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Abstract

H The key driving forces of the mining sector and how these driving forces interact play a significant role
in shaping the future of this sector. In the present article, which was prepared with a foresight approach, the
key drivers of Iran's mining and mineral industries were identified first. Then, their cross-impact was
analyzed using Micmac software. Firstly, the available texts, including books, articles, reports, documents,
and plans, are studied to identify the key driving forces. A list of key driving forces is extracted. Then, by
asking experts and specialists for their opinions by using interviews and completing an open questionnaire,
monitoring and integrating similar factors, and summarizing experts' opinions, so 18 key drivers were
identified. After identifying the key driving forces, the matrix of cross effects was designed and provided to
the experts to measure the influence of driving forces on each other and their dependence on each other.
Finally, after examining the extent and how these drivers affect each other, the influential, dependent, and
strategic drivers of the mining sector in Iran, which have the most interaction in the system, were identified.
Based on the analysis of the research findings and the output of Micmac software, the drivers of "intelligence
of mining processes,” "water management in mining processes,” and "increasing the impact of extreme
climate changes on mining operations™ were identified as strategic drivers.ere.
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1- Introduction

The discovery and development of mines are slow and uncertain processes [1]. Exploration and
evaluation of mineral reserves bring many challenges for mining engineers, exploration geologists,
lawyers, and economists involved in discovery [2]. Also, moving from the initial discovery of a
mine to the start of mining operations may take ten years or more in many cases and cost a lot [1].
Therefore, these factors add to the complexity and uncertainty of activity in this field. Since
companies and organizations intend to remain competitive in a complex, uncertain, and mixed
environment, understanding and predicting the future becomes vital [3].

The high potential of the mining sector in Iran has made this sector one of the priorities of
economic, social, and cultural development [4]. Using the potential capacities of this sector can
effectively reduce the country's dependence on oil revenues by increasing the national income, and
by reducing the reliance of the country's industries on the import of raw materials, it can contribute
to the self-sufficiency of the industry [4]. The trends shaping the future of the mining sector include
a wide range, from the movement towards the use of new technologies to attention to social
responsibility. In other words, the future of the mining sector in Iran is influenced by technological,
economic, social, and environmental factors. The current research seeks to identify and analyze the
key drivers in the future of Iran's mining sector. For this purpose, after identifying the key drivers,
their mutual effects are studied using MicMac software.

2- Material and Methods

In the current research, environmental scanning and analysis of mutual effects have been used. In
the first step, to identify the key drivers of change, environmental scanning or horizontal scanning is
the art of systematically exploring and interpreting the external environment to understand better
the nature of the deep drivers of change, trends, and their possible impact on the organization's
future. Scanning often focuses on developments on the fringes of current thinking and planning.
Still, it may be necessary for the organization to identify new developments and insights related to
an organization's ongoing challenges [5]. Using the environmental scanning method, this research
seeks to answer the central question: what are the key drivers related to mining and mining
industries? To answer this question, 18 key drivers were first identified by reviewing the available
domestic and international articles, theses, and reports, and then the mutual effects analysis method
was used to identify the impact of these drivers. Interaction analysis is a method for identifying
mutual relationships. Mutual relations are analyzed instead of cause-effect relations. Using this
method, the role of a driver with regard to other drivers is determined so that the drivers with a
more significant role in future development are identified. For this purpose, 18 key drivers were
provided to the experts in the form of an 18 x 18 matrix, and their opinion on the effect of each
driver on other drivers was taken. In this matrix, row variables are influential, and column variables
are influential [6].

The statistical population consisted of experts and specialists in the mining and mineral
industries who were academic experts in addition to having practical experience. In total, 15 experts
selected using purposeful sampling were asked to express their expert opinions about this
relationship between variables.

