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CONTEXT

CHILE, MINING COUNTRY

Chile is the largest Mining has Has contributed ‘Has contributed Consolidates 11%
copper producer in concentrated more_ * W|th 20% of public 13% to the of emp_loyﬁient
the world and owns than 60% of the - “{jr;--, “budget (10 years “#7;national GDP (10 .+~ (direct and

30% of world’s country's exports %5 “average) ~_years average) _ indirect)
reserves (10 years average) AT G s - i
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CONTEXT

CHILE, NATIONAL MINING PROGRAM

ALTALEY

Chile in 2015 developed a National Mining Program
named Alta Ley createrc)i by Corfo and the Puﬁlic M?ning @ @ @ @ . . .
Ministery that aims to strengthen productivity, 70 +90 63 17 109
competitiveness and innovation in the national mining Interviews Players insttutions  Challenges Solutions R&D Topics vﬁif'k’?h";ﬂs
industry and its suppliers, in order to boost the country's

development. ? %OO Q M :“

Prioritization Mining . Trade R&D Centers Public Service
Workshop Work Hours Companies Suppliers associations
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CONTEXT

CHILE, NATIONAL MINING PROGRAM

ROADMAP 2015 - 2025 GOALS 2035 SOME ONGOING INITIATIVES
=
2 T = = . e * OPEN INNOVATION MINING
m — ;UU ; ; 7’5 millions tons PROGRAM: connects technology based
< % — H @) Sl " production of Fcu companies with mining challenges
§ o > ) < JZ> @) 8
o e - R0 m = 2
g ; é 2 E g ; g * 80% of prOdUCﬁOﬂ in *  SMART TAILING: promotes the design of an
:I' % g E (O 5 the first quartil of online monitoring system .that aIIow§ to determine
> = ) @) ; . the performance of the tailings deposits
3 g on 8' industry costs globally
=2
« STANDARDS ORGANIZATION FOR
e 2 Id-cl
>0 world-class MINING INTEROPERABILITY: pevelops
suppllers and promote the adoption and use of open and
> secure international standards for interoperability
0 * USD 4 billion in
5 > exports of goods and « TREATMENT AND RECOVERY OF
g services VALUED METALS PROGRAM:
2 Development of technologies to recover high value
E > elements from tailings.
<
-
w

Copyrights© 2015 CODELCO-CHILE. Todos los Derechos Reservados. | Copyrights© 2015 by CODELCO-CHILE. All Rights Reserved.



CONTEXT

CHILE, NATIONAL MINING PROGRAM

ROADMAP REVIEW 2017 - 2025 GOALS 2035

* 7,5 millions tons
production of Fcu

* 80% of production in
the first quartil of
industry costs globally
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e 250 world-class
suppliers

* USD 4 billion in
exports of goods and
services

* 1 million tons of
Green Copper

ENABLING CORES

I\/\/\/

LOW COPPER EMISSIONS
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SOME ONGOING INITIATIVES

OPEN INNOVATION MINING
PROGRAM: connects technology based

companies with mining challenges

SMART TAILING: promotes the design of an

online monitoring system that allows to determine
the performance of the tailings deposits

STANDARDS ORGANIZATION FOR
MINING INTEROPERABILITY: Develops

and promote the adoption and use of open and
secure international standards for interoperability

TREATMENT AND RECOVERY OF
VALUED METALS PROGRAM:

Development of technologies to recover high value
elements from tailings.




CONTEXT

CODELCO, BIGGEST COPPER PRODUCER

=it
CODELCO (|

CODELCO

PARTNER FOR DEVELOPMENT AND IMPLEMENTATION OF

100% state-owned company. It has the world’s largest TECHNOLOGICAL INNOVATIONS TO SOLVE MINING CHALLENGES
copper reserves.

In 2016, Codelco produced 1.8 M ton of fine copper or
10% of the world's copper production, being the 15t
producer worldwide.

