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International Copper Study Group:
Intergovernmental Organization

>Membership open to any country involved in copper production, use or trade.
> Headquarters in Lisbon, Portugal with International Lead, Zinc and Nickel Study Groups
> Countries joining recently: Iran, Mongolia, DR Congo and Brazil.

> 23 ICSE member governments plus the European Union in 2022. 40 countries in 3 Groups.

> Chile is a valued ICSG member country in 2022.
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Global Copper Flows: The Supply Side in 2021.
SX-EW Mine Refined + Concentrate Refined = 20.7 Mt-Cu
Scrap Refined + Scrap Direct Melt* = 10.4 Mt-Cu in 20217

SX-EW o Pu Fabricators of
Ming Refined w copper and
alloy products:

Concentrate Concentrate
Copper
concentrates

Smelted: Refined:
m

ecopper wire rod

ecopper tubes

ecopper sheet
-copper rod bars
COpper scrap, -copper alloy tubes
i a"Dy -copper alloy sheet
scrap
and COpper -copper alloy rod
waste. *foundry castings
- H *
A d 7.0 Mt-Cu in 2021

Global growth in scrap refined: 3.4 Mt-Cu in 2021 confirmed by Recyclables Survey
More scrap directly melted by fabricators in 2021* to reduce expensive refined use.

Peak global SX-EW output in 2020, 4 Mt-Cu, then contraction in 2021 to 3.9.Mt-Cu.
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|t did not contract in 2020, due to higher Chinese semis production.

Copper and Alloys Fabrication Output Reported by IGSG
in Gross Weight, kt
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New generation of fabrication plants, mainly but not only in China,

Global Fabrication Capacity Additions 2016-2021 and Projects:
Directory of Copper and Alloy Fabricators - 2021 Editian
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With limited SX-EW, world smelters processed more concentrates
with less copper content and used more scrap in 2018-2021.
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In 2021 China” s share of copper refined output from concentrates

~80% of all copper refined in China in 2021.

Refined copper scrap share decreased to <20%.
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2018-2020: refined copper markets in deficit and sustained by de-stocking.

2021: deeper deficit on demand expansion, driven by fabricators recovery,
+ wealth protection from negative real interest rates. More stocks out of the exchanges.

|CSEG Global Balances of Refined Copper kt-Cu
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Russian Federation domestic copper uses increased ~b7% in 2021

on a refined export tax, driving semis, mainly wire rod, to aver 600 kt per year.
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In 2022 >30% of the exports of refined copper

from the Russian Federation in risk of being reallocated.

Refined Copper Imports from the Russian Federation in 2021 kt-Cu
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Restrictions to trade of Russian Federation copper products
to contribute to tighter supply of copper metals ex-China.

Russian Federation Copper Value Chain in 2021
Preliminary Data in kt-Cu
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The energy price shock of 2021-2022: energy supply continues to tighten.
China “Dual Control System”: energy consumption/output rate down:
copper smelters to target higher grade feed producing greater output.



Monitoring and Reporting of International Issues: Advances 2022

Now you can get a tonne of refined copper with less than 170 grams of gold.
One tonne of refined copper cost around 1 kg of gold when trade is restricted.

Price of One Tonne of Refined Copper in Grams of Gold.
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Record prices, even with 11 new mines commissioned recently.
Other 12 new mines and expansions to be commissioned in 2022-2026.
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Most abundant low grade porphyry deposits were mined first,
so copper ore grades in output averaging down 2020-2030.

% of Copper Resources in Mines Operational and Undeveloped
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Reduction in copper ore grades and projections:
challenging for mining countries due to increasing costs
to extract very low-grade ores.

Ore grade (%)
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https://www.researchgate.net/publication/308670677 Chemical Composition Data of the Main Stages of
Copper_Production_from_Sulfide Minerals_in_Chile_A Review to Assist Circular_Economy Studies



https://www.researchgate.net/publication/358670677_Chemical_Composition_Data_of_the_Main_Stages_of_

Most of the copper reserves being developed in 2020-2030
are in copper mines with low or falling copper ore grades.

Copper Ore Grades in Top 23 Copper Mineral Reserves %Cu
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Funding, social licenses, permits, water shortages, price volatility,
instead of low ore grades limit mine expansions and new projects.



Current technology to extract low grade reserves means

Copper Reserves in Top 25 Copper Mines Beyond 2013 Mt Cu
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Big expectations on new high ore grade capacity at DRC

Kakula, Kansoko, Kakula West and Kamoa North projects.
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2022 production quidance for Kamoa-Kakula in the DRE:

Output from first two phases projected: >4a0ktpy by 2023-2024.
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Chile copper concentrates oversupply ahead?
Massive Chilean copper concentrate supply growth expected in 2023-2028.
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After years of constrained concentrate output and exports,

Global Copper Concentrate Output and Exports
Copper Content kt-Cu
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Copper content in global copper concentrates output:
stagnated around 16.2 Mt-Cu per year in 2017-2020

Copper Content in Global Copper Concentrates Output
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Global production of concentrates up in 2021 over 17 Mt-Cu per
year for first time: on China, Peru Recovery and ROW supply.

