Copper

The name “copper” is derived from the Old English name 'coper' in turn derived from the Latin
'‘Cyprium aes', meaning a metal from Cyprus.

It is a chemical element with the symbol Cu and atomic number 29. It is one of the few metals
that can occur in nature in a directly usable metallic form.

Historically, copper was the first metal to be worked by people. The discovery that it could be
hardened with a little tin to form the alloy bronze gave the name to the Bronze Age.

A copper pendant discovered in what is now northern Iraq has been dated about 8700 B.C. For
nearly five millennia copper was the only metal known to man, and thus had all the metal
applications. Evidence suggests that gold and meteoric iron (but not smelted iron) were the only
metals used by humans before copper. The history of copper metallurgy is thought to follow this
sequence: First, cold working of native copper, then annealing, smelting, and, finally, lost-wax
Doékiming. In southeastern Anatolia, all four of these techniques appeared more or less
simultaneously at the beginning of the Neolithic c. 7500 BC.

Experience with copper has assisted the development of other metals; in particular, copper

smelting led to the discovery of iron smelting. Production in the Old Copper Complex in
Michigan and Wisconsin is dated between 6000 and 3000 BC. Natural bronze, a type of copper
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made from ores rich in silicon, arsenic, and (rarely) tin, came into general use in the Balkans
around 5500 BC.

Copper smelting was independently invented in different places. It was probably discovered in
China before 2800 BC, in Central America around 600 AD, and in West Africa about the 9th or
10th century AD. Investment Dokuming was invented in 4500-4000 BC in Southeast Asia and
carbon dating established mining at Alderley Edge in Cheshire, UK, at 2280 to 1890 BC. Otzi
the Ilceman, a male dated from 3300 to 3200 BC, was found with an ax with a copper head
99.7% pure; high levels of arsenic in his hair suggest an involvement in copper smelting.

The Bronze Age suddenly ended at about 1200 BC, with the general collapse of the ancient
world and the interruption of international trade routes. The supply of tin in particular dried up
and the Iron Age was ushered in, not because iron was a superior material, but because it was
widely available.

Economy in the use of copper and its alloys was necessitated by early trade interruptions, and
the efficiency in use and re-use has continued from that day to this.

Copper is the third most used metal in the world with Chile(5.6 million mt as of 2021) as its
biggest producer and China as its biggest importer (more than 23 million mt by 2021).

Definition

Copper is a reddish-gold colored metal that is ductile, malleable, and an effective conductor of
heat and electricity. Copper was the first metal to be worked with by humans in several regions,
from circa 8000 BC and is among the most widely used metals today. Pure copper is orange-red
and acquires a reddish tarnish when exposed to air. It is one of a few metallic elements with a
natural color other than gray or silver. It is present in the Earth's crust in a proportion of about 50
parts per million (ppm).

The largest mass of elemental copper discovered weighed 420 tonnes and was found in 1857
on the Keweenaw Peninsula in Michigan, US.

Group 11 Melting point | 1084.62°C, Boiling Point | 2560°C,
1984.32°F, 1357.77 K 4640°F, 2833 K
Period 4 Dencity 8.96 g cm-3 Relative 63.546
atomic mass
Block d State at 20°C | Solid Key isotopes | ®3Cu
Atomic 29 Electron [Ar] 3d"%4s’ CAS number | 7440-50-8
number configuration
ChemSpider ID: 22414 ChemSpider is a free chemical structure database
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Where it is used

Not until about 4000 BC did gold appear on the scene as man's second metal. By 3000 B.C.,
silver and lead were being used and the alloying of copper had begun, first with arsenic and
then with tin. For many centuries, bronze reigned supreme, being used for plows, tools of all
kinds, weapons, armor, and decorative objects. Though copper came from the island of
Cyprus-from whence its name-and numerous other sites in the Middle East, the origin of the tin
in the bronze is still a mystery.

Traditionally it has been one of the metals used to make coins, along with silver and gold.
However, it is the most common of the three and therefore the least valued.

In 2021, global refined copper usage stood at nearly 25.3 million metric tons. Most of the world's
copper is used in electrical applications, but also in architecture, automotive, electrical, tube,
pipe and fittings, fuel gas, industrial, marine, machined products, and telecommunications.
Copper sulfate is used widely as an agricultural poison and as an algicide in water purification.

Copper compounds, such as Fehling’s solution, are used in chemical tests for sugar detection.

Copper is an essential element. An adult human needs around 1.2 milligrams of copper a day,
to help enzymes transfer energy in cells. Excess copper is toxic.

Genetic diseases, such as Wilson’s disease and Menkes’ disease, can affect the body’s ability
to use copper properly.
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Copper varieties and alloys
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In nature, copper occurs in a variety of minerals, including native copper, copper sulfides such
as chalcopyrite, bornite, digenite, covellite, and chalcocite, copper sulfosalts such as
tetrahedite-tennantite, and enargite, copper carbonates such as azurite and malachite, and as
copper(l) or copper(ll) oxides such as cuprite and tenorite, respectively.

There are as many as 400 different copper and copper alloy compositions loosely grouped into
the categories: copper, high copper alloy, brasses, bronzes, copper nickels, copper—nickel-zinc
(nickel silver), leaded copper, and special alloys. Copper is obtained from these ores and
minerals by smelting, leaching and electrolysis.
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Mechanical properties of common copper alloys

Yield
strength
Nominal (0.2% |Tensile |Elongation |Hardness
composition |Form and offset, [strength [in 2 inches [(Brinell
Name (percentages) |condition ksi) (ksi) (percent) [scale) Comments
Copper
(ASTM B1, Electrical
B2, B3, B152, equipment,
B124, R133) [Cu 99.9 Annealed 10 32 45 42 roofing, screens
" " Soguk cekilmis |40 45 15 90 "
Soguk
" " haddelenmis 40 46 5 100 "
Gilding metal |Cu 95.0, Zn |Soduk Coins, bullet
(ASTM B36) |5.0 haddelenmis 50 56 5 114 jackets
Good for
Cartridge cold-working;
brass (ASTM radiators,
B14, B19, hardware,
B36, B134, Cu 70.0, Zn Soguk electrical, drawn
B135) 30.0 haddelenmis 63 76 8 155 cartridge cases.
Phosphor High
bronze (ASTM fatigue-strength
B103, B139, |[Cu 89.75, Sn and spring
B159) 10.0, P 0.25 |Yay menevisi = 122 4 241 qualities
Yellow or High
brass (ASTM
B36, B134, Cu 65.0, Zn Good corrosion
B135) 35.0 Annealed 18 48 60 55 resistance
" " Soduk cekilmis |55 70 15 115 "
Soguk
haddelenmis
" " (HT) 60 74 10 180 "
Cu 58.5, Zn
Manganese 39.2, Fe 1.0,
bronze (ASTM [Sn 1.0, Mn
138) 0.3 Annealed 30 60 30 95 Forgings
" " Soguk cekilmis |50 80 20 180 "
Cu 60.0, Zn
Naval brass 39.25, Sn Resistance to
(ASTM B21) [0.75 Annealed 22 56 40 90 salt corrosion
" " Soguk cekilmis |40 65 35 150 "
Muntz metal |[Cu 60.0, Zn
(ASTM B111) [40.0 Annealed 20 54 45 80 Condenser tubes
Aluminum
bronze (ASTM
B169 alloy A, |Cu 92.0, Al
B124, B150) (8.0 Annealed 25 70 60 80 —
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! " Hard 65 105 7 210 "
Electrical,
valves, pumps,
oilfield tools,
Beryllium aerospace
copper (ASTM |Cu 97.75, Be B60 landing gears,
B194, B196, |2.0, Co or Ni |Annealed, (Rockwell Jrobotic welding,
B197) 0.25 solution-treated |32 70 45 ) mold making
B81
Soguk (Rockwell
" " haddelenmis 104 110 5 ) "
B8O
Free-cutting |Cu 62.0, Zn (Rockwell |Screws, nuts,
brass 35.5, Pb 2.5 [Soduk cekilmis |44 70 18 ) gears, keys
Nickel silver |Cu 65.0, Zn
(ASTM B122) |17.0, Ni 18.0 |Annealed 25 58 40 70 Hardware
Soguk
" " haddelenmis 70 85 4 170 "
Easy to
Cu 76.5, Ni machine;
Nickel silver [12.5, Pb 9.0, ornaments,
(ASTM B149) |Sn 2.0 Dokim 18 35 15 55 plumbing
Cupronickel Cu 88.35, Ni
(ASTM B111, ]10.0, Fe 1.25, Condenser,
B171) Mn 0.4 Annealed 22 44 45 - salt-water pipes
Soguk gekilmis
" " tube 57 60 15 = "
Heat-exchange
Cu 70.0, Ni equipment,
Cupronickel 30.0 Dévme - - - - valves
Ounce
metal[5]
Copper alloy
C83600 (also
known as
"Red brass"
or
"composition |Cu 85.0, Zn
metal") 5.0, Pb 5.0,
(ASTM B62) |Sn 5.0 Dokim 17 37 25 60 =
Varies Cu
80-90%, Zn
<5%, Sn
Gunmetal ~10%,
(known as +other
"red brass" in |elements@
us) <1%
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Copper in the world
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Due to the economic developments in the world, high living standards, increasing developments
in electricity, electronics and industry have further increased the need for copper reserves.

In 2021, global refined copper usage stood at nearly 25.3 million metric tons. Usage over the
period grew by a compound annual growth rate of 3.3% per year. From 2010 to 2021, refinery
copper usage increased by 6.1 million metric tons.

Mine production trends and rankings of top producing mines by the five most valuable mined

commodities are gold, copper, iron ore, nickel and zinc.

Distribution of refined

Asia 72% . .
copper usage worldwide in
2021, by region(by Statista)
Europe 16%
North America 9%
Latin America 2%
Africa 1%

Oceania |0.02%
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https://www.usgs.gov/media/images/global-copper-map-0
https://www.statista.com/statistics/1180230/refined-copper-consumption-distribution-by-world-region/

Reserves

Copper reserves by 2020
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In the period 2000-2021, 373 million tonnes of copper have been mined. In that same period,
however, reserves have grown by 447 million tonnes to 880 million tonnes of copper.

According to the Copper Alliance about 10% of identified resources have been mined
throughout history. Plus, nearly all of that mined copper is still in circulation, as the red metal’s
recycling rate is higher than that of any other engineering metal.

According to the most recent data from the US Geological Survey, the countries with the largest
copper coffers are Chile, Australia, Peru, Russia and Mexico.

With 200 million metric tons (MT) of copper reserves as of 2020, Chile has the world's largest
copper reserves. In addition, Chile is the world's largest copper producer, with a total of 5.7
million metric tons of copper mined in 2020. Australia (93 million MT), Peru (77 million MT),
Russia (62 million MT) and Mexico (53 million MT) have the world's largest copper reserves
after Chile.
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The future availability of minerals is based on the concept of reserves and resources.

