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1 — Introduction and Context

Copper is an essential metal in the modern world, serving a crucial role in key industries
such as construction, electronics, renewable energy, and electric vehicles. With global
demand for copper rising, driven by the rapid transition to greener technologies and the
electrification of economies, the strategic importance of copper reserves and production has
become more critical than ever.

This paper has provided an in-depth analysis of the global distribution of copper reserves,
focusing on the leading copper-producing nations such as Chile, Peru, Australia, and the
Democratic Republic of Congo (DRC), as well as key emerging players like Mongolia,
Indonesia, and Saudi Arabia. These countries collectively account for the majority of global
copper reserves, with Chile alone holding nearly 19% of the world’s total.

The paper also highlighted the major companies that dominate copper production and
refining, such as Codelco, Freeport-McMoRan, BHP, and Jiangxi Copper. These
corporations not only control a large share of global copper output but also play a crucial
role in refining copper to meet industrial demand worldwide.

While countries like Chile and Peru remain at the forefront of global copper production,
there is significant potential in other regions of the world. Emerging markets in Africa,
Asia, and Latin America are developing new projects and ramping up exploration to meet
future demand, positioning themselves as key players in the copper industry. However,
these nations face challenges such as political instability, regulatory changes,
environmental concerns, and infrastructure deficits, all of which must be addressed to
ensure sustainable growth.

As the world transitions to a low-carbon economy, copper will be an essential resource in
building the infrastructure for renewable energy, electric vehicles, and energy-efficient
technologies. Global copper production must increase to meet this growing demand, but
achieving this will require substantial investments in mining, refining, and sustainable
practices. Countries and companies that can effectively manage their copper resources and
adopt environmentally responsible practices will be well-positioned to lead the copper
industry into the future.

In conclusion, this paper emphasizes the importance of understanding the global
distribution of copper reserves, the key players in copper production and refining, and the
challenges that the industry will face moving forward. The dynamics of the global copper
market will continue to shape the geopolitical and economic landscape in the years to
come, as copper remains a critical element for technological progress and sustainable
development.
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Percentage of Global Copper Reserves (%)
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2 - Chile: The World Leader in Copper

Chile is by far the largest copper producer and reserve holder globally, with an estimated
190 million metric tons of copper reserves. This represents approximately 17.3% of the
world's total copper reserves, making it a critical player in the global copper supply chain.
The country consistently produces around 5.7 million metric tons of copper annually,
which accounts for about 30% of the world's copper production. Copper is the backbone of
the Chilean economy, contributing significantly to the country's GDP and export revenue.

Geographical Distribution of Copper Reserves in Chile

Chile's vast copper reserves are primarily located in the Atacama Desert and the Andes
Mountains, two of the richest mineral-bearing regions in the world. The copper deposits in
these regions are known for their high quality and scale, attracting major mining companies
from around the world.

1. Atacama Desert (Northern Chile):

60% of Chile's copper reserves are found here.

o This region is home to some of the world's most significant copper mines,
including Escondida, the largest copper mine globally.

o The Atacama Desert is an arid, mineral-rich area that provides ideal
conditions for large-scale open-pit mining.
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2. Andes Mountains (Central and Northern Chile):

35% of the country's copper reserves are located in the Andes.
The Andes region includes historic mines like Chuquicamata and newer
operations like Los Pelambres, which are vital to Chile's mining output.

o The high altitudes and remote locations make mining more challenging but
still economically viable due to the high-grade ore.

3. Southern Chile:

o 5% of Chile's copper reserves are scattered in smaller deposits.
o While not as significant as the northern regions, southern Chile still
contributes to the national copper output.

Major Copper Mines in Chile

Chile's dominance in copper production is reinforced by its world-class mining operations,
many of which are owned or operated by major international mining companies. Here are
the most notable mines:

1. Escondida Mine:

Location: Atacama Desert
Reserves: Estimated at 32 million metric tons of recoverable copper.
Operator: BHP (57.5% ownership), with Rio Tinto and a Japanese
consortium holding the remaining shares.

o Production: Produces approximately 1.2 million metric tons of copper
annually, accounting for 5% of global production.

o Escondida is the largest copper-producing mine in the world, and its
operations focus on open-pit mining, extracting high-grade copper ores.

2. Chuquicamata Mine:

Location: Northern Chile, close to Calama
Reserves: Estimated at 4.2 million metric tons.
Operator: Codelco, Chile's state-owned copper mining company.
Production: Historically, Chuquicamata has produced over 2.5 million
metric tons of copper.

o Chuquicamata is one of the oldest and most iconic copper mines globally,

with over 100 years of operation

3. Los Pelambres Mine:

O O O O

Location: Central Chile, Andes Mountains

Reserves: Estimated at 2.4 million metric tons of recoverable copper.
Operator: Antofagasta PLC.

Production: Produces about 400,000 metric tons of copper per year.

O O O O
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o Los Pelambres is a large copper and molybdenum mine, playing a critical
role in Chile's copper production.

4. Collahuasi Mine:

Location: Tarapaca Region, Northern Chile

Reserves: Estimated at 5.4 million metric tons.

Operator: Joint venture between Anglo American (44%) and Glencore
(44%), with a Japanese consortium owning the remainder.

Production: Produces around 565,000 metric tons of copper annually.
Collahuasi is one of the largest copper mines globally and benefits from
high-grade copper deposits and advanced infrastructure.

5. Radomiro Tomic Mine:

Location: Near Chuquicamata

Reserves: Estimated at 2.1 million metric tons.

Operator: Codelco.

Production: Produces around 260,000 metric tons annually.

Radomiro Tomic is a newer mine compared to Chuquicamata and is focused
on oxidized ore, using modern SX-EW (solvent extraction-electrowinning)
technology to extract copper.

O O O O O

Codelco: The Copper Giant

Chile's state-owned mining company, Codelco (Corporacién Nacional del Cobre de
Chile), plays a crucial role in the country's copper sector. Codelco is the largest copper
producer in the world and owns several major mines, including Chuquicamata, El
Teniente, Andina, and Radomiro Tomic. The company manages around 10% of the
world’s copper reserves and is responsible for a large portion of Chile’s copper output,
producing nearly 1.7 million metric tons annually.

Codelco operates both open-pit and underground mines and continues to invest in new
technology and infrastructure to extend the life of its operations. For example, it is
converting Chuquicamata into an underground mine to access deeper ore bodies, ensuring
continued production for decades to come.
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Economic Impact of Copper in Chile

Copper mining is essential to the Chilean economy, accounting for about 10% of Chile's
GDP and 50% of its total exports. The country’s mining sector employs hundreds of
thousands of people directly and indirectly and brings in significant foreign investment.
The Chilean government plays an active role in regulating the mining industry while
encouraging innovation, sustainability, and efficiency improvements.

The Chilean government collects significant revenue through taxes, royalties, and dividends
from copper mining, especially through Codelco. The country's economic growth is closely
tied to global copper demand and prices, making it sensitive to fluctuations in the
international copper market.

Sustainability and Future Outlook

Chile's copper mining sector has faced increasing scrutiny over its environmental impact,
particularly regarding water usage in the arid Atacama Desert and the energy consumption
of large mining operations. To address these concerns, mining companies have been
investing in new technologies and sustainability initiatives, including:

e Desalination Plants: Several mining companies have built desalination plants to
supply freshwater to their operations, reducing the reliance on local water resources.

e Renewable Energy: Chilean mines are increasingly using renewable energy
sources, such as solar and wind, to power their operations. This reduces the carbon
footprint of the copper mining process.

e Mine Rehabilitation: Companies are implementing mine rehabilitation programs
to restore areas affected by mining, ensuring that the land can be reused or returned
to a natural state after operations cease.

Chile’s copper sector is also preparing for the future, with new exploration projects
underway and investments in expanding existing operations. The country’s copper industry
is expected to maintain its global dominance for decades, driven by the ongoing demand for
copper in infrastructure, renewable energy, and electric vehicles.

Conclusion

Chile’s copper reserves and production capacity make it the undisputed leader in the global
copper industry. The country's mining operations are characterized by world-class
infrastructure, high-grade deposits, and a strong regulatory framework that supports long-
term sustainability. With 17.3% of the world's copper reserves, Chile is well-positioned
to continue dominating the global copper market, particularly as demand for copper grows
in the transition to a low-carbon economy. However, balancing economic benefits with
environmental responsibility will be critical to the future of Chile’s copper industry.
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3 - Peru: A Global Powerhouse in Copper Production

Peru holds the second-largest copper reserves globally, with an estimated 120 million
metric tons, representing approximately 10.9% of the world’s total copper reserves. Peru
is a mining-friendly country with a long history of copper production, supported by
substantial foreign investment and a robust regulatory framework. Copper mining plays a
vital role in Peru's economy, contributing significantly to national GDP, employment, and
exports. The country produced 2.6 million metric tons of copper in 2023, making it the
second-largest producer globally after Chile.

Geographical Distribution of Copper Reserves in Peru

Peru’s copper reserves are concentrated in various regions throughout the country,
particularly in the central highlands and southern Andes, where numerous large-scale
mining projects are situated.

1. Southern Peru:

60% of Peru's copper reserves are located here.
This region includes significant mines like Las Bambas, Cerro Verde, and
Cuajone.

o Southern Peru is known for its rich copper deposits, which are largely
untapped compared to northern regions, offering considerable growth
potential for future mining operations.

2. Central Highlands:

o 30% of the country's copper reserves are concentrated in the central
highlands.
This area is home to major mines such as Antamina and Toromocho.
The central highlands provide ideal conditions for both open-pit and
underground mining.

3. Northern Peru:

10% of the copper reserves are located here.

While the northern regions are not as mineral-rich as the south and central
areas, smaller mines like La Granja still contribute to the country's overall
production.
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Major Copper Mines in Peru

Peru is home to some of the world’s most productive copper mines, which attract
significant international investment and are crucial to the country’s copper output.

1. Antamina Mine:

Location: Ancash Region (Central Highlands)

Reserves: Estimated at 7.7 million metric tons of copper.

Operator: Jointly owned by BHP (33.75%), Glencore (33.75%), Teck
Resources (22.5%), and Mitsubishi Corporation (10%).

Production: Produces around 450,000 metric tons of copper annually.
Antamina is one of the largest copper-zinc mines in the world, known for its
high-quality ores and diversified production of other metals such as zinc and
molybdenum.

2. Las Bambas Mine:

O O O O O

Location: Apurimac Region (Southern Peru)

Reserves: Estimated at 7.5 million metric tons of copper.

Operator: MMG Limited, a subsidiary of China Minmetals Corporation.
Production: Produces around 350,000 metric tons of copper annually.

Las Bambeas is one of the newer large-scale copper mines in Peru and is
considered a significant driver of the country’s copper production growth.

3. Cerro Verde Mine:

Location: Arequipa Region (Southern Peru)

Reserves: Estimated at 4.6 million metric tons.

Operator: Freeport-McMoRan (53.56%), with the remainder owned by
Sumitomo Corporation and local Peruvian investors.

Production: Produces over 500,000 metric tons of copper annually.
Cerro Verde is one of the most important copper producers in Peru, with a
large open-pit mine and a state-of-the-art processing plant.

4. Toromocho Mine:

Location: Junin Region (Central Highlands)

Reserves: Estimated at 2.2 million metric tons of copper.

Operator: Chinalco Mining Corporation International, a Chinese state-
owned company.

Production: Produces around 220,000 metric tons annually.

Toromocho is one of the highest-altitude mines in the world, making it an
engineering marvel. The mine focuses on producing copper concentrates.
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5. Cuajone Mine:

Location: Moquegua Region (Southern Peru)

Reserves: Estimated at 1.7 million metric tons of copper.

Operator: Southern Copper Corporation, a subsidiary of Grupo México.
Production: Produces around 170,000 metric tons of copper annually.
Cuajone is a long-established mining operation and is one of the largest
open-pit mines in Peru.

O O O O O

6. Quellaveco Mine (Upcoming):

Location: Moquegua Region (Southern Peru)

Reserves: Estimated at 7.5 million metric tons.

Operator: Anglo American (60%) and Mitsubishi Corporation (40%).
Production: Expected to produce 300,000 metric tons annually once fully
operational.

o Quellaveco is set to become one of the largest copper mines in the world
once production starts, significantly boosting Peru’s output.

O O O O

Southern Copper Corporation: A Key Player

One of the leading mining companies in Peru is Southern Copper Corporation (SCC),
which is a subsidiary of the Mexican mining giant Grupo México. Southern Copper
operates the Toquepala, Cuajone, and Tia Maria mines in Peru, in addition to several
smelting and refining plants.

o Toquepala Mine: Located in Tacna, Toquepala is one of the oldest copper mines in
the country. It has reserves of around 1.6 million metric tons of copper.

o Tia Maria Project: This is a highly controversial project due to local opposition
over environmental concerns. However, if fully developed, it could add an
additional 100,000 metric tons of copper annually to Peru’s production.

Economic Impact of Copper in Peru

Copper mining is a cornerstone of Peru's economy, representing 12% of its GDP and
accounting for nearly 60% of the country’s total exports. The copper industry generates
substantial employment, both directly in the mines and indirectly through related sectors
such as construction, transportation, and services. The sector also attracts significant
foreign direct investment, making Peru a favorable destination for mining companies
seeking to expand their operations.

Peru’s mining-friendly government policies, along with relatively low taxation on mining
profits, have created an attractive environment for global mining giants. Additionally, the
Peruvian government has invested in infrastructure development, improving access to
remote mining regions and upgrading port facilities to boost copper exports.
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Challenges Facing Peru’s Copper Industry

While Peru is a leading global copper producer, the country faces several challenges that
could impact its future copper output:

1. Environmental Concerns:

o

Local communities have raised concerns about the environmental impacts of
mining, particularly regarding water use and contamination in highland
regions.

The government and mining companies are working to address these
concerns through stricter environmental regulations and investments in
sustainable mining practices.

2. Social Conflicts:

o

Many large-scale mining projects, such as Tia Maria, have faced opposition
from local communities concerned about the social and environmental
impact of mining operations.

Protests and strikes have occasionally disrupted mining activities, leading to
temporary production halts.

3. Infrastructure Bottlenecks:

o

While Peru has made significant strides in developing its mining
infrastructure, further investments are needed to ensure the efficient
transport of copper from remote mining regions to coastal ports for export.

Railroads, highways, and energy supply are critical areas that require further
development to support long-term growth in the sector.

Sustainability and Future Outlook

Peru's copper industry is increasingly focused on sustainability, with mining companies
investing in cleaner technologies and more efficient water and energy usage. The use of
desalination plants to provide water for mining operations is becoming more common,
particularly in arid regions. Additionally, many mining companies are transitioning to
renewable energy sources to reduce their carbon footprint.

The outlook for Peru’s copper industry is strong. Despite challenges, the country has
untapped mineral wealth and a regulatory environment that encourages investment.
Ongoing exploration projects and new developments like Quellaveco are expected to boost
Peru’s copper production significantly over the next decade, consolidating its position as
one of the top copper producers globally.
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Conclusion

Peru’s copper reserves and its role as a global leader in copper production make it a critical
player in the global supply chain for this essential metal. With 10.9% of the world’s copper
reserves, Peru has the potential to increase its output in response to growing global demand
for copper in infrastructure, renewable energy, and electric vehicles. As long as the country
can manage its social and environmental challenges, Peru will remain a powerhouse in the
copper industry for years to come.

