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Pilbara iron ore: critical, efficient, challenging?
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Aust ralian exports fulfill much of the world’s iron ore demand, most ly supplying BF-BOF. 
Ident ifying low-emission pathways for Pilbara iron ore is essent ial to decarbonize the steel 
indust ry.
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• Characterist ics of Pilbara iron ore

• Many high-Fe Pilbara iron ores require no 
beneficiation for BF use (Direct Shipping Ore, DSO)

• Typical Concerns:
• Phosphorus
• Gangue (esp. Al2O3)
• More LOI as crystalline H2O

• Challenging to upgrade and pelletize in high blend 
proportions at DRI quality due to gangue / LOI

• Limited current use in commercial DRI production
• Irreplaceable source of iron for the world 
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The Sustainable Steel Trilemma: Emissions, Raw Material, and Capital Costs
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Traditional Approach: Beneficiate to DR-grade to Optimize EAF Steelmaking
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While lower-grade pellets may be used in the EAF, they impact  energy use, Fe yield, and 
product ivity. Blending Pilbara iron ore with other pellet  feeds lessens these impacts.

Performance Loss*Baseline 67% Fe Pilbara iron ore pellets, DRI-EAF

*In-house modeling results for 85% DRI-EAF
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Efficiently Rejecting Gangue
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Intensive (Wet) Beneficiat ion

Gangue is physically removed with tailings after 
comminution, producing a concentrate which 
often requires agglomeration

Pyrometallurgical Processing

Gangue is removed as a slag through energy-
intensive melting, producing a higher purity, 
gangue-rejected, molten metallic product
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Electric Ironmaking – It’s Not New!
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Ironmaking elect ric furnaces goes back almost  a century
Hatch supplied majority of the world’s largest  ironmaking / ferronickel ESFs over our history

Journal of Meta ls, 1963
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ESF Technology for DRI Melting – CRISP+
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Sealed furnace, with 
reducing atmosphere and 
off-gas reuse opportunity

Cont inuous HDRI feeding, 
steady power input , 

cont inuous operat ion

Part ially open, 
“quiet  bath”, 

operat ion

Large bath 
volume, long 

residence t ime

Robust  crucible 
and long 

campaign life

Integrat ion with DRI Process

Thermal integration raises energy efficiency, 
and revert feeding to boost Fe yield

Can be coupled with different DR processes 
and a variety of potentially low-emissions 
reductants

Electric Smelt ing

Final reduction, melting, and refining of DRI 
into pig iron for EAF/BOF steelmaking

Efficiently rejects gangue. Slag design 
enhances hot metal quality, melting 
efficiency, campaign life, and is suitable for 
cement industry usage.
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Scenario Modeling and Analysis
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Combining first  principles process models of all major process steps, and incorporat ing real-
world pricing, operat ing, design, and market  data.

Pellet  HDRI
ROM

Pig Iron

Mineral Processing Agglomerat ion Direct  Reduct ion Melt ing

Pellets

Pellet  Feed: Degree of Beneficiation
• 61% (DSO) – No Beneficiation
• 63% – Moderate Beneficiation
• 66% – Intensive Beneficiation

Reduction Technology
• Fluid bed reduction is potential 

future alternative
• Not discussed in this presentation

Key Metrics:
• Iron Yield
• Production Cost
• GHG Emissions

SF-DRI

Relevant cases were selected for this presentation from over 30 scenarios modeled and analyzed
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Key Results: Fe Yield in Shaft Furnace-DRI Flowsheets
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Total Fe yield: 
~96% 

Total Fe yield: 
~82% 

Total Fe yield: 
~68%

~64% Fe

~66% Fe

~67% Fe

~12% 
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~8.5% 
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~5.0% 
Gangue

~61% Fe

~63% Fe

~66% Fe
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Key Results: Comparing GHG Emissions, from Ironmaker’s perspective
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Based on in-house modeling results for 
natural gas-based direct reduction.

A grid emissions factor (GEF) of 0.51 kg-
CO2e/kWh was assumed in this work.

Comparable Scope 1 
driven by DR process 
emissions

Modest  decrease in Scope 
2 driven by energy 
demand to melt  gangue

Modest  decrease in Scope 
3 due to benefits in 
pellet izing/reducing 
higher grade material

Typical BF Scope 3 Scope 2 Scope 1
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Key Results: Comparing Operating Costs, from Ironmaker’s perspective
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100% 104%
111%

OPEX estimation is based on 
process input and commodity 
pricing collected in 2023-2024.

Minor energy 
savings driven by 
lower gangue in 
feed.

Considerable 
increase in raw 
material costs 
driven by yield loss 
in beneficiat ion 
and increased ROM 
demand.

Iron Ore Feed Raw Materials Natural Gas Elect ricityConsumables Other Costs
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Key Results: Impact of Beneficiation of DRI-ESF Flowsheets
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Baseline of 61% Fe Pellet  Feed
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Iron Ore Consumption

OPEX increases despite 
lower slag rate / SEC 
but only modest GHG 
reduction

Considerable yield loss 
in beneficiation

Additional ore becomes 
tailings during bene.

63% 66% Pellet  Feed

Gangue valorized as 
slag usable for cement
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• ESF ironmaking’s feed flexibility is uniquely suited for efficiently 
processing Pilbara iron ore for low-emissions steelmaking

• DRI-ESF ironmaking allows efficient use of Pilbara iron ore in low-
emission DR flowsheets, minimizing yield loss and achieving 
emissions reduction across all ore grades

• ESF allows effective removal of gangue and impurities without 
substantial impacts on operating cost or emission performance

• ESF turns challenges of Pilbara iron ore (high gangue and high Al2O3) 
into opportunities via slag valorization for the cement industry

Key Findings
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Thank you.
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For more information, please visit 
hatch.com
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