2021 World Copper Reserves & Mine Production
(undiscovered resources not including deep sea nodules and land-based
and submarine massive sulphides - contained copper)

Total Resources
(identified and undiscovered)
5,600 million tonnes (Mt)

Identified Resources
2,100 Mt

Reserves
880 Mt

Mine Capacity
26.0 Mt

1/ Source: USGS (resources/reserves data) and ICSG (capacity/production data)

https://icsg.ora/copper-factbook/

Reserves are deposits that have been discovered, evaluated and assessed to be
economically profitable to mine. Undiscovered deposits that are predicted based on
preliminary geological surveys. Above you can see the total numbers of identified and

undiscovered copper reserve amounts. Below you can see the undiscovered copper percentage

of reserves spread around the World.

Undiscovered Copper Reserves (2021)
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https://copperalliance.org/wp-content/uploads/2021/01/2020_10_13_ICSG_Factbook_2020.pdf
https://copperalliance.org/wp-content/uploads/2021/01/2020_10_13_ICSG_Factbook_2020.pdf

The top 20 copper mines as you may see below are mostly in America continents.

TOP 20 COPPER MINES BY CAPACITY (BASIS 2022)
Thousand metric tonnes copper
Source: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

Mine Country Capacity
Escondida Chile 1510
Grasberg Indonesia 800
Collahuasi Chile 630
4 Morenci USA 570
Buenavista del Cobre (former Cananea) Mexico 525
6 Cerro Verde Il (Sulphide) Peru 500
Antamina Peru 450
Polar Division (Norilsk/ Talnakh Mills) Russia 450
Las Bambas Peru 400
El Teniente Chile 399
Los Pelambres Chile 380
Cobre Panama Panama 360
Radomiro Tomic Chile 350
Kamoa-Kakula Congo 340
Kansanshi Zambia 340
Los Bronces Chile 340
Chuquicamata Chile 330
Kamoto Congo 300
Toromocho Peru 300
Spence Chile 285
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Production

Copper Production by Countries
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This map was prepared in excel, and its 2020 data is from World Mining Data.

Nowadays, in 2023 the era of electric vehicles and similar technologies is still on the horizon,
meaning a shift in copper supply and demand is also around the corner. Copper mining
activities will struggle to meet this growing demand as new copper deposits discovery rates are
lagging, and current operating mines are declining. It is estimated that copper mining supply
shortfalls could reach ~ 15 million tonnes by 2034. According to S&P Global’'s worst-case
projection, the copper shortfall could reach around 20% of consumption by 2035.
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World Copper Production by Years
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by World Mining Data

According to World Mining Data, with 880 million metric tons (MT) of copper reserves and
around 21 million metric tons(MT) copper production as of 2021, Chile has the world's largest
copper reserves. In addition, Chile is the world's largest copper producer, with a total of 5.7

million metric tons of copper mined in 2021.

2021E COPPER Y
PRODUCTION BY COUNTRY

in million tonnes (MT) Chile is home to the two
largest mines in the world,

Escondida and Collahuasi.
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By Visual Capitalist

America continents dominate copper production, as these regions collectively host 15 of the 20

largest copper mines.
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Here is the difference between 1960 and 2021 in copper production among regions of the world.

Copper production % by Region
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The list below has compiled of the biggest copper-producing companies based on their market
capitalization and annual copper production.

Codelco is a Chilean state-owned copper mining company. It is the largest
copper-producing company in the world.
The company produced 1.73 million metric tonnes of copper in 2021.

1. Codelco Revenue in 2021: Moreover, in the last decade, Codelco’s copper production peaked in 2015 at 1.89 million
(Private) $21B metric tonnes of copper produced.
2. BHP Group  Market Cap as of
Limited November 25: BHP Group Limited is an Australian mining company. It mines copper, iron ore, gold,
(NYSE:BHP) $213.25B molybdenum, zinc, silver, and coal.
3. Rio Tinto Market Cap as of
Group November 25: Rio Tinto Group engages in the exploration, mining, and processing of aluminum, copper,
(NYSE:RIO) $106.50 B diamonds, gold, borates, titanium dioxide, salt, iron ore, and lithium.

Market Cap as of Glencore plc is an Anglo-Swiss mining company headquartered in Baar, Switzerland.
4. Glencore plc  November 25: The company produced 770.5 kilometric tonnes of copper in the first nine months of the
(OTC:GLNCY) $85.464 B year 2022.

Market Cap as of
5. Vale S.A. November 25: $71.1  Vale S.A. is a Brazilian metals and mining company. It is also the country’s biggest
(NYSE:VALE) B logistics operator.

Anglo American plc is a British mining company that produces copper, diamonds, iron,

nickel, platinum, and coal.

It is the largest platinum producer in the world and accounts for approximately 40% of the
6. Anglo global output.
American plc Market Cap as of Copper accounts for 20% of Anglo American plc (OTC:NGLOY)'’s total EBITDA.
(OTC:NGLOY) November 25: $54 B  The company produced 647 kilotonnes of copper in 2021.

7. Market Cap as of Freeport-McMoRan Inc. is an Arizona-based mining company focusing on molybdenum,
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Freeport-McMo November 25:

Ran Inc. $52.17 B
(NYSE:FCX)

8. Southern

Copper Market Cap as of

Corporation November 25: $44.5
(NYSE:SCCO) B

9. Newmont Market Cap as of
Corporation November 25:
(NYSE:NEM) $35.18 B

10. Zijin Mining

Group

Company Market Cap as of
Limited November 25: $34.7
(OTC:ZIUMF) B

11. Teck

Resources Market Cap as of
Limited November 25: $16.9
(NYSE:TECK) B

12. First

Quantum Market Cap as of

Minerals Ltd. November 25:
(OTC:FQVLF) $16.06 B

13. Antofagasta Market Cap as of
plc November 25: $15.8
(OTC:ANFGF) B

14. Newcrest Market Cap as of
Mining Limited  November 25: $11.75
(OTC:NCMGY) B

15. KGHM

Polska Miedz

S.A. Market Cap as of
(OTC:KGHPF) November 25: $5.1 B

copper, and gold. The company operates the largest goldmine in the world.

Southern Copper Corporation is a copper exploration and mining company that operates in
Peru, Mexico, Argentina, Ecuador, and Chile.
The company has the world’s largest copper reserves at 42.4 million tons of copper.

Newmont Corporation is a Colorado-based mining company that focuses on copper, gold,
silver, zinc, and lead.

The company is planning to reduce its carbon emissions by 30% by 2030, for which it
plans to invest $500 million through 2025 on renewable energy projects.

Zijin Mining Group Company Limited is a mining company based in Mainland China.
Among Chinese companies, Zijin controls the largest reserves of copper and gold. In Q2
2022,

it was the fifth-largest copper-producing company after producing 216 kilotonnes of
mine-produced copper.

Teck Resources Limited is a Canadian mining company with 23% of its revenues coming
from copper production.

Teck Resources Limited has a plan to boost its copper production from the current annual
average of 340 kilotonnes to 1.5 million tonnes by 2033.

First Quantum Minerals Ltd. is a Canadian minerals and mining company. The company
produced 743,000 metric tonnes of copper in 2021.

The company lowered its copper production output for FY2022 to 755,000 — 785,000
tonnes from the prior outlook of 790,000 — 855,000 tonnes.

Antofagasta plc is a London-based copper mining company.

In 2021, the company produced 721,500 tonnes of copper, making it one of the biggest
copper producers in the world.

However, the company guided its 2022 copper production to 640-660,000 tonnes after
producing over 700 kilotonnes of copper for the past few years.

The company produced 120,650 tonnes of copper in FY2022 and provided an outlook for
2023 at 135 - 155 kilotonnes.

In the first three quarters of 2022, the company produced 557 thousand tonnes of payable
copper, compared to 574 thousand tonnes in the same period of 2021.

TOP 20 COPPER SMELTERS BY CAPACITY (BASIS 2022)

Thousand metric tonnes copper

Source: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

Smelter

Guixi (smelter)

Birla Copper (Dahej)
Chuquicamata (smelter)

Hamburg

Country Capacity Process

China 900 Outokumpu Flash

Outokumpu Flash, Ausmelt,
India 500 Mitsubishi Continuous
Chili 450 Outokumpu/ Teniente Converter
Germany 450 Outokumpu, Contimelt, Electric
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Saganoseki (smelter)

Toyo (smelter)

El Teniente (Caletones)

Chifeng

Chinalco Southeast Copper (smelter)
Jinchuan (Fangchenggang smelter)
Jinchuan (smelter)

Jinguan (smelter)

Xiangguang Copper (smelter)
Sterlite Smelter (Tuticorin)

Norilsk (Nikelevy, Medny)

Pirdop (smelter)

llo Smelter

Onahama (smelter)

Heding Copper

Jinlong (Tongdu)

Sarcheshmeh Copper Complex (smelter)

Japan 450
Japan 450
Chili 400
China 400
China 400
China 400
China 400
China 400
China 400
India 400
Russia 400
Bulgaria 360
Peru 360
Japan 354
China 350
China 350
Iran 350

Outokumpu Flash
Outokumpu Flash
Reverberatory/ Teniente Conv.
Side-Blown

Flash smelter

Flash smelter
Reverberatory/ Kaldo Conv.
Flash smelter

Outokumpu Flash

Isasmelt Process

Reverb, Electric, Vanyukov
Outokumpu Flash

Isasmelt Process
Mitsubishi/ Reverb
Side-Blown

Flash smelter

Flash smelter

TOP 20 COPPER REFINERIES BY CAPACITY (BASIS 2022)

Thousand metric tonnes copper

Source: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

Refinery

Guixi

Shandong Fangyuan (refinery)
Daye/ Hubei (refinery)
Jinchuan

Yunnan Copper

Birla

Sterlite Refinery
Pyshma Refinery
Toyo (refinery)
Amarillo

Amarillo

Onsan Refinery |

Country
China
China
China
China
China
India
India
Russia
Japan
USA
Chili

Korean Republic

Capacity Process

1100 Electrolytic
700 Electrolytic
600 Electrolytic
600 Electrolytic
500 Electrolytic
500 Electrolytic
460 Electrolytic
460 Electrolytic
450 Electrolytic
450 Electrolytic
450 Electrolytic

440 Electrolytic
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Hamburg (refinery)

El Paso (refinery)

Las Ventanas

Baiyin

Jinguan (refinery)

Jinlong (Tongdu) (refinery)

Zijin

Xiangguang Copper (refinery)
Chifeng (refinery)

Jinchuan (Fangchenggang refinery)
Chinalco Southeast Copper (refinery)
Morenci (SX-EW)

Germany
USA
Chili
China
China
China
China
China
China
China
China
USA

416 Electrolytic
415 Electrolytic
410 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic
400 Electrolytic

400 Electrowinning
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Methods
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Mining can proceed under the right geological, economic, environmental and legal conditions.

Due to metal poverty, copper ores are usually first subjected to a physical ore preparation and
then to a chemical ore preparation.

