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PREFACE

On behalf of the Organizing Committee, it is a great honor and pleasure to welcome all
esteemed participants of the 54" International October Conference on Mining and Metallurgy
(10C 2023), scheduled to take place at the picturesque Bor Lake, Serbia, from October18™ to 21%
2023.

The collaborative efforts of the University of Belgrade, the Technical Faculty in Bor, and
the Mining and Metallurgy Institute Bor have meticulously organized this year's IOC. Our focus
remains unwavering on showcasing the latest research findings and advancements in geology,
mining, metallurgy, materials science, technology, environmental protection, and other
engineering disciplines. Our primary objective is to foster a dynamic environment where
academics, researchers, and industry professionals can come together to share their knowledge,
experiences, and innovative ideas while exploring opportunities for collaborative research
endeavors.

Our conference agenda is rich and diverse, encompassing plenary sessions, engaging
invited lectures, technical presentations, enlightening oral and poster sessions, informative
technical tours, a diverse exhibition, and memorable social gatherings. At the heart of this event
lies our strong commitment to sustainable development within the mining and metallurgy sector.
We are dedicated to exploring ecologically conscious methodologies, responsible resource
extraction practices, and cutting-edge technologies that reduce the industry's environmental impact
and enhance the well-being of local communities.

The conference proceedings comprise 129 papers authored by individuals from
universities, research institutes, and industries in 22 countries. We are proud to welcome
participants from Bosnia and Herzegovina, Bulgaria, Canada, China, Croatia, Germany, Greece,
India, Iran, Kazakhstan, Libya, North Macedonia, Montenegro, Morocco, Romania, Russia,
Slovakia, South Africa, Spain, Turkey, United States, and, of course, Serbia.

We are excited to host the 8" International Student Conference on Technical Sciences (ISC
2023) as part of I0C 2023. This event offers students from Serbia and the wider region a unique
chance to showcase their research and discuss the future of their fields with experts.

We sincerely thank the Ministry of Science, Technological Development, and Innovation
of the Republic of Serbia for their generous financial support. In addition, we express our profound
gratitude to all our sponsors, exhibitors, and friends of the Conference for their contributions and
unwavering support for playing a pivotal role in ensuring the success of 10C 2023.

We would like to express our heartfelt thanks to all authors, committees, reviewers,
speakers, and chairpersons for their invaluable contributions in shaping 10C 2023.

We look forward to welcoming you to the 55th International October Conference on
Mining and Metallurgy (10C 2024), which will be held in October 2024.

On behalf of the 54" IOC Organizing Committee,
Prof. dr Ljubisa Balanovi¢
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SUSTAINABLE AND SMART MINING

Zoran Stevanovié¢, Radmila Markovic, Ljiljana Avramovic,
Vojka Gardié, Jelena Petrovi¢, Dragana Bozi¢

Mining and Metallurgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia

Abstract

This paper describes a general view of mining and impacts of mineral resources on countries economy. It
presents the importance of mineral resources in the development of the country’s economy, and the
requirements for their sustainable development. Requirements are explained through possible principles,
instruments and responsibilities. The main fact considered in this paper is that sustainable and smart
mining during transition to low-carbon emissions will be most important issue that will significantly shape
the development of mining in the future.

Keywords: mining, mineral resources, sustainability, responsibilities, BDP, low-carbon emissions

1. INTRODUCTION

In more than 100 countries around the world, mining companies exploit minerals and metals out
of the ground, satisfying continuously increasing demand from industrial production, agriculture,
high-tech sectors, etc. Among those countries are more than 50 that can be considered as “mining
countries,” well known for the sector’s contribution to export earnings. Mining countries also
include those where the sector is highly relevant domestically, either because it primarily serves
large domestic markets, as in the United States, or because it employs millions of workers, such
as in China or India. About 3.9 billion people live in today’s 56 “mining countries,” 90 percent of
them in the 51 developing and transition countries. Among the people in these countries, about 1.5
billion live on less than $2 a day, making up nearly two thirds of the world’s poorest population.
Their countries have potential mineral wealth, and thus one of the key questions for them is how
they can turn this endowment into an economic asset that will help them find ways out of persistent
poverty. There is practically no doubt that mining as an industry will continue to expand over the
next 20 to 30 years. This especially if the World Bank “The Climate Smart Mining Initiative” for
transition to low-carbon emission is taken in consideration.

2. MINING AT A GLANCE

A vibrant mining sector, just as any other sector, should provide significant opportunities for a

country’s growth (Mining in Developing Countries — treasure or Trouble. Mining Department

World Bank and IFC, 2002) [1]. Yet there are a number of features that distinguish mining from

sectors such as manufacturing or tourism. Mainly this is four most important issues:

- What’s under the ground is a national asset. Extractive natural resources have been treated
differently from other natural endowments. Many countries consider minerals to be assets
belonging to the “public” as a whole. This has resulted either in state ownership of mining
companies or in more-than-usual involvement of the state in the licensing of mining companies,
the mining regulation, and financial matters including investments in supporting infrastructure.

- A “footprint industry.” By its very nature, the mining leaves an environmental, social, and
economic impact. However, even when only local or regional in nature, badly managed impacts
on the environment or the social fabric of society can reflect negatively on economic parameters
countrywide. It is thus important to weigh the benefits against the risks and costs surrounding
the industry’s operations, and to mitigate any negative impacts.
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- A priority area for foreign direct investment. Many developing countries pose high risks for
foreign investors. Mining operations, with their export orientation and dollar-based cost and
revenues, are often the first ones to present an acceptable risk reward formula to investors.