3- Finding and Argument

Drivers or driving forces are the factors that push the changes forward [7]. To identify the key
drivers of mining and mineral industries, based on existing studies, reviewing texts such as books,
articles, reports, documents, and plans, a list of key drivers of extraction and using interviews and
open questionnaires from experts and specialists and after monitoring, combining similar factors
and summarizing expert opinions, 18 key drivers were identified. These 18 key drivers are:
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intelligentization of mining processes, application of blockchain technology in mining, social
responsibility, exploration of minerals in the deep sea and in space, development of risk
management in mining activities, development of technology management and innovation in
mining and mining industries, circular economy (recycling) in mining and mining industries,
increasing social participation and promoting the benefit of the general society from mining
activities, moving towards the management of effects during the life cycle of the mine
(environmental management), more water management in mining processes, development of mine
waste management, diversity of the workforce working in mines, the changing landscape to mine
closure and post-mining realities, the integration of mining operations, the agility of mining supply
chains, the increasing extraction of reserves underground, the growing impact of extreme climate
change on mining operations, and the movement of mining business models towards Digital and
based on sustainable development.

As part of the output of the analysis of the cross effects of key drivers, MicMac software
provides graphs. These graphs help managers, decision-makers, and researchers by showing direct
and indirect relationships between variables and giving a general picture of the structure of the
subject and the systems under study. The output graphs of the software include the graph of direct
effects between variables, the graph of indirect effects between variables, the graph of potential
direct effects between variables, and the graph of potential indirect effects between variables. After
evaluating the impact of the system variables on each other, their place in the influence map is
determined. Variables are classified according to their position in the diagram with different titles.
These variables differ from each other according to their role in the dynamics of the system.
Meanwhile, strategic variables are manipulable and controllable variables that affect the dynamics
and change of the system. According to the analysis, the effectiveness and influence of the variable
increase by moving from the end part of the third region to the end part of the first region of the
coordinate axis [8]. Based on the analysis of the 18 investigated drivers, three drivers of
intelligentization of mining processes, more water management in mining processes, and increasing
the impact of severe climate changes on mining operations are identified as strategic drivers.

4- Conclusions

In the current research, to analyze and identify the key drivers of the state of mines and mineral
industries in Iran, a list of factors shaping the future in this field was first extracted. After
monitoring, integration, and expert summaries, the following 18 key drivers were identified using
interviews and open questionnaires. Then, using the method of mutual effects analysis and MicMac
software, the effect of the fuels was checked. Based on the study of the research findings and the
output of MicMac software, the drivers of "intelligence of mining processes,” "more water
management in mining processes,” and "increasing the effect of extreme weather changes on
mining operations" were identified as strategic drivers.

The drivers shaping the future of mining and mining industries in Iran show that the risk profile
of mining will be very variable and dynamic as mechanization in the mining industry is increasingly
increasing. Also, leaders and key decision-makers in mines and mining industries must ensure that
management systems are prepared to transition from human-driven mining to emerging
technologies. Rising societal and workforce expectations put new risks in front of management.
Identifying and assessing the risks and opportunities presented is critical to ensure that the
necessary management systems are in place to address them. Emphasis should be placed on all
aspects of system design to support introducing new technology. Employees' skill and training
needs for managing mining systems in the future and their exploitation should be evaluated, and the
existence of coordination between people, technology (equipment), materials, and the environment
should be ensured.
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The availability of minerals and demand for mineral products determine the broad business
model for mining. The continuation of the operation depends on the extraction method and the
commaodity's price (market demand). The increasing scarcity of resources in the future will lead to
the extraction of mines in more distant areas, the depths of the earth, seas, or other planets. The
increasing complexity of technology in the complex mining environment will challenge some
mining operations. More advanced equipment that operates semi-autonomously will be deployed in
mines. Support services will be needed to ensure the availability of equipment, which in turn affects
environmental management systems issues such as leadership, staffing, and equipment selection
and training. In general, preparation for the future mining and mineral industries in Iran requires
special attention to the increased needs and challenges in safety, technology, management systems,
environmental requirements, social expectations, legal requirements, political requirements, skills
requirements, and production costs, reducing resources in the availability, price, and demand of
mineral products are variable. Also, health and safety in mines will continue as a non-negotiable
value in the future.
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2- zero-waste mining
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1- Circular Economy
2- Invisible Mine
3-Sensor-Based Sorting Techniques
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1- Acid mine drainage (AMD)
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