Copper Content in Copper Concentrate Production in kt-Cu
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EESVERH G N RE i @ e Bglobal exports of copper

e ein 2020..followed by record export volumes in 2021,

World Reported Exports of Copper Concentrates
in copper content kt-Cu
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Share of global exports of concentrates in relation to output
stagnated in 2020-2021 due to port restrictions and lockdowns.
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Still far from peak concentrate exports from Chile and Peru in 2021,
Indonesian recovery and advances in non traditional exporters.

Copper Content in Exports of Copper Concentrates by Exporter kt-Cu
4,000

3,a00

2,000

3,000
2,000
1,500
1,000
500
Colw men e el T |u|

Kazakhstan ~ Mongalia Brazil European  Australia Mexico Indonesia Peru Chile Rest of the
Union World

m2018 =201 2020 =2021P




Significant annual growth of >4% in global imports of copper concentrates
confirmed for 2021, as Chinese, Indian and Korean imports recovered.

Reported Gross Weight Imports of Copper Concentrates
in kt gross weight, preliminary 2021 data,
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European and Japanese copper concentrate imports in 2021
below 2020, versus China, India and the Korean Republic imports.

Gross Weight Copper Concentrate Imports Growth 2021/2020 by Country kt
Rest of the World
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Indonesia copper in concentrates exported: strong 2021 recovery.
Around 2025-2026 smelters under construction in Indonesia
might process all copper concentrates currently exported.

Indonesia Copper Content in Exports of Copper Concentrates kt
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Indonesia developed a successful stainless steel industry,

based on foreign investments and Ni concentrate export bans.
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Indonesia President: export controls
on unprocessed minerals ahead.

o "We have always exported our raw material and we must stop it

o We have discontinued nickel exports. Next year we will stap exporting bauxite.
o After bauxite, we will stap exporting copper.

o After copper, we will stap exporting tin.

o [he nickel case fhas been brought to the WIL. It is all right we will face it

«  [fwe produce finished goods, it will generate 10 times of added values.
[fwe stap exporting bauxite, exporting copper, exporting tin, exporting gold
 and other raw material exports, we will get more.

o [fervently beligve that if we do this until 2023 and 2024, our gross domestic product (GOFP) in 2050
o will trjple”.

 President Joko Widodo
« at the 7Tth Anniversary of the Indonesian Solidarity Party
 January 2022
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Mongolian exports of concentrates: stable and high arsenic,

but slightly below 0.3% China import limit, so it is “clean”.

Mongolia Copper Concentrates Exports in kt and kt-Cu
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Increase in Russian Federation copper concentrate exports 2020-2021:
Tominskoye copper mine start-up in April 2020 and Bystrinsky mine start-up in 2018
More exports in 2021 after Kola MMC Monchegorsk smelter stop to control air emissions.

2021 Imports of Copper Concentrates from
the Russian Federation Reported in Gross

Weight kt
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Russian Federation: record copper concentrate exports in 2020-2021

622.4 kt in 2021, most to Northern China smelters.
Udokan copper mine to be commissioned in 2022 will increase exports.

Russian Federation Exports of Copper Concentrates
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Other minerals in exports of copper concentrates: growing faster
than copper contents: data on 180 traded copper concentrates shows

an average grade of 27% copper in recent years.

World Reported Copper and Dther Elements Exported as Copper Concentrates
in kt: 2008-2019, 2020 Estimated and 2021 Forecast
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® Reported Copper Content in Exports of Copper Concentrates

Impurities in Exports of Copper Concentrates

https://link.springer.com/content/pdi/10.1007%2Fs11837-020-042535-9.pdf
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L atest update of global copper concentrates exports:
record gross weight export volumes in 2021, slightly more copper content.
High chance of global copper content over reported in recent years.

World Reported Copper and Other Elements in Copper Concentrate Exports
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Smelters in China, Japan and Korean Republic: increasingly depend

from blending and complex concentrate exports from Chile and Peru.

Main Exporters and Destination of Copper Concentrates,

2019 in Gross Weight kt
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Other minerals in exports of copper concentrates in 2021: 26.6 Mt.

from Chile ~37%, Peru ~22%, Australia 9% and from rest of the world ~3a%.

Copper and No Copper Content in Main Exporters of Copper Concentrates:

2020 Estimate in Thousand Tonnes Gross Weight kt.
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Important volumes of minor metals contained in global exports
of copper concentrates traded internationally in recent years.