4 - Australia: A Key Contributor for Global Copper

Australia holds an estimated 100 million metric tons of copper reserves, accounting for
approximately 9.1% of the global total. As one of the world’s top five copper producers,
Australia plays a significant role in the global supply chain. In 2023, the country produced
around 920,000 metric tons of copper, making it one of the most important copper
producers worldwide. Australia’s rich mineral resources, mining expertise, and favorable
regulatory environment have positioned it as a critical player in the global copper market.

Geographical Distribution of Copper Reserves in Australia

Australia’s copper reserves are primarily concentrated in three major regions: South
Australia, Queensland, and New South Wales, with smaller deposits scattered across
other parts of the country.

1. South Australia:

o 67% of Australia’s copper reserves are found in South Australia,
particularly in the Olympic Dam region.

o South Australia is home to the world-renowned Olympic Dam mine, which
contains one of the largest copper, gold, and uranium deposits globally.

o The state has significant exploration potential, with new discoveries being
made regularly.

2. Queensland:

o 25% of Australia’s copper reserves are located in Queensland, with major
deposits in the Mount Isa region.

o The state’s copper production is largely driven by the Mount Isa and
Ernest Henry mines, both of which are long-established operations.
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3. New South Wales:

o

o

8% of the country’s copper reserves are located in New South Wales.

The Northparkes and Cadia-Ridgeway mines are the key contributors to
copper production in the state, although New South Wales is better known
for its gold production.

Major Copper Mines in Australia

Australia’s copper industry is dominated by a few large-scale operations, many of which
are operated by some of the world’s leading mining companies. These mines have
consistently delivered significant copper output and are expected to continue doing so for

decades.

1. Olympic Dam:

O O O O

Location: South Australia

Reserves: Estimated at 10 million metric tons of copper.

Operator: BHP.

Production: Produces approximately 200,000 metric tons of copper per
year, along with uranium and gold.

Olympic Dam is the world’s largest known deposit of copper, uranium, and
gold combined. The mine uses both underground and open-pit mining
methods, and it has the potential to produce far more copper if BHP’s
proposed expansion plans are approved.

2. Mount Isa Mines:

O O O O O

Location: Queensland

Reserves: Estimated at 5.5 million metric tons of copper.

Operator: Glencore.

Production: Produces around 230,000 metric tons of copper annually.
Mount Isa is one of the oldest and largest copper mines in Australia, having
been operational since the early 1900s. It also produces lead, zinc, and
silver, making it one of the most important mining operations in the country.

3. Ernest Henry Mine:

O O O O O

Location: Queensland

Reserves: Estimated at 1.8 million metric tons of copper.

Operator: Evolution Mining (formerly owned by Glencore).
Production: Produces around 70,000 metric tons of copper annually.
Ernest Henry is both a copper and gold producer, and its underground
mining operations have been highly efficient, contributing to Australia’s
position in the global copper market.
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4. Northparkes Mine:

o Location: New South Wales

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: Joint venture between China Molybdenum Co. Ltd. (CMOC)
and the Sumitomo Group.

Production: Produces around 60,000 metric tons of copper per year.
Northparkes is known for its low-cost, high-efficiency block caving
operations, which allow for the extraction of large volumes of copper at a
relatively low cost.

5. Cadia-Ridgeway Mine:

Location: New South Wales

Reserves: Estimated at 2.2 million metric tons of copper.

Operator: Newcrest Mining.

Production: Produces around 90,000 metric tons of copper annually,
alongside significant gold production.

o Cadia-Ridgeway is primarily a gold mine but is also a significant copper
producer, contributing to both domestic consumption and exports.

O O

o O

O O O O

BHP: A Dominant Force in Australian Copper

BHP, one of the world’s largest mining companies, plays a critical role in Australia’s
copper industry. The company operates the Olympic Dam mine, which is not only the
largest copper mine in Australia but also one of the largest in the world. BHP’s focus on
operational efficiency, sustainability, and exploration ensures that Australia remains a key
player in global copper markets.

BHP has also invested heavily in expanding its copper production capabilities. The South
Flank project, while primarily focused on iron ore, includes copper exploration initiatives
that could further boost Australia’s copper output in the future.

Economic Impact of Copper in Australia

Copper mining is a crucial sector in the Australian economy. While not as dominant as iron
ore or coal, copper contributes significantly to export revenue and employment. The copper
mining industry provides thousands of direct and indirect jobs across Australia, particularly
in rural and remote regions, where many of the country’s major copper mines are located.

Australia’s mining sector benefits from a stable regulatory environment, a well-developed
infrastructure network, and access to advanced mining technologies. The country’s mining
operations are also heavily automated, with many copper mines using cutting-edge
technologies such as autonomous trucks and remote monitoring systems to optimize
production and reduce costs.
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Challenges Facing Australia’s Copper Industry

Despite its strength, Australia’s copper industry faces several challenges that could impact

future growth:

1. Declining Ore Grades:

(@)

Some of Australia’s largest copper mines, such as Mount Isa, are
experiencing declining ore grades, which could reduce their long-term
output unless new, higher-grade deposits are discovered.

This challenge has prompted mining companies to invest in exploration and
technology to extend the life of existing mines and make lower-grade ores
economically viable.

2. Environmental Concerns:

o

Australia’s copper mining operations, particularly in sensitive areas like the
Olympic Dam, face increasing pressure to reduce their environmental
impact, particularly regarding water usage and carbon emissions.

Mining companies are investing in renewable energy projects, such as solar
and wind farms, to power their operations and reduce their carbon footprints.

3. Infrastructure Bottlenecks:

o

While Australia has a well-developed transportation and export
infrastructure, some copper mines in remote areas still face challenges in
transporting ore to market. Investments in rail and port infrastructure are
needed to ensure the efficient export of copper.

Sustainability and Future Outlook

Australia’s copper industry is increasingly focused on sustainability. Mining companies are
investing in renewable energy projects, water conservation technologies, and rehabilitation
programs to reduce the environmental impact of their operations. For example, BHP is
constructing a solar farm to power its Olympic Dam mine, reducing its reliance on fossil
fuels and cutting carbon emissions.

Looking ahead, Australia’s copper production is expected to remain strong, driven by
increasing demand for copper in the global shift towards renewable energy and electric
vehicles. Copper is a key component in these technologies, and as the world moves towards
a low-carbon future, Australia’s copper reserves will play an increasingly important role in
meeting global demand.
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Exploration activities are also ongoing, with new copper discoveries being made regularly.
The country’s mining-friendly policies, technological expertise, and vast unexplored
areas ensure that Australia will continue to be a major copper producer for decades to
come.

Conclusion

Australia is one of the world’s largest copper reserve holders, with 9.1% of global reserves
and an annual production of nearly 1 million metric tons. The country’s copper mining
industry is characterized by large, well-established operations like Olympic Dam and
Mount Isa, as well as newer, highly efficient mines such as Ernest Henry. With a strong
regulatory framework, advanced mining technologies, and a commitment to sustainability,
Australia is well-positioned to continue its role as a key global copper supplier, particularly
as the world transitions to renewable energy and electric vehicles. However, challenges
such as declining ore grades and environmental concerns must be addressed to ensure long-
term growth in the sector.

5 - Democratic Republic of Congo (DRC): A Rising Giant

The Democratic Republic of Congo (DRC) holds some of the largest copper reserves in
the world, with an estimated 80 million metric tons, accounting for approximately 7.3% of
the global total. The DRC has seen significant growth in copper production over the last
two decades, fueled by substantial foreign investment, particularly from Chinese mining
companies, and the country’s vast mineral wealth in the Katanga Copper Belt. In 2023,
the DRC produced over 1.8 million metric tons of copper, making it one of the world’s top
five copper producers.

Geographical Distribution of Copper Reserves in the DRC

The DRC’s copper reserves are primarily concentrated in the Katanga Copper Belt, one of
the richest copper-producing regions in the world. This area, located in the southeastern
part of the country, has attracted significant foreign investment and is home to several
large-scale mining operations.

1. Katanga Copper Belt (Haut-Katanga and Lualaba Provinces):

80% of the DRC's copper reserves are found here.
The Katanga Copper Belt is renowned for its high-grade copper deposits
and is one of the most important copper-producing regions globally.

o It includes some of the world's most prolific copper mines, such as Kamoa-
Kakula and Tenke Fungurume.

Page 15 of 70



QRCITIE

RELIABILITY CENTERED MAINTENANCE ENGINEERING

2. Kolwezi Region:

o 15% of the DRC’s copper reserves are located around Kolwezi, a key
mining hub within the Katanga Copper Belt.

o Kolwezi hosts major copper and cobalt mines and processing facilities that
are crucial to the country’s output.

3. Other Regions:

o 5% of the reserves are scattered in other provinces, but these are typically
smaller deposits compared to those in the Katanga Copper Belt.

Major Copper Mines in the DRC

The DRC is home to several world-class copper mines, many of which are operated by
international mining companies. These mines contribute significantly to both the national
economy and global copper supply.

1. Kamoa-Kakula Mine:

Location: Lualaba Province, Katanga Copper Belt
Reserves: Estimated at 43 million metric tons of copper (making it one of
the largest copper deposits globally).

o Operator: Ivanhoe Mines (39.6%), Zijin Mining (39.6%), and the
Government of the DRC (20%).

o Production: Currently produces around 400,000 metric tons of copper
annually, with plans to expand output to over 800,000 metric tons per year.

o Kamoa-Kakula is one of the highest-grade copper deposits in the world,
with an average grade of over 5.4% copper. The mine is considered one of
the most important new discoveries in recent history and is expected to
become the second-largest copper mine globally once fully ramped up.

2. Tenke Fungurume Mine:

Location: Lualaba Province, Katanga Copper Belt

Reserves: Estimated at 6.4 million metric tons of copper.
Operator: China Molybdenum Co. Ltd. (CMOC) (80%) and the
Government of the DRC (20%).

o Production: Produces around 200,000 metric tons of copper annually,
alongside significant cobalt production.

o Tenke Fungurume is one of the largest and most well-established copper-
cobalt mines in the DRC, with production focused on both metals. The mine
has a high ore grade and modern processing facilities, making it a critical
part of the DRC's copper industry.
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3. Mutanda Mine:

Location: Kolwezi Region, Katanga Copper Belt

Reserves: Estimated at 3.6 million metric tons of copper.

Operator: Glencore.

Production: Mutanda was producing around 200,000 metric tons of copper
annually before operations were suspended in 2019 due to low cobalt prices
and market volatility. It is expected to reopen in 2024.

o Mutanda is a major producer of both copper and cobalt and is integral to
Glencore’s operations in the DRC. Once back online, it will further boost
the country’s copper output.

4. Ruashi Mine:

O O O O

Location: Lubumbashi, Katanga Copper Belt

Reserves: Estimated at 1.3 million metric tons of copper.

Operator: Jinchuan Group International.

Production: Produces approximately 35,000 metric tons of copper per
year.

O O O O

o Ruashi is a smaller operation compared to the giants like Kamoa-Kakula and
Tenke Fungurume but remains an important contributor to the DRC’s
overall copper production.

5. Kinsevere Mine:

Location: Near Lubumbashi, Katanga Copper Belt

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: MMG Limited.

Production: Produces around 80,000 metric tons of copper annually.
Kinsevere is a highly efficient copper mine with modern facilities. MMG
has plans to expand the mine and boost production in the coming years.

O O O O O

Glencore and China Molybdenum: Dominant Players

Two companies dominate the copper mining landscape in the DRC: Glencore and China
Molybdenum Co. Ltd. (CMOC).

e Glencore operates the Mutanda and Katanga Mining operations, which are both
significant contributors to the DRC's copper production. Glencore’s Mutanda mine
was one of the world’s largest producers of cobalt, an important byproduct of
copper mining in the DRC.

e China Molybdenum operates Tenke Fungurume, one of the largest copper-cobalt
mines globally. Chinese companies have invested heavily in the DRC’s copper
sector, drawn by the country’s rich resources and strategic importance in supplying
raw materials for electric vehicle batteries and other technologies.
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Economic Impact of Copper in the DRC

Copper mining is the backbone of the DRC’s economy. The sector contributes around 20%
of the country’s GDP and over 80% of export revenue, making it a critical driver of
economic growth. The mining industry is also a significant source of employment,
providing jobs for thousands of Congolese workers, both directly and indirectly.

The DRC has attracted substantial foreign direct investment in recent years, primarily from
China, the largest consumer of copper globally. Chinese mining companies have poured
billions into the development of the DRC’s copper and cobalt resources, fueling a mining
boom that has transformed the country’s economy.

Challenges Facing the DRC’s Copper Industry

While the DRC’s copper sector is growing rapidly, it faces several significant challenges
that could hinder future growth:

1. Political Instability:

o The DRC has a history of political instability, corruption, and poor
governance, which can create risks for foreign investors and disrupt mining
operations.

o Companies operating in the DRC must navigate complex regulatory
frameworks and political uncertainty, which can lead to production delays or
increased costs.

2. Infrastructure Deficits:

o The DRC suffers from a lack of adequate infrastructure, particularly in
remote mining regions. Poor roads, limited rail networks, and unreliable
power supplies make it difficult to transport copper to ports for export.

o Investment in infrastructure is critical to ensuring that the DRC’s copper
sector can continue to grow.

3. Environmental and Social Concerns:

o Copper mining in the DRC has faced criticism for environmental
degradation, particularly in areas like the Katanga Copper Belt, where
mining has led to water contamination and deforestation.

o Additionally, the DRC's mining industry has been criticized for poor labor
conditions and the use of child labor in artisanal mining operations, which
are common in cobalt production but can also affect copper.
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4. Cobalt Volatility:

o The DRC is also the world’s largest producer of cobalt, a key byproduct of
copper mining. However, the volatility of cobalt prices has impacted the
profitability of some copper operations, particularly those like Mutanda that
rely heavily on cobalt output.

Sustainability and Future Outlook

The future of the DRC’s copper industry looks promising, with continued investment from
global mining giants and rising global demand for copper in renewable energy, electric
vehicles, and electronics. The DRC has vast untapped copper resources, particularly in the
Katanga Copper Belt, that could significantly increase global copper supply in the coming
decades.

Mining companies operating in the DRC are increasingly focused on sustainability,
investing in projects to reduce environmental impacts and improve working conditions.
Several companies are exploring renewable energy options to power their mines and reduce
their reliance on diesel generators, which contribute to greenhouse gas emissions.

Conclusion

The Democratic Republic of Congo is emerging as one of the most important players in the
global copper market, with 7.3% of the world’s copper reserves and a rapidly growing
production capacity. The DRC’s copper industry is centered in the Katanga Copper Belt,
home to some of the highest-grade copper deposits in the world. With continued investment
from companies like Glencore, Ivanhoe Mines, and China Molybdenum, the DRC’s
copper production is expected to grow significantly in the coming years. However, the
country must address challenges related to political stability, infrastructure

6 - Russia: A Major Copper Reserve Holder with Untapped Potential

Russia ranks among the top five countries globally in terms of copper reserves, holding an
estimated 80 million metric tons, which accounts for approximately 7.3% of the world’s
copper reserves. While Russia is not the largest producer of copper in comparison to
countries like Chile and Peru, its vast reserves, particularly in the remote regions of Siberia
and the Urals, make it a key player in the global copper market. Russia’s copper production
is driven by both state-owned enterprises and private companies, and the country has a long
history of mining and metallurgical expertise.

