== Metallurgium

Innovation, Energy Efficiency and
Sustainability in Mineral Processing

John O. Marsden

International Mineral Processing Conference (IMPC)
Brisbane, Queensland, Australia

September 8, 2010



Overview

A Safety share

A Innovation drivers

A Types of innovation and examples

A Energy efficiencg Copper industry example
A Managing innovation risk

A Managing the innovation process

A Conclusions



Safety Share

Al al FSié &aKlFNB Oly al
A Hemochromatosis

= Metallurgium



Safety Share

Al al FSié &aKlFNB Oly al
A Hemochromatosis

I lron overload disease

I Gene that control amount of iron body absorbs
- HFE, has two mutations C282Y & H63D

I Atrisk if you have one or both mutations

I Especially prone Caucasian males, age-30
| Estimated to affect 10% of populatibn

| Often goes umoticed until too late

i
Source: Mayo Foundation for Medical Education & Research, Mayo Clinic, Rochester, NY b M eta”u rg” Im



Safety Share

A Hemochromatosis (continued)

| Easy to detect
A Simple blood tests

i Easy to treat
ARegular blood donation

A Better living through (iron) chemistry
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Why Innovate?



Why Innovate?

A Value proposition
A Grades declining & ore complexity increasing over tim
A Costs increasing over time
A Metal prices increasing or decreasing over time

1 Marsden, J.0. (2009) The role of innovation in mineral processing and metallurgical plant design. Proc. SME
Symposium on Mineral Processing Plant Design, Tucson, AZ, Sept-Oct 2009. SME, Littleton, CO.



Why Innovate?

Aa! RILJU 2NJ RASE
A Sustainable competitive advantage vs. just competitive
enough to survive®?

1 Marsden, J. O. (2004) Technology Development and competitive advantage 1 Sustainable or short term? Proc.
Pl ant Operatorsd Forum 2004. Eds. Dowling, E.C. and Mars
Exploration, Inc., Littleton, Colorado. pp 127-137.



Why Innovate?

A Value proposition
A Grades declining, ore complexity increasing over time
A Costs increasing over time
A Metal prices increasing or decreasing over time
Ada! RI LJU 2NJ RASE
A Sustainable competitive advantage vs. just competitive
enough to survive?

A Technological excellence and operational
excellence go hanoh-hand



Why Not Innovate?

A Innovation is hard
A Innovation involves increased risk

A At a business and operational level, often the easy
way out Is to do It the same as before

A Potential rewards must outweigh theésks
I Clearly communicated



Business Case for InnovatioerDrivers

A Decrease capital cost
A At the expense of increase in operating cost?

A Decrease operating cost
A At the expense of increase in capital cost?

A
A
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orove metal/mineral recovery
orove product quality

orove other attribute(s) of the process/project

A Safety, environmental, health/hygiene, social
A Combination of the above
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A Decrease operating cost
A At the expense of increase in capital cost?
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orove metal/mineral recovery
orove product quality

orove other attribute(s) of the process/project

A Safety, environmental, health/hygiene, social
A Combination of the above

All of these help us to manage and
mitigate the non-sustainable aspects
of minerals and metals extraction



Why is Energy Efficiency So Important?

A Energy accounts for 255% of operating costs in
typical base metal mining & extractibn

A Size reduction accounts for 45% of energy used

AaAyYSNIt O2YYAyYydziAzy O2y:
energy

A 0.6% of this energy is used for rock breakage

LInnovation, Research & Development Needs in Mineral Processing and Extractive
Metallurgy (2008), Report of the Canadian Mining Innovation Council

/
2 Pease, J. (2007) Increasing the energy efficiency of processing. www.isamill.com a M etal | u rg Ium



Types of Innovation

A Step change
A Process development, R & D
A Process selection
A Flowsheetdesign & configuration
A New equipment

A Incremental
A Process optimization
A Process modifications
A Equipment improvements
A Processnodelling simulation & control



Flowsheet Innovation

A Example X Cerro Verde, Peru
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High Pressure GrindinBolls at Cerro Verde

A108,000mtpd throughput ~ FEE=5E

AFour 2.4m x1.6 ml t D w Q@ ik

AAdvantagews. SAGnlls <
AGreater total energy efficienc S iERY
A2.4 KWh/t vs. 12.0 KWh/t i

A Greater operating flexibility
ALower operating cost

ADisadvantagess. SAGnills
A Additionalcapitalcost
AMaintenance intensity

ASignificant positive financial ™ S8 .

Impact implemenationsi Certo Verde. Proc. memational

Autogenous and Semi-Autogenous Grinding Technology
2006. pp 45-61.




HPGR at Cerro Verde
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Flowsheet Innovation

A Example 2; TenkeFungurume DRC




TenkeFungurume Project, DRC




Flowsheet Innovation

A Example 3 Chino, New Mexico




Stirred Vertimills at Chino, New Mexico