Minor Metals in World Exports of Copper Concentrates:

Estimated Annual Average 2017-2018 in tonnes
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Most of the copper concentrates available in the global market
has less than 0.3% Arsenic, still called “clean concentrates”.
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Increasing arsenic content in global output of copper concentrates:

source of environmental requlations and more carefull industry monitoring,
processing, extraction, estabilization and disposal.

Arsenic Content in Global Copper Concentrate Output %
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Mineral composition ranking for global copper concentrate output
over b2 Mt-Cu per year estimated with record Arsenic >200 kt in 2021.

Mineral Composition in World Copper Concentrates Output: Changes 20172020
Average Estimates Based on Information Collected from Mining Companies and Governments
Units in thousand tonnes kt

2017 2018 2019 2020 Preliminary
Sulphur 19.078.4 19.975.4 19.862.8 20,027.2
Copper 16.285.0 16,667.0 16.,573.0 16.585.0
Iron 14.799.1 15.,418.5 15,269.5 15.395.9
Other Unreported Minerals 320.7 998.8 2.234.6 2.503.4
Silica 1.901.9 1.997.5 1.986.3 2.002.7
Alumina 1.367.0 1.061.2 931.1 813.6
Finc 1.182.7 1.479.4 484.2 250.3
Sodium 172.4 181.0 180.0 181.5
Molybdenum 118.9 255.9 105.5 150.2
Arsemnic 178.3 137.3 204.8 143.9
Mercury 16.0 16.9 20.5 137.7
Calcium 124.8 131.1 130.3 131.4
Lead 50.5 54.3 55.9 61.3
Selenium 51.1 53.7 53.4 53.8
Chlorine 23.8 18.7 24.8 31.3
Potassium 29.7 31.2 31.0 31.3
Chromium 29.7 31.2 31.0 31.3
Tellurium 21.4 22.5 22.3 22.5
Manganese 17.8 18.7 18.6 18.8
Phosphorus 17.8 18.7 18.6 18.8
M agnesinm 15.5 16.2 16.1 16.3
Antimony 16.6 21.8 35.4 15.0
Fluorine 10.7 11.5 11.2 12.5
Tin 9.5 9.4 10.6 10.0
Bismuth 5.9 8.1 8.1 8.8
Cobalt 5.9 6.2 6.2 6.3
Nickel 4.9 5.2 5.2 5.2
Cadmium 0.4 0.4 0.4 0.4
Rhenium 0.1 0.1 0.1 0.1
Gold and Silve1r: 26 Rate 0.0002 0.0002 0.0002 0.0002
Others SiO2 Related Elements 3.577.5 3.775.0 3,739.7 3.918.4

Copper Concentrates Output in kt 59.,434.3 62.423.2 62,071.2 62.584.9



Mineral composition of global copper concentrate exports,
>60% of global output and >100 kt of Arsenic exported in 2021.

Identified VMineral Composition in World Copper Concentrate Exports: Changes 2017-2020

Average Estimates Based on Information Collected from Mining Companies and Governments

TUnits in thousand tonnes, gross weight kt

2017
Sulphur 10,471.0
Copper 8,937.9
Iron 8,122 4
Other Unreported Minerals 182.5
Silica 1,043.8
Alumina 750.3
Linc 649 1
Sodium 94 .6
M olybdenum 65.2
Arsemnic 7.9
M ercury 8.8
Calcium 68.5
Lead 27.7
Selenium 28.1
Chlorine 13.0
Potassium 16.3
Chromium 16.3
Telurinm 11.7
Manganese 2.8
Phos phorus 9.8
M agnesium 8.5
Antimony 21
Fluorine 5.9
Tin 52
Bismuth 3.3
Cobalt 3.3
Nickel 2.7
Cadmium 0.0002
Rhenium 0.00004

Gold and Silver: 26 to 1 0.0000001

Concentrate Exports Contents in kt 32,620.0
Concentrate Exports Untracked (kt) 3,734.0
Concentrate Exports Reported (kt) 36,354.0

2018
10,969.1
9.,152.3
8.466.8
551.9
1,096.9
sS82.7
812 .4
99 _4
140.5
75.4
9.3
72.0
29.8
29.5
10.3
17.1
17.1
12.3
10.3
10.3
8.9
12.0
6.3
5.1
4.5
3.4
2.8
0.0002
0.00004
0.0000001
34,278.4
4,175.6

38,4540

2019
10,87 4.9
9.073.7
8.360.1
1,232.6
1,087.5
509.8
265.1
98.6
57.8
112.1
11.2
71.4
30.6
292
13.6
17.0
17.0
12.2
10.2
10.2
8.8
19.4
6.1
5.8
4.4
3.4
2.8
0.0002
0.00004
0.0000001
33,984.0
4,593.0

38.577.0

2020 Preliminary
9,087.0
7.525.2
6.985.6
1.221.1

908.7
369.2
113.6
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68.2
65.3
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59.6
27.8
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10.2

8.5

8.5

7.4
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4.5

4.0
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2.4
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0.00003
0.0000001
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More complex concentrates blended, instead of pre-treated: new
Chinese blending plants to compete with existing blending operations.

