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DisclaimerDisclaimerDisclaimerDisclaimer

The following presentation is based mainly on public 
domain information and represents Malachite Consulting’s 
best judgment at the time of presentation.  The contents best judgment at the time of presentation.  The contents 

include forward looking statements prepared on the basis 
of assumptions which may prove to be incorrect.  of assumptions which may prove to be incorrect.  

This presentation should not be relied upon as a This presentation should not be relied upon as a 
recommendation or forecast by Malachite Consulting.     
No representation or warranty is made as to accuracy, No representation or warranty is made as to accuracy, 

completeness or reliability of the information.
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IntroductionIntroductionIntroductionIntroduction

Malachite ConsultingMalachite Consulting

• Process engineering consulting company

• Extensive experience with nickel laterites

• Visited over 20 nickel laterite projects & operations• Visited over 20 nickel laterite projects & operations

• Evaluated over 30 nickel laterite projects 

• Expertise in pressure, atmospheric & heap leaching

• Experience with FeNi and Caron processing• Experience with FeNi and Caron processing

• Not selling or promoting a specific technology
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AgendaAgendaAgendaAgenda

1. Current supply demand environment1. Current supply demand environment

2. Supply response to nickel price2. Supply response to nickel price

3. Long term nickel prices3. Long term nickel prices

4. Laterite processing technologies 

5. Heap leach projects

6. Capital and operating costs
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LME Nickel PriceLME Nickel PriceLME Nickel PriceLME Nickel Price
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Stainless Steel ProductionStainless Steel ProductionStainless Steel ProductionStainless Steel Production
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Nickel Supply Demand BalanceNickel Supply Demand BalanceNickel Supply Demand BalanceNickel Supply Demand Balance
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LME Nickel StocksLME Nickel StocksLME Nickel StocksLME Nickel Stocks

Malachite Process ConsultingMalachite Process ConsultingALTA 2009ALTA 2009ALTA 2009ALTA 2009



Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008

China – Reduced pig nickel production – Aug 08China – Reduced pig nickel production – Aug 08

Murrin Murrin - Minara to delay a A$300 million expansion – Aug 08

Falcondo - Xstrata suspends operations due to high cost of oil (update - closed indefinitely) Falcondo - Xstrata suspends operations due to high cost of oil (update - closed indefinitely) 

Jinchuan – China, to reduce its nickel output for 2008 by 20,000 tonnes

Blair Mine - Australian Mines suspended operations

Shakespeare Mine – Canada,  Ursa Major suspending operations – Sep 08

Hitura Mine – Finland, Belvedere suspending operations – Oct 08

Cawse Mine - Norilsk suspended operations – Oct 08

Lockerby Mine – Canada, First Nickel suspended operations – Oct 08

Lac des Isles Mine – Canada, North American Palladium suspends operations – Oct 08

Levack Mine – Canada, FNX Mining suspends operations
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Berong Mine – Philippines, Toledo suspends mining operations – Nov 08



Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008

Copernicus Mine – Australia, Panoramic suspended operations – Nov 08Copernicus Mine – Australia, Panoramic suspended operations – Nov 08

Beta Hunt Mine – Australia, Consolidated Minerals to suspend operations by mid Dec 08

Sorowako – Indonesia, PT Inco - Shutting down all the thermal power generatorsSorowako – Indonesia, PT Inco - Shutting down all the thermal power generators

Ufaleynikel – Russia, Russia's 3rd largest producer suspends operations – Oct 08

Moa Bay – Cuba, Sherritt will suspend expansion of its the Moa nickel operations – Oct 08

McWatters Mine – Canada, Liberty suspending operations – Oct 08

Redstone Mine – Canada, Liberty suspending operations – Oct 08

Mincor – Australia, reducing production

Fenix Project – Guatemala, Hudbay announces delay in construction start-up – Nov 08

Ban Phuc Nickel project – Vietnam, Asian Mineral Resources suspends construction

Taganito – Philippines, SMMC says it may delay the start of its Taganito nickel project

Malachite Process ConsultingMalachite Process ConsultingALTA 2009ALTA 2009ALTA 2009ALTA 2009

Craig Nickel Mine – Canada, Xstrata ceasing operations by June 09 



Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008

Thayer-Lindsey Mine – Canada, Xstrata ceasing operations by Jan 09Thayer-Lindsey Mine – Canada, Xstrata ceasing operations by Jan 09

Gag Island Project – Indonesia, BHPB cancels development of $4.5 billion mine

Waterloo – Australia, Norilsk suspended operations – Nov 08Waterloo – Australia, Norilsk suspended operations – Nov 08

Silver Swan – Australia, Norilsk suspended operations

PT Inco – Indonesia, will reduce production in 2009 by 20% if price of nickel stays low 