In 2023, Russia produced approximately 910,000 metric tons of copper, making it one of
the top ten copper producers in the world. The country’s copper reserves are largely
untapped, with significant potential for future expansion as new projects come online and
exploration continues.
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Geographical Distribution of Copper Reserves in Russia

Russia’s copper reserves are primarily concentrated in three major regions: Siberia, the
Urals, and the Far East. These regions are home to vast mineral wealth but also present
significant challenges due to their remote locations, harsh climates, and logistical

difficulties.

1. Siberia:

o

2. Urals:

o

45% of Russia’s copper reserves are located in Siberia, particularly in the
Udokan region.

The Udokan copper deposit, located in the Zabaikalye Territory, is one of
the largest undeveloped copper deposits in the world.

Siberia’s rich mineral resources are relatively underexplored, providing
significant potential for future copper production.

40% of Russia’s copper reserves are located in the Urals, which has
historically been the heart of Russia’s mining industry.

The Urals region is home to many of Russia’s oldest copper mines,
including Gai and Uchalinsky.

The Urals' proximity to industrial hubs makes it an important region for
copper smelting and refining.

3. Far East:

o

15% of Russia’s copper reserves are found in the Far East, a remote region
that is attracting increasing attention from mining companies due to its
untapped mineral wealth.

While less developed than Siberia or the Urals, the Far East is seen as a key
growth area for Russia’s mining sector.

Major Copper Mines in Russia

Russia is home to several large copper mines, some of which are among the largest
undeveloped copper projects in the world. The country’s copper industry is dominated by a
few major players, including Norilsk Nickel, Udokan Copper, and Ural Mining and
Metallurgical Company (UMMC).

1. Udokan Copper Mine:

Location: Zabaikalye Territory, Siberia

Reserves: Estimated at 26.7 million metric tons of copper, making it one of
the largest undeveloped copper deposits in the world.

Operator: Udokan Copper, a subsidiary of Baikal Mining Company.
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Production: Set to produce 135,000 metric tons of copper annually in its
first phase, with plans to ramp up production to 400,000 metric tons per
year in future phases.

Udokan is a key part of Russia’s plans to increase its copper output. The
deposit contains both sulfide and oxide ores, and the company is investing in
cutting-edge technology to extract copper efficiently.

2. Norilsk Nickel (Nornickel):

Location: Norilsk, Siberia

Reserves: Estimated at 2.5 million metric tons of copper.

Operator: Norilsk Nickel, one of the world’s largest producers of copper,
nickel, and palladium.

Production: Nornickel produces around 430,000 metric tons of copper
annually, primarily as a byproduct of its nickel and palladium operations.
Norilsk Nickel’s operations in the Arctic are among the most complex and
technologically advanced in the world. The company is a major player in the
global metals market and contributes significantly to Russia’s copper
production.

3. Gai Mining and Processing Plant:

O O O O

Location: Orenburg Region, Urals

Reserves: Estimated at 700,000 metric tons of copper.

Operator: Ural Mining and Metallurgical Company (UMMC).
Production: Gai produces approximately 65,000 metric tons of copper
annually.

The Gai mine is one of Russia’s oldest copper mines, operating since the
Soviet era. It produces both copper and zinc and is a key contributor to
Russia’s industrial metal production.

4. Uchalinsky Mining and Processing Plant:

O O O O

Location: Bashkortostan, Urals

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: UMMC.

Production: Uchalinsky produces around 50,000 metric tons of copper
annually.

Uchalinsky is another long-standing mine in the Urals, and it plays an
important role in Russia’s copper and zinc production.

Page 21 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

5. Alexandrinsky Mine:

Location: Chelyabinsk Region, Urals

Reserves: Estimated at 900,000 metric tons of copper.

Operator: Russian Copper Company (RCC).

Production: Produces around 40,000 metric tons of copper annually.
Alexandrinsky is a smaller operation compared to the giants like Udokan,
but it contributes to Russia’s overall output and is focused on producing
high-grade copper concentrates.

O O O O O

Norilsk Nickel: Russia's Copper Powerhouse

Norilsk Nickel (Nornickel) is one of the most important companies in Russia’s copper
industry. While primarily known for its nickel and palladium production, Nornickel is also
a major copper producer, particularly from its operations in the Norilsk-Talnakh region of
Siberia. The company’s mines are among the northernmost in the world, operating under
extreme Arctic conditions.

e Arctic Operations: Nornickel’s Arctic mines are incredibly challenging to operate
due to the harsh climate and remote location, but they contain some of the richest
deposits of nickel, copper, and palladium in the world.

o Sustainability: Nornickel is investing heavily in reducing its environmental
footprint, particularly by cutting sulfur dioxide emissions and implementing
renewable energy projects in the Arctic.

Economic Impact of Copper in Russia

Copper mining is a critical component of Russia’s mining sector, contributing significantly
to the country’s export revenue. Russia is a major supplier of copper to Europe and Asia,
particularly China, which is the largest consumer of copper globally. The copper industry
provides employment in remote regions like Siberia and the Urals, where mining is often
the largest employer.

Russia’s mining sector benefits from strong government support, particularly through tax
incentives for mining companies and investment in infrastructure projects to improve
transportation and logistics in remote areas. Additionally, the Russian government has been
encouraging the development of new mining projects, particularly in the Far East, as part of
its broader strategy to diversify the economy and reduce reliance on oil and gas exports.
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Challenges Facing Russia’s Copper Industry

While Russia’s copper industry has significant potential, it also faces several challenges
that could limit future growth:

1. Remote Location and Infrastructure:

o

Many of Russia’s copper deposits, particularly in Siberia and the Far East,
are located in remote regions with limited infrastructure. Transporting
copper ore from these areas to processing plants or export terminals is costly
and time-consuming.

The Russian government and private companies are investing in
infrastructure projects, such as roads, railways, and power generation, but
progress has been slow.

2. Harsh Climate:

o

Mining in regions like Siberia and the Arctic is complicated by extreme
weather conditions, including subzero temperatures, snow, and ice. These
factors increase operational costs and limit the mining season in some areas.

3. Geopolitical Risks:

o

Russia’s copper industry is subject to geopolitical risks, particularly due to
the country's strained relations with Western countries. Sanctions imposed
on Russia over its involvement in geopolitical conflicts can impact its ability
to access global markets, technology, and capital.

However, Russia has pivoted towards China and other Asian markets,
reducing its reliance on European buyers.

4. Environmental Concerns:

o

Russia’s mining industry has been criticized for its environmental impact,
particularly in regions like Norilsk, where Nornickel has faced scrutiny for
pollution and emissions of sulfur dioxide.

The Russian government and mining companies are working to address
these concerns by investing in cleaner technologies and implementing
stricter environmental regulations.

Sustainability and Future Outlook

Russia’s copper industry is undergoing a transformation towards sustainability, driven by
both international pressure and domestic regulatory changes. Mining companies are
investing in renewable energy projects, emissions reductions, and water conservation
initiatives to minimize their environmental impact. For example, Udokan Copper is
building state-of-the-art processing facilities that will use environmentally friendly
technology to extract copper from one of the world’s largest undeveloped deposits.
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The future of Russia’s copper industry looks promising, particularly as global demand for
copper continues to rise due to the energy transition towards renewables and electric
vehicles. The development of new projects like Udokan and the expansion of existing
mines in Siberia and the Far East will ensure that Russia remains a key player in the global
copper market for decades to come.

Conclusion

Russia holds 7.3% of the world’s copper reserves, with significant deposits in Siberia, the
Urals

7 - Mexico: A Key Player in North America's Copper Industry

Mexico is one of the largest copper producers in the world, with estimated reserves of 53
million metric tons, representing approximately 4.8% of the global copper reserves. The
country has a long history of copper mining, and its mining sector is well-established,
attracting significant foreign investment, especially from the United States and Canada. In
2023, Mexico produced around 750,000 metric tons of copper, positioning it as the
seventh-largest copper producer globally. Copper mining is a crucial part of Mexico's
economy, contributing significantly to its export revenues and providing employment in
key mining regions.

Geographical Distribution of Copper Reserves in Mexico

Mexico's copper reserves are primarily concentrated in the northern states, particularly in
Sonora, which hosts some of the world’s largest copper mines. The central and southern
regions of Mexico also contain important, though smaller, copper deposits.

1. Sonora (Northern Mexico):
o 70% of Mexico's copper reserves are located in Sonora.
o Sonora is home to the Buenavista del Cobre mine, the largest copper mine
in Mexico and one of the most productive in the world.
o The state's favorable mining conditions and established infrastructure make
it the hub of Mexico's copper production.
2. Chihuahua and Zacatecas (Northern and Central Mexico):
o 20% of Mexico's copper reserves are spread across Chihuahua and
Zacatecas.
o These regions are known for both copper and precious metals mining,
contributing significantly to the national output.
3. Southern Mexico:
o 10% of the country’s copper reserves are scattered in the southern states,
particularly in Oaxaca and Michoacan, where exploration activities are
underway.
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Major Copper Mines in Mexico

Mexico’s copper industry is dominated by a few major mining companies, primarily
Grupo México, which operates the largest and most productive copper mines in the
country. These mines are among the most efficient globally and benefit from significant
investment in modern mining technologies.

1. Buenavista del Cobre (Cananea) Mine:

Location: Sonora, Northern Mexico

Reserves: Estimated at 11.25 million metric tons of copper.

Operator: Grupo México through its subsidiary Southern Copper
Corporation.

Production: Produces approximately 500,000 metric tons of copper
annually.

History: The Buenavista del Cobre mine, commonly known as Cananea, is
one of the oldest open-pit mines in the world, with operations dating back to
1899. It is the largest copper mine in Mexico and one of the top ten
producers globally.

Expansion Plans: Grupo México has been continuously expanding the
mine's capacity, with plans to further increase output in the coming years.

2. La Caridad Mine:

O O O O O

Location: Sonora, Northern Mexico

Reserves: Estimated at 2.8 million metric tons of copper.

Operator: Grupo México (Southern Copper Corporation).

Production: Produces around 190,000 metric tons of copper annually.
Overview: La Caridad is Mexico’s second-largest copper mine and also
produces significant quantities of molybdenum and gold. It is located close
to Buenavista del Cobre, benefiting from shared infrastructure and logistics.

3. El Arco Project (Upcoming):

O O O O

Location: Baja California, Northern Mexico

Reserves: Estimated at 2.4 million metric tons of copper.

Operator: Grupo México.

Overview: El Arco is an exciting new copper project under development by
Grupo México. The open-pit mine is expected to produce 190,000 metric
tons of copper annually once operational. The project is significant due to its
proximity to the United States and easy access to ports for export.
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4. Piedras Verdes Mine:

Location: Sonora, Northern Mexico

Reserves: Estimated at 320,000 metric tons of copper.

Operator: Cobre del Mayo (a Mexican mining company).

Production: Produces around 70,000 metric tons of copper per year.
Overview: Piedras Verdes is a smaller but important mine in Sonora. It uses
heap-leach and SX-EW (solvent extraction-electrowinning) technology,
which is particularly efficient in extracting copper from oxide ores.

5. Santa Rosalia (El Boleo) Mine:

O O O O O

Location: Baja California Sur

Reserves: Estimated at 170,000 metric tons of copper.

Operator: Korea Resources Corporation (KORES).

Production: Produces around 25,000 metric tons of copper per year.
Overview: The Boleo mine is primarily known for its copper-cobalt
deposits. It has been operational since 2014 and plays a strategic role in
Mexico’s copper and cobalt production.

O O O O O

Grupo México: The Driving Force in Mexican Copper

Grupo México is the dominant player in Mexico's copper industry. It operates the
Southern Copper Corporation, which controls the Buenavista del Cobre and La
Caridad mines, among others. Grupo México is one of the largest copper producers
globally and holds extensive copper reserves both in Mexico and internationally, with
significant operations in Peru and the United States.

e Production Dominance: Grupo México accounts for approximately 90% of
Mexico’s copper production. Its vast infrastructure and logistical capabilities allow
it to export copper efficiently to the United States, Asia, and Europe.

o Expansion: The company has made significant investments in expanding its mining
operations, particularly in Sonora, where it aims to increase production through the
development of new projects like El Arco and through expansions at Buenavista del
Cobre and La Caridad.

Economic Impact of Copper in Mexico
Copper mining is a cornerstone of Mexico's economy, contributing to 5% of Mexico’s
GDP and a significant portion of the country’s export revenues. The mining industry

provides direct employment to thousands of workers, particularly in the northern states of
Sonora and Chihuahua, where copper mining is the dominant industry.

Page 26 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

Mexico benefits from its proximity to the United States, which is the largest consumer of
its copper exports. The North American Free Trade Agreement (NAFTA), now replaced
by the United States-Mexico-Canada Agreement (USMCA), has facilitated the trade of
copper and other minerals between Mexico and the U.S., further boosting the industry’s
growth.

Challenges Facing Mexico’s Copper Industry

While Mexico’s copper industry is strong, it faces several challenges that could limit its
future growth:

1. Water Scarcity:

o Many of Mexico’s largest copper mines, particularly in Sonora, are located
in arid regions where water scarcity is a major issue. Water is essential for
mining operations, particularly for processes like heap leaching and
flotation.

o Mining companies are investing in water recycling and desalination plants to
mitigate the impact of water shortages, but this adds to operational costs.

2. Social and Environmental Concerns:

o Copper mining in Mexico has faced opposition from local communities over
environmental concerns, including water pollution and land degradation.

o The Buenavista del Cobre mine was involved in a major environmental
incident in 2014 when 40,000 cubic meters of sulfuric acid leaked into the
Sonora River, leading to widespread contamination. Grupo México has since
invested heavily in environmental safeguards, but public distrust remains in
some areas.

3. Infrastructure Needs:

o While Mexico has a well-developed mining infrastructure, some remote
regions still lack the necessary transportation and energy infrastructure to
support large-scale mining projects.

o Further investment in infrastructure will be required to support the growth of
Mexico’s copper industry, particularly as new projects like ElI Arco come
online.

4. Global Copper Prices:

o Mexico's copper industry is highly sensitive to fluctuations in global copper
prices. While demand for copper is expected to remain strong due to its use
in renewable energy technologies and electric vehicles, price volatility can
impact the profitability of mining operations.
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Sustainability and Future Outlook

Mexico's copper mining sector is increasingly focusing on sustainability. Mining
companies are investing in renewable energy projects to power their operations, particularly
in remote areas where access to the national grid is limited. Grupo México, for example, is
investing in solar energy projects to reduce its carbon footprint and lower operational costs
at its copper mines.

The future of Mexico’s copper industry looks promising. The country’s vast reserves,
combined with its proximity to major markets like the United States and China, ensure that
Mexico will remain a key player in the global copper market. New projects like El Arco
and the expansion of existing operations at Buenavista del Cobre and La Caridad are
expected to boost Mexico’s copper production significantly in the coming years.