Ore Preparation Methods:

1. Sorting, Jig and Separation on tables

2. Flotation
a. Flotation of pure copper and sulfide copper minerals
b. Flotation of Sulfurous + Oxidized Minerals
c. Flotation of Complex Ore

3. Leaching

4. Roasting and Leaching

5. Melting
a. Pyrometallurgical methods
This is also called dry metallurgy. In this method, metal is produced under heat or by
making it liquid with the effect of heat. The issue here is the high metallurgical process. It
is the most used method. At least three quarters of the world's copper production is
made by this method.
b. Hydrometallurgical methods
Hydrometallurgy or wet metallurgy method is a method of obtaining metal from aqueous
solutions in suitable environments. Suitable medium may be acid, base or salt. After the
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metal is dissolved in these environments, they are separated into the metal itself or its
compounds in various ways.
c. Electrometallurgical methods
It is divided into electrothermic and electrochemical methods. In the electrothermic path,
electrical energy is converted into heat energy; and provides the necessary temperature
for the reaction. Usually, electrolytic refining may be necessary. In this case, a
pre-refining of copper in liquid form is necessary. Thus, usable anode plates can be
poured onto flat surfaces. Cathode copper, ie electrolytic copper, has a purity of 99.99%
Cu.
6. Refining

a. Fire refining

b. Electrolytic refining

c. Separation of copper from oxygen

Trade

Lets first check this commaodities return table by 2022

The Periodic Table of Commodities Returns 2022

2019

2018 2020 2021 2022

Aluminum

2013 2014 2015 2016

Coal
Copper
Corn

[ Crude Oil

& Natural Gas
Nickel

Palladium

Performance

Platinum

Silver

Wheat

_.B

Source: Bicomberg and
U.S. Global Investors.

www.usfunds.com

e

U.S. Global Investors

Natural resources are the building blocks of the world, essential to progress and ity. These ¢ ities, like all i can have wide price fluctuations over time. This table shows the ebb and flow of
commaodity prices over the past decade and illustrates the principle of mean reversion —the concept that retumns eventually move back towards their mean or average. The price movement of commodities is historically
both seasonal and cyclical. That's why when investing in natural resources, we believe it is important for your portfolio to hold a diversified basket of commodities and to be actively managed by professionals who understand
these specialized assets and the global trends impacting them. As with all investments, diversification does not protect an investor from market risks and does not assure a profit, and of course, past performance does not
quarantee future results. Returns are based on historical spot prices or futures prices.

It seems Lithium with 442.80% is in the top row and Copper's return is about %25.7.
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Here is a chart about copper pound prices since 1960:
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The current price of copper as of January 20, 2023 is $4.28 per pound. ( 1 pound =0.453592kg)
In terms of Green Economy;

Technologies critical to the energy transition, such as EVs, batteries, solar panels, and wind
turbines require much more copper than conventional fossil fuel based counterparts.

For example, copper usage in EVs is up to four times more than in conventional cars. According
to the Copper Alliance, renewable energy systems can require up to 12x more copper
compared to traditional energy systems.

Technology 2020 Installed Capacity Copper Content 2050p Installed Capacity Copper Content
(megawatts) (2020, tonnes) (megawatts) (2050p, tonnes)
Solar PV 126,735 MW 633,675 372,000 MW 1,860,000
Onshore Wind 105,015 MW 451,565 202,000 MW 868,600
Offshore Wind 6,013 MW 57,725 45,000 MW 432,000

As the transition to renewable energy and electrification speeds up, so will the pressure for
more copper mines to come.
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Major product categories of copper traded internationally include:

Copper concentrates

Copper blister and anode

Copper scrap and
Copper semis

Copper cathode and ingots

Trade flows of Copper ores and concentrates on the world

As end of 2021 here are major exporters and importers of Copper ores & Concentrates(product
code=260300) by World Integrated Trade Solution:

Major Exporters Quantity in kg

Peru 6,631,170,000
Chile 3,123,500,000
Indonesia 2,235,450,000
Australia 1,648,650,000
Mexico 1,551,770,000
Panama 1,300,280,000
Mongolia 1,282,520,000
Brazil 1,185,470,000
European Union 998,699,000
Spain 629,316,000

Major Importers Quantity in kg

China 23,387,000,000
Japan 4,959,310,000
European Union 3,968,360,000
Korea, Rep. 2,097,950,000
Spain 1,232,560,000
Germany 1,148,840,000
Bulgaria 882,996,000
India 862,741,000
Malaysia 590,233,000
Other Asia countries 509,532,000
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Copper in Turkiye

Total copper reserves in Turkey are at the level of 1.7 million tons of copper in terms of metal
content. When low-grade copper resources that cannot be economically evaluated are included,
the total copper resource metal content rises to 3.5 million tons. A total of 70 thousand tons of
metal copper equivalent to 350 thousand tons of ore concentrate is produced annually.

As a result of archaeological excavations, it was revealed that copper was obtained through
refining from ore in Catalhdyuk, which was an important cultural center of the transition to
production phase. In the excavations of Cayénu, Catalhdylk and Suberde, it was made of
natural copper with the forging technique. Small tools such as needles, hooks and some
ornaments belonging to 7000 BC were found. It has been noted by scientists that three copper
pins found during excavations in Southeastern Anatolia, which are thought to date back to
approximately 9,000 years, are the oldest metal objects known in the world to date.

Iltems made with copper casting were first encountered in Southern Anatolia and in Can Hasan
Tumulus (Karaman) (5000 BC; Neolithic and Chalcolithic (Copper) Age).

Copper mining was first made by the people living in the Ergani region (6000 BC). During the
Hittites period, mining was further developed and the Iron Age was reached. The first mining
license belonged to Hittites and it was carved into a rock in Gimuagkdy, Ulukigla.

Before the Ottoman period, as a result of the intensive exploitation of copper deposits in
Anatolia and then in the Balkans, copper craftsmanship reached its peak, and new workshops
were opened in many centers. In the making of pots and pans made of copper in Anatolia; It
was determined that forging, Dokuming, spinning (turning) and pressing techniques were
applied. During the Ottoman period, the Murgul Copper Mine was operated by the British, and
the Kuvarshan copper mine was operated by the Germans.

Turkey copper zones

1. This zone comes from Macedonia-Balkans, passes through the Black Sea after Strandja, and
continues along the Eastern Black Sea from Sinop near the Caucasus and Iran to the
Himalayas. Porphyry copper deposits and Kuroko type massive sulfide deposits are common in
this zone. There are Derekdy-Kirklareli, Bakircay (Merzifon), Giizelyayla, Magka, Ulutag-ispir
and Ballica-Yusufeli-(Artvin) porphyry copper deposits. Their average copper grades are lower
than the porphyry copper deposits in the Balkans. In addition, Espiye-Lahanos, Cayeli, Kutlular,
Murgul and Cerattepe volcanic massive sulfide deposits are located in this zone.

2. There are Cyprus type copper deposits in the Southeast Anatolian Ophiolite zone, which
comes through Cyprus and continues between Iskenderun and Hakkari and then passes to Iran.
Ergani copper and Siirt-Madenkdy copper deposits are important mineralizations of this zone.

3. The third metallogenic province is the Kiire Copper deposit in the Western Black Sea Region,
where Cyprus-type deposits are located.

4. The Northwest Anatolian Region, where hydrothermal veins due to acidic plutonism and
contact metasomatic copper-lead-zinc deposits form the fourth metallogenic zone.
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Maden in Elazig, Murgul in Artvin and Kiire in Kastamonu are the places where copper is
mined. Copper deposits in Rize Cayeli started to be operated since 1994.

During the studies carried out in the region between Afsin-Elbistan districts of Kahramanmaras,
a copper deposit, which is thought to be approximately 1 billion tons of reserves, was found in
2013.
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Reserves

2.5% of the world's industrial raw material reserves, 1% of coal reserves; 0.8% of geothermal
potential and 0.4% of metallic mineral reserves are in Turkey. The richest mineral in terms of its
place in the world is boron minerals, where 72% of the world's reserves are found there.

Turkey's Economic Copper Reserves

Studies on copper reserves in Turkey are carried out by the MTA General Directorate and the
private sector. Turkey's proven+probable copper reserve (as Metallic Cu) is 3.6 million tons
(Source: Key Economic Indicators for Mining Sector, MTA General Directorate, June 2020).

Important copper deposits in Turkey are concentrated in the provinces of Amasya, Artvin,
Canakkale, Elazig, Giresun, Kastamonu, Rize, Siirt, Sivas and Trabzon. The amount of metal
copper content found as a result of MTA's searches is 2.7 million tons. As the exploration
continues, it is probable that the copper metal resource will exceed 8 million tons in the coming
years.

Cities has copper reserve in Turkey

Siirt 5 Adiyaman

1.9% 0.2%
Kirklareli —

1.8%

Giresun —

7.5%

Elazi§y

Artvin
78.2%
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Production

The provinces where copper is produced in Turkey are Murgul in Artvin, Kire in Kastamonu,
Ergani and Maden in Elazi§, and Cayeli in Rize. Copper mines are processed in Maden and
Ergani in Elazig, in Murgul in Artvin and in Samsun. 20% of the copper that Turkey needs today
is extracted from our country. The remaining 80% is imported from abroad.

In Turkey, Cengiz Holding (Eti Bakir A.$. Samsun, Kire and Mungul enterprises) leads in
copper ore production, First Quantum (Cayeli Plant) is among other notable ore producers.

Table below shows Turkey's metal production in tons for the year 2020.

Turkiye Production in Ton

Lignite (t)

Iron (t)
Feldspar (t)
Gypsum (t)
Salt (t)
Petroleum (t)
Steam Coal (t)
Bauxite (t)
Boron (t)
Bentonite (t)
Magnesite (t)
Kaolin (t)
Perlite (t)
Chromium (t)
Coking Coal (t)
Baryte (t)
Phosphates (t)
Talc (t)

Zinc (t)

Sulfur (t)
Copper (t)
Diatomite (t)
Lead (t)
Aluminum (t)
Manganese (t)
Nickel (t)
Fluorspar (t)
Vermiculite (t)
Graphite (t)
Titanium (t)

Antimony (t)

2020
71,239,430
13,087,300
10,050,911

9,280,864
7,698,018
3,202,924
2,608,900
2,399,680
1,680,000
1,658,837
1,560,818
1,224,746
1,146,341
1,087,400
601,000
283,161
261,900
143,470
136,300
117,400
107,000
100,327
81,520
79,600
35,600
20,200
19,896
19,230
15,205
6,455
2,570
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Cobalt (t) 250

Silver (t) 98
Gold (t) 42
Molybdenum (t) 0
Zircon (t) 0

If we put this table into a chart, copper is the 21th of the production of non-ferrous metals in
Turkey. The copper production is about 0.08% of the total non-ferrous metal production in ton.
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Below there is a graph showing copper production in ton between years 2016 and 2020:
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Trade

Turkey is among the countries that are "partially self-sufficient” in terms of mining. Minerals that
exist economically in the country: boron, barite, gypsum, meerschaum, marble, diatomite,
perlite, magnesite, strontium salts, sepiolite, fluorite, limestone, pumice, sodium sulfate, zeolite,
pyrophyllite, quartz-quartzite, lignite, feldspar, rock salt , olivine, dolomite, silica sand, bentonite,
trona, asbestos, calcite and emery stone.

Turkey's Copper Trade)

I

\_

= Export = Import

By 2020, the main destinations of Raw Copper exports from Turkey are China ($3.68M),
Belgium ($199k), Philippines ($50.1k), Italy ($31.1k), and Marshall Islands ($26.3k). Turkey
imports Raw Copper primarily from Azerbaijan ($1.51M), Spain ($309k), United States ($162k),
United Kingdom ($109k), and Finland ($78.8k).
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Conclusion

World Refined Copper Usage 1900-2021

Thousand metric tonnes copper
Source: ICSG
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Copper has been one of the important materials in the development of civilization.

