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Abstract. The article considers the processes and prospects of the mining
industry sustainable development. The main results of the study include the
substantiation of the introduction of digital transformation processes as the
main global trend of the mining enterprises sustainable development, along
with the use of high-tech innovative approaches. The presented study
considers the impact of the digital technological revolution "Industry 4.0"
on the prospects for the of the mining industry development. The
comprehensive analysis of the state, problems, advantages and
disadvantages of the mining enterprises functioning in the context of
constantly changing external and internal factors of economic and foreign
policy development of modern Russia has been carried out. The factors
determining the relevance of the digital transformation of mining
enterprises, promising directions for the development of geotechnology in
the 21st century, are considered, using the example of the introduction of
intelligent Mining 4.0. (Mining 4.0.) and the construction of intelligent
digital mines. The mechanisms and digital solutions, which
implementation will solve thef key tasks, are considered. The practical
application of the research results will allow mining enterprises to reach a
new sustainable level of the development as well as to increase the
competitiveness in the global market.

1 Introduction

It is planned to achieve the maximum growth in production efficiency in the next five years
in the context of the era of Industry 4.0, due to the transition of about 80-85% of
enterprises' production processes to a digital model.

Mining companies made significant strides in promoting innovation and integrating
technology into their operations. There is a significant shift towards the so-called "smart
mines".

It is worth noting that a rather low level of implementation of digital technologies and
innovative methods of the mining industry is due to some negative factors:

v the scale and complexity of production processes;
v territorial and geographical remoteness of production areas;
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v outdated equipment and management technologies;
v the need for global investments to modernize production;
v conservative methods of the production process management.

Within the framework of the Sustainable Development Goals of the mining industry,
significant growth in energy consumption and the level of negative impact on the
environment are seriously considered and taken into account.

Nowadays some problems can be identified, that reduce the pace and negatively affect
the development of mining enterprises: low cost of products, fluctuations in price levels,
increased costs, environmental challenges, suspension of projects, declining global demand
and growing risks of occupational safety and health [1, 2].

The concept of modernizing the mining industry became relevant due to the necessities
of sustainable mining, as well as environmental, social and management requirements. That
is not surprising, taking into account the important role of modernization in the current
context of the fourth and expected fifth industrial revolutions.

Thus, the indicators of the development of mining enterprises, in the context of
constantly changing external and internal factors of the economic and foreign policy
development of modern Russia, determined the urgent need to revise the existing strategy
of the mining industry.

2 Review of literature and research

The topic of digital transformation of mining enterprises is actively discussed in the
scientific literature. The works of leading Russian and foreign scientists in the field of
theory and practice of digitalization of the mining industry were used within this research.

Such authors as Nagovitsyn O.V., Babkin A.V., Isaichenkova V.V. [1, 3, 4], Osipova R.
G. , Aleksashina T.V., Gileva T.A. , Kuzin D.V. [5, 6, 7, 8], A. 1. Piskunov and V. B.
Glavatsky [9], Izyumtseva A.A., Klebanova D.A. [10], A Matsko N.A., Kharitonova M.Yu.
[11], Lukicheva S.V. [12, 13, 14], Zholmagambetov T. [15], Petrenko I. E. [16], Plakitkin
Yu.A.[17], Rozhkov A. A. [18] consider the need to introduce digital technologies in key
industries, the concept of digital transformation of the mining industry, criteria for
assessing the readiness of enterprises to actively implement innovative technologies; the
level of competitiveness of enterprises in the mining industry; updating digital strategies of
multinational companies; the issue of organizing deserted mines. The analysis of the
problems of implementing digital transformation in the mining industry, trends and
challenges, their impact on the sustainable development of industry, on socio-economic
development, is reflected in the works of foreign authors, such as Yue Zhou [19], Qamar
Uz Zaman, Yuhuan Zhao, Shah Zaman, Kiran Batool, Rabiya Nasir [20], Lars Barnewold,
Bernd G. Lottermoser [21], Keith Storey, Greg Halseth, Laura Murphy, Sean Markey [22],
Deepak Kumar, Dilip Kumar, Chapter Four [23], Arman Hazrathosseini, Ali Moradi
Afrapoli [24], Jiacheng Xie, Suhua Li, Xuewen Wang [25], et al., [26-27].

Despite a lot of scientific research and works, the topic of digital transformation of the
mining industry remains relevant and requires updating modern innovative methods and
approaches as well as more scientific research.

