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Abstract—The paper is aimed at revealing the potential of 

digital twin concept use in relation to mining companies’ assets 

management. The key advantages of digital twin implementation 

in different areas of mining production have been summarized. 

Improved operation efficiency, production safety and informed 

decision-making process are among the top ones. The paper 

presents the conceptual model of digital twin of a deposit, which 

reflects both its structure and functioning mechanism. The idea 

of digital mineral asset underpins it in conjunction with tools of 

historical and real-time data collection, storage and analysis. The 

key issues of economic evaluation of mineral deposit digital twin 

are addressed. 
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I.  INTRODUCTION 

Digital technologies have diverse application areas in 
industry due to advantages of processes optimization and 
benefits of effective information flows management. The 
improved production efficiency gained via operating costs 
reduction and increased productivity is ranked among the top 
benefits of industrial digitalization [1, 2]. It is worth noting 
that digital technologies have numerous applications both in 
manufacturing processes and business management, namely, 
in assets management. Although information systems and 
technologies are claimed not to provide direct benefits (but 
only create opportunities for their obtaining) [3], it is quite 
evident that qualitative changes in business processes of a 
company are associated with its improved key performance 
indexes. The digital twin concept has already brought 
revolution across some industry sectors. Recent scientific 
publications present a comprehensive sectoral analysis of 
digital twin application (in healthcare, education, construction, 
engineering, mining, transportation, sales, etc.) [4, 5, 6, 2]. 
Currently, many companies use digital twins as simulation 
models only; however, academia and industry recognize the 
urgent task of their application as a technology of real-time 
control and management of physical objects [7].  
Undoubtedly, it is necessary to explore and use the full 
potential of the digital twin concept in conditions of impetuous 

technological development (reduction in price of sensors, 
development of machine learning, artificial intelligence (AI), 
edge computing, cloud technologies) and increasing market 
needs for flexible production and its online controlling, as well 
as more efficient assets management [5].  

The different aspects of the digital twin concept 
implementation are being investigated more intensively in 
relation to physical objects (units, devices and equipment) and 
production processes rather than with respect to such a 
complex system as mineral deposit or mineral asset.  

In the current paper, we are aimed at justifying the 
potential of the digital twin concept application in 
management of mining companies’ assets and describing the 
conceptual model of digital twin of mineral deposit. 

II. METHODS 

The research objective was considered from the 
perspective of digital twin concept, first presented in 2000 by 
Dr. Grieves and well developed and refined for 20 years. Due 
to theoretical nature of the research, analysis of academic 
literature played the essential role within the research 
framework. It allowed us to conclude that most authors 
dealing with digital transformation research agree on the 
definition of the ―digital twin‖: it is a virtual model of the 
process (the device, object or intangible asset), which reflects 
its characteristics over time, and gives the possibility to 
analyze the data and improve the efficiency of its work [8, 9]. 

The digital model consists of digitally represented 
physical, functional and other features of concrete object as a 
set of information saturated items (object prototype) [10]. A 
digital shadow (image) should be understood as a set of data 
about an object obtained simultaneously using special 
technologies [9]. There is still some confusion in the literature 
regarding the distinction between the concepts of digital twin 
and digital shadow, which are often identified the same [11, 
12]. However, the main difference between digital twin and 
digital model (image or shadow) is the use of the best 
available technologies to reflect the dynamics of the physical 
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twin through the associated data system, which ensures 
convergence between the physical and virtual space, as well as 
gives the ability to manage physical twin through the digital 
one [5]. Moreover, it is important to note that the digital model 
and digital shadow are parts of a digital twin; they do not have 
all of its characteristics without such a component as a digital 
stream (digital thread) [13]. Thus, the model of digital twin 
consists of three parts: physical object or process, its virtual 
copy and data thread connecting them in real time and 
providing requirements to a digital twin (scalability, 
interoperability and fidelity) [14, 7, 4]. Such methodical 
approach enabled us to reveal the areas of digital twin 
technology application relevant for mining companies and to 
describe the digital twin of a mineral deposit using conceptual 
modelling method. 