Owns capabilities to
prototype, validate
technologies and
generate new
business models to
make the
technologies growth

Technology and
project
development’s
process that
generate high
impact innovations
for mining

Articulates an open

innovation model for
project development

World’s second molybdenum producer in the world

Will invest US$ 20,000 M in operations improvements
during 2015-2019
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CODELCO TECH +

CODELCOIE
OPEN INNOVATION AND COLLABORATION

COMPANIES FROM
OTHER INDUSTRIES

MINING COMPANIES

REGULATORY
ENTITIES MINING
SUPPLIERS
INCUBATORS AND
ACCELERATORS —— UNIVERSITIES AND
TECHNOLOGY CENTERS
INVESTORS AND
FUNDS
TECHNOLOGY
DEVELOPERS

(START UPS)
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CODELCO TECH —+

CODELCO ( ;
INNOVATION MANAGEMENT

\ /\ Stt

IDEAS PROJECT EVELOPMENT
Identify opportunities for the Reduce the risk of the project in Value capture for projects developed:

Mining Industry m\\ technical and commercial terms. . Contract administration.
g o ©® ®e e Yy e
+ Trend Visibility ‘ . .:. . . ." companies, other industries.

« Evaluation of initiatives . . z?sstg:ier: services with

* Strong relationship with SH CONCEPT DEVELOPMENT PROTOTYPE PACKAGING - Technology and capability

° Market inte”igence TRL 1 2 3 4 5 6 7 8 9 tor?fnSfer/ Development Of Spln
IRL 1 2 3 4 5 6 7 8 9

¢ Technological surveillance o
9 * Connect with investors /

investment funds (i.e US$50M
which Codelco is part of)

Copyrights© 2015 CODELCO-CHILE. Todos los Derechos Reservados. | Copyrights© 2015 by CODELCO-CHILE. All Rights Reserved. Q > CODELCO



CODELCO TECH 3

CODELCOE
CHALLENGES TO SOLVE

OPERATIONAL AND OCCUPATIONAL SECURITY ENVIRONMENT: ENERGY
PRODUCTIVITY AND SAFETY EFFICIENCY AND AND COMMERCIALIZATION

PERFORMANCE SUSTAINABLE ENERGIES . CHALLENGES
e . o NS

Iy B
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CODELCO TECH

INNOVATION MANAGEMENT
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e
CODELCO [E

3 OPERATIONAL AND PRODUCTIVITY

3» ENVIRONMENT: ENERGY
EFFICIENCY AND SUSTAINABLE
ENERGIES

2 NEW COPPER MATERIALS
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g PERFORMANCE
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O Smelting and refining

(> Leaching
-

Alternative
material
handling

stems

Geophysical
studies for

mud
detection

Pilot cell for
discards

Simulation,
Analysis
and
Optimizatio
n CARE
processes

Deploymen
t dispatch in
mine

Slurry and

HF System
with High
Pressure

Slag system Nozzles

and TAP
melting
reactor
refractory
material

Mechanized
valve and
thermal
channel for
white metal

Applicauon
semi-
automated
operap-
LHP

Ultra Thin
Battery

Copper
paste for
solar panels

White
metal cover
system

{
3D strand \
for
dentures

Fluid |

dynamics
study for
use of high
pressure
nozzles

Bioleaching
process

Sulphide
adsorption
system in
combustion
processes

Electronic
pulse
equipment

Selective
flotation of
enargite
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| LOE
Technology

Instrument
ation and
control for
HF in
rotating
bath

cellulose
_ with copper

Anti
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Materials |

Copper
graphene
nano
composite

Nano

Trench
Hanger

Antimid
packa
for fo“‘\

| litoe Shirt
Y M900

| Detection
| and
/ Extraction
/ of uncrused
materials

/ Activity 3D
/" monitoring

Pre-
qualificatio
n and pre-
crushing
system

In line
Mineralogy

Preconditic

ning
Antimicrobi
, al
lelap~
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| ( Copper
Cages
Gel to
prevent
mastitis in
cows

Biomass
[ ET1

A

IDEA

CONCEPT

DEVELOPMENT

PROTOTYPE

PACKAGING

GROWTH
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CODELCO TECH —+

CODELCO ¢ ;
TAILINGS SUSTAINABILITY
R&D Project

RECOVERY OF HIGH

PHYSICAL AND CHEMICAL
VALUE ELEMENTS

STABILITY

BENEFITS PROVIDED TO OPERATIONS
Transformation of environmental mining
liabilities into assets. Some of the elements that
could be recover are gallium, phosphates, rare
earths, tellurum, chromium, cobalt, scandium,
selenium, uranium, titanium and manganese.

* Reduce the environmental impact of tailings.
Stable tailings (physically and chemically)
contribute to compliance with the norms of mine
decommissioning.