Conclusion

Mexico holds 4.8% of the world’s copper reserves, making it one of the top copper-
producing countries globally. The country’s copper industry is dominated by Grupo
México, which operates the world-class Buenavista del Cobre and La Caridad mines.
While Mexico’s copper sector faces challenges related to water scarcity, environmental
concerns, and infrastructure needs, its vast reserves and strategic location position it for
long-term success in the global copper market. As demand for copper continues to rise,
particularly in the renewable energy and electric vehicle sectors, Mexico’s copper
production is expected to grow, driven by new projects and ongoing investment in the
industry’s sustainability.

8 - United States: A Major Copper Producer and Consumer

The United States is one of the largest copper producers in the world, with estimated
reserves of 50 million metric tons, which represents approximately 4.5% of the global
copper reserves. Copper mining has a long history in the United States, dating back to the
early 19th century, and today, the country remains a major player in both the production
and consumption of copper.

In 2023, the United States produced around 1.2 million metric tons of copper, ranking as
the fourth-largest producer globally. The copper mining industry is crucial to the U.S.
economy, providing jobs and supporting industries such as construction, electrical
manufacturing, and renewable energy, where copper is a key material.
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Geographical Distribution of Copper Reserves in the United States

The United States’ copper reserves are concentrated primarily in the western part of the
country, particularly in the states of Arizona, Utah, New Mexico, and Nevada. These
states have been central to copper mining for over a century, with some of the largest and
most productive mines in the world.

1. Arizona:

o 60% of the U.S.'s copper reserves are located in Arizona, which is often
referred to as the "Copper State."

o Arizona is home to the Morenci mine, the largest copper mine in North
America, and other significant operations such as Bagdad, Safford, and
Sierrita.

o The state benefits from extensive mining infrastructure and favorable
geological conditions for open-pit mining.

2. Utah:

o 20% of the U.S.’s copper reserves are concentrated in Utah, primarily in the
Bingham Canyon mine, one of the largest and oldest open-pit copper mines
in the world.

o The state has a long history of copper mining, with Bingham Canyon
playing a critical role in national copper production.

3. New Mexico:

o 10% of the U.S.'s copper reserves are located in New Mexico, with the
Chino and Tyrone mines being the primary contributors to copper output.

o These mines have been operational for decades and continue to be a key part
of the local economy.

4. Nevada:

o 5% ofthe U.S.’s copper reserves are located in Nevada, where copper is
often mined alongside gold and silver.

o Robinson Mine is a significant producer in the state, although copper
mining in Nevada is not as prominent as gold mining.

5. Other States:

o The remaining 5% of copper reserves are scattered across other states,
including Montana, Alaska, and Michigan. Montana, in particular, has a
long history of copper mining, most notably in the Butte region.
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Major Copper Mines in the United States

The U.S. is home to some of the largest and most technologically advanced copper mines in
the world. These mines are operated by major global mining companies and contribute
significantly to both domestic consumption and export markets.

1. Morenci Mine:

Location: Greenlee County, Arizona

Reserves: Estimated at 3.3 million metric tons of copper.
Operator: Freeport-McMoRan, the largest publicly traded copper
producer in the world.

o Production: Produces approximately 500,000 metric tons of copper
annually.

o Morenci is the largest copper mine in North America and one of the largest
in the world. It is an open-pit mine that uses heap leaching and SX-EW
(solvent extraction-electrowinning) technology to extract copper from oxide
ores. The mine has been operational for over 150 years and continues to be a
critical part of the U.S. copper industry.

2. Bingham Canyon (Kennecott) Mine:

Location: Salt Lake County, Utah

Reserves: Estimated at 2.7 million metric tons of copper.

Operator: Rio Tinto, a major global mining company.

Production: Produces around 280,000 metric tons of copper annually.
Bingham Canyon, also known as the Kennecott Copper Mine, is one of the
largest man-made excavations in the world. The open-pit mine has been in
continuous operation since 1906 and is a significant source of copper, as
well as gold, silver, and molybdenum.

3. Bagdad Mine:

O O O O O

Location: Yavapai County, Arizona

Reserves: Estimated at 800,000 metric tons of copper.

Operator: Freeport-McMoRan.

Production: Produces around 200,000 metric tons of copper annually.
Bagdad is another of Freeport-McMoRan’s major copper mines in Arizona.
The mine operates an open-pit mine and an SX-EW facility to process
copper oxide ores. Bagdad is known for its efficiency and high production
rates.

O O O O O
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4. Chino Mine:

Location: Grant County, New Mexico

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: Freeport-McMoRan.

Production: Produces around 175,000 metric tons of copper annually.
Chino is one of the oldest copper mines in the United States, with operations
dating back to the early 20th century. It is an open-pit mine that produces
both copper and molybdenum.

O O O O O

5. Robinson Mine:

Location: White Pine County, Nevada

Reserves: Estimated at 250,000 metric tons of copper.

Operator: KGHM International, a Polish mining company.

Production: Produces around 100,000 metric tons of copper annually.
Robinson is an important mine in Nevada that produces both copper and
gold. The mine has been operational for over a century and continues to be a
key part of Nevada’s mining sector.

O O O O O

Freeport-McMoRan: A Dominant Force in U.S. Copper

Freeport-McMoRan is the largest copper producer in the United States and one of the
largest in the world. The company operates some of the biggest and most productive copper
mines in the U.S., including Morenci, Bagdad, and Chino. Freeport-McMoRan is known
for its operational efficiency and for using advanced technologies such as SX-EW to extract
copper from low-grade ores.

Global Reach: While the company’s flagship operations are in the U.S., Freeport-
McMoRan also operates copper mines in Peru and Indonesia, making it a global
leader in copper production.

Sustainability Initiatives: Freeport-McMoRan has invested heavily in reducing the
environmental impact of its operations, particularly in water recycling, energy
efficiency, and tailings management.

Economic Impact of Copper in the United States

The copper industry is a vital part of the U.S. economy. Copper mining contributes billions
of dollars to the U.S. GDP each year and supports tens of thousands of jobs, particularly in
rural areas in the western states. Copper is a critical material in industries such as
construction, automotive, and electronics, where it is used for electrical wiring, plumbing,
and manufacturing components.
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Copper is also essential for the U.S. transition to renewable energy and electrification. It is
a key component in electric vehicles, wind turbines, solar panels, and energy storage
systems, all of which are growing industries in the U.S. As demand for these technologies
increases, so too will the demand for copper.

Challenges Facing the U.S. Copper Industry

While the U.S. copper industry is strong, it faces several challenges that could impact its
future growth:

1. Declining Ore Grades:

o Many of the U.S.’s largest copper mines, such as Morenci and Bingham
Canyon, are experiencing declining ore grades, which makes it more
expensive to extract copper from these deposits.

o Mining companies are investing in new technologies and exploration efforts
to find higher-grade deposits and extend the life of existing mines.

2. Environmental Regulations:

o The U.S. has stringent environmental regulations that govern mining
operations, particularly concerning water usage, air quality, and land
reclamation. While these regulations are necessary to protect the
environment, they can increase operational costs for mining companies.

o Several proposed copper mining projects, such as the Resolution Copper
project in Arizona, have faced delays due to environmental concerns and
opposition from local communities.

3. Rising Production Costs:

o Labor, energy, and equipment costs are rising in the U.S., which affects the
profitability of copper mining operations. Mining companies are investing in
automation and other efficiency measures to offset these costs, but this
remains a challenge for the industry.

4. Global Copper Demand:

o The U.S. copper industry is highly sensitive to fluctuations in global copper
demand and prices. While demand is expected to increase in the long term
due to the renewable energy transition, short-term volatility in copper prices
can impact the profitability of mining operations.
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Sustainability and Future Outlook

The U.S. copper industry is increasingly focusing on sustainability, driven by both
regulatory requirements and corporate responsibility initiatives. Mining companies are
investing in renewable energy to power their operations and reduce their carbon footprints.
For example, Freeport-McMoRan is working on initiatives to reduce water usage and
improve tailings management to minimize environmental impact.

In terms of future production, new copper mining projects are in development, most
notably the Resolution Copper project in Arizona

9 - China: A Major Consumer and Emerging Producer of Copper

China plays a dual role in the global copper market: it is both the largest consumer and a
significant producer of copper. While China’s copper reserves are not as vast as those of
countries like Chile, Peru, or Australia, the country still holds an estimated 26 million
metric tons of copper reserves, accounting for around 2.4% of the global total. However,
China's influence on the copper market extends far beyond its domestic production, as it is
the largest importer and consumer of copper, driven by its rapid urbanization, industrial
growth, and transition to renewable energy technologies.

In 2023, China produced approximately 1.85 million metric tons of copper, ranking as one
of the top five producers globally. Despite its significant production capabilities, China
remains a net importer of copper due to its enormous industrial demand.

Geographical Distribution of Copper Reserves in China

China’s copper reserves are concentrated in a few key regions, particularly in the
southwestern and central provinces, where both state-owned and private enterprises
operate large-scale copper mines.

1. Jiangxi Province (Eastern China):

o 35% of China's copper reserves are found in Jiangxi Province.
o Jiangxi is home to Dexing Mine, the largest open-pit copper mine in China
and a major contributor to the country's copper production.

2. Yunnan Province (Southwest China):

o 25% of China's copper reserves are located in Yunnan Province.

o Yunnan is a critical region for copper mining, hosting major mines like
Yulong and Jinshajiang. The province is also known for its significant lead,
zinc, and tin deposits.
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3. Inner Mongolia (Northern China):

@)
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15% of the country’s copper reserves are located in Inner Mongolia.
The Erdenet Copper Mine, one of the largest in the region, is a joint
venture between China and Mongolia.

4. Tibet (Western China):

o

o

10% of China's copper reserves are in Tibet.

Tibet hosts some of the country's most promising undeveloped copper
deposits, such as the Qulong and Jiama mines. Mining in Tibet is
complicated by its remote location and environmental concerns but holds
significant potential for future expansion.

5. Other Provinces:

o

The remaining 15% of reserves are scattered across other provinces,
including Sichuan, Anhui, and Xinjiang.

Major Copper Mines in China

China’s copper mining sector is dominated by state-owned enterprises, but private
companies also play a growing role. The country is home to several large copper mines that
contribute significantly to domestic production.

1. Dexing Copper Mine:

Location: Jiangxi Province

Reserves: Estimated at 2 million metric tons of copper.

Operator: Jiangxi Copper Corporation, one of the largest copper
producers in China.

Production: Produces around 150,000 metric tons of copper annually.
Dexing is the largest open-pit copper mine in China and a key contributor to
the country's copper supply. The mine also produces significant quantities of
gold and silver as byproducts.

2. Yulong Copper Mine:

Location: Tibet

Reserves: Estimated at 6.5 million metric tons of copper, making it one of
the largest copper deposits in China.

Operator: Tibet Julong Copper Co., a subsidiary of Zijin Mining Group.
Production: Expected to produce around 100,000 metric tons of copper
annually, with plans for future expansion.

Yulong is one of the most important undeveloped copper deposits in China,
and its development is seen as a strategic priority for the country’s long-term

copper supply.
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3. Jinshajiang Copper Mine:

Location: Yunnan Province

Reserves: Estimated at 3.4 million metric tons of copper.

Operator: China National Gold Group Corporation.

Production: Produces around 80,000 metric tons of copper annually.
Jinshajiang is part of China’s broader push to develop its southwestern
mineral-rich regions, which also include significant gold and silver deposits.

O O O O O

4. Jiama Copper-Polymetallic Mine:

Location: Tibet

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: China Gold International Resources.

Production: Produces around 70,000 metric tons of copper annually, along
with significant amounts of molybdenum and gold.

o Jiama is a relatively new operation, and its production is expected to grow as
the mine expands in the coming years.

@)
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5. Erdenet Copper Mine (Joint Venture):

Location: Inner Mongolia (Mongolia-China Border)

Reserves: Estimated at 4 million metric tons of copper.

Operator: China National Machinery Import and Export Corporation
(CMQO) in partnership with the Mongolian government.

Production: Produces around 125,000 metric tons of copper annually.
Erdenet is one of the largest copper mines in Central Asia, and the joint
venture with Mongolia highlights China’s strategic interests in securing
copper resources beyond its borders.

Jiangxi Copper: China’s Leading Copper Producer

Jiangxi Copper Corporation is China’s largest copper producer and plays a central role in
the country’s mining sector. The company operates the Dexing Copper Mine and several
other major copper mines in China. Jiangxi Copper also has significant interests in copper
smelting and refining, producing a wide range of copper products for both domestic
consumption and export.

e Production and Expansion: Jiangxi Copper produces around 1.2 million metric
tons of refined copper annually. The company is actively expanding its mining
operations both domestically and internationally to secure additional copper
resources.

e Global Reach: In addition to its operations in China, Jiangxi Copper has invested
in mining projects in Peru, Zambia, and other key copper-producing countries,
ensuring a diversified supply of copper for China’s growing needs.
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Economic Impact of Copper in China

Copper is critical to China’s industrial economy. While China is a major producer of
copper, the country’s demand for copper far exceeds its domestic production due to its
status as the world’s largest manufacturing hub. Copper is used extensively in construction,
electronics, electrical wiring, power generation, and renewable energy technologies.

China’s Belt and Road Initiative (BRI) has further increased demand for copper, as
infrastructure projects across Asia, Africa, and Latin America require massive quantities of
the metal. The country’s growing renewable energy sector, including solar and wind power,
electric vehicles, and grid infrastructure, is also driving demand for copper.

Despite being a significant copper producer, China is heavily reliant on imports to meet its
demand. The country imports copper from major producers such as Chile, Peru, and
Australia. China’s state-owned enterprises have been investing in mining projects abroad to
secure stable supplies of copper and reduce reliance on foreign suppliers.

Challenges Facing China’s Copper Industry

China’s copper industry faces several challenges that could affect its ability to meet future

demand:

1. Declining Ore Grades:

o

Many of China’s copper mines, including Dexing, are facing declining ore
grades, which increases the cost of production and reduces profitability.
Mining companies are investing in exploration and new technologies to
improve efficiency, but this remains a long-term challenge.

2. Environmental Regulations:

o

China has implemented stricter environmental regulations in recent years to
reduce pollution and improve air and water quality. Copper mining,
smelting, and refining are energy-intensive and can produce significant
environmental impacts, particularly in terms of sulfur dioxide emissions and
water contamination.

Mining companies are being required to adopt cleaner technologies and
reduce their environmental footprints, which could increase production
costs.

3. Resource Nationalism:

o

While China is actively investing in copper mining projects abroad, there is
growing concern over resource nationalism in some key copper-producing
countries. Countries like Zambia and the Democratic Republic of Congo
(DRC) have increased taxes and royalties on foreign mining companies,
which could impact the profitability of Chinese investments in these regions.
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4. Infrastructure Challenges in Tibet:

o Tibet is home to some of China’s most promising undeveloped copper
deposits, but the region’s harsh climate, high altitude, and lack of
infrastructure make it difficult to develop large-scale mining operations.
Environmental and political concerns in Tibet further complicate mining
activities in this region.

Sustainability and Future Outlook

China’s copper industry is increasingly focusing on sustainability, driven by government
policies aimed at reducing emissions and promoting green energy. Many mining companies
are investing in renewable energy projects to power their operations and reduce their
carbon footprints. In addition, companies are adopting closed-loop recycling systems to
recover copper from end-of-life products, which helps reduce the need for new copper
extraction.

In terms of future production, China is expected to continue developing new copper mining
projects both domestically and abroad. The government’s Made in China 2025 initiative,
which aims to boost the country’s high-tech industries, will drive further demand for copper
in sectors such as electric vehicles, renewable energy, and advanced manufacturing.