3 Materials and methods

The authors of this work use scientific materials from Russian and foreign researchers,
open statistical data and analytical reports on the topic of digital transformation of the
mining industry. The methodological framework is based on the scientific approach to the
study of objective patterns of the mining industry development in the context of digital
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transformation, systematic analysis of the industry as a complex social-and-economic
system interacting with the digital economy. During the study, tabular and graphical
methods of visualization of calculations were used.

4 Results and discussion

This research considers the possibilities of implementing digital transformation as a global
trend in the sustainable development of the mining industry.

The mining industry is the main mineral resource and fuel base of the entire national
economy of Russia. At the global level, Russia holds a leading position, being one of the
166 mining industry countries. For comparison, 48 kinds of minerals are extracted in our
country, while the same indicator for other countries is 10 kinds of minerals.

Figure 1 graphically shows the share of Russian mining during the period 2021-2023 in
the structure of the global mining industry, which amounted to 10.1%. (Fig.1).

5000 4679 4519

4500
4000
3500
3000
2500
2000
1500 1212 1155 41pg9

1000
soo 189 1816 1583 322

1491 1339 1418

457 491

Russia India USA China Other countries

m 2021 m2022 w2023

Fig.1 Global coal consumption — the main consumer countries, 2021-2023, mln. Ton (Developed by
the author)

In world practice, including the practice in Russia, there are objective factors affecting
the production activities of mining enterprises. The most relevant of them are the following:

* production and operating costs;

« costs of industrial and environmental safety of mining operations.

It is worth noting that during over 20 years of reforms, the mining industry, along with
the others, faced large-scale problems such as the protracted transition to green energy,
reduction of natural resources and global environmental changes [14].

The current foreign policy concerning Russia, the Armed Forces of Ukraine, and
sanctions pressure from European states and the United States affected the development of
the economy as whole, affecting the mining industry as well. As a result, some problems
have arisen that require special attention to [15]:

* reduction of investments,

* restrictions on exports and foreign trade,

« restrictions on external financial transactions, etc.
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The consequences of the above-mentioned problems include disruptions of supply
chains, more complicated access to modern technologies, increased overhead costs, and
lower incomes of enterprises.

However, Russia has great potential to raise the level of the economy, including at the
expense of the mining industry [15]. Nowadays, the urgent tasks, the mining enterprises
face should include:

« accelerated process of searching for new mining tools,

* global digital transformation,

* increasing the pace of modernization of production.

At the same time, the development of science and innovative technologies prove that
digital transformation is the main trend of modernization and accelerated development of
the mining industry. The introduction of digital technologies "Industry 4.0" and "Digital
Economy of the Russian Federation" have the maximum impact on the development
potential of mining companies in Russia. It should be noted, that more than 50% of Russia's
GDP is created in the extractive and manufacturing industries [15].

In order to implement the national policy, the processes of digital transformation in the
mining industry have been identified:

» implementation of artificial intelligence technologies;

» technological sovereignty of enterprises.

Today, only 20-30% of mining enterprises have the opportunity and are able to
implement digital transformation actively.
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Fig. 2 Indicator of the involvement of mining enterprises in the processes of digital transformation, %
(Developed by the author)

In Fig. 2 the indicator of the level of involvement of mining enterprises in the processes
of digital transformation is schematically presented. According to the research conducted
by Reksoft in May 2023, only 31% of 100% of enterprises are actively forming a digital
strategy, 29% of enterprises use digital technologies for most of their processes, while the
rest of enterprises are at an early stage of digital transformation or cover only key processes
[14].

Russian large holdings EVRAZ, Mechel, PJSC Norilsk Nickel, PJSC Alrosa are trying
their best to introduce digital technologies to improve the efficiency of production and
business processes, quality and safety [14].
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At the moment the main trend in the development of large mining enterprises is digital
transformation and the automation of all production processes on its basis [14].

In the world practice, mining enterprises apply the principle of "smart production" in the
planning and management process [14].

The traditional mining industry is the industry with maximum production risks, a
labour-intensive industry, and it needs a reliable and efficient information collection and
transmission system to facilitate the comprehensive interconnection of people, machines
and objects in mines. The advantages of 4G and 5G technology with high bandwidth and
low latency allow remote control of the equipment. This innovation significantly reduces
the costs of operation and maintenance, as well as the construction risks of mining
enterprises, reduces the number of people in mines and improves intelligent decision-
making, intellectual perception and executive capabilities of mines.

