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International trade of copper concentrates in
2000: 12 Mt fine Cu
2010: 15 Mt fine Cu

2020: 18 Mt fine Cu
2000 China 2010 2020

China;
31,5
Otros;

IMPORTS Otros 43,5

; 46,7 .
China;

57,2

Japon; 25

Chile
0, . . .
Chile; 34% Otros; Chile; 37
42,6 Otros 41,7
PRODUCERS Otros; 51,5
55,5
Pery; 1,9 14% 21,3 Source: Cochilco, ICSG
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More copper will be needed

RUSSIA’S WAR ON UKRAINE

The weapons and military aid the
world is giving Ukraine

More than 25 countries have joined in delivering support to Ukraine’s war effort. Here's
what we know.

In this image provided by the U.S. Air Force, pallets of ammunition, weapons and other equipment bound
for Ukraine are loaded on a plane at Dover Air Force Base, Del., on Jan. 30, 2022. | Senior Airman Stephani
Barge/U.S. Air Force via AP

By JOSEPH GEDEON
03/22/2022 02:54 PM EDT
Updated: 03/28/2022 11:17 AM EDT

f w QB sse

https://www.politico.com/news/2022/03/22/ukraine-
weapons-military-aid-00019104
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in the future

Worldv Businessv Legalv Marketsv Breakingviews v Technology v Investigations Sport:

Most subsaharan countries have
below 50% electricity coverage

REUTERS”

November 5, 2021
703 AM GMT-3
Last Updated 4 months ago

coprz7

Forget COP26. The world needs
COPPER 26

By George Hay

o

s va @m s n
Consultant Wood Mackenzie has run the numbers. Limiting global warming to
2 degrees Celsius above preindustrial levels implies 19 million tonnes of
additional annual copper production by 2030, a 60% increase. Aluminium
supply needs to jump 30%, nickel 50%, and lithium and cobalt 140% and 150%
respectively. Limiting warming to 1.5 degrees Celsius implies an even greater

supply hike.

Reguired 2030 energy-transition metal supply under Wood Mac ETO 2270-37.78 |
and AET-2 scenarios e P
160% ",
2l 2.6Mt W 5540-77.17 o
140% )
[ AT cJ
120% /
100% South £ |
80% 19Mt Atlantic
o0 1.7Mt Ocean
20% 29Mt
20%
0%
Cobalt Lithium carbonate Copper Nickel Aluminium
equivalent
mETO = AET-2

Source: Wood Mackenzie

https://www.reuters.com/business/cop/forget-cop26-
world-needs-copper-26-2021-11-05/

https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?end=2019&most_rece
nt_value_desc=false&start=2019&type=shaded&view=map
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Arsenic mines, projects and complex concentrate treatment facilities

HJ High arsenic concentrate as a percentage of total concentrate supply

8%
9%
13%

2018 [ 2028Base || 2028 Full Potential

f/
u,

Key

@ Current High As operation
@ Future High As project ‘
M High arsenic smelter ‘ . ¥
. Concentrate blending facility 3‘ Modelled complex ore processing ) /
"'..: Industry Base Case Base case +roasting Base case +leaching Blend ore + Base case Base case +roasting
Flotation and blending + roasting
99% 98% 98%
. 94%
840 915 970 960
520 560 S00 500 S50
300 .
SOURCES: MineSpans by McKinsey; v v v v v
copyright © MCKinsey & company' AugUSt 2019 Very Low Very High Very Low Very High Very Low Very High Very Low Very High Very Low Very High

O Arsenic capture rate B 2019 arsenic capture (kt) . 2028 arsenic capture (kt) ‘W Operaticnal Cost
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CoPPER CONCENTRATES EXPORTERS -
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FLIAL CODELCO ) 7
Copper and No Copper Content in Main Exporters of Increasing arsenic content in
Copper Concentrates: 2020 Estimate in Thousand global output of copper
Tonnes Gross Weight (kt) concentrates:
source of environmental
S I—— :
Rest of the World regulations and more carefull
Australia NG industry monitoring, processing,
P ——— extraction, stabilization and
disposal.
Chile I
0.3
0 2000 4000 6000 8000 10000 12000 14000 0.27
0.25 022
2020 Copper Content in Exports of Copper Concentrates kt-Cu 0.2 -
B 2020 Impurities in Exports of Copper Concentrates kt ) 0.15
Source: Arsenic in the Global Copper Value Chain:Trends in 2022 and Beyond. Risopatron, 2022 0.15
0.1
0.05
0

2012 2016 2019
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As content is increasing in Cu concentrates

The mineral compaosition of Chile exports of copper concentrates

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

2017-2019 % Change in Mineral Content Reported
in Chilean Exports of Copper Concentrates (2021)

Antimany -
Fluorine _—
Bismuth a0
Mercury 21,
Gold 16,5
Arsenic 10.0%
Chlorine  o:ooooo
-2E% EUFPEI‘_
-Lz% —Sitver
+50% ~Molybdenum
342 Alumina
-E0.E% Ziﬂ[!