Conclusion

China holds 2.4% of the world’s copper reserves, but its role in the global copper market
extends far beyond production. As the world’s largest consumer and importer of copper,
China’s demand shapes the global copper market. While the country’s domestic copper
mining sector is robust, it is insufficient to meet the massive demand generated by its
rapidly growing industrial

10 - Zambia: Africa’s Copper Powerhouse

Zambia is one of the leading copper producers in Africa and holds an estimated 22 million
metric tons of copper reserves, representing around 2% of global reserves. Copper mining
is the cornerstone of the Zambian economy, contributing significantly to both national GDP
and export revenues. In 2023, Zambia produced approximately 830,000 metric tons of
copper, making it the second-largest copper producer in Africa, after the Democratic
Republic of Congo (DRC), and one of the top ten producers globally. Copper accounts
for 70% of Zambia’s total export earnings and plays a critical role in supporting jobs and
regional development.

Zambia’s copper mining history dates back to the early 20th century, with the industry
evolving from small-scale operations into large-scale mining. Today, Zambia continues to
attract significant foreign investment in its mining sector, particularly from China and
Canada, ensuring it remains a key player in global copper production.
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Geographical Distribution of Copper Reserves in Zambia

Zambia’s copper reserves are concentrated in two key regions: the Copperbelt Province
and the North-Western Province. These regions host some of the richest copper deposits
in the world and have attracted both local and foreign investment.

1. Copperbelt Province:

o 60% of Zambia’s copper reserves are located in this region, which has been
the center of Zambia’s mining activities for over a century.

o Major mining operations such as Konkola Copper Mines (KCM), Mopani
Copper Mines, and Mufulira are situated in the Copperbelt Province, with
towns like Kitwe, Ndola, and Chingola being hubs for copper mining.

o The region has a well-developed infrastructure for mining operations, with
access to roads, railways, and smelting facilities.

2. North-Western Province:

o 30% of Zambia’s copper reserves are in this province, which has emerged
as a key mining region in recent decades.

o The North-Western Province is home to large-scale mining projects such as
Kansanshi and Lumwana, which have drawn substantial foreign
investment from companies like First Quantum Minerals and Barrick
Gold.

o The provincial capital, Solwezi, has seen rapid growth due to mining
activity, becoming a crucial part of Zambia’s copper production.

3. Other Regions:

o The remaining 10% of Zambia’s copper reserves are located in Central
Zambia and smaller, undeveloped regions. These areas may see further
exploration and development as the demand for copper continues to grow.

Major Copper Mines in Zambia

Zambia’s copper mining sector is dominated by several large-scale mines, many of which
are operated by major international mining companies. These mines contribute the bulk of
Zambia’s copper production and are essential to the country’s economic stability.

1. Kansanshi Mine:

Location: Solwezi, North-Western Province

Reserves: Estimated at 8.4 million metric tons of copper, making it the
largest copper mine in Zambia.

Operator: First Quantum Minerals, a Canadian mining company.
Production: Produces around 240,000 metric tons of copper annually.
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Kansanshi is a mixed oxide-sulfide deposit and utilizes open-pit mining
methods. It also produces gold as a byproduct. The mine is undergoing
expansion projects to increase its output.

2. Lumwana Mine:
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Location: North-Western Province

Reserves: Estimated at 6.6 million metric tons of copper.

Operator: Barrick Gold Corporation, a major global mining company.
Production: Produces around 200,000 metric tons of copper annually.
Lumwana is a large, low-grade open-pit mine and plays a crucial role in
Zambia’s copper output. The mine uses advanced technology to extract
copper efficiently, despite the low ore grades.

3. Konkola Copper Mines (KCM):

Location: Chililabombwe, Copperbelt Province

Reserves: Estimated at 2.7 million metric tons of copper.

Operator: Vedanta Resources, an India-based mining conglomerate
(currently facing ownership disputes with the Zambian government).
Production: Produces around 150,000 metric tons of copper annually.
KCM is one of the oldest and largest copper mining companies in Zambia,
operating both open-pit and underground mines. Its operations include the
Nchanga and Konkola mines, as well as smelting and refining facilities.

4. Mopani Copper Mines:

Location: Kitwe, Copperbelt Province

Reserves: Estimated at 3.5 million metric tons of copper.

Operator: Zambia Consolidated Copper Mines Investment Holdings
(ZCCM-IH), with former involvement from Glencore until its exit in 2021.
Production: Produces around 100,000 metric tons of copper annually.
Mopani is a key player in Zambia’s copper industry, with both open-pit and
underground operations. The mine has undergone modernization to improve
production efficiency and environmental sustainability.

5. Chambishi Mine:

Location: Copperbelt Province

Reserves: Estimated at 900,000 metric tons of copper.

Operator: China Nonferrous Metal Mining Corporation (CNMC), a
state-owned Chinese enterprise.

Production: Produces around 45,000 metric tons of copper annually.
Chambishi is one of the major Chinese-owned operations in Zambia, and it
is an important link in the China-Zambia copper supply chain. The mine is
part of a broader strategy by China to secure long-term access to copper
resources.
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Foreign Investment in Zambia’s Copper Industry

Zambia’s copper sector has attracted significant foreign direct investment, particularly from
China, Canada, and India. These investments have modernized Zambia’s mining
operations, making the country a key supplier of copper to global markets.

o China’s Role: Chinese state-owned enterprises such as China Nonferrous Metal
Mining Corporation (CNMC) have made substantial investments in Zambia’s
copper sector, particularly in the Chambishi mine and associated smelters. Chinese
investment in Zambian mining is part of a broader strategy to secure resources for
China’s fast-growing economy.

e Canada’s Presence: First Quantum Minerals, a Canadian-based company,
operates the Kansanshi mine, Zambia’s largest copper mine, and the Sentinel
Mine, one of the newest large-scale mining projects in the country. First Quantum’s
investments have significantly boosted Zambia’s production capacity.

o Indian Influence: Vedanta Resources, through Konkola Copper Mines (KCM),
has been a major player in Zambia’s copper sector for years. However, the company
has faced challenges, including disputes with the Zambian government over
environmental practices and ownership, leading to uncertainty in KCM’s future
operations.

Economic Impact of Copper in Zambia

Copper mining is the most critical sector in Zambia’s economy. It accounts for
approximately 70% of export earnings and contributes around 10% to the country’s GDP.
The industry provides direct employment to tens of thousands of Zambians and indirectly
supports many more through associated industries and services.

The revenue generated from copper exports is essential for Zambia’s public finances,
infrastructure development, and poverty alleviation programs. However, the country’s
heavy reliance on copper makes it vulnerable to fluctuations in global copper prices, which
can impact national revenues and economic stability.

Challenges Facing Zambia’s Copper Industry

Despite its strengths, Zambia’s copper industry faces several challenges that could impact
its long-term sustainability and growth:

1. Operational Inefficiencies and Disputes:

o Several major copper mines in Zambia, such as Konkola Copper Mines
(KCM) and Mopani Copper Mines, have faced operational challenges,
financial difficulties, and disputes with the government. These issues have
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led to reduced production and uncertainty regarding the future of these
operations.

The Zambian government has intervened in some of these disputes, but the
lack of resolution has created investor uncertainty.

2. Infrastructure Limitations:

o

While the Copperbelt region has well-established mining infrastructure,
newer mining regions like North-Western Province require further
development. Limited transport and energy infrastructure can delay project
development and increase costs for mining operations.

The Zambian government and mining companies are investing in
infrastructure projects to improve access to mines and ensure stable energy
supplies, but further investment is needed.

3. Environmental and Social Concerns:

o

The environmental impact of copper mining, particularly in terms of water
usage, pollution, and deforestation, has been a source of concern. There have
been incidents of pollution from mining activities, which have affected local
communities and ecosystems.

Mining companies are under increasing pressure to adopt sustainable
practices, including better waste management, water conservation, and
pollution control.

4. Dependence on Global Copper Prices:

o

Zambia’s economy is highly dependent on the global price of copper. When
copper prices are high, the country benefits from increased export revenues,
but when prices fall, the economy suffers.

Diversifying the economy beyond copper is a long-term challenge for
Zambia, although efforts are being made to develop other sectors, such as
agriculture, manufacturing, and tourism.

5. Regulatory Uncertainty:

o

Zambia has experienced shifts in its mining tax regime and regulatory
policies, creating uncertainty for foreign investors.

Regulatory changes in Zambia’s mining sector, particularly regarding
taxation, royalties, and ownership, have created uncertainty for investors.
The Zambian government has periodically increased mining taxes and
royalties in an effort to boost revenue, but these changes have at times led to
disputes with mining companies.

The government’s intervention in Konkola Copper Mines (KCM),
following disagreements with Vedanta Resources, has raised concerns
among foreign investors about the security of their investments. The lack of
resolution in this case has created tensions between Zambia and international
mining firms, making it more challenging to attract further investment.
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Sustainability and Future Outlook

Zambia’s copper industry is evolving to meet the challenges of sustainability and changing
global demand. Mining companies are increasingly focusing on reducing their
environmental footprints by investing in cleaner technologies, improving water
management, and reducing waste. Zambia’s mines are adopting renewable energy
solutions, such as solar power, to reduce their reliance on fossil fuels and ensure a more
sustainable approach to production.

The demand for copper is expected to grow globally, driven by the transition to green
technologies like electric vehicles (EVs), renewable energy infrastructure, and the ongoing
expansion of electrical grids. Zambia, with its significant copper reserves and expanding
mining capabilities, is well-positioned to benefit from this demand. However, the country
must address its internal challenges to ensure long-term growth and stability in the copper
sector.

Key Areas for Growth and Investment

o Exploration and Development: New mining projects, particularly in the North-
Western Province, could help increase Zambia’s copper output. The Sentinel
Mine, operated by First Quantum Minerals, is one of the newer, high-potential
projects in the region.

e Infrastructure Expansion: Continued investment in infrastructure, particularly in
transportation and energy networks, will be critical for future growth. Improved
roads, railways, and power supplies will reduce costs for mining operations and
improve the efficiency of transporting copper to global markets.

e Technological Advancements: Modern mining technologies, such as automated
equipment, digital monitoring systems, and advanced mineral processing, can
help increase efficiency and reduce costs in Zambia’s mines. These technologies
will be key to maintaining Zambia’s competitiveness in the global copper market.

Conclusion

Zambia holds 2% of the world’s copper reserves and remains a critical player in the
global copper industry. The Copperbelt Province and the North-Western Province host
some of the world’s richest copper deposits, attracting significant foreign investment from
countries like China, Canada, and India. While Zambia’s copper sector faces challenges
related to operational inefficiencies, infrastructure limitations, environmental concerns, and
regulatory uncertainty, the country is well-positioned to benefit from growing global
demand for copper, particularly in the green technology sector. With a continued focus on
sustainability, technological innovation, and resolving disputes in the mining sector,
Zambia can maintain and even grow its role as one of the world’s top copper producers,
supporting its economy and providing jobs for future generations.
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11 - Kazakhstan: An Emerging Copper Producer in Central Asia

Kazakhstan is a significant copper producer and holds approximately 20 million metric
tons of copper reserves, which represents about 1.8% of the global total. Although
Kazakhstan is better known for its vast mineral wealth in oil, gas, and uranium, copper
mining is becoming increasingly important to the country’s economy. Kazakhstan produced
around 600,000 metric tons of copper in 2023, positioning it among the top ten copper-
producing countries globally.

Copper mining in Kazakhstan is led by large-scale operations owned by state-owned
companies and international firms, with the country attracting substantial foreign
investment due to its rich copper deposits and strategic location.

Geographical Distribution of Copper Reserves in Kazakhstan

Kazakhstan’s copper reserves are primarily concentrated in the Central and Eastern
regions of the country, particularly in areas like Karaganda, Pavlodar, and East
Kazakhstan.

1. Central Kazakhstan (Karaganda Region):

40% of Kazakhstan’s copper reserves are located in this region.
The region is home to several of the country’s largest copper mines,
including the Aktogay and Bozshakol mines.

o Karaganda has a well-developed mining infrastructure, making it a key hub
for the copper industry.

2. Eastern Kazakhstan (East Kazakhstan Region):

o 30% of the copper reserves are concentrated in the eastern part of the
country, particularly in areas near the city of Ridder and Semey.

o This region also hosts significant deposits of zinc and lead, making it a
multi-mineral mining hub.

3. Other Regions:

o 30% of Kazakhstan’s copper reserves are scattered across other parts of the
country, including the Pavlodar region and smaller deposits in southern
Kazakhstan.

o These regions have smaller-scale operations but contribute to the overall
production capacity of the country.

Page 43 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

Major Copper Mines in Kazakhstan

Kazakhstan’s copper industry is dominated by two main companies: Kazakhmys
Corporation and KAZ Minerals, both of which operate several large copper mines and
contribute the majority of the country’s copper production.

1. Aktogay Mine:

Location: East Kazakhstan Region

Reserves: Estimated at 1.7 million metric tons of copper.

Operator: KAZ Minerals, one of the leading copper producers in
Kazakhstan.

Production: Produces around 130,000 metric tons of copper annually.
Aktogay is an open-pit mine that produces copper concentrate, primarily for
export to China. The mine is a key asset for KAZ Minerals and has
undergone expansion to boost production capacity.

2. Bozshakol Mine:
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Location: Pavlodar Region

Reserves: Estimated at 1.1 million metric tons of copper.

Operator: KAZ Minerals.

Production: Produces around 100,000 metric tons of copper annually.
Bozshakol is one of the largest copper mines in Kazakhstan, producing both
copper concentrate and gold. The mine is highly efficient and uses modern
technology to maximize output.

3. Zhezkazgan Complex:

Location: Karaganda Region

Reserves: Estimated at 1.5 million metric tons of copper.

Operator: Kazakhmys Corporation, one of Kazakhstan’s largest mining
companies.

Production: Produces around 300,000 metric tons of copper annually.

The Zhezkazgan Complex includes several underground and open-pit mines,
as well as processing plants that produce refined copper for export. It is one
of the oldest mining operations in Kazakhstan, with a long history dating
back to the Soviet era.

4. Orlovsky Mine:
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Location: East Kazakhstan Region

Reserves: Estimated at 450,000 metric tons of copper.

Operator: KAZ Minerals.

Production: Produces around 50,000 metric tons of copper annually.
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o Orlovsky is primarily an underground mine that produces both copper and
zinc. It is a significant source of copper concentrate for KAZ Minerals'
processing facilities.

5. Nurkazgan Mine:

Location: Karaganda Region

Reserves: Estimated at 700,000 metric tons of copper.

Operator: Kazakhmys Corporation.

Production: Produces around 75,000 metric tons of copper annually.
Nurkazgan is another important asset for Kazakhmys and is part of the
company's broader strategy to expand copper production in the Karaganda
region.