Intelligent mines are not only an advanced area of scientific-and-technological
innovation in the Russian mining industry, but also a reliable guarantee of the sustainable
development of the mining industry. In recent years, in the context of the continuous
integration and development of domestic IT technologies, such as the transition to 4G, 5G,
cloud computing and big data processing using mining, the process of building domestic
smart mines should accelerate. At this stage, they already have good results and prospects
for development.

With the advent of the Fourth Industrial Revolution, mining enterprises began to widely
practice the process of intelligent construction. Depending on the direction of application of
the technology, it can be divided into automated mines and intelligent (smart) mines.

Currently, it is considered that the functions of modern intelligent mines include
planning, design, automated operation, the possibility of implementing unmanned operation
and intelligent control processes.

The digitalization of mines is the main trend and the basis for the intelligent
construction of coal mines. The concept of digital transformation of coal mines is aimed at
bringing all processes together on the basis of specialized digital platforms — Connected
Mip[hnb-ne class solutions ("digital mine").

Connected Mine's main digital platform contains the main production system and an
auxiliary production system. The main production system includes the intelligence of the
coal mining face and the intelligence of the dredging face. For coal mines, this is an
intelligent integrated excavation face and an unmanned excavation face, represented by
automatic coal mining technology. For non-coal mines, this may be an unmanned treatment
face and an unmanned face system represented by intelligent explosive development or
automatic mechanical mining technology.
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Fig.3 The project of an intelligent digital mine (Developed by the author)

An intelligent auxiliary production system is the intelligent operation of an auxiliary
system [26]. It is mainly characterized by the automatic intelligent transportation system
(including belt transportation and auxiliary transportation), intelligent lifting system,
intelligent power supply system, intelligent drainage system, intelligent pressurized air
supply system, intelligent ventilation system, intelligent dispatch and control system,
intelligent communication systems, etc., which have developed rapidly recently (Fig.3).

This article states that the construction of smart mines should be supported by the
communication system platform with advanced technologies, integrated business, powerful
functions and stable performance. 4G communication technology, and in the future 5G, has
the characteristics of high bandwidth, low latency and large-scale equipment connectivity.
It provides a channel for the “Internet of Everything” of the mining equipment group,
which can realize the full range of mine communication network coverage, comprehensive
collection and transmission of data on underground equipment and the environment, as well
as accurate and reliable implementation of equipment management to meet the needs of
various types of mines, business systems requirements for network data transmission.

The main objective of the process of building intelligent digital mines in Russia is to
create an advanced digital infrastructure, with a system of applications for mining, focused
on people.

Intelligent coal mining (Mining 4.0) is the vertical application of the industrial Internet
system to maximize the efficiency of mining operations, ensure safe mining and reduce the
number of accidents related to personnel safety. The possible results of the introduction of
artificial intelligence in Mining 4.0 are discussed in the table in Fig. 4:



E3S Web of Conferences 531, 01032 (2024) https://doi.org/10.1051/e3sconf/202453101032
UESF-2024

e N
’3’ 4 Forecasting and maintenance of equipment failures
‘}, The prediction and maintenance of equipment failures is carried outby analyzing
N equipment sensor data and other related data, using artificial intelligence technology
- to predict equipment failure, and taking appropriate maintenance measures to reduce
,gk downtime and maintenance costs.
= J
S
—t 9’:’ - A A
» 4 Ore exploration andresource assessment
S Artificial intelligence can analyze geological data, geophysical data and remote
N sensing images to help determine the location and scale of mineral deposits, improve
A & L A the efficiency of exploration and the accuracy of resource assessment
— $ /
~—
— -
2 . and intelli, mining equip
‘.3' The application of the automated and intelligent mining equipment can improve the
' efficiency, safety and sustainability of the mining process, as well as to promote the
“&. development and innovation of the mining industry [26].
N— )
%” Mine safety monitoring and early warning. D
3 The use of these technologies and methods can improve mine safety performance
N and reduce the likelihood of accidents. At the same time, it is also necessary to
L] cooperate with appropriate management measures and training to ensure the effective
\S&a functioning of the monitoring and early warning system. )
A 4 Optimization of production at the mine. h
> 4 primiz D -
& Through the application of the above technologies and methods of artificial
~ intelligence, intelligence and optimization of mining can be realized, production
& efficiency can be improved, costs can be reduced and waste of resources reduced,
L&\ and sustainable development of the mining industry can be ensured [27]. )

Artificial intelligence

can analyze energy consumption data and optimize energy supply. as well as use
strategies to reduce energy costs and environmental impacts. Through the application
of the above technologies and artificial intelligence methods. energy management
and optimization intelligence can be realized, energy efficiency can be improved,
energy consumption and costs can be reduced, and the development and application
of sustainable energy can be advanced. )

~N

Environmental monitoring and management.