Global Copper Concentrates Blending Facilities Before 2021

thousand tonnes per keat kt
Blending Capacity

Country
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Several large-scale blending
facilities commissioned in

Chinatin Z021.

Zijin Mining new Bhina concentrate
blending facility with Minmetals. Plant in
Lianyungang port‘of Jiangsu province
appraved in 2021.

\

In 2019 Glencore started a new
copper concentrates blending facility
in Taiwan (China).



No new limits to minor metals in concentrates imports in China in 2021.
Permits to process complex concentrates and blending plants in China will keep
arsenic flows to Chinese smelters and hazardous waste disposal places in China.

New Limits Proposed in 2019 to Imports of Copper
Concentrates to China (% Versus Existing Limits)

Other restrictions on imported
: -20%
copper concentrates expected in 2020-2021:
*  Fluorine: maximum 0.6%

Antimony + Bismuth: <0.2% -22%_

Thallium: <1gram/tonne ?

-80%

-00% -80% -B0%  -40%  -20% 0%




Arsenic Distribution in Clean and Complex

Arsenic in 2016 Global Copper Concentrates Supply
Copper Concentrates Already Treated in 2016 (kt-As)

Already Treated (kt-As)
Arsenic in Arsenic in Clean
Complex Copper Copper
Chile and Peru, Rest of the Concentrates Concentrates
70 kt-As, World, 36 kt- (>=0.5% As), (<0.3% As),
BE% As. 34% 94.2 kt-As, 01.8 kt-As,
‘ ' 51% 49%

Half of copper concentrate output complied with China”s Arsenic limits.
If the limit was tightened, blenders might not source enough “clean” concentrate.
Arsenic Volumes i Global Copper Concentrates

Output (kt) by Arsenic Content (%o As)
Source: IESG on Aurubis estimates (Z2018)

9% to 8 Yo+ ]
2% to <9%
0.5% to <2%

D10%: to <0D.5%
0.05% to <0.10%
<0.03%
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4. Changes in Arsenic in Mineral Composition
of Copper Concentrates Exported from Chile

Risk comes from not

knowing what you're
doing.

W‘érren Buffett




Chile copper concentrates exporters reported only 3%

of the total compaosition to Chile Customs in 2017-20119.

Chile: Mineral Content Reported in Copper Concentrates Exports

Reported to Customs. % Weighted Average 2017-2019.

Copper I 76.90%
H20 s——— R 580%
Aluminium Oxide —1.71%
Zinc ™ 110%
Arsenic © 0.28%
Molybdenum 1 0.21%
Cadmium 1 0.098%
Clorine | 0.037%
Antimony | 0.034%
Fluorine  0.019%
Mercury  0.0082%

0% an 0% 1©h 206 25 30%

Chile Customs Compendium Chapter 3.1:
mandatory declaration of copper, gold, silver,
arsenic, molybdenum and mercury.



Copper content exported by Chile keep falling (<26 %Cu in 2021).

Chile concentrates export record >12.8 Mt in 2013, then 12.2 Mt on lockdowns.
In 2021 Chile struggled to achieve <12.2 Mt exported on lower ore grades.

Chile Mineral Content in Exports of Copper Concentrates 2017-2019
Annual W eighted Av erages as Percentage of Exports Reported %

Source: COCHILEO 2021 based on Chile Customs Data

2017 2018 2019
Copper 274 2k9 287
Arsenic 030 022 033
Moly bdenum 02 04l 017
Alumina 23 1.7 l.a
Chiorine 004 003 004
Antimonium 0028 0035 0057
Mercury n0oz7 n0z7 0033
Zinc 1.99 2.37 078
Huorine 11172 oo aaz7
Gold and Silver [0.00038 000033 000038
Sulphur 2 2 2
Iron 23 23 23

Other i i 13



The average content of some hazardous minerals in copper
concentrate exports reported by Chile increased in recent years.

