance of im-

proving the efficiency of mining waste management.

Innovations at the
intersection of
institutional spheres

PJSC PhosAgro

Fig. 1. “Triple helix” interaction [20, Tsukerman V.A., Zharov N.V.].

Polar division and Kola MMC of PJSC MMC Norilsk Nickel

The indicators of the formation and disposal of mining waste at the Polar division and Kola
MMC of PJSC MMC Norilsk Nickel for the period 2018—2022 are presented (Table 3)
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Table 3

Waste generation and disposal at industrial enterprises of the Polar division and Kola MMC of PJSC MMC
Norilsk Nickel, million tons®

2018 2019 2020 2021 2022
Waste generation at
L 16 16 15 14 14
the Polar division
Waste utilization at the 15.8 143 10.6 6.1 8.1
Polar division
Waste generation at
the Kola MMC 8 8 8 8 7
Waste utilization at the
Kola MMC 2.5 4.3 6.1 4 4
Current environmental
protection costs of
MMC Norilsk Nickel, 19.2 21.6 21.8 18.1 34.4
bln rub

Almost all wastes generated are overburden and enrichment wastes. The volume of waste
generation at the Polar division has a negative trend; the volume of waste disposal is also decreas-
ing. The volume of waste generation at the Kola MMC remains practically unchanged, while the
volume of waste disposal has increased, especially in 2020, due to the need to use waste directly
by the enterprise: for example, in the preparation of filling mixtures, as flux when melting metal in
smelting furnaces, for filling the mined-out spaces, backfilling quarries, roads, leveling sites, em-
banking railway tracks and strengthening tailings dumps. Most of the generated mining waste is
used in own production, the rest is transferred to third-party companies for disposal. Unused
waste is disposed of in tailings dumps at the Talnakhskaya concentrating plant, the Nadezhdinskiy
metallurgical plant and the concentrating plant in Zapolyarnyy. Environmental protection costs

have a positive trend, except for costs in 2021.

Severstal Resources division of PJSC Severstal

Research was conducted on the generation and disposal of waste in the Severstal Re-
sources division of PJSC Severstal for the period 2018—-2022. The results are shown in Table 4.

Table 4
Waste generation and utilization in the Severstal Resources division of PJSC Severstal, million tons °

2018 2019 2020 2021 2022
Waste generation, including: 193 202.6 208.7 203.5 179
Overburden rocks 160.1 170.1 175.7 170.5 149
Enrichment wastes 31.6 31.9 32.8 32.9 30
Expenditures on environmental
protection measures in the 634.6 683.8 476.9 740.7 663.3
sphere of waste management
at PJSC Severstal, min rub.

8 Reports on the sustainable development of PJSC MMC Norilsk Nickel. URL:

https://www.nornickel.ru/investors/reports-and-results/annual-reports/ (accessed 19 June 2023).
? Reports on  corporate social responsibility and  sustainability of PJSC  Severstal.  URL:
https://www.severstal.com/rus/sustainable-development/documents/reports (accessed 19 June 2023).
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Overburden ores and enrichment waste make up the bulk of waste generated by the Severstal

Resources division. The company operates two tailings dumps at the enterprises of JSC Olkon and JSC
Karelskiy Okatysh. Mining industrial waste is largely used directly by the corporation, primarily for con-
struction, road repair, crushed stone production and dam embankment. The volume of overburden and
enrichment wastes generated has increased significantly, except for the 2022 figures, mainly due to the
withdrawal of the Vorkutaugol enterprise from the PJSC Severstal Corporation. Utilization indicators for
the Severstal Resources division are not presented in the reports for the period under review. Expendi-
tures on environmental protection measures in the field of waste management have a positive trend,

except for 2020.

PJSC NOVATEK

Quantitative data on waste generation, utilization and neutralization at PJSC NOVATEK for
the period 2018—-2021 are presented (Table 5).

Table 5
Generation, utilization and neutralization of waste at PJSC NOVATEK, million tons *°
2018 2019 2020 2021 2022
Generation 0.071 0.08 0.047 0.054 0.091
Utilization 0.013 0.01 0.023 0.049 0.086
Neutralization 0.003 0.014 0.017 0.007 0.008
Expenditures on envi-
ronmental protection 696 394 320 510 871
measures for safe waste
management, min rub.

The corporation’s main activities are related to the exploration, production and processing
of natural gas and liquid hydrocarbons. In connection with the main activity, drill cuttings account
for about 97% of waste generated. The corporation has developed a unique technology for ther-
mal desorption of waste, which, along with physical and mechanical methods, is used for the dis-
posal of drilling cuttings in developed fields, which allows for the reuse of hydrocarbon-based drill-
ing fluid. In addition, the corporation has a system of separate collection, accumulation and dis-
posal of wastes, some of which are transferred to third-party companies. This makes it possible to
get a significant environmental and economic effect. According to the data obtained, the volume
of generated, disposed and neutralized waste has increased, with the exception of 2020 and 2021.
In order to implement the developed technologies, the corporation increased the volume of ex-
penditure in 2018, 2021 and 2022 after the pandemic.