POSSIBILITIES IN OTHER INDUSTRIES
Any mining tailings: golden, silver, iron, etc

CURRENT STATUS OF THE PROJECT

Projects starts on 2017. Currently doing the
technology surveillance and pre selection of elements
of value.
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CODELCO TECH —+

CODELCO ( ;
ENHANCING NEW MATERIALS FROM COPPER PROPERTIES
Technology Transfer and Collaboration Project ) - | - | |

In collaboration with:

COPPER — GRAPHENE Korean Technology Center,

NANOCOMPOSITE Chilean University,
Chilean Start Up.

BENEFITS PROVIDED.

- Improvements of mechanical properties:
friction, wear, strenght.

INDUSTRIES POSSIBILITIES
Electric Connectors

 Brushes for electric motors, piston pins or
connecting rod.

« Bearings for ships, machines, etc.

« Eolic energy generation

CURRENT STATUS OF THE PROJECT
Technology being tested in the Chilean University.

Market surveillance and business model in
development by Codelco Tech.
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CODELCO TECH 3

Fre
CODELCO (

REAL-TIME IDENTIFICATION OF THE MINERAL SPECIES PROJECT

R&D Project STAGE: PACKAGING

CHARACTERIZATION OF
MINERAL SPECIES AS PYRITE,

REAL TIME
MEASUREMENT

ENARGITE, CHACOPYRITE, j" .
EQUIPMENT COVERLTE, AMONG OTHERS.
BENEFITS PROVIDED TO OPERATIONS ; : AR | Sl _ R
+ Increase in copper recovery in the mine tested ST TS O ST R A S
- Savings in the suppliers consumption due its RIS O R < o i
advance detection of material composition > ¢ gem eI AN A (R %, A
Benefit to mine tested: US$3,8M to 7,2M " e Pl et et
Potential benefits to large scale operation: VE S RS S D AR bo et
US$30M - 56,4M estimated LACEES AT
POSSIBILITIES IN OTHER INDUSTRIES wiAnTLs """ o
Construction - Cement | 2O AN - QB
1 4 r o A LA ,6,\“‘ N
. WGP
CURRENT STATUS OF THE PROJECT : ,’ AR

« Technology validated in a mine with real
conditions

Packaging and preparing to transfer to other
mines.

@°> CODELCO
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CODELCO TECH —+

CODELCO (;
REDUCTION OF LEAD TIMES IN MINERAL EXTRACTION PROCESS
Technology Transfer and Development Project

TECHNOLOGICAL

IMPROVE
PRODUCTIVITY

INTEGRATION OF A
SHAPE CHARGE

BENEFITS PROVIDED TO OPERATIONS
Reduces operators exposure to risks.

 Decrease the extraction variability

* Increase production due to less lead times.

» Benefit to mine tested: 840 tons produced per day
equivalent to US$8M.

* Potential benefits to large scale operation :
US$ 150M - 200M estimated

POSSIBILITIES IN OTHER INDUSTRIES
Demolitions
Oil extraction

CURRENT STATUS OF THE PROJECT
Technology validated in a mine in real
conditions.

* Beginning its implementation to the rest of

the operations.
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CODELCO TECH +

CODELCOIE
COLLABORATION OPPORTUNITIES

Codelco Tech applies an open innovation model where entities from other industries can
collaborate in the development of mining innovation projects

COMPANIES FROM
OTHER INDUSTRIES

MINING COMPANIES

REGULATORY —
MINING
ENTITIES SUPPLIERS
INCUBATORS AND
UNIVERSITIES AND
ACCELERATORS  TECHNOLOGY CENTERS
INVESTORSAND |
FUNDS TECHNOLOGY
DEVELOPERS
(START UPS)
SHARE MINING CHALLENGES TO SEEK EXPLORE TECHNOLOGICAL TRANSFER
COLLABORATIVE SOLUTIONS OPPORTUNITIES

Develop collaborative projects for the mining sector Expansion of technologies to mining and new markets
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Nuestros resultados a la fecha

+40

Proyecto
S en
20
Proyecto
S

implementado
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Desarrollo e implementacion de innovaciones tecnologicas

PROCESOS

MINEROS
h =

BIOTECNOLOGIA

a' o

MATERIALES
| e
AUTOMATIZACION

|
DATA

SCIENCE

SIMULACION Y
MODELACION
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CODELCO |