Chile: Mineral Content Trend in Exports of Copper Concentrates 2017-2019

% weighted average reported, except gold and silver in grams per tonne

2017 2018 2019 % Growth 2017-2019

Antimony 0.028 0.035 0.057 103.6%
Fluorine 0.02 0.01 0.027 35.0%
Mercury 0.027 0.027 0.033 22.2%
Arsenic 0.30 0.22 0.33 a 10.0%
Chlorine 0.04 0.03 0.04 0.0%

Copper 274 26.9 26.7 -2.6%

Molybdenum 0.2 0.41 0.17 -15.0%
Alumina 2.3 1.7 1.5 -34.8%
Zinc 1.99 2.37 0.78 -60.8%
Gold 2.1 2.37 2.48 18.1%
Silver 96.2 90.8 85.4 -11.2%

% of Exports Reported 32.3 31.7 29.6 -8.3%



The mineral composition of Chile exports of copper concentrates

changed fast in 2017 - 2019 and will keep changing in the future.

2017-2013 % Change in Mineral Content Reported
in Chilean Exports of Copper Concentrates (2021)

Antimony 13.5%
Fluorine 35.0%
Bismuth 30%
Mercury 222%
Gold 18.1%
Arsenic 10.0%
Chlorine  0.oooo0%
-2.6% Enppefl—
12% —Silver
15.0% —Malybdenum
368%  Alumina
-60.8% Zim:

-100% -a0% 0% al% 100% 120%
Source: I[CSG based on COCHILED analysis of Chile Customs Bureau Statistics (2021).



Large differences in the average contents of Arsenic
in exports of Chilean copper concentrates versus other elements.

Variation Coefficient by Reported Mineral in Chile Copper Concentrates Exports
Calculated on Annual Averages and Standard Deviations for 2017-2019

Antimony
Arsenic
Mercury
Molybdenum
Linc

Aluminium Oxide
Fluorine

Clorine
Cadmium

Copper
H20



Silver and gold content in Chilean Cu concentrates exported are significant.
High silver and high gold concentrates not reported as “copper concentrate” by
importers causing under-reporting of copper and As in some importer countries.
Dealing with bismuth will remain a challenge for copper smelters.

Average 2017-2019 Content of Precious Metals in Exports
of Copper Concentrates from Chile grams/tonne

Gold g/t

Silver g/t

—

1 20 40 GO 80 100



Chile mine supply complexity is increasing, so smelters process high As.

Domestic value added output stagnated on high smelting costs.

Chile Copper Concentrates Smelted and Refined kt-Cu

201 202 2013 2014 201 2006 2017 2018 2013 2020 2021P

® Chile Refined Copper Output from Concentrates ™ Chile Smelter Output from Concentrates

1,200
1,000
all

a

Bath Copper Smelting Technology Costs
in USD/Tonne Source: COCHILCO 216

Side Blowing :_
——

sasmelt :_
—
—
—

Side Blawwing :




Chile smelter technologies: end of pipe upgrades commissioned in 2019.
Paipote copper smelter project: only capacity expansion in Chile not confirmed yet.
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9. Impact of More Arsenic in Copper Concentrates
And Response of Copper Smelters and Refineries




Copper concentrate complexity increased in 2007-2021,
so minor metal content in smelter anodes kept growing.

Metal Impurities in Copper Anodes in 2019
Copper 2019 Electro Refineries Suryey (Particles Per Milliun)|

2019

M Nickel
] Oxygen
M Arsenic
@ Lead

] Silver
[ Selenium

[ Antimony
M Bismuth

zuu7 M Telurium

) Gold
1 Sulphur

2013

0 2,000 4,000 6,000 8,000 10,000



Arsenic and other minor metals content in copper
anodes: increasing in the last 14 years before 2022.

Global Copper Anode Impurities Growth 2007/2013 in %

Source: Global Copper Hectro-Refineries Survey COPPER 2019.
Sulphur=
e S
——Silver—
Oxyger—
Lead—]
Copper % |-0.10%
Arsenic =
Telurium |
Bismuth
Selenium
Nickel |

Antimony

-a0% 0% al% 100%

62




but contents of Ni, Sb, Se and Te kept growing.

Copper Anode Impurities Growth 2016/2013 in %
Source: Global Copper Hectro-Refineries Survey COPPER 2019.

More arsenic
captured in gas Silver
in new Oxygen

generation Lo uf"h'f; |
of copper old

smelters. Selenium
Telurium

Antimon

Nicke

-100% -all% 0% al% 100%




Minor minor metals reduction in copper electro-

refineries: efficiency gains in the last 20 years.

Impurities in Electro Refined Copper Cathodes
(in ppm) Copper Electro Refineries Survey 2019

3 Silver
B Sulphur
[ Antimony
3 Nickel

(1 Lead

[ Iron

M Selenium

2013

[ Telurium

M Arsenic
I Bismuth

1 i0 20 30



Electrolytic refineries increased efficiency and

successfully reduced minor metals in cathodes.

Copper Cathode Impurities Growth 1939/2019 in %
Source: Global Copper Electro-Refineries Survey COPPER 2018.