-100% -a0% 0% a0% 100%
Source: ICSG based on COCHILCO analysis of Chile Customs Bureau Statistics (2021).

130%

Source: Arsenic in the Global Copper Value Chain:Trends in 2022 and Beyond. Risopatron, 2022

2 International Seminar on Impurities

in Copper Raw Materials. 2018.

JOGMEC.

Nobuo YAMAZAKtMetaI Ecan(anics Research Institute, Japan
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As antropoghenic flows in China B —— (e
350 More As to the
environment 2%
stock
1/38 7/19 250
E 93%
172/283 Ore mining, 8/24 Waste £ 200
Processing & Use management ke)
As Products & recycling c
3 150
<
100 95%
Y
165/297 1/5 50
0
Figures in ktpy 2000/2010 2000 2010
M End products M Environment M Losses
Adapted from:

Environ. Sci. Technol. 2017, 51, 1670-1678
DOI: 10.1021/acs.est.6b01669
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Copper and Arsenic. Oportunities/Solutions Uniques

About EcoMetales Limited (ECL)
ECL is a 100% subsidiary of CODELCO, established to implement

© cnvironmental solutions and metal recovery processes in the
mining industry

Division
Radomiro Tomic

Calama

Our facilities are strategically located 35 km Northeast Calama.
o ECL has a total workforce of about 303 people, 16% are women,

and more than 250 environmental permits for the

transportation, treatment and disposal of hazardous waste

Since 2007, EcoMetales has processed about 650.000 tonnes of
(> flue dust and 1.193.522 m3 of acid effluent, recovering about
119.384 tonnes of copper.

EcoMetales 0

Division More than 21.833 tonnes of arsenic have been disposed as
Chuguicamata o . ]
scorodite since 2013.

Division
Ministro Hales

ECOMETALES: Environmental solutions for the Mining Industry




¢ Wastes? (KTpa)

43,1

2016

41,2

2017

49,8

39,4

31,0

2018 2019 2020

M Flue Dust m Roaster Dust B Leaching residue
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RAVAVAN @

: 3 5. Ferric Production
Dust r_ecept~l@ -1°6. Oxidation
_Ii_iécl’if!_lr_).g - #-—~"-117. Precipitation
R | S Eianing

S : 9. Filtration
g’ | o 10. End disposal

€ L

-
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Refinery and acid plant Pregnant leach solution
effluents

(PLS) to arsenic

Dilution water stabilization stage

- — —

1st leaching stage 2™ leaching stage

Chuquicamata,

Filter

Leaching residue
to temporary
| storage
| A

(OJO) @@%‘

PATENTE N° 50.505

Ventanas

> Fuedst@ason
chuguicamara BLL L

Since 2007, EcoMetales has processed about 650.000
tonnes of flue dust and 1.193.522 m?3 of acid effluent,
recovering about 119.384 tonnes of copper.



1. Dust Silo

—~—
Presurized trucks unload flue dust ecometal_a§
at the ECL plant. FILIAL CODELCO o
The hermetic transport system 2. Leaching & 3 Thickening The flue dust is leached with

prevents environmental pollution.
ECL currently processes flu
- dust from Codelco's smelter
- Chuquicamata and Ventanas .

water and sulfuric acid or as
an  alternative  refinery
- effluent and/or Acid
= plant effluent to produce a
solution rich in copper and
= arsenic, called PLS.

*Reactors from 50 to 200 m3
{ *Relevant parameters:

* Granulometry

* Solids content

* Sulfuric acid concentration
* Temperature

In this phase the pulp is
conditioned to carry out the

'- solid and liquid separation in
The solid waste generated in the leaching process, the following products: PLS

!

s

s Fitaton (NI

with a copper content of the order of 7%, is filtered and leaching residue
and returned as leaching residue to the ECL

deposit.

ECOMETALES: Environmental solutions for the Mining Industry 16




Limestone slurry

PLS to SX/EW

Magnetite

9.032

tonnes of
fine Cu

.
H-'.'---"a--l'

Storage
Tank

THICKENER

1%t precipitation 2™ precipitation

Oxidation

Stage stage stage
H,0, 70% FILTER
i
£6.355 Scorodite to
Mo EcoMetales Landfill

scorodite

(- -------------------------------------------
.
"
"

1.297 -I ‘
TZ’,? Ris \ | / _g'-ﬁ@

More than 21.833 tonnes of arsenic have been disposed as PATENTE N° 50.505
scorodite since 2013.
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6. Oxidation (As*3->As*5) ecometales
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5. Magnetite leaching

In the ferric plant magnetite
I and sulfuric acid are used to
produce a solution of ferrous
and ferric sulfate.