O O O O O

Kazakhmys Corporation and KAZ Minerals: Leaders in Kazakhstan's Copper
Industry

Kazakhstan’s copper industry is dominated by Kazakhmys Corporation and KAZ
Minerals, two of the country’s largest mining companies. Both companies operate multiple
copper mines and have extensive smelting and refining operations.

o Kazakhmys Corporation: As one of the largest copper producers in Kazakhstan,
Kazakhmys operates a range of mines, smelters, and refineries, producing both
copper concentrate and refined copper. The company has a vertically integrated
structure, meaning it controls every stage of production, from mining to final
processing.

e KAZ Minerals: KAZ Minerals is another major player in Kazakhstan's copper
industry, focusing on large-scale, low-cost open-pit mining. The company has
invested heavily in expanding its operations, particularly in the Aktogay and
Bozshakol mines, positioning itself as a key copper supplier to international
markets, particularly China.

Economic Impact of Copper in Kazakhstan

Copper is a vital part of Kazakhstan’s mining sector, contributing significantly to the
country’s GDP and export revenues. The country’s mineral wealth, particularly in copper,
has attracted foreign investment and helped diversify the economy beyond oil and gas.
Copper mining provides thousands of jobs, especially in the central and eastern regions of
Kazakhstan, where mining towns and industrial centers rely heavily on the industry.

Kazakhstan exports the majority of its copper to China, which is the world’s largest
consumer of copper. The proximity of Kazakhstan’s mines to the Chinese market provides
a strategic advantage, reducing transportation costs and making Kazakh copper highly
competitive in global markets.
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Challenges Facing Kazakhstan’s Copper Industry

Despite its strong copper production, Kazakhstan faces several challenges that could impact
the future growth of the sector:

1. Infrastructure Needs:

o While Kazakhstan has a well-developed mining infrastructure in some
regions, particularly in Karaganda and Pavlodar, more investment is
needed to develop transportation networks and energy supplies in remote
areas. These improvements would help reduce costs and improve the
efficiency of copper exports.

2. Declining Ore Grades:

o Some of Kazakhstan’s older copper mines, such as those in the Zhezkazgan
region, are facing declining ore grades, which increases the cost of
production. Mining companies are investing in technology and exploration
to find new, higher-grade deposits and extend the life of existing mines.

3. Environmental Concerns:

o The environmental impact of copper mining, including waste management
and water usage, is an ongoing challenge. Mining companies are under
pressure to adopt more sustainable practices to reduce pollution and
conserve water, particularly in regions with limited natural resources.

4. Labor and Regulatory Issues:

o Kazakhstan’s mining sector has occasionally faced labor disputes and
challenges related to regulatory compliance. Strikes and protests by workers
demanding better pay and working conditions have occurred in some mines,
while foreign investors have raised concerns about changes in tax and
royalty policies.

Sustainability and Future Outlook

Kazakhstan’s copper industry is increasingly focusing on sustainability, with mining
companies investing in renewable energy projects, cleaner production technologies, and
improved waste management practices. KAZ Minerals and Kazakhmys are both working
to reduce the environmental impact of their operations by using energy-efficient equipment
and adopting water recycling technologies.
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Looking ahead, Kazakhstan’s copper industry is expected to remain a key contributor to the
country’s economy, particularly as global demand for copper increases due to the growth of
renewable energy technologies and the electric vehicle (EV) market. New mining projects
and the expansion of existing operations in the Aktogay and Bozshakol mines will likely
boost Kazakhstan’s copper output in the coming years.

Conclusion

Kazakhstan holds 1.8% of the world’s copper reserves and is a growing player in the
global copper market. The country’s copper industry is centered around large-scale mining
operations in the Karaganda and East Kazakhstan regions, with Kazakhmys
Corporation and KAZ Minerals leading the way. While Kazakhstan faces challenges
related to infrastructure, environmental concerns, and declining ore grades, its proximity to
China, significant copper reserves, and strategic investments in mining technology position
it for continued growth in the global copper supply chain.

As demand for copper continues to rise, driven by renewable energy, electric vehicles, and
infrastructure development, Kazakhstan’s copper industry will play a crucial role in
meeting the world’s copper needs.

12 - Canada: A Copper Producer with a Stable Mining Industry

Canada holds substantial copper reserves, estimated at 11 million metric tons, representing
around 1% of global reserves. While copper is not Canada’s top mining commodity—gold,
nickel, and iron ore play larger roles—copper is nonetheless a key part of the country’s
diverse mining sector. In 2023, Canada produced approximately 500,000 metric tons of
copper, making it one of the top ten copper producers globally.

Canada is known for its stable regulatory environment, well-developed infrastructure, and

mining-friendly policies, which have attracted substantial foreign investment. The country

is home to both large-scale open-pit and underground mining operations, producing copper
for both domestic use and export.

Geographical Distribution of Copper Reserves in Canada

Canada’s copper reserves are distributed across several provinces, with the majority located
in British Columbia, Ontario, and Quebec. These provinces are the heart of Canada’s
copper mining industry, with several large mines and exploration projects underway.

1. British Columbia (Western Canada):

o 60% of Canada’s copper reserves are found in British Columbia, home to
some of the largest copper mines in the country.

o The province’s mining industry is centered around open-pit mining,
particularly in the Highland Valley and Mount Milligan regions.
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o British Columbia’s proximity to Pacific export markets, particularly China
and Japan, makes it a strategic hub for copper exports.

2. Ontario (Central Canada):

o 20% of Canada’s copper reserves are located in Ontario.
o Ontario’s copper production is mostly concentrated in the Sudbury Basin, a
major mining area that also produces nickel and other metals.

3. Quebec (Eastern Canada):

o 10% of copper reserves are located in Quebec.
o The province is home to several large-scale mining operations, particularly
in the Abitibi Greenstone Belt and Rouyn-Noranda mining district.

4. Other Provinces:

o The remaining 10% of copper reserves are scattered across other provinces,
including Newfoundland and Labrador, Yukon, and Manitoba, where
smaller mining operations contribute to Canada’s copper output.

Major Copper Mines in Canada

Canada’s copper mining industry is characterized by large-scale, technologically advanced
mining operations. The country is home to both open-pit and underground mines,
producing copper concentrates and refined copper for export.

1. Highland Valley Copper Mine:

Location: British Columbia

Reserves: Estimated at 1.2 million metric tons of copper.

Operator: Teck Resources, one of Canada’s largest diversified mining
companies.

Production: Produces around 135,000 metric tons of copper annually.
Highland Valley is one of the largest open-pit copper mines in Canada. The
mine uses state-of-the-art technology, including autonomous haul trucks and
advanced processing systems, to maximize efficiency and reduce costs.

2. Mount Milligan Mine:

Location: British Columbia

Reserves: Estimated at 600,000 metric tons of copper.

Operator: Centerra Gold, a Canadian mining company.

Production: Produces around 50,000 metric tons of copper annually, along
with significant gold production.

o Mount Milligan is an open-pit copper and gold mine located in central
British Columbia. The mine benefits from modern processing facilities and
efficient production methods.

O O O O
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3. Sudbury Operations:

Location: Ontario

Reserves: Estimated at 850,000 metric tons of copper.

Operator: Vale S.A., a Brazilian mining giant, and Glencore through its
Sudbury Integrated Nickel Operations.

Production: The Sudbury mining complex produces around 100,000 metric
tons of copper annually, along with large quantities of nickel.

The Sudbury Basin is one of the world’s largest mining regions for copper
and nickel. Vale and Glencore operate several mines in the area, focusing on
both underground and open-pit mining.

4. Red Chris Mine:

Location: British Columbia

Reserves: Estimated at 700,000 metric tons of copper.

Operator: Newcrest Mining (70%) and Imperial Metals Corporation
(30%).

Production: Produces around 40,000 metric tons of copper annually.
Red Chris is an open-pit copper-gold mine located in northwestern British
Columbia. It is known for its high-grade copper and gold deposits and is a
significant contributor to the region’s mining economy.

5. Raglan Mine:

O O O O

Location: Quebec

Reserves: Estimated at 250,000 metric tons of copper.

Operator: Glencore.

Production: Produces around 25,000 metric tons of copper annually,
alongside nickel and cobalt production.

Raglan is a key underground mining operation in northern Quebec, located
in a remote region with harsh conditions but rich mineral resources.

Teck Resources and Vale: Dominant Players in Canada’s Copper Industry

Canada’s copper industry is dominated by two major companies: Teck Resources and

Vale.

Teck Resources: Teck is one of Canada’s largest diversified mining companies,
with operations across copper, zinc, coal, and energy. The company operates the
Highland Valley Copper Mine, one of Canada’s largest copper operations, and is
actively exploring new mining projects in British Columbia.

Vale S.A.: Although Vale is a Brazilian mining giant, its Sudbury operations in
Ontario make it a key player in Canada’s copper and nickel mining industry. Vale
produces significant quantities of copper as a byproduct of its nickel operations in
the Sudbury Basin.

Page 49 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

Economic Impact of Copper in Canada

Copper mining is a vital part of the Canadian economy, particularly in British Columbia
and Ontario. The sector supports thousands of direct and indirect jobs, particularly in rural
and remote communities where mining is often the primary economic activity. Copper
mining also contributes to the country’s export earnings, with much of Canada’s copper
production shipped to the United States, China, Japan, and South Korea.

Canada’s stable political environment, well-established regulatory framework, and world-
class infrastructure make it a preferred destination for mining investment. The country’s
mining-friendly policies and reputation for environmental stewardship also attract foreign
investment in copper mining projects.

Challenges Facing Canada’s Copper Industry
While Canada’s copper industry is robust, it faces several challenges:

1. Environmental Regulations:

o Canada has strict environmental regulations governing mining operations,
particularly around water use, tailings management, and emissions. Mining
companies must navigate these regulations while ensuring the profitability
of their operations.

o The need for sustainable mining practices is increasing, and companies are
being pushed to adopt cleaner technologies to reduce their environmental
footprint.

2. Labor and Operational Costs:

o Labor and operational costs in Canada are relatively high compared to other
major copper-producing countries. Mining companies must balance these
costs with the need for efficiency, particularly in remote areas where
transportation and infrastructure are more expensive.

3. Indigenous Rights and Land Use:

o Mining operations in Canada often overlap with Indigenous lands, and
mining companies must work closely with Indigenous communities to gain
approval for new projects. Ensuring the rights of Indigenous peoples and
addressing concerns related to land use, environmental impact, and
economic benefits can lead to delays in project development.

4. Declining Ore Grades:

o Some of Canada’s older copper mines, particularly in Sudbury, are facing
declining ore grades, which increases the cost of production. Mining
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companies are investing in exploration and new technologies to extend the
life of existing mines and discover new, higher-grade deposits.

Sustainability and Future Outlook

Canada is a global leader in sustainable mining practices. Mining companies are
increasingly focusing on reducing their environmental impact through renewable energy,
energy efficiency initiatives, and water conservation. Teck Resources, for example, has
committed to reducing greenhouse gas emissions and implementing biodiversity projects to
mitigate the environmental effects of its mining operations.

The future of Canada’s copper industry is promising, particularly as global demand for
copper increases due to the transition to renewable energy and the growing electric
vehicle (EV) market. New mining projects in British Columbia and exploration efforts in
other provinces will likely boost Canada’s copper output in the coming years. Canada’s
strong regulatory environment and investment in clean technologies also position it as a key
player in the future of sustainable copper mining.

Conclusion

Canada holds 1% of the world’s copper reserves and is a significant copper producer.
The country’s copper industry is centered around large-scale mining operations in British
Columbia, Ontario, and Quebec, with Teck Resources and Vale leading the way. While
the Canadian copper sector faces challenges related to environmental regulations, labor
costs, and Indigenous land rights, its stable regulatory environment and focus on
sustainability ensure a bright future.

As global demand for copper continues to grow, particularly in the context of renewable
energy and electric vehicles, Canada is well-positioned to remain a reliable and sustainable
supplier of copper to global markets.

13 - Indonesia: An Emerging Copper Producer in Southeast Asia

Indonesia holds significant copper reserves, estimated at 28 million metric tons, which
represents about 2.5% of the world’s total copper reserves. The country is one of the
largest producers of copper in Asia, with annual production of approximately 800,000
metric tons in 2023, making it one of the top ten copper producers globally. Copper
mining is a vital part of Indonesia’s economy, contributing significantly to export revenues,
particularly through its major copper-gold mines in Papua and Sulawesi.

Indonesia is also known for being home to some of the world’s most significant copper and

gold deposits, attracting major international mining companies like Freeport-McMoRan
and Amman Mineral. Despite its considerable copper production, Indonesia is positioning
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itself to expand further, particularly as demand for copper continues to grow with the global
transition to renewable energy technologies.

Geographical Distribution of Copper Reserves in Indonesia

Indonesia’s copper reserves are concentrated in a few key regions, particularly in Papua
and Nusa Tenggara (Sulawesi), where the country’s largest copper mines are located.

1. Papua (Eastern Indonesia):

60% of Indonesia’s copper reserves are located in Papua.
Papua is home to the world-renowned Grasberg Mine, one of the largest
copper and gold mines in the world, operated by Freeport-McMoRan and
the Indonesian government.

o The region is remote and mountainous, making mining operations
challenging but lucrative due to the high-grade copper deposits.

2. Nusa Tenggara (Sulawesi and Sumbawa):

30% of Indonesia’s copper reserves are found in this region.
The Batu Hijau mine, located on the island of Sumbawa, is one of the
country’s largest copper mines, operated by Amman Mineral.

o The region benefits from easier access to export markets due to its coastal
location.

3. Other Regions:

o 10% of Indonesia’s copper reserves are scattered across other parts of the
country, including smaller deposits in Java and Kalimantan.

Major Copper Mines in Indonesia

Indonesia’s copper mining industry is dominated by two major mining operations: the
Grasberg Mine and the Batu Hijau Mine. These mines are world-class in scale and
contribute the majority of Indonesia’s copper output.

1. Grasberg Mine:

Location: Papua Province, Eastern Indonesia
Reserves: Estimated at 20 million metric tons of copper, making it one of
the largest copper reserves in the world.

o Operator: PT Freeport Indonesia, a joint venture between Freeport-
McMoRan (48.8%) and the Indonesian government (51.2%).
Production: Produces around 550,000 metric tons of copper annually.
Overview: Grasberg is not only one of the largest copper mines in the
world, but it is also the largest gold mine globally. The mine’s high-grade
copper ore and the associated gold production make it a critical asset for
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Indonesia’s mining sector. Grasberg operates both open-pit and underground
mining operations.

2. Batu Hijau Mine:

Location: Sumbawa Island, Nusa Tenggara

Reserves: Estimated at 4.2 million metric tons of copper.

Operator: Amman Mineral, an Indonesian company that took over the
mine from Newmont Mining.

Production: Produces around 180,000 metric tons of copper annually.
Overview: Batu Hijau is an open-pit copper and gold mine that has been
operational since 2000. It is one of Indonesia’s key copper assets and
contributes significantly to the country’s copper and gold output. The mine
benefits from its proximity to export markets and modern processing
facilities.

3. Elang Project (Upcoming):

O O O O

Location: Sumbawa Island, Nusa Tenggara

Reserves: Estimated at 3.1 million metric tons of copper.

Operator: Amman Mineral.

Overview: Elang is a new copper-gold deposit currently under development
by Amman Mineral. Once operational, it is expected to produce significant
quantities of copper and gold, further enhancing Indonesia’s copper output.

Freeport-McMoRan and Amman Mineral: Key Players in Indonesia’s Copper Sector

Indonesia’s copper industry is dominated by Freeport-McMoRan and Amman Mineral,
which operate the country’s two largest mines—Grasberg and Batu Hijau, respectively.