Silver E

-100% -a0% 0% al%




More Arsenic, Ni and Bi appearing now in
electrolytic copper refineries electrolite.

26 Growth in Average Composition of Electrolyte

Antimony
Sulphuric Acid
Copper
Arsenic

Nickel

Bismuth

0%

in 2019 Versus 19998

100%

Electrolyte Caompasition in Copper Refineries in g/L
DPE E 19.

al®a

bal Surve nrefining 2

130%

2019

19899

1 Sulphuric Acid
B Copper

=@ Nickel

I Arsenic

B Antimony

= Bismuth

200




However, anode slimes compaosition in electro-refineries
remains the same versus 2003.

2019 Average Raw Slimes Content in Electrolytic
Copper Refineries %

Bismuth, 1.3

Telurium, 1.9

Arsenic, 3.3

Gold, 0.7

Nickel, 0.2
Oxygen, 3.8

/ Antimany, 3.9

Sulphur 9.9

W

Silver, 9.4

Copper, 21.7

lead , IL.6



Role of governments in strengthening policies of precious
metals recovering from anode slimes in electro-refineries?

Chile Copper Refineries: Mineral Content in Anode Slimes % wt

30
30
25

20

15

0 I

5|

s hlh.HIL NI

Ventanas Chugqui El Salvador Paipote ELTeniente
® Copper M Arsenic ' Silver  Gold = Antimony

https://www.researchgate.net/publication/338670677 Chemical Composition_Data of the Main_Stages of
Copper_Production_from_Sulfide_Minerals_in_Chile_A_Review to_Assist Circular_Economy Studies



Arsenic in copper smelters slag: issue of concern for the industry.
~Bal kt-Cu per year potential copper recovery from smelter slags.

Solid Waste and Copper Content in Slag from Top Copper Smelters
> 100 kt of Slag per Year
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http://www.icsg.org/

More arsenic was treated by smelters in Japan before 2013:

100%
80%
6B0%
40%
20%

0%

Arsenic Management in Japanese
Copper Smelters (°6 of Arsenic)

Il Arsenic to Gas

1 Arsenic Lost in Flue

Dust
1 Arsenic to Slag Powder

Il Arsenic to Anodes

@ Arsenic in Slag

Mitsubishi Sumitomo Toyo JX Tamano and

Naoshima S
2018

Japan standard for
arsenic in slag to be

sold for general uses:

190 mg/

As per Kg of
slag

melter Smelter 2018 Saganoseki
Smelter 20183

Japan standard for

arsenic disolution in slag
to be used in seashore

Japan standard for
disolution of arsenic in
slag to be sold for general

USES: applications:
0.0 mg/It 0.03 mg/It
As per Kg of slag As per Kg of slag



Chilean copper anodes: most of the arsenic captured in smelter dust

but still high significant in the slag, as in Japan.

Chugquicamata copper smelter:
most of As in the dust of the S2H04 plant.
Some As in the slag. Small volumes in anodes.

Arsenic and other minor metals composition in
Chilean copper anedes: 30 years trend.
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https://www.researchgate.net/publication/358670677 Chemical Composition_Data of the Main_Stages of
Copper_Production_from_Sulfide_Minerals_in_Chile_A_Review to_Assist Circular Economy Studies



Elements Recovered in the Sulphide Precipitation Plant
of a Flash Copper Smelter in China (2017) %

Silver
Blsmuﬂ1 2%
Au+In+Fe-
SE+N|+Sn+TE
Water
9%
_ Copper
Arsenic co

22% Source: BGRIMM EMC 2017




In bottom and side blown smelters, up to 88% of Arsenic goes to gas.
No dust is re-circulated, arsenic is collected, recovering more valuable metals.
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A new generation of Chinese smelters are processing
all waste together in high pressure leaching furnaces.

Arsenic sulphide pressure leaching
operating in Guixi smelter from 2008.
Arsenic leaching ratio: 35%

Copper leaching ratio: 95%
Rhenium leaching ratio: >38%

Arsenic Trioxide Production from Japan Copper Sulphate Process
Results in China Guixi Smelter (BEGRIMM 2017)

A ‘e Retu d to Arsenic Direct
rsenic Returne
R
the Furnace e E;;;::rv
485%0
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Chinese copper smelters processed >100 kt of Arsenic/year
to produce 8.2 Mt-Cu of copper anodes in 2021.

Typical Chinese Copper Smelter Dust

Zinc
Bismuth
Sulphur

Copper
Arsenic
Lead

Auorides
Particulate Material

HZ504 Mist

Nitrogen Oxides

o

Air Emission Limits for Chinese Copper Smelters in 2018
(non metal pollutants) in mg/m3

M 2013 Special Limit
= 2010 Emission Limit

Sulphur Dioxide

% Compaosition. Source: Dong (-%I]I_B o

|
T
0
-
-

300 400

4

Chinese Copper Smelters % Sulphur Capture
Standard in 2018 - Reported by ENFI

Minimum Sulphur Collection in H2S04
and Slag

Minimum Sulphur Recovery in Off Gas

96.5% 37.0% 97.5% 98.0% 98.5% 593.0% 33.5%



More smelters in China are disposing Arsenic as Scorodite now.