Results and discussions
The research results allow us to consider the possibilities of increasing the efficiency of
mining waste management by large Arctic resource corporations in order to improve the envi-

ronmental regulation system and increase the efficiency of the production economy. Over the

10 Reports of PJSC NOVATEK in the field of sustainable development. URL: http://www.novatek.ru/ru/development/
(accessed 19 June 2023).
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specified period, the considered Arctic corporations did not demonstrate a significant increase in

the efficiency of environmental protection measures in the field of waste management, which is a
consequence of insufficient development and implementation of innovative environmental pro-
tection technologies. It should be noted that natural and economic conditions make it necessary
to identify and overcome institutional barriers to the strategic management of mining enterprises
and, in particular, the use of waste. In this regard, Arctic corporations, together with scientific or-
ganizations, need to create their own modern base for the innovative development of enterprises,
taking into account waste management.

Of particular importance is the stimulation of innovative waste management processes, the
formation of environmental laws and the use of natural resources, aimed at maximizing the
preservation of environmental balance. This allows us to recommend the development of a strat-
egy for state regulation of waste management of Arctic mining enterprises, taking into account
scientific, technological, environmental, socio-economic, and other territorial features. One of the
most important goals of the strategy is the creation of an innovative economy in the Arctic territo-
ries and the transition from the extensive use of non-renewable natural resources to rational
management.

The waste management system of Arctic mining corporations is characterized by low mar-
ket motivation and the absence of strategic government policy in the sphere of mineral raw mate-
rials use. It is more profitable for industrial enterprises to pay for non-compliance with environ-
mental protection requirements than to develop and implement innovative waste processing
technologies. Waste management is in fact reduced to compliance with the technological regula-
tions of mineral extraction projects on fulfilment of the main production processes of resource
enterprises.

The decline in the quality of the mineral resource base with the continuing trend towards
extensive use of subsoil resources allows us to conclude that the mass of waste from enterprises
will increase in subsequent years. Wastes with valuable consumer properties and useful minerals
contained in them that are not extracted during ore enrichment should be effectively used in eco-
nomic turnover. In this regard, it should be noted that the organization of waste transfer for the
production of valuable products is insufficiently effective. In order to increase the degree of utili-
zation of mineral waste, special projects need to be developed and implemented, which requires
the fundamental interest of companies.

Further research should be focused on improving the state environmental policy in the Arc-
tic in the field of waste management and increasing the availability of investments, subsidies or
other financial incentives to implement the developed environmental innovations aimed at pro-
tecting the environment and increasing the socio-economic development of regions that exploit

and process mineral resources.
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Conclusion

1. The volumes of mining waste from Arctic enterprises had increased over the period un-
der review, while their disposal had essentially remained at the same level, including the use for
the corporations’ own purposes.

2. The corporations reviewed do not demonstrate a real increase in waste utilization rela-
tive to its generation, except for the Kola MMC of PJSC MMC Norilsk Nickel, which shows positive
dynamics.

3. The research has shown that corporations do not sufficiently provide for financial in-
vestments in environmental protection: expenditures on the creation of innovative waste man-
agement technologies have not practically increased. The developed technology of waste thermo-
desorption of PJSC NOVATEK can be noted, which made it possible to increase the recycling and
neutralization of waste and, accordingly, to increase efficiency, which allowed to obtain a signifi-
cant environmental and economic effect due to the increase in the cost of measures. As part of
improving the environmental and economic condition of mining enterprises, it is proposed to use
scientifically justified amounts of financial resources and make appropriate management deci-
sions.

4. To improve the efficiency of waste management, it is advisable to create research and
production centers based on the use of a balanced “triple helix” model on the example of a tripar-
tite agreement between the state, research organizations (universities) and industrial enterprises
based on the experience of the Arctic countries. Similar agreements between PJSC PhosAgro, the
Kola Science Center of the Russian Academy of Sciences and the Ministry of Science and Higher
Education of Russia, concluded in 2023, should be supported.

5. Special attention should be paid to the development of innovative technologies and the
rational use of mining waste to improve the quality of the Arctic environment and the economics
of production.

6. It is recommended to use the capabilities of the Interdepartmental Scientific Council of
the Russian Academy of Sciences, created in 2023, for the development of the mineral resource
base and its rational use to assist in the development of the scientific foundations for the extrac-

tion and processing of minerals and accelerating import substitution.
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