PT Aneka Tambang – Indonesia, reducing production to 11,500-12,000 tonnes

Activox Demonstration Plant – Botswana, Norilsk will shut down permanently

Trojan Mine – Zimbabwe, Bindura suspending operations – Nov 08

Shangani Mine – Zimbabwe, Bindura suspending operations – Nov 08

Ambatovy – Madagascar, project is on "care and maintenance" for at least 6-8 months

Altai Project – Russia, Russian Nickel Company puts project on hold – Dec 08
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Copper Cliff Mine – Canada, Vale suspends operations beginning in January 09



Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008Nickel Mine Closures in 2008

Copper Cliff Deep Project – Canada, Vale delays development for 12 monthsCopper Cliff Deep Project – Canada, Vale delays development for 12 months

Voisey's Bay – Canada, Vale will shut down for month of July 09

Talvivaara – Finland, cuts 2009 production target estimates by 2,000 to 5,000 tonnesTalvivaara – Finland, cuts 2009 production target estimates by 2,000 to 5,000 tonnes

Eramet - New Caledonia, Nickel output will be adjusted down to about 50,000 tonnes

Miitel Mine – Australia, Mincor Resources to suspend production end of Dec 08

McCreedy West Mine – Canada, FNX suspend production

Avebury nickel mine – Australia, OZ Minerals Ltd closes new mine due to low price of nickel

Barro Alto – Brazil, Anglo American delays construction by 12 months. 

Tati Nickel – Botswana, Norilsk halts production for 12 days after fire in smelter
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Nickel Mine Closures in 2009Nickel Mine Closures in 2009Nickel Mine Closures in 2009Nickel Mine Closures in 2009

Doniambo - New Caledonia, Eramet announces production cut to 50,000 tonnesDoniambo - New Caledonia, Eramet announces production cut to 50,000 tonnes

Loma de Niquel – Venezuela, Anglo American halts production 'temporarily’ – Jan 09

Ravensthorpe – Australia, BHP announced closing indefinitely – Jan 09Ravensthorpe – Australia, BHP announced closing indefinitely – Jan 09

Yabulu refinery – Australia, BHP announced it will stop processing nickel hydroxide

Mount Keith mine – Australia, BHP announced reducing rate of production

PT Aneka Tambang – Indonesia, to cut its output of ferronickel by 32% in 2009

Isabela mine – Philippines, announced that the mine has been shut down

Craig and Thayer-Lindsley Mines – Canada, both mines on care and maintenance

Berong Nickel Mine – Philippines, Toledo Mining announced all production halted

Black Swan, Lake Johnston – Australia, Norilsk Nickel closes remaining two nickel operations

Kavadarci FeNi smelter – Macedonia, will reduce production by 80% in 2009 
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Nickel Mine Closures in 2009Nickel Mine Closures in 2009Nickel Mine Closures in 2009Nickel Mine Closures in 2009

Larco – Greece, announced that it will cut production by 55% in 2009Larco – Greece, announced that it will cut production by 55% in 2009

Munali – Zambia, Albidon suspends operations, 350 jobs eliminated

Onça Puma Project – Brazil, Vale delays start up to January 2011Onça Puma Project – Brazil, Vale delays start up to January 2011

Sudbury Operations – Canada, Vale shuts down operations for additional two months
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Long Term Nickel PricingLong Term Nickel PricingLong Term Nickel PricingLong Term Nickel Pricing

1. Previous forecast of US$4 to US$6/lb Ni *

2. No reason to change forecast2. No reason to change forecast

3. Price capped by Chinese pig iron production3. Price capped by Chinese pig iron production

4. Costs of Ni pig iron at US$8 to US$10/lb and falling

5. Challenge is to bring on new projects using a long 

term price of US$4 to 6/lb Niterm price of US$4 to 6/lb Ni

* Australian Journal of Mining  - November/December 2007 
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* Australian Journal of Mining  - November/December 2007 



Laterite Processing OptionsLaterite Processing OptionsLaterite Processing OptionsLaterite Processing Options

Ferronickel smelting (FeNi)Ferronickel smelting (FeNi)

Blast / Electric furnace (Pig iron)Blast / Electric furnace (Pig iron)

Caron process (Reductive roast)

AMAX process (HPAL & AL)AMAX process (HPAL & AL)

High pressure acid leach  (HPAL)

Atmospheric leaching (AL)

Sulphation atmospheric leach (SAL)Sulphation atmospheric leach (SAL)

Heap leaching (HL)
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Tropical LateriteTropical Laterite ProfileProfile
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FeNi SmeltersFeNi SmeltersFeNi SmeltersFeNi Smelters