Nearly 25-26 million tonnes of copper is used annually from now on. The majority of copper
produced worldwide (70%) is used for electrical/conductivity applications and communications.

Geological deposits like copper contain different mineral and chemical compositions from
surrounding rocks, and these differences are often reflected in remote sensing images in the
form of spectral anomaly information. In this regard, a series of remote sensing digital image
processing becomes an effective, prospective means of acquiring the geological information
related closely to ore-bearing strata, mineralized alteration zones, contact metamorphic zones,
and tectonic zones. Copper interacts with other metals easily, so most of the time it is found with
lead and zinc.

In remote sensing the copper mineralization zone exhibits interlaced gray-white, blue-gray, and
blue tones in a narrow strip-like pattern, while the lead—zinc mineralization zone shows

gray-white, light gray-yellow, and yellowish-brown tones in a strip-like pattern.

There are also new exploration tools that will help locate porphyry copper deposits found by
Prof Ben Williamson.
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In addition copper recycling plays an important role in copper availability since today’s
primary copper is tomorrow’s recycled material. Unlike other commodities such as energy
or food, copper is not “consumed”. Copper is one of the few raw materials which can be
recycled repeatedly without any loss of performance.

With the technologies’ rapid and large-scale deployment, copper demand from the energy
transition is expected to increase by nearly 600% by 2030.

Are we going to run out of Copper?

According to USGS data, since 1950 there has always been, on average, 40 years of copper
reserves and over 200 years of resources left.

In the period 2000-2021, 373 million tonnes of copper have been mined. In that same period,
however, reserves have grown by 447 million tonnes to 880 million tonnes of copper.

Technology has a key role to play in addressing many of the challenges faced by new copper
production. Known and as yet unknown innovations will ensure new mine production continues
to provide vital copper supplies. In addition, recycling plays an important role in copper
availability since today’s primary copper is tomorrow’s recycled material.

This recycling loop cannot be completely closed for two reasons. Firstly, demand will continue to
increase due to population growth, product innovation and economic development. Secondly in
most applications, copper stays in use for decades.

Based on the latest knowledge on geological availability and continuous industry innovation
there are good reasons to believe that copper will continue to be a vital and positive contributor
to the global economy and to society well into the future. Copper is more than just a mined
metal; it provides jobs and promotes a higher standard of living.

One tonne of copper brings functionality to 40 cars, powers 100,000 mobile phones, enables
operations in 400 computers and distributes electricity to 30 homes.

Copper’s current global end-of-life recycling rate is 40 percent, and in some parts of the world,
such as the EU, China and Japan, more than half of all copper is recycled after use.

Above under reserves | shared a round graph about total identified & undiscovered Copper
reserves as 5.600 million tons.
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Director of Economics and Environment at International Copper Study Group, Mr. Carlos R.
Risopatron at his presentation named “Arsenic in the Global Copper Value Chain: Trends in
2022 and Beyond” dated April 2017 shows the future mines.
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So even with new technologies we will be needing more copper, meanwhile we will have new
resources and new mines.

Minerals are also considered critical when they are present in abundance, and the country has a
strategic interest in using its dominant position to gain competitive advantage in the global
supply chain.

As we transition to a low-carbon future and away from a fossil fuel economy, the need for and
dependence on critical materials will only increase, creating new supply and demand forces in
the global economy. Resource-rich producing countries will play a key role in developing reliable
and resilient supply chains, while non-producing countries can benefit from economic
opportunities and spillovers in the value chain through, for example, investment in
manufacturing capabilities, innovation, and technology. Value Chain creation will bring
employment opportunities, with significant potential to address gender imbalances in
occupations and pay gaps. Improved governance, as well as policy and regulatory frameworks,
will offer new and/or additional sources of revenue, trade partnerships, and private sector
investment.
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Bakir

"Copper" - Bakir adi Eski ingilizce "coper" adindan ve Latince "Cyprium aes"ten tiiremistir, bu da
Kibris'tan bir metal anlamina gelir.

Semboll Cu ve atom numarasi 29 olan kimyasal bir elementtir. Dogada dogrudan kullanilabilir
metalik formda bulunabilen birka¢ metalden biridir.

Tarihsel olarak bakir, insanlar tarafindan islenen ilk metaldir. Bronz alagimini olusturmak igin
biraz kalayla sertlestirilebileceginin kesfi Tung Cagi'na adini verdi.

Bugiinkii Kuzey Irak'ta bulunan bir bakir pandantif MO 8700 yillarina denk geliyor. Yaklasik bes
bin yil boyunca bakir, insanoglunun bildigi tek metaldi ve bu nedenle tim metal uygulamalarinda
kullanildi. Kanitlar, bakirdan 6nce insanlar tarafindan kullanilan tek metallerin altin ve meteorik
demir (ancak eritilmis demir degil) oldugunu gdsteriyor. Bakir metallrjisinin tarihinin su sirayi
takip ettigi disiinilmektedir: Once dogal bakirin soguk islenmesi, ardindan tavlama, eritme ve
son olarak kayip mum teknigi. Gineydogu Anadolu'da, bu tekniklerin dérdi de Neolitik
dénemde MO 7500 de ortaya gikti.

Bakirla ilgili deneyim, diger metallerin gelistiriimesine yardimci olmustur; 6zellikle bakir eritme,
demir eritmenin kesfine yol agti. Michigan ve Wisconsin'deki Eski Bakir Kompleksindeki tretim
MO 6000 ile 3000 arasina tarihleniyor. Silikon, arsenik ve (nadiren) kalay bakimindan zengin
cevherlerden yapilan bir bakir tirii olan dogal bronz, MO 5500 civarinda Balkanlar'da genel
kullanima gecti.
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Bakir eritme, farkli yerlerde bagimsiz olarak icat edildi. Muhtemelen MO 2800'den énce Cin'de,
MS 600 civarinda Orta Amerika'da ve MS 9. veya 10. ylzyilda Bati Afrika'da kesfedildi. Hassas
dékim MO 4500-4000'de Giineydogu Asya'da icat edildi ve karbon tarihleme ydntemi MO 2280
ila 1890'da Birlesik Krallik’ ta, Cheshire' deki Alderley Edge' deki madende kuruldu. MO
3300'den 3200'e tarihlerinde yasayan Buz Adam Otzi, %99,7 saflikta bakir bagli bir baltayla
bulundu; sacindaki ylksek arsenik seviyeleri, bakir eritme isiyle ugrastigini gosteriyor.

Bronz Cagi, antik diinyanin genel ¢okusu ve uluslararasi ticaret yollarinin kesintiye ugramasiyla
MO 1200'de aniden sona erdi. Ozellikle kalay miktari kurudu ve Demir Cagi, demir Ustiin bir
malzeme oldugu i¢in degil, yaygin olarak bulunabildigi icin bagladi.

Bakir ve alagimlarinin kullaniminda ekonomi, ticaretteki bu tir kesintiler ile zorunlu hale
getirilmis, kullanim ve yeniden kullanimdaki verimlilik o ginden bu bugline devam etmektedir.

Bakir, en buyuk ureticisi Sili (2021 itibariyle 5,6 milyon mt) ve en blyulk ithalatgisi Cin (2021
itibariyla 23 milyon mt' dan fazla) ile diinyanin en ¢ok kullanilan Gglinci metalidir.

Tanimi

Bakir, stinek, dovilebilir ve etkili bir 1s1 ve elektrik iletkeni olan kirmizimsi altin renkli bir metaldir.
Bakir, yaklasik MO 8000'den itibaren gesitli bolgelerde insanlar tarafindan kullanilan ilk metal ve
guinimuizde en yaygin kullanilan metaller arasindadir. Saf bakir turuncu-kirmizidir ve havaya
maruz kaldiginda kirmizimsi bir kararma kazanir. Gri veya gumus disinda dogal bir renge sahip
birka¢ metalik elementten biridir. Yerkabugunda milyonda yaklasik 50 parca (ppm) oraninda
bulunur.

Kesfedilen en blyuk bakir elementi kitlesi 420 ton agirhdindaydi ve 1857'de ABD,
Michigan'daki Keweenaw Yarimadasi'nda bulundu.

Gurubu 11 Erime 1084.62°C, Kaynama 2560°C,
noktasi 1984.32°F, 1357.77 K | noktasi 4640°F, 2833 K
Periyodik 4 Yogunlugu 8.96 gcm-3 Goreceli 63.546
tablodaki atomik kiitle
satir
Blok d 20°C da Kati Anahtar %Cu
durumu izotoplar
Atomik 29 Elektron [Ar] 3d"%4s’ CAS 7440-50-8
numarasi durumu numarasi

ChemSpider ID: 22414

ChemSpider is a free chemical structure database

Oya Sanli Jan 26, 2023 31



http://www.chemspider.com/Chemical-Structure.22414.html

Kullanildigi yerler

Altin, MO 4000' lere kadar insanin ikinci metali olarak sahneye ¢gikmadan MO 3000'de gimis ve
kursun kullaniliyordu ve 6nce arsenik, sonra kalay ile bakir alasimi yapilmaya baslandi.
Yuzyillar boyunca, pulluklar, her tlirden alet, silahlar, zirhlar ve dekoratif nesnelerde kullanilan
bronz bagi ¢cekiyordu. Bakir Kibris adasindan -Bakir adi buradan geliyor- ve Orta Dogu'daki
diger bircok yerden gelmesine ragmen, bronzdaki kalayin kékeni hala bir muammadir.

Geleneksel olarak, gimus ve altinla birlikte madeni para yapiminda kullanilan metallerden biri
olmustur. Bununla birlikte, tGi¢li arasinda en yaygin olanidir ve bu nedenle en az degerli olanidir.

2021'de kuresel rafine bakir kullanimi yaklasik 25,3 milyon mt olarak gergeklesti. Dinyadaki
bakirin gcogu elektrik uygulamalarinda, ayni zamanda mimari, otomotiv, elektrik, tlp, boru ve
baglanti parcalari, yakit gazi, endustriyel, denizcilik, islenmis Grtnler ve telekominikasyonda

kullaniimaktadir.

Bakir stlfat, tarimsal bir zehir olarak ve su aritmada bir algisit olarak yaygin olarak
kullaniimaktadir.

Fehling'in ¢ozeltisi gibi bakir bilesikleri, seker tespiti icin kimyasal testlerde kullanilir.

Bakir 6nemli bir elementtir. Yetiskin bir insan, enzimlerin hicrelerde eneriji transfer etmesine
yardimci olmak i¢in glinde yaklasik 1,2 miligram bakira ihtiya¢ duyar. Fazla bakir zehirlidir.

Wilson hastaligi ve Menkes hastaligi gibi genetik hastaliklar, vicudun bakiri uygun sekilde
kullanma yetenegini etkileyebilir.
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Bakir cesitleri ve alasimlari
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Dogada bakir, dogal bakir, kalkopirit, bornit, digenit, kovellit ve kalkosit gibi bakir silfitler,
tetrahedit-tenantit ve enarijit gibi bakir stlfosaltlar, azurit ve malakit gibi bakir karbonatlar ve
sirasiyla cuprite ve tenorite gibi bakir(l) veya bakir(ll) oksitler olarak bulunur.