50 m3 reactors

The AAA  process
begins  with the
oxidation stage of the
arsenite ion contained
in the PLS, to which
hydrogen peroxide is
added to convert it
into an arsenate ion.

In 1,200 m3 capacity reactors, the precipitation of scorodite occurs.
To the oxidized mixture limestone, ferric sulfate and steam are added, essential to
bring down the As and Sb.
Relevant parameters:
* Temperature
e  Sulfuric acid concentration
» Dosage Fe(lll)/As(V)

ECOMETALES: Environmental solutions for the Mining Industry




8. Thickening

_ The filter press processes the solid waste, removing the -
excess liquid. The stabilized Ace and Sb, that is, the ecometal,@é
scorodite, is sent to the warehouse located 1 km from the =~ m# coomee

Industrial Plan

e L Y Tan
In the clarifier the density of the pulp is
increased for the final stage.
The solid decants and liquid is separated and
stored in pools and then sent as copper-rich
PLS and low in arsenic concentrations to
Chuguicamata.

10. End disposal

ECOMETALES: Environmental solutions for the Mining Industry
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SEREMI * In 2018 the Secretary for Healthy Affairs of the Regién de Antofagasta of the
Chilean Government reclassified Scorodite as a Non-hazardous residue after
a study that considered conducting stability tests to the residue disposed in
EcoMetales landfill during the course of one year.

Ministerio de
Salud

* This decision allowed the disposal of scorodite under less demanding
conditions and represents an important milestone for EcoMetales to
differentiate scorodite from other types of arsenical residues with do not
meet safety regulations.

ECOMETALES: Environmental solutions for the Mining Industry
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Mining (Copper) is increasing the generation of ;wastes? e
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Mine material N Mass flow within processing to
327t/700t . ' generate 1t of cathodic copper

Waste rock - :
210t/ 480t ose to twice
EEE——

more waste

Cathode

Source:
1.9t /2_7 t = Goonan, T, G. {2005). Flows of selected materials
associated with world copper smelting. (No. 2004-1395)

* Mudd & Werner, T, G. {2019), Solid waste in base
Others metals mining, smelting and refining: A comprehensive

ECOMETALES: Environmental solutions for the Mining Industry
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Our technology

*  Scorodite 2.0
— Improvement at the oxidation stage

* Arsenic and antimony abatement technology

— Process for the precipitation of scorodite

—  First scorodite production plant operating worldwide — Increase of the As content in the final residue

_  Safe residue for the environment — Decrease of the final residue volume

«  Value recovery from mining residues *  Pressure Leaching of Complex Concentrates (PLCC)

— Increased copper production — Leaching of high As copper concentrate

— Lead transformed into a salable product — Asis fixed as a stabilized residue

_  Recovery of valuable metals — Synergies with SX/EW available capacity

ECOMETALES: Environmental solutions for the Mining Industry




Our technology

Scorodite 2.0

Improvement of the current industrial process focused
on its key stages:

— Optimization of the oxidation stage using different oxidants
for increasing the concentration of arsenate which results in
lower costs and a cleaner output solution

— Increase up to 25% of the arsenic content on the final
residue which results in a landfill lifetime extension

ECOMETALES: Environmental solutions for the Mining Industry
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Our technology ecometalos

Value recovery from mining residues Pressure leaching of complex concentrates (PLCC)
Borras —
Sulfuric acld Waer —

CaCecns ] E

,
Cu
leaching i_.m
l J RS
s i~||||ll||—-i—»llllll

cx'dalen

Lead R . ecoveed
Unleaded resldue concentrate ha T waer

l " Filtration wede e ASremainsin the
Germanium IIIIIIII—D E Germanlum ! .-r o . .
processing T concentrate N Y residue in a
, Hhevey stabilized form
I R PLS comprising
:Ir;:;sslng i I"“' Cu &Fe { R
Sliver '—. SXSE
concentrate

Clarification
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Stabilization of Arsenic —tailor-made proposals
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EPAS: range of quality

Stabilization technology

Criteria selection

Chuquicamata

i,
[TT7

Potrerillos

i,

Calcium arsenite

IN

FeAs residue

ZVN

Arsenic trisulfide

IN

(17T _

ECOMETALES:

Environmental

Stabilization process

Precipitating
agent 2

Stable residue

A\

solutions for the Mining

Sulfuric acid concentration

i
5
w
°

33
As As content in the residue
Arsenic

Existing facilities

Costs

Chemicals availability

Residue generation

Industry
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Pilot plant

A R,
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Stabilization processes

Abatement Stabilization
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@ Who are we? Rg!#X?gr ecometales

@ Name: I+D for the recovery of valuable elements from mining tailings.
@ Common name: Tailings with value.