Freeport-McMoRan (PT Freeport Indonesia): Freeport has been operating in
Indonesia for decades, developing the Grasberg Mine into one of the largest copper
and gold producers in the world. In 2018, the Indonesian government acquired a
majority stake in the mine, but Freeport continues to manage the mine’s operations.
The company is focusing on expanding underground mining at Grasberg as the
open-pit mine nears the end of its life.

Amman Mineral: Amman Mineral took over the Batu Hijau Mine from Newmont
Mining in 2016 and has since become a major player in Indonesia’s mining sector.
The company is expanding its operations on Sumbawa Island, with the Elang
project set to boost production in the near future.

Economic Impact of Copper in Indonesia

Copper mining is an essential part of Indonesia’s economy, contributing to the country’s
export revenues and providing employment in remote regions like Papua and Sumbawa.
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Copper is Indonesia’s third-largest mining export, after coal and palm oil, and the sector
supports thousands of direct and indirect jobs.

Indonesia exports much of its copper production to major markets such as China, Japan,
and South Korea, where it is used in construction, electronics, and manufacturing
industries. The Grasberg Mine, in particular, plays a critical role in Indonesia’s export
earnings due to its combined copper and gold production.

Challenges Facing Indonesia’s Copper Industry

Despite its large copper reserves and production capacity, Indonesia’s copper industry faces
several challenges:

1. Environmental and Social Issues:

o

The Grasberg Mine, located in a sensitive ecological region, has been
subject to environmental concerns over deforestation, water contamination,
and biodiversity loss. Mining activities in Papua have also faced scrutiny for
their impact on local Indigenous communities.

Indonesia’s mining companies are under increasing pressure to adopt more
sustainable practices and mitigate the environmental impacts of copper
extraction.

2. Infrastructure and Accessibility:

o

Papua, where Grasberg is located, is a remote region with limited
infrastructure. Transporting copper concentrate from the mine to processing
facilities and export terminals is costly and logistically challenging. The
rugged terrain and frequent weather disruptions add to the complexity.

The Indonesian government and mining companies are working to improve
infrastructure in these regions, but challenges remain.

3. Regulatory Changes:

o

Indonesia has undergone several changes to its mining laws in recent years,
particularly regarding foreign ownership and export restrictions. In 2017, the
government implemented a ban on the export of unprocessed minerals,
including copper concentrate, to encourage domestic refining and smelting.
While the government has since relaxed these restrictions, the policy
changes have created uncertainty for foreign investors, particularly for
companies like Freeport-McMoRan.

4. Political and Operational Risks:

o

Papua is a politically sensitive region, and mining operations there have
occasionally faced disruptions due to local opposition, protests, and
violence. The region’s history of separatist movements has also created
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tensions, adding to the operational risks for companies like Freeport-
McMoRan.

Sustainability and Future OQutlook

Indonesia’s copper industry is increasingly focusing on sustainability as global demand for
environmentally responsible mining grows. Mining companies operating in Indonesia are
adopting more efficient energy use, water conservation, and tailings management practices.
Amman Mineral and Freeport-McMoRan are investing in renewable energy projects to
power their mining operations and reduce their environmental footprints.

In terms of future production, Indonesia is well-positioned to increase its copper output,
particularly as the Elang Project comes online and underground mining at Grasberg
expands. The country’s strategic location and proximity to key copper markets in Asia
make it an attractive source of copper for growing industries like electric vehicles,
renewable energy, and electronics.

Conclusion

Indonesia holds 2.5% of the world’s copper reserves and is a major copper producer in
Southeast Asia. The country’s copper industry is centered around large-scale operations at
the Grasberg and Batu Hijau mines, operated by Freeport-McMoRan and Amman
Mineral, respectively. Despite challenges related to infrastructure, environmental concerns,
and regulatory uncertainty, Indonesia is well-positioned for future growth, particularly as
global demand for copper continues to rise due to the transition to green technologies and
electric vehicles.

With substantial untapped reserves and new projects like Elang under development,
Indonesia is set to remain a key player in the global copper market for decades to come.

14 - Poland: A Key Copper Producer in Europe

Poland holds significant copper reserves, estimated at 20 million metric tons, which
accounts for around 1.8% of global copper reserves. Copper mining is a crucial sector of
Poland’s economy, with the country being the second-largest copper producer in
Europe, after Russia, and one of the top ten producers globally. In 2023, Poland produced
approximately 450,000 metric tons of copper.

The copper industry in Poland is dominated by KGHM Polska Miedz S.A. (KGHM), one
of the largest copper and silver mining companies in the world. KGHM operates numerous
mining, smelting, and refining operations across Poland and abroad, and is a critical player
in Europe’s supply of copper.

Geographical Distribution of Copper Reserves in Poland
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Poland’s copper reserves are concentrated in the Lower Silesia region, in the southwest of
the country, particularly in the Legnica-Glogéw Copper District (LGOM). This area is
the heart of Poland’s copper mining industry and has been a key copper-producing region
since the 1950s.

1. Lower Silesia (Legnica-Glogéw Copper District):

o 90% of Poland’s copper reserves are found in the Lower Silesia region.

o The Legnica-Glogéw Copper District (LGOM) is home to Poland’s
largest copper mines, including the Lubin, Polkowice-Sieroszowice, and
Rudna mines.

o These operations are underground mines, and the region also hosts
significant silver reserves, making KGHM a major global producer of both
metals.

2. Other Regions:

o The remaining 10% of Poland’s copper reserves are scattered across smaller
deposits in the country. However, these deposits are relatively minor
compared to those in Lower Silesia and have not been extensively
developed.

Major Copper Mines in Poland

Poland’s copper industry is dominated by KGHM Polska Miedz S.A., which operates the
largest copper mines in the country. These underground mining operations are some of the
most efficient and technologically advanced in Europe, producing both copper and
byproduct metals such as silver.

1. Lubin Mine:

Location: Lower Silesia, Legnica-Gltogoéw Copper District

Reserves: Estimated at 8 million metric tons of copper.

Operator: KGHM Polska Miedz S.A.

Production: Produces around 80,000 metric tons of copper annually.
Overview: Lubin is one of KGHM’s oldest mines and remains a key part of
the company’s operations. The mine also produces significant quantities of
silver, making it one of the world’s largest silver producers.

O O O O O

2. Polkowice-Sieroszowice Mine:

Location: Lower Silesia, Legnica-Gltogoéw Copper District

Reserves: Estimated at 6 million metric tons of copper.

Operator: KGHM Polska Miedz S.A.

Production: Produces around 150,000 metric tons of copper annually.
Overview: Polkowice-Sieroszowice is one of the largest copper mines in
Europe. It is known for its modern mining techniques and high productivity,
with both copper and silver being produced in large quantities.

O O O O O

Page 56 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

3. Rudna Mine:

Location: Lower Silesia, Legnica-Gtogow Copper District

Reserves: Estimated at 6 million metric tons of copper.

Operator: KGHM Polska Miedz S.A.

Production: Produces around 220,000 metric tons of copper annually.
Overview: Rudna is the largest copper mine in Poland and one of the most
productive in Europe. It is an underground mine that uses advanced
technology to extract copper from deep reserves, often more than 1,000
meters below the surface.

O O O O O

4. Glogéw Smelter:

Location: Lower Silesia

Operator: KGHM Polska Miedz S.A.

Overview: While not a mine, the Glogéw smelter is an essential part of
Poland’s copper production chain. It processes the copper concentrate from
KGHM’s mines into refined copper, which is sold to both domestic and
international markets.

KGHM Polska Miedz S.A.: The Driving Force in Poland’s Copper Industry

KGHM Polska Miedz S.A. is one of the largest copper producers in the world and is the
dominant player in Poland’s mining sector. The company operates several large-scale
copper mines and smelting facilities in the Legnica-Glogéw Copper District, as well as
international mining operations in countries like Chile, Canada, and the United States.

e Production: KGHM produces more than 450,000 metric tons of copper annually
and is also one of the largest producers of silver, extracting more than 1,200 metric
tons of silver each year. The company’s ability to produce both copper and silver as
byproducts makes it one of the most profitable mining operations in Europe.

e Global Reach: In addition to its operations in Poland, KGHM operates major
international mines, including the Sierra Gorda mine in Chile and the Robinson
Mine in the United States, further enhancing its position as a global copper
producer.

e Innovation: KGHM has been at the forefront of adopting new technologies to
improve efficiency and sustainability in mining operations, such as automated
machinery, digital monitoring systems, and advanced processing techniques.

Economic Impact of Copper in Poland
Copper mining is a vital part of Poland’s economy, particularly in the Lower Silesia

region, where the copper industry supports thousands of jobs. The copper mining sector
contributes to 3% of Poland’s GDP and plays a key role in the country’s export earnings.
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Poland exports a significant portion of its copper to Germany, China, and other European
and Asian markets, where it is used in electronics, construction, and manufacturing.

In addition to copper, Poland is one of the largest producers of silver in the world, with
KGHM’s mines being a major source of the precious metal. This makes Poland’s copper
industry even more valuable on the global stage.

Challenges Facing Poland’s Copper Industry
While Poland’s copper industry is strong and well-established, it faces several challenges:

1. Declining Ore Grades:

o Some of Poland’s copper mines, particularly in the Legnica-Glogow
Copper District, are experiencing declining ore grades, making it more
expensive to extract copper. KGHM has been investing in new exploration
projects and technology to maintain production levels, but this remains a
challenge.

2. Environmental Regulations:

o Poland has strict environmental regulations governing mining operations,
particularly regarding emissions, water usage, and waste management.
Mining companies must invest in cleaner technologies and comply with
European Union (EU) environmental standards, which can increase
operational costs.

3. Labor and Safety Concerns:

o Poland’s mining industry has faced labor disputes in the past, particularly
over working conditions and wages. The underground mining operations in
Lower Silesia are hazardous, with KGHM investing heavily in safety
measures to protect its workers.

4. Energy Costs:

o Poland’s copper mining industry is energy-intensive, and the country’s
reliance on coal for electricity generation can increase energy costs for
mining operations. As Poland transitions to more sustainable energy sources,
mining companies may face higher energy prices, affecting their
competitiveness.

Sustainability and Future Outlook
Poland’s copper industry is increasingly focusing on sustainability and environmental

responsibility. KGHM has implemented a range of initiatives to reduce its environmental
impact, including water recycling, energy efficiency improvements, and waste
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management systems. The company is also investing in renewable energy projects to
power its mining operations, reducing its reliance on coal and lowering its carbon footprint.

In terms of future production, KGHM is actively exploring new deposits and expanding its
international operations. The company’s Sierra Gorda project in Chile and its mining
operations in Canada and the United States are expected to contribute significantly to
global copper supply in the coming years.

Conclusion

Poland holds 1.8% of the world’s copper reserves and is a key player in the global copper
market. The country’s copper industry is centered around the Legnica-Glogow Copper
District in Lower Silesia, where KGHM Polska Miedz S.A. operates some of Europe’s
largest copper mines. Despite challenges related to declining ore grades, environmental
regulations, and energy costs, Poland’s copper industry remains competitive thanks to its
advanced technology and well-established infrastructure.

As global demand for copper continues to grow, particularly in the context of renewable
energy and electric vehicles, Poland is well-positioned to remain a major copper producer.
KGHM’s investments in sustainability and international expansion will ensure that
Poland’s copper industry continues to thrive for decades to come.

15 - Brazil: An Emerging Copper Producer in Latin America

Brazil holds significant copper reserves, estimated at around 17 million metric tons,
representing about 1.5% of the world's copper reserves. While Brazil is more famous for its
iron ore and gold production, copper has grown in importance over the past few decades. In
2023, Brazil produced around 400,000 metric tons of copper, making it one of the largest
copper producers in Latin America, after Chile and Peru.

Copper mining in Brazil is dominated by large mining companies, both domestic and
international, with several significant projects focused on expanding production. Brazil's
copper sector plays a critical role in the country's economy, especially in regions like Para
and Goias, where mining is a significant economic driver.

Geographical Distribution of Copper Reserves in Brazil

Brazil’s copper reserves are primarily concentrated in the Northern and Central-Western
regions, especially in the states of Para, Goias, and Mato Grosso.

1. Para (Northern Brazil):

o 40% of Brazil’s copper reserves are located in the state of Para.
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o This region is home to the Carajas mining complex, one of the largest and
richest mining regions in the world, which produces copper, iron ore, and
other minerals.

o The Salobo and Sossego copper mines are key operations in this region,
contributing significantly to Brazil’s copper production.

2. Goias (Central-Western Brazil):

o 35% of Brazil’s copper reserves are found in Goias, another critical mining
region.

o The state hosts important copper mining projects, such as Chapada and
Caeté, which have been vital in boosting the country’s output.

3. Mato Grosso (Central-Western Brazil):

o 15% of the copper reserves are located in Mato Grosso, where smaller but
significant copper deposits are being explored and developed.

o Mato Grosso is primarily known for agriculture, but mining, especially
copper, has become an important part of the economy.

4. Other Regions:

o The remaining 10% of Brazil’s copper reserves are scattered across other
states, including Minas Gerais, which has a long history of mining,
although copper production here is less prominent than other minerals like
iron ore and gold.

Major Copper Mines in Brazil

Brazil's copper mining sector is dominated by a few large-scale mines, with Vale and
Lundin Mining being key operators in the industry. These mines are primarily located in
Para and Goids, contributing most of the country's copper production.

1. Salobo Mine:

Location: Para, Carajas Mining Complex

Reserves: Estimated at 1.7 million metric tons of copper.

Operator: Vale S.A., the largest mining company in Brazil.

Production: Produces around 200,000 metric tons of copper annually.
Overview: Salobo is one of Brazil’s largest copper mines and also produces
significant amounts of gold as a byproduct. Located in the Carajas region,
this mine benefits from its proximity to existing mining infrastructure,
including railroads and ports, making it an essential part of Vale’s copper
operations.

O O O O O
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2. Sossego Mine:

O O O O O

Location: Pard, Carajas Mining Complex

Reserves: Estimated at 1.1 million metric tons of copper.

Operator: Vale S.A.

Production: Produces around 100,000 metric tons of copper annually.
Overview: Sossego was the first large copper mine in the Carajas region,
and its development marked Brazil’s entry into large-scale copper
production. The mine is an open-pit operation with an associated processing
plant that produces copper concentrate for export.

3. Chapada Mine:

O O O O O

Location: Goids

Reserves: Estimated at 1.4 million metric tons of copper.

Operator: Lundin Mining, a Canadian-based mining company.
Production: Produces around 60,000 metric tons of copper annually.
Overview: Chapada is a large-scale copper-gold mine that Lundin Mining
acquired from Yamana Gold in 2019. The mine has both open-pit and
underground operations, and Lundin has been investing in expanding
production and exploration to extend the mine’s life.

4. Boa Esperanca Project:

O O O O

Location: Para

Reserves: Estimated at 500,000 metric tons of copper.

Operator: Ero Copper, a Canadian company with operations in Brazil.
Overview: Boa Esperanca is a new copper development project in Para,
expected to start production in the coming years. The project has significant
potential to boost Brazil’s copper output once fully operational.

5. Caraiba (MCSA Mining Complex):

O O O O O

Location: Bahia

Reserves: Estimated at 300,000 metric tons of copper.

Operator: Ero Copper.