Kategorilere gevsek bir sekilde gruplandiriimis 400 kadar farkli bakir ve bakir alagimi bilegimi
vardir: bakir, yiksek bakir alasimi, piringler, bronzlar, bakir nikeller, bakir-nikel-¢inko (nikel
glmdisu), kursunlu bakir ve 6zel alagimlar. Bakir, bu cevher ve minerallerden ergitme, li¢ ve
elektroliz yoluyla elde edilir.
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Yaygin bakir alagimlarinin mekanik 6zellikleri

Verim
glcu

Nominal (0.2% |Cekme |2 inglik Sertlik

bilesim offset, [direnci [uzama (Brinell
Ismi (ytzdeler) Formu ve durumu |ksi) (ksi) (ylizde) Olgegi) Notlar
Bakir (ASTM Elektrikli
B1, B2, B3, ekipman, cati
B152, B124, kaplama,
R133) Cu 99.9 Tavlanmis 10 32 45 42 ekranlar
" " 40 45 15 90 "
" " Soguk haddelenmis |40 46 5 100 "
Yaldiz metal Cu 95.0, Zn Madeni paralar,
(ASTM B36) |5.0 Soduk haddelenmis |50 56 5 114 kursun ceketler

Soduk isleme
igin iyi;
Kartus piring radyatorler,
(ASTM B14, donanim,
B19, B36, Cu 70.0, Zn elektrik, gekilmis
B134, B135) |30.0 Sodguk haddelenmis |63 76 8 155 kartus kutulari.
Fosfor bronz Yiksek yorulma
(ASTM B103, |Cu 89.75, Sn mukavemeti ve
B139, B159) |10.0, P 0.25 |Yay menevisi = 122 4 241 yay kalitesi
Sari veya
Yuksek piring
(ASTM B36, Cu 65.0, Zn 1yi korozyon
B134, B135) |35.0 Tavlanmis 18 48 60 55 direnci
" " Soduk cekilmis 55 70 15 115 "
Soguk haddelenmis

" " (HT) 60 74 10 180 "

Cu 58.5, Zn
manganez 39.2, Fe 1.0,
bronz (ASTM [Sn 1.0, Mn
138) 0.3 Tavlanmis 30 60 30 95 Dévme
" " Soguk gekilmis 50 80 20 180 "

Cu 60.0, Zn
Gemici pringi |39.25, Sn Tuz korozyonuna
(ASTM B21) 0.75 Tavlanmig 22 56 40 90 kars! direng
" " Soguk gekilmis 40 65 35 150 "
Dévilebilir
piring (ASTM [Cu 60.0, Zn kondansatoér
B111) 40.0 Tavlanmis 20 54 45 80 tlpleri
Aliminyum
bronz (ASTM
B169 alloy A, |[Cu 92.0, Al
B124, B150) |8.0 Tavlanmig 25 70 60 80 —
" " Sert 65 105 7 210 "
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Elektrik, valfler,
pompalar, petrol
sahasi araclari,
Beryllium havacilik inig
bakir (ASTM |Cu 97.75, Be B60 takimlari,
B194, B196, |2.0, Co or Ni |Tavlanmis, (Rockwell [robotik kaynak,
B197) 0.25 solution-treated 32 70 45 ) kalip yapimi
B81
(Rockwell
" " Soduk haddelenmis |104 110 5 ) "
Vidalar,
B80 somunlar,
Serbest kesim |Cu 62.0, Zn (Rockwell [disliler,
piring 35.5, Pb 2.5 |Soguk cekilmis 44 70 18 ) anahtarlar
Nikel gimis |Cu 65.0, Zn
(ASTM B122) [17.0, Ni 18.0 |Tavlanmis 25 58 40 70 Donanim
" " Soguk haddelenmis |70 85 4 170 "
Nikel Cu 76.5, Ni Kolay islenir; sls
gumus(ASTM ([12.5, Pb 9.0, esyalari, sthhi
B149) Sn 2.0 DOkim 18 35 15 55 tesisat
Bakir-nikel Cu 88.35, Ni
alasimi (ASTM [10.0, Fe Kondensator,
B111, B171) |1.25, Mn 0.4 |Tavlanmis 22 44 45 - tuzlu su borulari
" " Soduk cekilmis tlip |57 60 15 - "
Bakir-nikel Cu 70.0, Ni Isi degisim
alasimi 30.0 Dévme - - - - ekipmani, valfler
Ounce
metal[5] bakir
alasimi
C83600
("Kirmizi
piring" veya
"karisim
metal" olarak |Cu 85.0, Zn
da bilinir) 5.0, Pb 5.0,
(ASTM B62) [Sn 5.0 Dokidm 17 37 25 60 =
Varies Cu
80-90%, Zn
Top tuncu <5%, Sn
(US’ da ~10%,
"kirmizi +other
piring" olarak |elements@
bilinir) <1%
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Dunyada Bakir

Yt e <
i ”~, ’
. X o §- o
y Bakir Yollar :
@B tortu barindiran bakir
porfiri bakir
B
2
/

Dunyadaki ekonomik gelismelere bagl olarak yuksek yasam standardi, elektrik, elektronik ve
sanayide artan gelismeler bakir rezervlerine olan ihtiyaci daha da arttirmistir..

2021'de kuresel rafine bakir kullanimi yaklasik 25,3 milyon mt olarak gergeklesti. D6nem

boyunca kullanim, yilda %3,3'lUk bilesik yillik buyime oraniyla blyudu.. 2010'dan 2021'e kadar
rafineri bakir kullanimi 6,1 milyon mt artti.

Maden Uretim egilimleri ve en c¢ok Uretilen madenlerin en degerli bes Urune gore siralamasi
altin, bakir, demir cevheri, nikel ve ginkodur.

Asya 72% 2021'de diinya capinda
rafine bakir kullaniminin
Avrupa 16% boélgelere gére dagihmi(

Statista tarafindan)

Kuzey Amerika 9%
Latin Amerika 2%
Afrika | 1%

Okyanusya |0.02%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Kullanim payi
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https://www.usgs.gov/media/images/global-copper-map-0
https://www.statista.com/statistics/1180230/refined-copper-consumption-distribution-by-world-region/
https://www.statista.com/statistics/1180230/refined-copper-consumption-distribution-by-world-region/

Rezervler

Bakir rezervleri 2020

others
20.6%
Canada
1.1%
Kazakhistan
2.3%
Zambia
24%
Indonesia
2.7%

China

3.0%
Poland
3.5%

DR Congp
3.5%

United States
5.5%
Mexico
6.1%

Chilli
22.8%

Australia
10.6%

Peru
8.8%
Russia
7.1%

Sayilar Statista’dan
2000-2021 déneminde 373 milyon ton bakir ¢ikarildi. Ancak ayni dénemde, rezervler 447
milyon ton artarak 880 milyon tona ulasti.

Copper Alliance' a gore, belirlenen kaynaklarin yaklasik %10'u tarih boyunca ¢ikariimigtir.
Ayrica, kirmizi metalin geri donustim orani diger tim muhendislik metallerinden daha yuksek
oldugundan, ¢ikarilan bakirin neredeyse tamami hala dolasimda bulunuyor.

US Geological Survey' in en son verilerine gore en buyuk bakir deposuna sahip ulkeler Sili,
Avustralya, Peru, Rusya ve Meksika.

2020 itibariyle 200 milyon mt bakir rezervi ile Sili, diinyanin en biylk bakir rezervlerine sahiptir.
Ayrica Sili, 2020'de gikarilan toplam 5,7 milyon mt bakirla dinyanin en buyutk bakir Greticisidir.
Avustralya (93 milyon ton), Peru (77 milyon ton), Rusya (62 milyon ton) ve Meksika (53 milyon
ton) Sili' den sonra diinyanin en blyuk bakir rezervine sahiptir.
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2021 World Copper Reserves & Mine Production
(undiscovered resources not including deep sea nodules and land-based
and submarine massive sulphides - contained copper)

Total Resources
(identified and undiscovered)
5,600 million tonnes (Mt)

Identified Resources
2,100 Mt

Reserves
880 Mt

Mine Capacity
26.0 Mt

1/ Source: USGS (resources/reserves data) and ICSG (capacity/production data)

https://icsg.ora/copper-factbook/

Minerallerin gelecekteki mevcudiyeti, rezervler ve kaynaklar kavramlarina dayanmaktadir.
Mineral rezervleri, kesfedilen, degerlendirilen ve madencilik i¢cin ekonomik agidan karl olarak
degerlendirilen yataklardir. Kesfedilmemis yataklar 6n jeolojik arastirmalara dayal olarak tahmin
edilebilir. Yukarida tespit edilmis ve kesfedilmemis bakir rezerv miktarlarinin toplamini
gorebilirsiniz. Asagida Dinya'ya yayilmis kesfedilmemis bakir rezervlerinin ytzdelerini

gorebilirsiniz.

Kesfedilmemis Bakir Rezervleri (2021)

Avrupa

8.0%

Orta Dogu

6.0%

Australya

1.0%

Guneydogu Asya &

8.0%

Asya

33.0%

Afrika
5.0%

Guney Amerika

21.0%

Orta Amerika &

5.0%

Kuzey Amerika

13.0%
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https://copperalliance.org/wp-content/uploads/2021/01/2020_10_13_ICSG_Factbook_2020.pdf
https://copperalliance.org/sustainable-copper/about-copper/

Asagida gorebileceginiz ilk 20 bakir madeni ¢ogunlukla Amerika kitalarindadir.

KAPASITESINE GORE iLK 20 BAKIR MADENI (2022 BAZLI)
Bin metrik ton bakir
Kaynak: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

Maden Ulke Kapasite

Escondida Sili 1510
Grasberg Endonezya 800
Collahuasi Sili 630
4 Morenci ABD 570
Buenavista del Cobre

(former Cananea) Meksika 525
6 Cerro Verde Il (Sulphide) Peru 500
Antamina Peru 450
Polar Division (Norilsk/ Talnakh Mills) Rusya 450
Las Bambas Peru 400
El Teniente Sili 399
Los Pelambres Sili 380
Cobre Panama Panama 360
Radomiro Tomic Sili 350
Kamoa-Kakula Kongo 340
Kansanshi Zambiya 340
Los Bronces Sili 340
Chuquicamata Sili 330
Kamoto Kongo 300
Toromocho Peru 300
Spence Sili 285
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Uretim

Diinyada Bakir Uretimi 2020

Bakir Gretimi
I 5,733,100

| p 1.

Bing ile giiclendirilmistir
© Australian Bureau of Statistics, GeoNames, Geospatial Data Edit, Microsoft, Navinfo, OpenstreetMap, TomTom, Wikipedia

Bu harita Excel' de hazirlanmis olup, 2020 yili verileri World Mining Data' dan alinmistir.

Gunumuzde, 2023'te elektrikli araglar ve benzer teknolojiler ¢cagi hala ufukta, yani bakir arz ve
talebinde bir kayma da késede. Bakir madenciligi faaliyetleri, yeni bakir yataklari bulma
oranlarinin gerisinde kalmasi ve mevcut igsletme madenlerinin azalmasi nedeniyle bu artan
talebi kargilamak zor olacaktir. Bakir madenciligi arz agiginin 2034 yilina kadar ~ 15 milyon tona
ulagabilecegdi tahmin ediliyor. S&P Global'in en kétu durum projeksiyonuna goére, bakir agigi
2035 yilina kadar tiketimin yaklasik %20'sine ulasabilir.
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World Copper Production by Years
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by World Mining Data

Dunya Madencilik Verilerine gore, 2021 itibariyle 880 milyon ton bakir rezervi ve yaklagik 21
milyon ton bakir Gretimi ile Sili, diinyanin en buylk bakir rezervlerine sahiptir. Ayrica Sili,
2021'de toplam 5,7 milyon mt bakir madeni ile dinyanin en buyuk bakir Greticisidir.