Intelligent environmental monitoring and can be impl d through
the use of the aforesaid technologies and methods of artificial intelligence, the
effectiveness of environmental protection and resource management can be
improved, and sustainable development and environmental balance can be ensured.
Analyze geological data, geophysical data, and remote sensing images to help
determine the location and scale of mineral deposits, improve exploration efficiency,
and accurately assess resources. )

~

Automation and intelligent mining equipment

The application of this automated and intelligent mining equipment can improve the
efficiency of mining processes. The intelligence of transportation and logistics can be
realized, transportation efficiency can be improved through the application of the
above technologies and artificial intelligence methods, transportation costs can be
reduced, waste of resources can be reduced, and the transportation of ore and
materials can be better supported.efficiency, safety and sustainability of the mining
process, and also contribute to the development and innovation of the mining
industry.

J

~
Safety training and monitoring of employees.

The effectiveness and monitoring capabilities of employee safety training can be
increased through the use of the above-mentioned technologies and artificial
intelligence methods, the likelihood of accidents can be reduced and the safety of life
and physical health of employees is guaranteed.

J

~
Ore sorting.

Through the application of the above technologies and artificial intelli methods,
it can help the ore sorting process become automated and intelligent, improve the
accuracy and efficiency of sorting, reduce labor costs and help to detect valuable
elements in the ore.

Fig.4 Possible results of the use of artificial intelligence in Mining 4.0. (Developed by the author)
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The company creates an intelligent information infrastructure basing on the two-way
interaction of business and the platform, a basic software platform and a data integration
platform for the implementation of production intelligence, security intelligence and
support system intelligence, thereby stimulating industrial potential, comprehensive
promotion of digital mine construction.

Unfortunately, it is not uncommon to receive reports of accidents at coal mines.
However, with the development of 4G technology, this situation may change. On the one
hand, the introduction of sensors and networks will make mining more controlled, on the
other hand, thanks to a seemingly indirect indicator such as safety in the development of
smart mines, production efficiency in general will also increase.

Certainly, such an important way to ensure the safe, efficient, economical and
environmentally friendly development of the coal industry as intelligent coal mining will be
highly appreciated by the state and relevant departments. It will be necessary to formulate a
regulatory framework and appropriate strategies to support, standardize and promote the
intellectual mining industry step by step.

Figure 5 clearly shows the performance indicators at mining enterprises that have
implemented digital technologies (Fig.5).

Efficiency of digital transformation of mining enterprises (companies)

1. The introduction of digital 2. Cost reduction 3. Increase in the average
solutions improves productivity: - technical speed

quarries - by 5-15%, |— 10-15% |— 8-12%

processing plants — up to
20%

ke personnel - up to 50%.

Fig.5 Indicators of the effectiveness of digital transformation in the mining industry (Developed by
the author)

Further plans for the construction and digital transformation of intelligent (smart) mines
include the formation of new functional units aimed at the efficiency of production
processes and improving safety, such as:

« "digital (smart) quarry",

« "digital (smart) transport"

« "digital (smart) control centres".

In the short term, the efficiency of the production equipment of mining enterprises will
increase by about 1.9 times, the productivity of the main production staff by 4-5 times, and
finally, it is planned to increase safety, which will help reduce the number of workers
affected by coal mining by 3-4 times.
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5 Conclusions

The results of the research can be stated as follows:

1. The digital transformation of the mining industry is a global strategic important

process. In order to support and develop the mining industry, the Russian Government
approved a strategy for the development of the coal industry until 2035 in February 2020.

2. Today, along with all industries, mining enterprises have actively joined the

processes of digital transformation of the Russian economy.

3. In the complex, digital transformation contains scientific and innovative technologies

that include automation, digitalization and intelligent technologies of all the production
processes, the purpose of which is to maximize production costs, increase production,
economic efficiency and enhance safety at all sites of mining enterprises.

Thus, digital transformation is indeed the main global trend in the sustainable

development of mining enterprises, which contributes to the improvement of efficiency
indicators at all production levels and, in general, the growth of industry indicators.
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