III. RESULTS 

“Patchwork digitalization” measures, being popular in 
mining sector over the past 10-15 years, prevented for a long 
time the transition of companies from the development of 

reliable projects with low profitability to qualitatively new 
assets that require investments in breakthrough digitalization 
technologies [15]. An overview of forecasts issued by the 
largest industry analytical agencies shows that the integrity, 
dynamism and complexity of decisions made should become 
the leitmotif of industry changes in the new decade [16]. The 
idea involves creating so-called “digital mines” (digital twin 
of the deposit) based on new mineral assets, where the digital 
transformation of production can be launched even at the stage 
of geological exploration. 

Figure 1 shows the range of opportunities and challenges 
that innovative mining companies face at various stages of 
digital mine creation process. It should be pointed out that 
measures to attract breakthrough technologies of Industry 4.0 
to the exploration, mining and processing provide an 
opportunity to influence almost all factors of their 
effectiveness. 

So, automation technologies for robotic processes, which 
are already actively used in the industry today and are 
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Fig. 1. Digitalization opportunities in terms of increased manageability of exploration and mining (Source: the authors) 
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characterized by the initial level of AI systems maturity, allow 
to influence the factor of technological optimization of 
production processes. Augmented AI systems (2nd level of 
maturity) can be successfully applied in solving problems of 
information flows optimizing. In addition, such AI systems 
allow to use basic cognitive analytics tools to identify risks 
and provide simplify modeling. Mining companies leading in 
digital transformation of their activities are still striving to 
achieve precisely these goals [17]. 

At the same time, 3rd maturity level of AI systems, 
supposing full autonomy and deep machine learning, is not yet 
achieved in the mining and processing, however, in the future, 
it can provide significant time and cost savings in geological 
and financial modeling. Technologies of this level can allow 
making operational investment decisions, providing the 
necessary frequency of profitability and riskiness of 
investments matching, based on the most flexible planning 
system for exploration and mining. 

Advantages of digital technologies represented in the 
diagram (Figure 1) should be assessed in align with mineral 
assets management concept, namely, digital mineral assets. 
This term is new and combines the features of a mineral and a 
digital asset. 

There are different interpretations of a digital asset term in 
scientific literature. The most common of them broadly 
defines a digital asset as any digitized information that keeps 
value [18]. A comprehensive analysis of the “digital asset” 
concept from an economic and legal point of view is presented 
in papers of Kud A.A., founder and director of Simcord. The 
author, relying on the results of an etymological analysis, 
clarifies the concept of a digital asset taking into account its 

four essential semantic features: economic, legal, 
informational and valuable, defining the digital asset itself as a 
“set of digital (binary) data that is autonomous, uniquely 
identifiable and has a certain value” [19]. 

In manufacturing, the concept of a digital asset has its own 
nuances. Thus, specialists of the Neolant group of companies 
understand a digital asset as a combination of an information 
model of an object and an engineering data management 
system — a tool for updating information about an object at 
each stage of its life cycle, in which “all business processes 
that take place at the enterprise at the construction and 
exploitation stages are configured” [20]. In turn, the 
information model of an engineering object represents its 
digital (virtual) copy. A similar definition of a digital asset is 
used in AVEVA's business solutions: it is an information 
platform that is constantly replenished with real-time data as 
the state of a production facility changes and provides full 
integration and interaction of all applications in use [21]. 
Taking into account all the variety of existing definitions, we 
can distinguish common features of an object, recognized as a 
digital asset: 

1. the asset exists in digital form and is a copy of a real 
object (unit, equipment, processing line, production 
complex, enterprise); 

2. the digital copy of the object is “alive” and changes 
after the real object does; 

3. the set of digitized data about the object brings/is able 
to bring the future economic benefits to the owner, 
e.g. by means of  decision-making process 
automation. 