More smelter flue dust to be processed in-house in 2020-2025.

Stabilization of High Arsenic Flue Dust

in a Flash Copper Smelter in China (Z2015) . Arsenic
B Bismuth
Arsenic To Dispose as Scorodite from S02 Leaching Residue %4 #: .
— opper
Iron Leaching Rate After SO02 Reduction %4 1 =1 lron

Arsenic Leaching Rate After SO02 Reduction %4 N Lead

B B 1 Dther Unreported
Copper Leaching Rate After S02 Reduction %4

@ Dxygen

Composition of the Residue After Water Leaching %o

[ Silica
Composition of ESP Hue Dust - Chinese Hash Smelter/ Converter 24 1 Sulphur
1 I I I I 1 B Zinc
. - 0% 20% 40%  60° 80 100
Source: Copper 2016- Kobe Japan & @ a & o 101

Treatment af ESP Aue Dust in LS-Nikkao Caopper Smelter
Karean Republic (©246)

Residual of Bi Pb Leaching Plant

-> Copper Sselter 1 Other Minerals

B Copper
[ Sulphur

Fltrate After Bi Leaching With
Waste Acid Plant-> Bismuth

| — Lead
Residue Filtrate After Copg I N Iron
H2S04 Leaching

mEm Bismuth

Bl Arsenic

Composition of ESP Hue Dust -
Korea Continuous Smelter 24

|
Recovery |
|
T

|
| @ Zinc
|

0% 20% 40% 60% 80% 100%

Korean Republic smelter using waste acid to recaver bismuth

from flue dust, then residuals are re-circulated.




European smelters increased capacity to recover by-products and capture hazardous wastes.

In 2020-2021 they refocused in copper recycling investments

in Europe and in North America. But the scrap supply is limited.

n Egm I]
Anode Slimes Metal Composition (%) EOL scrap N
. . ) - 1 roduction scrap
New Aurubis Plant in Hamburg - Copper 2016 Kohe (2016} (o Mousenold appliances. 1T (e.q., cable manufacturers,
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0 SiIVEI' pre-processing)
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»
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Press Release
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sustainable growth Metals for Progress
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Arsenic from acid plants flue dust, is now disposed as stable residue
thanks to Professor Demopoulos and others. The new challenge is
remaving Arsenic in mines, concentrators, smelters and mine tailings.

Vitrification
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__ﬁ m i T : \
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Tk % | l -
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Source: Trends and Treatment of Arsenic in Copper Mining . COPPER 2019 Vancouver, Canada.



b. Copper Mines, Smelters and Refineries Capacity

and Technology Challenges 2I]22-2I]|]




Global copper mine capacity to produce concentrate: 81% of mine capacity.

Copper mine capacity >200 kt/year: 46%

Capacity by Mine Size

above
400kt
21%

below 50kt
16%

between
50-99kt
14%
between
250-399kt
19%
between
100-149kt
14%
between between
200-243kt 150-199Kt

6% 10%

of world capacity in 2021.

Capacity by Mine Type

Concentrates

81%



Small economies of scale observed in most of copper
smelters operational outside China.

Number of Copper Smelters in COPPER 2019 Survey

B00-700 kt
500600kt 2% 700-800 kt

0% 2%
400-300 kt
Th
300-400 kt
8%
200-300 kt
18%

Source: 2019 Copper Smelting Survey. COPPER 2019

Vancouver, Canada.

0-200 kt
B3%



Outside China, copper smelters have survived on strategic advantages:
proximity of mines, arsenic treatment, scrap use or ownership.

Upstream Integration

+ Strategic acquisitions

@ Alternative Raw Materials

+ Complex concentrates
+ Secondary materials

@ Geographical Location

* Proximity to mines
* Government policy downstream value
* Government policy emissions

Boliden
Asarco / Freeport ‘ -
McMoRan _ .)
. Glencore Aurubis / KGHM Kazzine |
Kazkahmys
L. (. . Zijin ‘. . Japan
. Various
. Freeport McMoRan . LS Nikko
Grupo Mexico i @ Glencore
Birla / Hindustan .
Paranapanema Copperbelt Various .
Southern Copper . .
. Dundee Precious PT Freeport ‘\ Glencore
Metals .
Codelco / Glencore / N .
Anglo / ENAMI o Palabora, PGMs

Source: Open Mineral at ICSG Session 2021



A significant change in copper smelter technology observed
in the new generation of copper smelting capacity 2008-2026*.