2021E COPPER 2 Y *

PRODUCTION BY COUNTRY

in million tonnes (MT) Chile is home to the two Besides being a top producer,
largest mines in the world, China also consumes 54% of
Escondida and Collahuasi. the world's refined copper.

54%

—

a Mexico

0.7 MT
Poland =
0.4 MT(2%)

Indonesia

/=, Australia
0.8 MT \ « " ogmr
(4%) \\ (4%)

5.6 MT P~

(27%,

Kazakhstan
0.5 MT (2%)

2.8 MT (137) - United States
A RussiCH Zambia 1.2 MT (6%)
0.8 MT (4%) 0.8 MT (4%)

Oya Sanli Jan 26, 2023



iste dlinyanin bolgeleri arasinda bakir tretiminde 1960 ile 2021 arasindaki fark.

Bolgelere Gore Bakir Uretimi %

45
40
35
30
25
0 m 1960
15 m 2021

10

Afrika Avrupa Kuzey Asya Latin Okyanusya
Amerika Amerika

Asagidaki liste, piyasa degerlerine ve yillik bakir Uretimlerine gére en buyuk bakir Greten
sirketleri derlemistir.

Codelco is a Chilean state-owned copper mining company. It is the largest
copper-producing company in the world.
The company produced 1.73 million metric tonnes of copper in 2021.

1. Codelco Revenue in 2021: Moreover, in the last decade, Codelco’s copper production peaked in 2015 at 1.89 million
(Private) $21B metric tonnes of copper produced.
2. BHP Group  Market Cap as of
Limited November 25: BHP Group Limited is an Australian mining company. It mines copper, iron ore, gold,
(NYSE:BHP) $213.25B molybdenum, zinc, silver, and coal.
3. Rio Tinto Market Cap as of
Group November 25: Rio Tinto Group engages in the exploration, mining, and processing of aluminum, copper,
(NYSE:RIO) $106.50 B diamonds, gold, borates, titanium dioxide, salt, iron ore, and lithium.

Market Cap as of Glencore plc is an Anglo-Swiss mining company headquartered in Baar, Switzerland.
4. Glencore plc  November 25: The company produced 770.5 kilo metric tons of copper in the first nine months of the year
(OTC:GLNCY) $85.464 B 2022.

Market Cap as of
5. Vale S.A. November 25: $71.1  Vale S.A. is a Brazilian metals and mining company. It is also the country’s biggest
(NYSE:VALE) B logistics operator.

Anglo American plc is a British mining company that produces copper, diamonds, iron,
nickel, platinum, and coal.
6. Anglo It is the largest platinum producer in the world and accounts for approximately 40% of the
American plc Market Cap as of global output.
(OTC:NGLOY) November 25: $54 B  Copper accounts for 20% of Anglo American plc (OTC:NGLOY)’s total EBITDA.

Oya Sanli Jan 26, 2023 42



7.

Freeport-McMo Market Cap as of
Ran Inc. November 25:
(NYSE:FCX) $52.17 B

8. Southern

Copper Market Cap as of

Corporation November 25: $44.5
(NYSE:SCCO) B

9. Newmont Market Cap as of
Corporation November 25:
(NYSE:NEM) $35.18 B

10. Zijin Mining

Group

Company Market Cap as of
Limited November 25: $34.7
(OTC:ZIUMF) B

11. Teck

Resources Market Cap as of
Limited November 25: $16.9
(NYSE:TECK) B

12. First

Quantum Market Cap as of

Minerals Ltd. November 25:
(OTC:FQVLF) $16.06 B

13. Antofagasta Market Cap as of
plc November 25: $15.8
(OTC:ANFGF) B

14. Newcrest Market Cap as of
Mining Limited  November 25: $11.75
(OTC:NCMGY) B

15. KGHM

Polska Miedz

S.A. Market Cap as of
(OTC:KGHPF) November 25: $5.1 B

The company produced 647 kilotonnes of copper in 2021.

Freeport-McMoRan Inc. is an Arizona-based mining company focusing on molybdenum,
copper, and gold. The company operates the largest goldmine in the world.

Southern Copper Corporation is a copper exploration and mining company that operates in
Peru, Mexico, Argentina, Ecuador, and Chile.
The company has the world’s largest copper reserves at 42.4 million tons of copper.

Newmont Corporation is a Colorado-based mining company that focuses on copper, gold,
silver, zinc, and lead.

The company is planning to reduce its carbon emissions by 30% by 2030, for which it
plans to invest $500 million through 2025 on renewable energy projects.

Zijin Mining Group Company Limited is a mining company based in Mainland China.
Among Chinese companies, Zijin controls the largest reserves of copper and gold. In Q2
2022,

it was the fifth-largest copper-producing company after producing 216 kilotonnes of
mine-produced copper.

Teck Resources Limited is a Canadian mining company with 23% of its revenues coming
from copper production.

Teck Resources Limited has a plan to boost its copper production from the current annual
average of 340 kilotons to 1.5 million tonnes by 2033.

First Quantum Minerals Ltd. is a Canadian minerals and mining company. The company
produced 743,000 metric tonnes of copper in 2021.

The company lowered its copper production output for FY2022 to 755,000 — 785,000
tonnes from the prior outlook of 790,000 — 855,000 tonnes.

Antofagasta plc is a London-based copper mining company.

In 2021, the company produced 721,500 tonnes of copper, making it one of the biggest
copper producers in the world.

However, the company guided its 2022 copper production to 640-660,000 tonnes after
producing over 700 kilotonnes of copper for the past few years.

The company produced 120,650 tonnes of copper in FY2022 and provided an outlook for
2023 at 135 - 155 kilotonnes.

In the first three quarters of 2022, the company produced 557 thousand tonnes of payable
copper, compared to 574 thousand tonnes in the same period of 2021.

KAPASITESINE GORE EN iYi 20 BAKIR iZABE TESISi (2022 BAZLI)

Bin metrik ton bakir

Kaynak: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

izabe tesisi

Guixi (smelter)

Birla Copper (Dahej)

Chuquicamata (smelter)

Ulke Kapasite |islem
Cin 900 Outokumpu Flash
Outokumpu Flash, Ausmelt,
Hindistan 500 Mitsubishi Continuous
Sili 450 Outokumpu/ Teniente Converter
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Hamburg

Saganoseki (smelter)

Toyo (smelter)

El Teniente (Caletones)

Chifeng

Chinalco Southeast Copper (smelter)
Jinchuan (Fangchenggang smelter)
Jinchuan (smelter)

Jinguan (smelter)

Xiangguang Copper (smelter)
Sterlite Smelter (Tuticorin)

Norilsk (Nikelevy, Medny)

Pirdop (smelter)

llo Smelter

Onahama (smelter)

Heding Copper

Jinlong (Tongdu)

Almanya
Japonya
Japonya
Sili

Cin

Cin

Cin

Cin

Cin

Cin

Cin
Rusya
Bulgaristan
Peru
Japonya
Cin

Cin

Sarchesmeh Copper Complex (smelter) iran

450 Outokumpu, Contimelt, Electric
450 Outokumpu Flash
450 Outokumpu Flash

400 Reverberatory/ Teniente Conv.
400 Side-Blown

400 Flash smelter

400 Flash smelter

400 Reverberatory/ Kaldo Conv.
400 Flash smelter
400 Outokumpu Flash

400 Isasmelt Process

400 Reverb, Electric, Vanyukov
360 Outokumpu Flash

360 Isasmelt Process
354 Mitsubishi/ Reverb
350 Side-Blown

350 Flash smelter

350 Flash smelter

KAPASITESINE GORE EN iYi 20 BAKIR RAFINERISI (2022 BAZLI)

Bin metrik ton bakir

Kaynak: ICSG Directory of Copper Mines and Plants — H1 2022 Edition

Rafineri

Guixi

Shandong Fangyuan (refinery)
Daye/ Hubei (refinery)
Jinchuan

Yunnan Copper

Birla

Sterlite Refinery

Pyshma Refinery

Toyo (refinery)

Amarillo

Ulke

Cin

Cin

Cin

Cin

Cin
Hindistan
Hindistan
Rusya
Japonya
USA

Kapasite
1100
700
600
600
500
500
460
460
450
450

islem

Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
Elektrolitik
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Amarillo Sili 450 Elektrolitik

Onsan Refinery | Kore Cumbhuriyeti 440 Elektrolitik
Hamburg (refinery) Almanya 416 Elektrolitik
El Paso (refinery) USA 415 Elektrolitik
Las Ventanas Sili 410 Elektrolitik
Baiyin Cin 400 Elektrolitik
Jinguan (refinery) Cin 400 Elektrolitik
Jinlong (Tongdu) (refinery) Cin 400 Elektrolitik
Zijin Cin 400 Elektrolitik
Xiangguang Copper (refinery) Cin 400 Elektrolitik
Chifeng (refinery) Cin 400 Elektrolitik
Jinchuan (Fangchenggang refinery)  Cin 400 Elektrolitik
Chinalco Southeast Copper (refinery) Cin 400 Elektrolitik
Morenci (SX-EW) USA 400 Reduksiyon elektrolizi
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Metodlar

Rediksiyon
Elektrolizi

metaller

Curuf
Atimi

Sulfirik
Izabe/Dokum < Asit
= Flotasyon

Ufalama

Maden

Sulfirik Asit tesisi

Madencilik dogru jeolojik, ekonomik, ¢cevresel ve yasal kosullar altinda yapilabilir.

Bakir cevherleri metal fakirligi dolayisiyla, genellikle 6nce bir fiziksel cevher hazirlama iglemine,
sonra bir kimyasal cevher hazirlama iglemine tabi tutulurlar.

Cevher Hazirlama Metotlar :

1. Tavuklama, Jig ve masalarda ayirma

2. Flotasyon
a. Saf bakirin ve silftrli bakir minerallerinin flotasyonu
b. Salftrld + Oksitli minerallerin flotasyonu
c. Kompleks Cevherlerin Flotasyonu

3. Ozitleme (Ligleme)

4. Kavurma ve Licleme

5. Ergitme
a. Pirometalurjik metotlar
Bu metoda kuru metalurji de denir. Bu metotta metal sicakta veya isi etkisiyle sivi hale
getirilerek Uretilir. Burada mevzubahis olan yiksek metalurjik islemdir. En ¢ok kullanilan
metoddur. En az diinya bakir tretiminin dortte G¢l bu usulle yapilmaktadir.
b. Hidrometalurjik metodlar
Hidrometalurji veya yas metalurji metodu, sulu ¢ézeltilerden metali uygun ortamlarda
elde etme metodudur. Uygun ortam asit, baz veya tuz olabilir. Metal bu ortamlarda
¢Ozuldukten sonra, metalin kendisi veya bilesikleri halinde cesitli yollarla ayrilirlar.
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c. Elektrometalurjik metodlar

Elektrotermik ve elektrokimyasal metot olarak ayrilir. Elektrotermik yolda elektrik enerjisi

ISI enerjisine donlsur; ve reaksiyon igin [Gzumlu sicakligi temin eder. Genellikle
elektrolitik rafinasyon IGzumlu olabilir. Bu takdirde de bakirin sivi haldeyken bir 6n

rafinasyonu lizumludur. Béylece kullanilabilen anod plakalari diiz yizeylere dokdlebilir.