Existing OperationsExisting Operations
• Doniambo (New Caledonia)
• Falcondo (S/D) (Dominican Republic)
• Cerro Matoso (Columbia) • Cerro Matoso (Columbia) 
• Larco (Greece)
• Pobuzky (Ukraine)
• Fenimak (Macedonia)• Fenimak (Macedonia)
• Ferronikeli (S/D) (Kosovo)
• Indonesia (Pomalaa, Soroako)
• Loma de Niquel (Venezuela)
• Japanese (Various) 

Committed Projects
• Gwangyang (POSCO)  - Completed Nov 08• Gwangyang (POSCO)  - Completed Nov 08
• Onça-Puma (CVRD Inco)

Well Advanced Projects
• Koniambo (Xstrata Nickel)

Malachite Process ConsultingMalachite Process ConsultingALTA 2009ALTA 2009ALTA 2009ALTA 2009

• Koniambo (Xstrata Nickel)



FerronickelFerronickelFerronickelFerronickel

Reduced ProductionReduced Production
• Falcondo ~ 29,000 tpa Ni
• PT Inco ~ 25,000 tpa Ni
• Eramet ~ 12,500 tpa Ni• Eramet ~ 12,500 tpa Ni
• Larco ~ 10,000 tpa Ni
• Fenimak ~   8,000 tpa Ni• Fenimak ~   8,000 tpa Ni
• Ferronikeli ~   8,000 tpa Ni
• ANTAM ~   6,500 tpa Ni
• Pobuzky ~   3,500 tpa Ni• Pobuzky ~   3,500 tpa Ni

Commentary
• Falcondo & Feronikeli shut-down• Falcondo & Feronikeli shut-down
• PT Inco shut-down thermal power generation
• ANTAM moving to coal fired power plants
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• Onça Puma completion delayed till January 2011



Nickel Pig IronNickel Pig IronNickel Pig IronNickel Pig Iron

Existing OperationsExisting Operations
• China (> 30 producers)
• Zhejiang Huaguang (~1 Mtpa pig iron)

Commentary
• Pig iron production 30ktpa Ni in 2006, 85ktpa Ni in 2007 and 

90ktpa Ni in 200890ktpa Ni in 2008
• Production expected to decline to 40ktpa Ni for 2009
• Nickel ore stockpiled in China ~ 8Mt• Nickel ore stockpiled in China ~ 8Mt
• EAF’s capable of higher quality product (12-15% Ni)
• Blast furnace cash costs    ~ US$11 to 13/lb Ni
• Electric furnace cash costs  ~ US$8 to 10/lb Ni• Electric furnace cash costs  ~ US$8 to 10/lb Ni
• Not a sustainable industry at current nickel prices 
• Swing producer and potentially caps price spikes
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• Swing producer and potentially caps price spikes



Caron ProcessCaron ProcessCaron ProcessCaron Process

Existing OperationsExisting Operations
• Nicaro (Cuba)
• Punta Gorda (Cuba)• Punta Gorda (Cuba)
• Yabulu (QLD) 
• Tocantins (Brazil)

Closed Operations
• Nonoc (Philippines)• Nonoc (Philippines)
• Las Camariocas (Cuba)

Planned ProjectsPlanned Projects
• None
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HPAL ProcessHPAL ProcessHPAL ProcessHPAL Process

Existing OperationsExisting Operations
• Moa Bay (Sherritt)
• Murrin Murrin (Minara)
• Cawse & Bulong (S/D)   (Norilsk)
• Rio Tuba (Sumitomo)
• Ravensthorpe (S/D) (BHP Billiton) • Ravensthorpe (S/D) (BHP Billiton) 

Committed Projects
• Goro (CVRD Inco)• Goro (CVRD Inco)
• Ambatovy (Sherritt) 
• Ramu (Metallurgical Construction Corp)

Well Advanced ProjectsWell Advanced Projects
• Vermelho (CVRD Inco) 
• Weda Bay (Eramet)
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• Weda Bay (Eramet)



AL / SAL ProcessAL / SAL ProcessAL / SAL ProcessAL / SAL Process

Existing OperationsExisting Operations

• None 

Committed Projects

• None• None

Early Development Projects

• Fenix (SAL) – Guatemala (Skye Resources) • Fenix (SAL) – Guatemala (Skye Resources) 

• Sechol – Guatemala (Jaguar Nickel) *

* Project changed to ferronickel in 2005
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Heap Leach ProcessHeap Leach ProcessHeap Leach ProcessHeap Leach Process

Committed ProjectsCommitted Projects
• Çaldag - Turkey (European Nickel)

Well Advanced Projects (Demonstration Plants)
• Yuanjiang - China (Yunnan Tin Group)

• Murrin Murrin (Minara) 

• NTUA – Greece (Larco)