2008 :
T '::1'“‘3"5‘3 Others
echnolo .
ey oy — 0% — Elgﬁ:rlc

Reverbi/Blas
tiRotary

169%
Modified 2026
Reverb/Conwvert
13%%
Flash/Continuous G'tgrr;:rs Electric
I Chinese 4%
Technology
183% )

Flash/Continuous
Reverb/Blast/Rotary 619G
%%
Modified
Reyverb/Conves

T%

* See detailed technology information in ICSG
Directory of Copper Mines and Plants
January 2022 Edition.



Flash still the industry standard, but new smelters scales
are larger with cleaner high oxygen blowing and all in China.

400 kt/y Cu

' New Techs

anodes
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New bath technologies in concentrate smelters

replacing traditional and outdated technologies.

2003 World Copper Smelter Production 201 Warld Copper Smelter Production

by Technology % by Technalagy %
Bath Smeltng
Techmalagy esh
Yy Technolagy
Fash Bath Steltng 4k
Technolagy Technology
Reverb, L% La% Reverb,
Flectric And Electric And
(thers
Dthers
1% Th

Source: 2019 Copper Smelting Survey. COPPER 2019
Vancouver, Canada.



Bath smelting technologies took more smelter market share.

Noranda Reactor/Teniente Converer replaced by Top Submerged Lance Technology

Bath Smelting Technologies:
[ Top Submerged Lance (TSL)

% I]'I: EII]I]HI I]Ijtp |_|t M Noranda Reactor and Teniente Converter (NR/TC)
M Suikoushan and Bottom Blowing (SKS/BBS)

(1 Mitsubishi Continuous Smelting

ALl

2003

0% 10% 20% 30% 40% al%



Massive global copper smelter capacity expansions expected in 2022-2026

on new smelters and expansions in China, Indonesia, Uzbekistan, Iran,
Russian Fed., South Africa, United States (scrap), Zambia and Serbia.

Smelter Capacity Trend by Current Plant Status
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Global Copper Smelter Capacity Pipeline 2021-2025,

Copper Smelter Capacity Expected by Project for 2021-2026

kt-Cu
2021 to 2026 Confirmed H:-
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A second wave of new copper smelter capacity, some already confirmed

Copper Smelters Capacity Additions for 2026+
in kt-Cu

India Delayed Adani+Vedanta
Congo DRC New Kamoa
Kazakhstan Kaz Minerals
Mexico New Empalme

Mongolia State Owned

Saudi Arabia Trafi+MM Group
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Increase in copper smelter capacities expected by 2030:
+ 9.2 Mt/year for concentrates and only 310 kt / year for copper scrap.
Global copper mine capacity utilization in 2021: 81%.

Copper Smelter Capacity Pipeline 2021-2030 by Raw Material

6,000
a,000
4,000
3,000
2,000
1,000
_—
0
Concentrates Scrap
® 7ambia Kansanshi Expansion ® Russian Federation Expansion O Indonesia Gesik Expansion ~ ® Chile New Paipote Saudi Arabia Trafi+MM Group
Mongolia State Dwned o lJzbekistan Almalyk Expansion O Indonesia Pt Antam = Mexico New Empalme m Kazakhstan Kaz Minerals

Olndonesia Medco ® Congo DRC New Kamoa ¥ |ndia Delayed Adani+Vedanta ~ China Expansions and New US Richmond and Shelby



=]

13.

4.
Ia.

Conclusions

New generation of large copper fabrication plants, driving 2020-2030 demand from mines and smelters.
Industrial use and investment demand for refined copper recovered strongly in 2021,
Restrictions to international trade of copper in 2022 risk to create shortages in some regions.

Contraction in copper output and exports of concentrates in 2020 followed by record volumes in 2021,
New generation of mines producing concentrates in 2022-2030 to increase supply and As volumes.
Arsenic and other minor metals in concentrates spreading to Asia, Europe, ROW via blending plants.

End of Indonesian conc. exports in 2026 versus #*DRE clean concentrates in 2023, then DRC smelter.
Global copper smelter capacity: many in development for 2022-2030 and not only in China.
“Impurities” increasing smelter waste treatment costs and polluting slag use in Asian infrastructure.
CAPEX, water and environmental permits: main constraints instead of falling ore grades for miners.

New generation of smelter technology capturing impurities making obsolete some smelters ex China.
Smelters specialized in processing complex concentrates in mining districts versus +blending plants.
More pressure on clean concentrates balance for 2022 that look vs trade disruption risks.

Governments and industry to focus on Arsenic capture, stabilization and safe disposal.
First in mines, concentrators, smelters and refineries. Tailings As management and reprocessing ahead.
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