Katot bakir yani elektrolitik bakir % 99,99 Cu luk bir safliktadir.
6. Rafinasyon
a. Alevle rafinasyon
b. Elektrolitik rafinasyon
c. Bakirin oksijenden ayriimasi

Ticaret

Once 2022'ye kadar bu emtia kazang tablosunu kontrol edelim

The Periodic Table of Commodities Returns 2022

2013 2014 2018 2019 2020 2021 2022

Aluminum
4313%

Coal
Copper
Corn

Y Crude Ol

Gold

* Natural Gas
Nickel

Palladium

Performance

Platinum

Silver
Wheat
..

Source: Bicomberg and
U.S. Global Investors.

www.usfunds.com

U.S. Global Investors

Natural resources are the building blocks of the world, essential to progress and ity. These ¢ ities, like all i can have wide price fluctuations over time. This table shows the ebb and flow of
commodity prices over the past decade and illustrates the principle of mean reversion —the concept that returns eventually move back towards their mean or average, The price movement of commodities is historically
both seasonal and cyclical. That's why when investing in natural resources, we believe it is important for your portfolio to hold a diversified basket of commodities and to be actively managed by professionals who understand
these specialized assets and the global trends impacting them. As with all investments, diversification does not protect an investor from market risks and does not assure a profit, and of course, past performance does not
quarantee future results. Returns are based on historical spot prices or futures prices.

Gorunuse gore %442.80 ile Lityum ilk sirada yer aliyor ve Bakir'in getirisi yaklagik %25.7.
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iste 1960'tan beri bakir libre fiyatlari ile ilgili bir tablo:

$5
$4.50

$4
$3.50

$3
$2.50

$2

$1.50

$1

$0.50

1960 1970

1980

2000

2010 2020

20 Ocak 2023 itibariyle bakirin su anki fiyati libre basina 4,28 dolar. ( 1 libre =0,453592 kg)

Yesil Ekonomi agisindan;

Elektrikli arabalar, piller, glines panelleri ve rlzgar turbinleri gibi enerji gegisi icin kritik olan
teknolojiler, geleneksel fosil yakit bazli emsallerinden ¢ok daha fazla bakir kullanir.

Ornegin, Elektrikli arabalarda (EV’lerde) bakir kullanimi, geleneksel arabalara gére dort kata
kadar daha fazladir. Copper Alliance' a gore, yenilenebilir enerji sistemleri, geleneksel eneriji

sistemlerine kiyasla 12 kata kadar daha fazla bakir gerektirebilir.

Teknoloji 2020 Kurulu Kapasite
(megawatts)

Solar PV 126,735 MW
Onshore Wind 105,015 MW
Offshore Wind 6,013 MW

Bakir Igerigi
(2020 igin, ton)

633,675
451,565
57,725

2050p Kurulu Kapasite Bakir Igerigi
(megawatts) (2050p igin, ton)
372,000 MW 1,860,000
202,000 MW 868,600

45,000 MW 432,000

Yenilenebilir enerjiye ve elektrifikasyona gegis hizlandik¢a, daha fazla bakir madeni i¢in baski

da artacaktir.
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Uluslararasi ticareti yapilan baslica bakir Griin kategorileri sunlari igerir:
Bakir konsantreleri

Bakir blister ve anot

Bakir katot ve kilgeler

Bakir hurda ve

Bakir yari artnler

Bakir cevherleri ve konsantrelerinin dlinya Uzerindeki ticaret akislari:

2021'in sonu itibariyla, World Integrated Trade Solution tarafindan hazirlanan baslica Bakir
cevherleri ve Konsantreleri (Urin kodu=260300) ihracat ve ithalatgilar:

Ba§llca Ihracatgilar kg cinsinden miktar Baslica ithalatgilar kg cinsinden miktar

Peru 6,631,170,000 Cin 23,387,000,000
Sili 3,123,500,000 Japonya 4,959,310,000
Endonezya 2,235,450,000 Avrupa Birligi 3,968,360,000
Avustralya 1,648,650,000 Kore Cumhuriyeti 2,097,950,000
Meksika 1,551,770,000 ispanya 1,232,560,000
Panama 1,300,280,000 Almanya 1,148,840,000
Mogolistan 1,282,520,000 Bulgaristan 882,996,000
Brezilya 1,185,470,000 Hindistan 862,741,000
Avrupa Birligi 998,699,000 Malaysia 590,233,000
ispanya 629,316,000 Diger Asya Ulkeleri 509,532,000
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Turkiye'de bakir

Turkiye’'de toplam bakir rezervi, metal icerigi olarak 1.7 milyon ton bakir dizeyindedir. Ekonomik
olarak degerlendiriimeyen dusuk tendrlt bakir kaynaklari dahil edildiginde toplam bakir kaynagi
metal igerigi olarak 3.5 milyon tona ¢ikmaktadir. Yilda toplam 70 bin ton metal bakir esdegeri
350 bin ton cevher konsantresi Uretilmektedir.

Ureticilige gecis safhasinin énemli bir kiltir merkezi olan Catalhdyiik'te, cevherden aritma
yoluyla bakir elde edildigi, arkeolojik kazilar sonucunda ortaya gikariimistir. Cayonu, Catalhdyuk
ve Suberde kazilarinda, dodal bakirdan dévme teknigiyle yapiimis M.O. 7.000'e ait igne,kanca
gibi kiicik aletler ve bazi sus egyalari bulunmustur. Gineydogu Anadolu'da yapilan kazilarda
bulunan ve yaklasik 9.000 yil dncesine ait oldugu sanilan tg¢ bakir ignenin, bugtne kadar
dinyada bilinen en eski madeni egya niteligini tasidigi bilim adamlarinca kaydedilmistir.

Bakir dokim islemi ile yapilan esyalara ise ilk olarak Giiney Anadolu’da ve Can Hasan
Hoyuginde (Karaman) rastlanmistir (M.O. 5000; Neolitik ve Kalkolitik (Bakir) Cag).

Bakir madenciligi ilk olarak Ergani yoresinde yagayanlar (M.O. 6000) tarafindan yapilimistir.
Etiler devrinde madencilik daha da gelismis ve demir gagina gelinmistir. ik madencilik ruhsati
Etiler’e ait olup, Ulukisla Guimuskoy’'de bir kayaya oyulmustur

Osmanli déneminden 6nce, Anadolu'da, daha sonra da Balkanlar'da bakir yataklarinin yogun
olarak igletilmesi sonucu bakir isciligi doruk noktasina erismis, pek ¢cok merkezde yeni atdlyeler
aciimigtir. Anadolu'da bakirdan kap kacak yapiminda; dévme, dékme, sivama (tornada ¢gekme)
ve preste basma teknikleri uygulandigi belirlenmistir. Osmanl doneminde Murgul Bakir Madeni
isletmesi ingilizler, Kuvarshan bakir madeni Almanlar tarafindan isletilmistir.

Tiirkiye bakir kugaklari

1. Makedonya-Balkanlardan gelerek Istranca’ dan sonra Karadeniz’den gegerek Sinop
yakinlarindan itibaren Dogu Karadeniz boyunca devam eden Kafkaslar ve iran tizerinden
Himalayalara dogru uzanan kusaktir. Bu kusakta porfiri bakir yataklari ve Kuroko tipi masif sulfid
yataklari yaygindir. Bu kusak Uzerinde Derekdy-Kirklareli, Bakirgay (Merzifon), Guizelyayla,
Macka, Ulutas-ispir ve Ballica-Yusufeli-(Artvin) porfiri bakir yataklari bulunmaktadir. Bunlarin
ortalama bakir tenorleri Balkanlardaki porfiri bakir yataklarina goére dusuktur. Ayrica
Espiye-Lahanos, Cayeli, Kutlular, Murgul ve Cerattepe volkanik masif stilfid yataklari bu kusak
Uzerinde bulunmaktadir.

2. Kibris lizerinden gelerek iskenderun — Hakkari arasinda devam eden ve daha sonra iran’a
gecen Glneydogu Anadolu Ofiyolit Kusagi icerisinde ise Kibris tipi bakir yataklari
bulunmaktadir. Ergani bakir ve Siirt-Madenkdy bakir yataklari bu kusagin énemli
cevherlesmeleridir.

3. Uglinci metalojenik kusak ise yine Kibris tipi yataklarin yer aldigi Bati Karadeniz
Bolgesindeki Kure Bakir yatagidir.

4. Asitik plitonizmaya bagli hidrotermal damar ve kontakmetasomatik bakir-kursun-ginko
yataklarinin bulundugu Kuzeybati Anadolu Bélgesi ise dérdinci metalojenik kusagi olusturur.
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Elazig'da Maden, Artvin' de Murgul) ve Kastamonu'da Kiire bakir ¢ikarilan yerlerdir. Rize
Cayeli'nde bulunan bakir yataklari ise 1994 yilindan itibaren isletiimeye baslanmistir.

Kahramanmaras'in Afgin-Elbistan ilgeleri arasindaki bélgede yapilan ¢aligsmalarda 2013 yilinda
yaklasik 1 milyar tonluk rezerv oldugu disunulen bakir yatagi bulunmustur.
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Rezervler

Dunyadaki endistriyel hammadde rezervinin %2,5’i; kdmur rezervlerinin %1’i; jeotermal
potansiyelinin % 0,8’i ve metalik maden rezervlerinin %0,4’G Turkiye'dedir. Dinyadaki yeri
acisindan en zengin maden: dinya rezervinin %72’sinin bulundugu bor mineralleridir.

Turkiye Ekonomik Bakir Rezervleri

Turkiye bakir rezervleri ile ilgili galismalar MTA Genel Mudurligu ve 6zel sektor tarafindan
yurutilmektedir. Tarkiye goérinir+muhtemel bakir rezervi (Metalik Cu olarak) 3,6 milyon tondur
(Kaynak: Madencilik Sektériine Ait Temel Ekonomik Géstergeler, MTA Genel Mudarliga,
Haziran 2020).

Turkiye’'de bulunan énemli bakir yataklari Amasya, Artvin, Canakkale, Elazig, Giresun,
Kastamonu, Rize, Siirt, Sivas, Trabzon illerinde yogunluk kazanmistir. MTA'nin aramalari
sonucu bulunan metal bakir igerikli miktari 2,7 milyon tondur. Aramalarin devam etmesi sonucu
bakir metal kaynagdinin dnimazdeki yillarda 8 milyon tonun tGizerine ¢ikmasi ihtimaller icindedir.

Bakir bulunan iller

Trabzon

Siirt "
1.9%

Kirklareli

1.8% o

Giresun 7.5%

7.5%

Adiyaman
0.2%

Artvin
78.2%
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Uretim

Turkiye'de bakir Uretilen iller Artvin'de Murgul, Kastamonu'da Kure, Elazig'da Ergani ve Maden,
Rize'de Cayeli' dir. Bakir madenleri Elazig'da Maden ve Ergani'de, Artvin'de Murgul'da ve
Samsun'da islenmektedir. Bugun Turkiye'nin ihtiyaci olan bakirin 20% Ulkemizden gikariliyor.