@ Organization

—
. - Iy CODE LCOIT_:+
c
g ecometales
INGENIERIA FILIAL CODELCO

Comision
Chilena de

PR  Energia Nuclear

@ ANGLO
AMERICAN
SUR

|

—_——

Ministerio de Energla

é%: b Ministerio de

Servicio Nacional o) Mineria
de Geologiay it
Mineria

ENAMI ox] 6 SOLVAY
ORS A

OPERACIONES RELAVE S.A.
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s Achievements
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Identify y Quantify minor
metals (MM)

REE, Co, Cr, Rb, Sr, among others, in
3 tailing deposits (El Salado de Enami,
El Gato de Atacama Kozan y Perez
Caldera de AASur)

Recovery of MM from tailings

Configuration of a polymetallic
metallurgical process for the recovery of
Fe, Cu and REE from tailings.
Broadening of know how to elements
other than Cu

Manuals for public use

1) Drilling, sampling and
characterization techniques

2) Tailings reprocessing and MM
recovery.

RelA'es
“"VAlor

[]
Correlations MM-major oxides

71N\

Using Sernageomin public BBDD, se have
indentified and analized correlations, by region,
between traces of MM and major oxides, with a
geometalurgic view.

Legal framework analisis

Proposal of technical considerations to
complement the current regulations before
future tailings reprocessing projects.
Agreement with Min. Mineria and Sernageomin:
Guide for developing projects of tailings and
gravel reprocessing.

Commercial Branding

Logo, website, triptych and
infographics are created. The name
of Tailings with Value is positioned,
and it is registered by mixed
trademark in 2 classes in INAPI.

=
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MANUAL

DE USO
PUBLICO

MANUAL

DE USO ->
PUBLICO

9 Free Download

www.relavesconvalor.cl

From tailings to REE concentrates

ECOMETALES:

Environmental solutions for the Mining Industry
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PROJECT FUNDAMENTALS

El

DS594 and DS28 regulations have increased the demand for exhaust gas
capture and forced copper smelters to incorporate operational improvements to
boost the business.

The smelters have incorporated slag flotation processes, avoiding emissions and
aiming to increase copper recovery.

Iron is a critical input in the abatement of As in the form of Scorodite. A smelter
that produces slag flotation tailings is sent final disposal (50% iron). Iron has
other relevant uses.

EcoMetales presents this project, in its role of delivering environmental solutions
for mining and that are linked to Codelco's circular economy challenges.

ECOMETALES: Environmental solutions for the Mining Industry
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SLAGS IN THE CIRCULAR ECcONOMY —
Gases ecometales
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Cu
Cons

Convertidor ‘
Peirce I
Smith

Convertidor
Teniente

Refineria
Electrolitica

Escorias CPS
. Rueda d .
Escorias Flotacion ﬁzldaeoe Catodos
CcT de Escorias B
arros
> — — Andédicos
Cu Cons | « Consumo Interno ECL
* Venta Directa Conc de Magnetita
. Relaves
Stock: 20 Mt Escorias . Transformacién T\:’:tta?':s
Generation: 4,5 Mt/y = de Sulfato Férrico : Uso Interno (Codelco)
ecometales
T . Venta a
Transformaciénde |~ Terceros
Relaves Finales Cloruro Férrico

. —— Uso Interno (Codelco)
Escorias de menor

volumen (70% de la
masa actual)
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Intelectual Property

We have 38 documents
distributed into patent
applications under examination
and granted, corresponding to
seven (7) technologies
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® Processing
m Closed

m Rejected

a» United States Patent

Acuna Goycolea et al.

US011220437B2
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10y Patent No.:  US 11,220,437 B2
(45) Date of Patent: Jan. 11, 2022
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(71)  Applicant: EcoMetales Limited, Providencia (CL)
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Topics for collaboration ecometales

FILIAL CODELCO

* Setting a global view of the industry in terms of the tremendous environmental challenges we are facing
* Increasing the data available about the flux of hazardous materials

* Standardizing best practices for residues disposal

* Applied Research and piloting on leaching of complex sulphides

* New developments for the concentration and selective separation of impurities

ECOMETALES: Environmental solutions for the Mining Industry