 

Fig. 2. Conceptual model of creation and functioning of mineral deposit digital twin (Source: the authors) 
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Assuming asset is an economic entity, controlled by the 
company and capable of bringing business benefits throughout 
its life cycle period, it is reasonable to consider the mineral 
asset as reserves of mineral deposit that the company can 
develop effectively. 

We suggest that the digital mineral asset should be defined 
as a virtual copy of the deposit, consisting of originally created 
geoinformation model, supplemented by geological, hydro- 
dynamic and hydro- geological, technological, technical and 
economic data in the course of the field development, and 
serving as a basis for decision-making.  

The digital mineral asset is a key component of mineral 
deposit digital twin (Figure 2). Its formation is carried out 
gradually, as the project of mineral deposit development 
passes through the phases of its lifecycle period. The proposed 
conceptual model of mineral deposit digital twin corresponds 
to the modern interpretations of the digital twin concept: its 
key elements are the mineral asset (deposit) itself, its 
information model (digital twin), the technical and 
information infrastructure needed for creating digital mineral 
asset, ensuring its identity to the real asset (deposit) and 
providing for informed decision making. 

IV. DISCUSSION 

From an economic point of view, the mineral deposit 
digital twin satisfies such criteria of assets recognition as the 
ability to bring economic benefits, the presence of company’s 
control over the asset and the ability to clearly identify it. 
Digital asset of a company is formed throughout the life cycle 
of the exploration and development investment project, but 
goes beyond it, because of ability to bring benefits after 
completion of mineral asset exploitation.  

At the same time, the most important criterion for assets 
recognition is the possibility of their reliable valuation. The 
estimation of the value of a digital mineral asset is 
complicated. The concept itself is not yet recognized among 
academia due to its innovation character and the lack of 
widespread practice of mineral deposit digital twins creation. 
A digital mineral asset has a strong specificity: unlike most 
industries in which it is possible to repeatedly use digital 
twins, which mirror the standard equipment components, 
entire devices and even processes, a digital mineral asset is 
unique, like a real object, of which it is a virtual copy. Of 
course, this does not mean that the mineral deposit digital twin 
cannot be useful without reference to a specific asset. On the 
contrary, it can become a valuable information source for 
specialized scientific research in the field of deposits 
designing and development. However, this feature enhances 
ambiguous of the effectiveness estimation of digital solutions 
implementation in manufacturing and business processes of 
mining companies. “Digital dividends” as the benefits derived 
from the introduction of digital technology and enabling 
further development, have a time lag and are unevenly 
distributed [22]. From our point of view, the most difficult 
issue in justification of investments in digital twins is to 
estimate the value of the information that underpins the digital 
mineral asset, and to set the reasonable acceptable for the 
company criteria for making investment decisions.  

Mineral deposit digital twin concept goes align with the 
modern theory of the Asset Performance Management as a 
tool of proactive business planning, flexible and informed 
decision-making. In our opinion, the potential benefits of the 
digital twin use with regard to assets of mining company are 
the following: 

1. obtaining direct economic benefits in the form of 
improved operational efficiency via reducing the cost 
of mining (loss in the subsoil, loss of time and other 
unproductive costs), the timing of the work, reducing 
the influence of the human factor when performing 
certain operations, optimizing investment costs of 
mine construction;  

2. obtaining indirect benefits in the form of improved 
safety of the production via promptly taking into 
account risk factors when modeling possible negative 
events in real time as the field is developed and 
damage is prevented; 

3. ensuring the flexibility of the managerial process by 
increasing the accuracy and validity of decisions made 
and the resulting learning effect (when performing 
exploration, design and construction works in the 
future). 

In further research, we suppose to develop a detailed 
structure of the mineral deposit digital twin model, including 
description of its composition and mechanism of elements 
interaction, making a list of relevant data on the mineral asset, 
which should take into account the range of managerial tasks 
to be solved, and criteria for investment decision-making. 
Justification of the methodological approach to assessing the 
effectiveness of investments in mineral deposit digital twin is 
another important area for future research. 
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