Early Development Projects
Nornico – QLD NickelOre – WANornico – QLD NickelOre – WA

Rusina’s Acoje – Philippines  GME – WA

Cortona Resources – WA Proto Resources – TAS 
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Cortona Resources – WA Proto Resources – TAS 



Heap Leach HistoryHeap Leach HistoryHeap Leach HistoryHeap Leach History

• Nickel laterite heap leaching R&D commenced in • Nickel laterite heap leaching R&D commenced in 

early 1990’s at NTUA in Greece

• NTUA undertook column leaches on Greek laterites

• Greek laterites consist mainly of hematite and the • Greek laterites consist mainly of hematite and the 

nickel is contained in chlorite

• Amenable to heap leaching with minimal acid 

consumptionconsumption

• BHP, WMC and others undertook R&D commencing 

in mid to late 1990’s
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in mid to late 1990’s



Heap Leach ChallengesHeap Leach ChallengesHeap Leach ChallengesHeap Leach Challenges

Metals Extraction

• Nickel leach efficiency• Nickel leach efficiency

• Iron chemistry

Heap Leach Design

• Acid addition• Acid addition

• Bed permeability

• Agglomeration 

• Downstream processing
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• Downstream processing



Iron ChemistryIron ChemistryIron ChemistryIron Chemistry

HPALHPAL

Fe2(SO4)3 + 3H2O Fe2O3 +  3H2SO4Fe2(SO4)3 + 3H2O Fe2O3 +  3H2SO4

Atmospheric LeachAtmospheric Leach

Fe2(SO4)3 + Na2SO4 NaFe3(SO4)2(OH)6 + 2H2SO4

Heap Leach

Fe2(SO4)3 + 3CaO 2FeO(OH)  +  3CaSO4
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Heap Leach TestworkHeap Leach TestworkHeap Leach TestworkHeap Leach Testwork

Heap Leach TestworkHeap Leach Testwork
• Bottle rolls

• Column tests (1m, 4m and 8m)• Column tests (1m, 4m and 8m)

MineralogyMineralogy
• Impact of agglomeration and leaching

GeotechnicalGeotechnical
• Permeability under load

• Triaxial and trafficability

Downstream processing
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Downstream processing



Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)Balkan Laterites (Greece)
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Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)Balkan Laterites (Albania)
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Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)Balkan Laterites (Turkey)
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Commercial OperationCommercial Operation

• Infrastructure development commenced in 2006• Infrastructure development commenced in 2006

• Forestry permits approved in February 2009• Forestry permits approved in February 2009

• Heap leaching expected to commence in mid 2010

• Full production of 20 Ktpa Ni & 1.2 Ktpa Co in 2011

• Capital cost of US$428m
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Two productsTwo products
First Nickel Product (FNP)

34% Ni, 1-1.2% Co, <2% Mn34% Ni, 1-1.2% Co, <2% Mn
Second Nickel Product (SNP)

24% Ni, 0.8% Co, <8% Mn

Potential customers
Nickel refineries Nickel productNickel refineries
Smelters

Nickel product

BHP Billiton exercised option to purchase 100% of MHP output. 

Subject to renegotiation to supply 50% to Chinese processors  
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Updated Economics 2006 2009Updated Economics 2006 2009

Production tpa 20,400 Ni in MHP

Construction Cost US$m 238 277Construction Cost US$m 238 277

Long-term Ni Price US$/lb 4.25 6.00

Capital Intensity US$/lb 5.57 6.12Capital Intensity US$/lb 5.57 6.12

Annual Cash Operating Cost US$m 70 103

Cash Operating Cost US$/lb 1.41 1.99Cash Operating Cost US$/lb 1.41 1.99

NPV (10% discount) US$m 180 207

IRR % 23 20IRR % 23 20

Total Capital Cost US$m 300 428
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Source: European Nickel



Murrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin

Demonstration HeapDemonstration Heap

• 400,000 tpa of scats under leach

• Geotechnical stability of heap – no issues 

• Percolation rate – good percolation being • Percolation rate – good percolation being 
achieved on scats and ore

• Recovery rate – better than expected recovery • Recovery rate – better than expected recovery 
curve

• Scats nickel recovery 78% after 180 days –
slightly better than testwork predicted
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Murrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin
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Murrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin

Growth TargetsGrowth Targets

• 400,000 tpa of scats under leach• 400,000 tpa of scats under leach

• Ore is being leached together with scats• Ore is being leached together with scats

• Current pad capacity yields 2,000 tpa Ni

• Heap Leach infrastructure sized for 10,000 tpa Ni

• Expansion of the project has been deferred due to 

current market conditions
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current market conditions



Murrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin
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Murrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin
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Murrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin MurrinMurrin Murrin