Production: Produces around 40,000 metric tons of copper annually.
Overview: The MCSA Mining Complex is another important copper mine
in Brazil, focused on both open-pit and underground operations. The mine is
part of Ero Copper’s broader expansion plans in Brazil.

Page 61 of 70



RCME

RELIABILITY CENTERED MAINTENANCE ENGINEERING

Vale and Lundin Mining: Key Players in Brazil’s Copper Industry
Brazil’s copper industry is dominated by two main players: Vale S.A. and Lundin Mining.

e Vale S.A.: Vale is Brazil’s largest mining company and one of the largest globally.
While Vale is better known for its iron ore operations, it is also a major player in the
copper sector, with the Salobo and Sossego mines being its key copper assets. Vale
is focusing on expanding its copper operations to meet growing global demand for
the metal, particularly in renewable energy and electric vehicle (EV) applications.

e Lundin Mining: Lundin Mining is a Canadian company that operates the Chapada
Mine in Brazil. The company acquired Chapada in 2019 and has since been
investing in the mine to expand production and extend its operational life. Lundin
Mining is also actively exploring for additional copper deposits in Brazil.

Economic Impact of Copper in Brazil

Copper mining is a vital part of Brazil’s economy, particularly in regions like Para and
Goias, where mining is a major source of employment and income. The copper sector
provides direct jobs to thousands of workers and indirectly supports many more through
related industries, including transport, services, and manufacturing.

Brazil exports most of its copper production to key markets like China, Japan, and South
Korea, where copper is used in construction, electronics, and renewable energy
infrastructure. Copper’s importance is expected to grow as global demand rises for electric
vehicles, solar panels, and wind turbines, all of which require significant amounts of
copper.

Challenges Facing Brazil’s Copper Industry

While Brazil’s copper sector is growing, it faces several challenges that could impact its
future development:

1. Environmental Concerns:

o Brazil’s copper mines are located in environmentally sensitive areas,
particularly in the Amazon region of Para. Deforestation, water usage, and
waste management are significant issues that mining companies must
address to minimize their environmental impact.

o Vale, in particular, has faced scrutiny after the 2019 Brumadinho dam
disaster, although that incident was related to iron ore tailings. The
company has since been under pressure to improve safety and environmental
standards across all of its operations, including copper mining.
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2. Infrastructure Needs:

o  While the Carajas mining complex in Para benefits from well-developed
infrastructure, including railroads and ports, other regions such as Goias and
Mato Grosso face challenges related to transportation and logistics.
Improving access to remote mining areas and ensuring reliable energy
supplies are critical for the industry’s continued growth.

3. Regulatory and Licensing Issues:

o Brazil’s mining sector is heavily regulated, and obtaining mining licenses
can be a slow and complex process. The country’s regulatory framework has
been criticized for being inefficient, which can delay the development of
new copper projects. Recent efforts by the Brazilian government to
streamline the licensing process have been welcomed by the industry but are
still evolving.

4. Fluctuating Commodity Prices:

o Like other copper-producing countries, Brazil’s mining sector is sensitive to
global copper prices. While demand for copper is expected to rise in the long
term due to the transition to green technologies, short-term volatility in
copper prices can affect profitability and investment in the sector.

Sustainability and Future Outlook

Brazil’s copper industry is focusing on sustainability and reducing its environmental
footprint. Major companies like Vale and Lundin Mining are investing in renewable
energy to power their operations, reduce greenhouse gas emissions, and improve water
management practices. For example, Vale has committed to reducing its carbon emissions
by adopting cleaner technologies across its mining operations, including copper.

In terms of future production, Brazil is well-positioned to increase its copper output.
Ongoing exploration in regions like Para and Goias could lead to the discovery of new
copper deposits, while projects like the Boa Esperanca development are expected to come
online in the coming years. As global demand for copper continues to grow, particularly in
the context of electric vehicles and renewable energy, Brazil’s copper industry is likely to
benefit from increased investment and development.

Conclusion

Brazil holds 1.5% of the world’s copper reserves, positioning it as a growing player in
the global copper industry. While not as dominant as Chile or Peru, Brazil’s copper sector
is expanding, driven by large mining operations in Para and Goias. Key mines like Salobo,
Sossego, and Chapada, operated by major companies such as Vale and Lundin Mining,
are vital contributors to the country’s production and economic growth.
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Brazil’s copper industry faces challenges, including environmental concerns, infrastructure
development, and regulatory complexities. However, with continued investments in
technology, infrastructure, and sustainable practices, Brazil is poised to strengthen its
copper production. The country’s strategic focus on sustainability and renewable energy
aligns with global trends, particularly the growing demand for copper in electric vehicles,
solar energy, and green technologies.

As global demand for copper continues to rise, Brazil’s role as a reliable and sustainable
supplier of copper is expected to grow, positioning the country as a key player in the
evolving global copper market.

16 - Copper Reserves "Rest of the World"

While the largest copper producers such as Chile, Peru, and Australia dominate headlines
and global market shares, numerous other countries around the world play a critical role in
the global copper supply chain. These nations, often less recognized for their copper
industries, collectively contribute significantly to global copper reserves and production.
Countries like Mongolia, Saudi Arabia, and the Philippines may not match the sheer
volume of copper output from the major producers, but they hold strategically important
reserves that are vital for meeting future demand.

As global industries continue to shift toward greener technologies and electrification, the
importance of tapping into these smaller but essential copper reserves becomes more
pronounced. The exploration and development of copper in these regions not only help
diversify the global copper supply but also provide economic opportunities for nations
looking to strengthen their mining sectors.

1. Mongolia

e Reserves: Estimated at 6 million metric tons (1.3% of global reserves).

e Production: Around 140,000 metric tons of copper annually.

e Key Mines: Oyu Tolgoi (operated by Rio Tinto and the Mongolian government),
one of the largest copper and gold deposits globally.

e Overview: Mongolia’s Oyu Tolgoi mine is a world-class operation and a critical
part of the Mongolian economy. It is expected to become one of the top-producing
copper mines globally when fully operational.

2. Uzbekistan

e Reserves: Estimated at 5.5 million metric tons (1.1% of global reserves).

e Production: Around 120,000 metric tons of copper annually.

o Key Mines: The Almalyk Mining and Metallurgical Complex (AMMC), the
largest copper producer in Uzbekistan.
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e Overview: Uzbekistan’s copper sector is primarily focused on the Almalyk
Complex, which is one of the largest producers in Central Asia. The government is
actively working to expand copper production to meet growing demand.

3. Iran

e Reserves: Estimated at 3 billion metric tons (1.1% of global reserves).

e Production: Around 230,000 metric tons annually.

o Key Mines: Sarcheshmeh, Miduk, operated by the National Iranian Copper
Industries Company (NICICO).

e Overview: Iran is a major player in copper production in the Middle East, with
significant reserves and high production levels. The country has large copper mines
like Sarcheshmeh, despite the challenges of international sanctions.

4. Saudi Arabia

e Reserves: Estimated at 4.5 million metric tons (0.9% of global reserves).

e Production: Around 75,000 metric tons annually.

o Key Mines: Jabal Sayid, a joint venture between Barrick Gold and Ma’aden,
Saudi Arabia’s mining company.

e Overview: Saudi Arabia is increasingly investing in the mining sector as part of its
efforts to diversify its economy. Jabal Sayid is a key part of the country’s growing
copper industry.

5. Afghanistan

o Reserves: Estimated at 6 million metric tons (1.1% of global reserves).

o Production: Still in the early stages, with much of the reserves unexplored.

o Key Mines: Aynak Copper Mine, a significant deposit being developed by
Chinese investors.

e Overview: Afghanistan’s copper reserves are vast but remain largely untapped due
to political instability and security concerns. The development of the Aynak mine
could significantly boost the country’s copper output in the future.

6. Turkey

e Reserves: Estimated at 4.5 million metric tons (0.9% of global reserves).

e Production: Around 100,000 metric tons annually.

e Key Mines: Cayeli and Madenkoy, operated by Inmet Mining Corporation and
Eti Bakir.

e Overview: Turkey has been steadily increasing its copper production, thanks to its
domestic mining industry and favorable geographical location for exports to Europe
and Asia.
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7. Philippines

o Reserves: Estimated at 4 million metric tons (0.8% of global reserves).

e Production: Around 75,000 metric tons annually.

e Key Mines: Tampakan Copper-Gold Project (under development), Carmen
Copper Mine.

e Overview: The Philippines has large copper reserves but faces challenges in fully
developing its mining potential due to environmental concerns and regulatory
issues. The Tampakan project, if completed, could significantly boost the country’s
copper output.

8. Serbia

e Reserves: Estimated at 1.5 million metric tons (0.3% of global reserves).

e Production: Around 40,000 metric tons annually.

o Key Mines: Bor Copper Mine, operated by Zijin Mining Group.

e Overview: Serbia’s copper industry is small but growing, with recent investments
from Chinese companies like Zijin Mining leading to increased production from
the Bor mining complex.

9. Pakistan

e Reserves: Estimated at 5.9 million metric tons (1.2% of global reserves).

e Production: Currently limited.

e Key Mines: The Reko Diq mine in Balochistan.

e Overview: Pakistan’s Reko Diq mine is one of the world’s largest undeveloped
copper and gold deposits. However, political and legal issues have delayed its
development. The mine has the potential to make Pakistan a significant copper
producer in the future.

10. Papua New Guinea

e Reserves: Estimated at 6 million metric tons (1.1% of global reserves).

e Production: Around 65,000 metric tons annually.

o Key Mines: Ok Tedi, one of the largest copper and gold mines in the country.

e Overview: Papua New Guinea is known for its significant copper and gold
production. The Ok Tedi mine is a major source of revenue for the country, and
new exploration projects are underway to expand its production.

11. Argentina

e Reserves: Estimated at 6.5 million metric tons (1.2% of global reserves).
e Production: Around 120,000 metric tons annually.
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e Key Mines: Bajo de la Alumbrera, Agua Rica (developing), operated by
Yamana Gold and Glencore.

o Overview: Argentina’s copper sector is expanding, with major projects such as
Agua Rica under development. Once fully operational, these projects are expected
to increase the country’s copper output significantly.

12. Vietnam

e Reserves: Estimated at 4 million metric tons (0.8% of global reserves).

e Production: Small but growing.

e Key Mines: Sin Quyen copper mine.

e Overview: Vietnam has begun to explore its copper mining potential in recent
years, with small-scale operations currently producing copper. The country’s copper
industry is expected to grow as new exploration projects are completed.

13. South Africa

e Reserves: Estimated at 5 million metric tons (1% of global reserves).

e Production: Around 80,000 metric tons annually.

o Key Mines: Palabora Copper Mine, operated by Palabora Mining Company.

e Overview: South Africa’s copper production is relatively small compared to its
gold and platinum output, but the Palabora mine remains an important source of
copper. There are also ongoing exploration efforts to find new copper deposits in
the country.

14. Namibia

e Reserves: Estimated at 4 million metric tons (0.8% of global reserves).

e Production: Around 30,000 metric tons annually.

o Key Mines: Tschudi Copper Mine, operated by Weatherly International.

e Overview: Namibia’s copper sector is growing, with mines like Tschudi
contributing to the country’s economy. Namibia also has significant potential for
future copper exploration.

15. Botswana

e Reserves: Estimated at 2 million metric tons (0.4% of global reserves).

e Production: Around 20,000 metric tons annually.

e Key Mines: Khoemacau Copper Mine.

e Overview: Botswana is a smaller copper producer, but the opening of the
Khoemacau copper mine has increased its output. The country is looking to
diversify its mining sector beyond diamonds, with copper playing a key role in that
effort.
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16. North Macedonia

e Reserves: Estimated at 1 million metric tons (0.05% of global reserves).

e Production: Small but developing.

e Key Mines: Bucim Copper Mine.

e Overview: North Macedonia’s copper mining industry is small, with operations
centered around the Bucim mine. There are plans to explore additional copper
deposits in the future.

Conclusion for the Rest of the World

These countries, though not possessing the largest copper reserves, contribute to global
copper production, making up an important part of the copper supply chain. As global
demand for copper continues to grow, particularly in sectors like renewable energy and
electric vehicles, these nations are likely to play a more significant role in the future. Many
of these countries are ramping up exploration and development projects to capitalize on the
rising demand for this essential metal.

17 - Ranking of Global Copper Refining Market Share

To rank the major mining companies by their share of global copper refining and
concentrate production, we will estimate their percentages based on available data. The
copper industry is highly consolidated, with a few companies controlling significant market
shares of copper production and refining. Global copper production was approximately 22
million metric tons in 2023, and we can use this figure as a baseline to estimate each
company's contribution.

Here is an estimated breakdown of the annual copper production/refining capacity by these
leading companies:

Company ég;;:: l;:f(;l:gtion Global Share (%)
Codelco 1.7 million metric tons ~8%
Freeport-McMoRan 1.45 million metric tons ~6.5%
Jiangxi Copper Company 1.3 million metric tons ~6%
Glencore 1.26 million metric tons ~5.7%
BHP 1.2 million metric tons ~5.5%
Southern Copper Corporation 1 million metric tons ~4.5%
Antofagasta 700,000 metric tons ~3.2%
Anglo American 650,000 metric tons ~3%
KGHM Polska Miedz S.A. 570,000 metric tons ~2.6%
Sumitomo Metal Mining 450,000 metric tons ~2%
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Conclusion

The global copper refining landscape is dominated by a few large companies that control
significant portions of the market. These companies are responsible for refining millions of metric
tons of copper annually, playing a critical role in supplying copper to industries worldwide. Their
vertically integrated operations, from mining to smelting and refining, allow them to maintain
control over the copper supply chain, ensuring a steady flow of copper to meet the growing global
demand, particularly in electronics, renewable energy, and construction. As the demand for
copper continues to grow, these companies are likely to maintain or even expand their market
share through investment in new technologies and resources.
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18 - List of the company names mentioned in this paper:

Codelco

Freeport-McMoRan

BHP

Jiangxi Copper

Antofagasta PLC

Rio Tinto

Anglo American

Glencore

China Molybdenum Co. Ltd. (CMOC)

10. Southern Copper Corporation

11. Grupo México

12. Vedanta Resources

13. First Quantum Minerals

14. Barrick Gold Corporation

15. China Nonferrous Metal Mining Corporation (CNMC)
16. MMG Limited

17. Evolution Mining

18. Ural Mining and Metallurgical Company (UMMC)
19. Norilsk Nickel (Nornickel)

20. Russian Copper Company (RCC)

21. Ivanhoe Mines

22. Zijin Mining Group

23. China National Machinery Import and Export Corporation (CMC)
24. Korea Resources Corporation (KORES)

PR DS N=

These are the key mining and related companies mentioned throughout the document.
19 - Credit Statement:

This document was prepared with the support of an Al language model, which provided
synthesized insights based on publicly available data. The information regarding global
copper reserves, major copper-producing countries, and leading companies in the mining
industry was generated based on general knowledge and industry trends. While we do not
directly access proprietary databases or specific real-time sources, it incorporates a wide
range of publicly accessible industry reports, government publications, and market analyses
available. For specific data points, it is recommended to cross-check with authoritative
sources such as the International Copper Study Group (ICSG), the US Geological Survey
(USGS), financial reports from major mining companies like Codelco, Freeport-McMoRan,
and BHP, and other relevant industry research.
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