Kalan 80% ise yurt disindan ithal edilmektedir.

Bakir cevheri Uretiminde Cengiz Holding’ in (Eti Bakir A.$. Samsun, Kire ve Mungul igletmeleri)
liderlik yaptigi Turkiye’ de, diger dikkate deger cevher ureticileri arasinda First Quantum (Cayeli

isletmesi) bulunmaktadir.

Asagidaki tablo 2020 yili igin Turkiye'nin ton cinsinden metal Uretimini gostermektedir.

Tiirkiye Uretimi - Ton bazinda

Linyit (t)
demir (t)
Feldispat (t)
algl (t)

Tuz (t)

Petrol (t)
Buhar komdiru (t)
Boksit (t)

Bor (t)
bentonit (t)
manyezit (t)
Kaolin (t)
Perlit (t)

Krom (t)

Kok komuri (t)
Barit (t)
fosfatlar (t)
Talk (t)

Cinko (t)
Sulfir (t)
Bakir (t)
diyatomit (t)
Kurgun (t)
Aluminyum (t)
Manganez (t)

Nikel (t)

2020

71,239,430
13,087,300

10,050,911

9,280,864
7,698,018
3,202,924
2,608,900
2,399,680
1,680,000
1,658,837
1,560,818
1,224,746
1,146,341
1,087,400
601,000
283,161
261,900
143,470
136,300
117,400
107,000
100,327
81,520
79,600
35,600

20,200
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Kalsiyum floriti (t) 19,896

Vermikdlit (t) 19,230
Grafit (t) 15,205
Titanyum (t) 6,455
Antimon (t) 2,570
Kobalt (t) 250
Gumus (t) 98
Altin (t) 42

Bu tabloyu bir cizelgeye dékecek olursak, bakir Turkiye'deki demir disi metallerin tretiminde 21.

siradadir. Bakir Uretimi, ton cinsinden toplam demir digi metal Uretiminin yaklasik %0,08'ini
olusturmaktadir.
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Asagida 2016-2020 yillari arasindaki bakir Gretimini ton bazinda gosteren bir grafik yer
almaktadir:

Turkiye Bakir Uretimi
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Ticaret

Turkiye, madencilik agisindan "kendine kismen yeterli" olan tlkeler arasindadir. Ulkede
ekonomik sekilde var olan madenler: bor, barit, jips, liletagi, mermer, diatomit, perlit, manyezit,
stronsiyum tuzlari, sepiolit, fluorit, kiregtasi, ponza, sodyum silfat, zeolit, profilit, kuvars-kuvarsit,
linyit, feldspat, kayatuzu, olivin, dolomit, silis kumu, bentonit, trona, asbest, kalsit ve Zimpara
tasi olarak siralanabilir.

Turkiye Bakir Ticareti

B Export ® Import

2020 itibariyle, Turkiye'den yapilan ham Bakir ihracatinin ana varis yerleri Cin (3,68 milyon
dolar), Belgika (199 bin dolar), Filipinler (50,1 bin dolar), italya (31,1 bin dolar) ve Marshall
Adalari (26,3 bin dolar). Turkiye, ham Bakir'i baglica Azerbaycan ($1.51M), ispanya ($309k),
Amerika Birlesik Devletleri ($162k), Birlesik Krallik ($109k) ve Finlandiya' dan ($78.8k) ithal
ediyor.
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Cikarim

Duinya Rafine Bakir Kullanimi1 1900-2021

Bin metrik ton bakir
Kaynak : ICSG
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Bakir, medeniyetin gelismesinde énemli malzemelerden biri olmustur.

Bundan sonra yilda yaklasik 25-26 milyon ton bakir kullaniimaktadir. Dliinya ¢apinda uretilen
bakirin blyUk bir kismi (%70) elektrik/iletkenlik uygulamalari ve iletisim i¢in kullaniimaktadir.

Bakir gibi jeolojik yataklar, cevredeki kayalardan farkli mineral ve kimyasal bilesenler igerir ve bu
farkhliklar genellikle spektral anomali bilgisi seklinde uzaktan algilama gértntulerine yansir. Bu
baglamda, bir dizi uzaktan algilamal dijital gérintu isleme, cevher iceren tabakalar, mineralize
alterasyon zonlari, kontakt metamorfik zonlar ve tektonik zonlarla yakindan ilgili jeolojik bilgileri
elde etmenin etkili ve ileriye donuk bir yolu haline gelir. Bakir diger metallerle kolayca etkilesime
girer, bu nedenle godu zaman kursun ve ¢inko ile bulunur.

Uzaktan algilamada, bakir cevherlesme bdlgesi gri-beyaz, mavi-gri ve mavi tonlarini dar bir serit
seklinde gdsterirken, kursun-ginko mineralizasyon bdlgesi serit benzeri bir desende gri-beyaz,

acik gri-sari ve sarimsi-kahverengi tonlar gosterir.

Prof Ben Williamson tarafindan bulunan porfiri bakir yataklarinin yerini belirlemeye yardimci
olacak yeni kesif araglari da ginimuzde var.
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Ayrica, bugunun birincil bakiri yarinin geri donustirilmus malzemesi oldugundan, bakir geri
donusumu bakirin bulunabilirliginde énemli bir rol oynar. Enerji veya gida gibi diger metalarin
aksine bakir “tUketilmez”. Bakir, herhangi bir performans kaybi olmaksizin tekrar tekrar geri
donusturilebilen birkag ham maddeden biridir.

Teknolojilerin hizli ve buyuk 6lgekli devreye alinmasiyla, enerji gecisinden kaynaklanan bakir
talebinin 2030 yilina kadar yaklasik %600 artmasi bekleniyor.

Bakir bitecek mi?

USGS verilerine gore, 1950'den beri her zaman ortalama olarak 40 yillik bakir rezervi ve 200
yildan fazla kaynak kalmis durumda.

2000-2021 doneminde 373 milyon ton bakir ¢ikarildi. Ancak ayni donemde, rezervler 447
milyon ton artarak 880 milyon ton bakir oldu.

Teknoloiji, yeni bakir Gretiminin karsilastigi zorluklarin bircogunun ele alinmasinda Kilit bir role
sahiptir. Bilinen ve henuz bilinmeyen yenilikler, yeni maden Uretiminin hayati bakir kaynaklari
saglamaya devam etmesini saglayacaktir. Ayrica, buginun birincil bakiri yarinin geri
donustirdlmis malzemesi oldugundan, geri déntsim bakirin kullanilabilirliinde énemli bir rol
oynar.

Bu geri donlistim dongusu iki nedenden dolayi tamamen kapatilamaz. Birincisi, nifus artisi,
uriin yeniligi ve ekonomik gelisme nedeniyle talep artmaya devam edecek. ikincisi, gogu
uygulamada bakir onlarca yildir kullanimda kalir.

Jeolojik mevcudiyet ve surekli endUstri inovasyonu hakkindaki en son bilgilere dayanarak,
bakirin gelecekte de kiiresel ekonomiye ve topluma hayati ve olumlu bir katki saglamaya devam
edecegine inanmak igin iyi nedenler var. Bakir, ¢ikarilan bir metalden daha fazlasidir; is saglar
ve daha yuUksek bir yasam standardini destekler.

Bir ton bakir 40 arabaya islevsellik getiriyor, 100.000 cep telefonuna gli¢ sagliyor, 400
bilgisayarda islem yapilmasini sagliyor ve 30 eve elektrik dagitiyor.

Bakirin mevcut kiiresel kullanim émri sonu geri déntisim orani yuzde 40'tir ve AB, Cin ve
Japonya gibi dinyanin bazi bélgelerinde tim bakirin yarisindan fazlasi kullanimdan sonra geri
donastaralir.

Yukarida rezervler altinda toplam tanimlanmis ve kesfedilmemis Bakir rezervlerini 5.600 milyon
ton olarak yuvarlak bir grafikte paylastim.
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International Copper Study Group Ekonomi ve Cevre Direktdrt Sayin Carlos R. Risopatron,
Nisan 2017 tarihli “Arsenic in the Global Copper Value Chain: Trends in 2022 and Beyond” adli
sunumunda gelecegin madenlerini gosteriyor.(Kirmizi dikdértgen icindekiler 2026’dan sonra
planlananlar kronolojik sirsda degiller)
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Yani yeni teknolojilerle bile daha fazla bakira ihtiyacimiz olacak, bu arada yeni kaynaklarimiz ve
yeni madenlerimiz olacak.

Madenler, bol miktarda bulunduklarinda da kritik kabul edilir ve Ulkenin, kiresel tedarik
zincirinde rekabet avantaji elde etmek icin hakim konumunu kullanmakta stratejik bir ¢ikari
vardir.

Dusuk karbonlu bir gelecege ve fosil yakit ekonomisinden uzaklasirken, kritik malzemelere olan
ihtiyag ve bagimlilik yalnizca artacak ve kiresel ekonomide yeni arz ve talep gugleri
yaratacaktir. Kaynak agisindan zengin Uretici Ulkeler, glvenilir ve esnek tedarik zincirlerinin
gelistiriimesinde kilit bir rol oynarken, Uretici olmayan ulkeler, 6rnegin Uretim yeteneklerine,
yenilige ve teknolojiye yatirim yoluyla deger zincirindeki ekonomik firsatlardan ve yayilmalardan
yararlanabilir. Deger Zinciri olugturma, mesleklerdeki cinsiyet dengesizliklerini ve Ucret
esitsizliklerini ele alma konusunda énemli bir potansiyele sahip olan istihdam firsatlar
getirecektir. Politika ve diizenleyici cergevelerin yani sira iyilestirilmis yonetisim, yeni ve/veya ek
gelir kaynaklari, ticari ortakliklar ve 6zel sektdr yatirimi sunacaktir.
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https://www.investopedia.com/terms/c/copper.asp
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https://en.wikipedia.org/wiki/Copper

https://www.copper.org/education/history/us-history/#:~:text=Copper%20was%20first%20used%
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https://www.visualcapitalist.com/periodic-table-commodity-returns-2022/
https://www.insidermonkey.com/blog/5-biggest-copper-companies-in-the-world-1091758/

https://finance.yahoo.com/news/15-biggest-copper-companies-world-132108207.html
https://www.researchgate.net/publication/320602599 Primary Copper Smelter and Refinery

as_a_Recycling_Plant-A_System_Integrated_Approach_to_Estimate_Secondary Raw_Material
Tolerance

https://www.maden.org.tr/resimler/ekler/bf8710b43df3f2c_ek.pdf
https://www.lamplan.com/templates/yootheme/cache/27/metallographyofcopperalloys-img00-27
a9c7de.jpeg

https://wits.worldbank.org/trade/comtrade/en/country/ALL/year/2021/tradeflow/Exports/partner/
WLD/product/260300#
https://wits.worldbank.org/trade/comtrade/en/country/ALL/year/2021/tradeflow/Ixports/partner/W
LD/product/260300

https://www.macrotrends.net/1476/copper-prices-historical-chart-data

https://www.mta.gov.tr/v3.0/sayfalar/bilgi-merkezi/maden-serisi/Turkivede dunyada_bakir.pdf
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