- A large source of government revenues. A vibrant mining sector tends to generate large fiscal
incomes, relative to other sectors. Since in most developing countries large parts of fiscal
incomes are export-based, export sectors such as minerals and ores gain more-than proportionate
weight for government incomes. In some mining countries, up to 25 or 30 percent of fiscal
revenues rely directly on the mining sector.

By registered mineral resources, leading countries worldwide are [2]:

Russia — 75 trillion US dollars (coal, natural gas, oil, gold, timber, rare earth metals);
United States of America — 45 trillion US dollars (coal, timber, natural gas, gold, copper);
Saudi Arabia — 34,4 trillion US dollars (oil, timber);

Canada — 33,2 trillion US dollars (oil, uranium, timber, natural gas, phosphate);

Iran — 27,3 trillion US dollars (oil, natural gas);

China — 23 trillion US dollars (coal, rare earth metals, timber);

Brazil — 21,8 trillion US dollars (gold, uranium, iron, timber, oil);

Australia — 19,9 trillion US dollars (coal, timber, copper, iron ore, gold, uranium);
Irag — 15,9 trillion US dollars (oil, phosphate rock);

0. Venezuela — 14,3 trillion US dollars (iron, natural gas, oil).

ROoo~NooaMLNE

3. MINING CONTRIBUTION INDEX (MCI) TO COUNTRY ECONOMIES

International Council on Mining and Metals (ICMM's) Mining Contribution Index (MCI)
synthesizes into a single number — and an associated ranking — the significance of the mining
sector’s contribution to national economies.

This provides an indication of the relative importance of mining to the economic life of a country

based on four indicators:

1. Exports of minerals including coal as a share of total merchandise exports;

2. The total production value at mine stage of metallic minerals, industrial minerals, and coal,
expressed as a percentage of GDP;

3. Mineral rents as a percentage of GDP;

4. Exploration expenditure.

Higher value of MCI shows higher importance of mining to the economic life of a country. Figure
1 shows the Mining Contribution Index Map [3]. As it can be seen on Figure 1, MCl is significantly
higher for Russia, Australia and Chile as a countries recognized as “mining developed countries”,
reach with mineral resources. One of the main indicators of the mining developed countries is a
significantly higher royalties and taxes and consequently higher contribution of the mining sector
in GDP.

However, MCI is also very high for lot of developing countries and Africa countries as well. In
these cases, even there are not huge, currently registered mineral resources, high MCI indicate
dominant impact of mining on country economy, probably due to not developed other industries
and presence of foreign investment in mining as explained in Chapter 2. Having on mind that
mining will have to develop in the future in strict environmental limits, for the developing
Countries is crucial to start sustainable mining development regarding higher mining benefits to
the global country economy.
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Figure 1 - Mining Contribution Index Map

4. SUSTAINABLE MINING

One of the most used definition of sustainable development linking economic development and
environmental stability is “development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [4]. Albeit somewhat vague, this concept
of sustainable development aims to maintain economic advancement and progress while protecting
the long-term value of the environment, it “provides a framework for the integration of
environment policies and development strategies” (United Nations General Assembly, 1987).

According to above general definition, mining sustainability could be considered on the same way,
development of current mining operations without compromising the ability of future generations
to develop same operations and live in same conditions as we live now. Principles of mining
sustainability are based on integrated development of economic mining activity with
environmental integrity and social concerns. The instruments required for environmental integrity
are: environments laws, advanced mining technologies, advanced monitoring system and strong
bond between mining Companies and State. From the other side, the instruments necessary for
social concerns are: effective government systems, royalties and development funds. Objected on
effective development on mining integrated sustainability, those instruments must be divided as
responsibilities of all stakeholders influential on mining development which are State, Mining
Companies, Mining Consulting Companies, Institutes and Certified Laboratories. Above
principles, instruments and responsibilities are of the most importance for the development of
mining integrated sustainability for developing Countries.

5. WORLD BANK “THE CLIMATE SMART MINING INITIATIVE”

Beside Sustainable mining principles and having on mind climate changes, nowadays is of the
crucial importance transition to low-carbon emission industry. A World Bank Group report,
"Minerals for Climate Action: "The Mineral Intensity of the Clean Energy Transition,"” finds that
the production of minerals, such as graphite, lithium and cobalt, could increase by nearly 500% by
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2050, to meet the growing demand for clean energy technologies [5]. It estimates that over 3 billion
tons of minerals and metals will be needed to deploy wind, solar and geothermal power, as well as
energy storage, required for achieving a below 2°C future. While the growing demand for minerals
and metals provides economic opportunities for resource-rich developing countries and private
sector entities alike, significant challenges will likely emerge if the climate-driven clean energy
transition is not managed responsibly and sustainably.

Considering this status World Bank launched “The Climate Smart Mining (CSM) Initiative” which
will help resource-rich developing countries benefit from the increasing demand for minerals and
metals, while ensuring the mining sector is managed in a way that minimizes the environmental
and climate footprint. CSM supports the sustainable extraction, processing and recycling of
minerals and metals needed to secure supply for low-carbon technologies and other critical sectors
by creating shared value, delivering social, economic and environmental benefits throughout their
value chain in developing and emerging economies. CSM is a public-private partnership led by
the World Bank and IFC with the aim of achieving more sustainable mineral supply chains by
providing technical and policy advice, direct investment financing, leveraging private sector
financing, providing risk mitigation instruments, and helping countries define and craft tangible
solutions for decarbonizing and improving ESG standards for climate action minerals.
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