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Outline of this presentation
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✓ The ANU Grand Challenge Scheme

✓ Australia’s iron ore and coal export

✓ Zero-carbon technologies for steel making

✓ Technological breakthrough and key research areas

✓ Conclusions and outlook



ANU’s Grand Challenge Scheme
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• Visionary:  “invests in transformative research that will 
impact on the world’s most intractable problems”

• Reputational: “enhancement of the reputation of ANU as 
a world leader in globally important interdisciplinary 
research”

• $10m over 5 years – perhaps doubled with leveraging

• ECI GC runner up in the first year 2017

• Given $0.5m in 2018 for Interim GC + $0.2m industry

• The ECI team recently won the 2018 Grand Challenge bid 
for developing “Zero-carbon energy for the Asia-Pacific”



Energy growth shifts to the Asia-Pacific
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Primary energy demand, 2035 (Mtoe)

More than two-thirds of global energy demand growth will occur in the Asia-Pacific
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Australia Energy Flows
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Source:  Australian Energy Statistics, 2015

Through the GC programme, 
we want to identify 
opportunities for renewable 
energy embedded products 
from Australia:

- Electricity

- Hydrogen and it’s vectors

- Refined metals 



Energy use in metals refining
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⚫ Australia is the world #1 exporter of iron ore and metallurgical coal, together worth $100B/y

⚫ 860 Mt/y current  annual Australian iron ore exports @ $90/tonne c.f $600/tonne crude steel

⚫ Potential >$200B/y value-add to exports

Rankin, HiTemp Processing Symposium, 2012

EPA, GHGRP Metals, 2017



Renewable resources in Australia
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Sunlight in 
Australia

✓ World: PV+wind > all new build sources

✓ Australia:  good solar > 3 million km2

✓ Asia:  65,000 TWh p.a. (total energy)

✓ Pilbara:  0.5m km2 solar could supply all

98% of the exported 
Australian iron ore 

produced in Western 
Australia



Renewable iron and steel making
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Iron and Steel makes up 5-6% of the global 50 
Gt/y CO2-e emissions.

Our mining takes place in one of the 
sunniest regions in the world.

Can Australia develop, and then benefit 
from, new zero-carbon technologies to 
process iron ore using renewables?

No technology exists which produces steel 
commercially without heavy use of fossil fuels. 
Existing industry already extremely optimised.

State-of-the-art 1475 kgCO₂e/tCS
≳ theoretical min 1371 kg/t



State-of-the-art in iron and steel making
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✓ Current steel making routes – BF/BOF accounts for around 71%

✓ Eurofer roadmap indicates a maximum CO2-e reduction of 60 per cent with CCS in 
BF/BOF



Zero-carbon technologies for steelmaking
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Zero-carbon 
steelmaking Quader et al, 2016

Sustainable Materials, with both eyes open

HYBRIT process, Vattenfall/LKAB/SSAB



The HYBRIT process

11

• Primary energy consumption reduced by ~25%
• The cost of crude steel (unsubsidised) increases by ~25-30%
• Emissions reduction >98% compared to BAT



Comparison
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Technology Advantages Disadvantages TRL / Experience

Hydrogen DRI

Builds on successful DRI via 
natural gas

H₂ from ‘surplus’ electricity, can be 
stored.

Forecast NPV>0 by 2040

Hydrogen production via 
additional step

TRL 5

(towards >TRL 6 with 
current programs)

Electrowinning

Low temperature

More energy efficient

Modular

Strong chemicals (NaOH, 
H₂SO₄,…)

Needs ‘higher-cost’ base-
load electricity

TRL 3-4

(previous commercial 
production in Norwegion

copper-iron Pyror process)

Pyroelectrolysis

Theoretically, the most efficient

Can integrate high-temp heat

Modular

Corrosion of the anode

Base-load electricity

High temperature

TRL 1-2



What we aim to achieve
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✓ Understanding the dynamics of renewable integration and technoeconomic feasibility 

of zero-carbon iron and steel making processes

✓ Quantifying the Australian renewable resource advantage in the context of iron making

✓ Materials development for progressing the pyroelectrolytic route

✓ Public policy framework requirement and macro-economic impact of progressing 

renewable steelmaking technologies



Thank you for your attention
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The Energy Change Institute
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• The ANU is a national, federally 
funded, leading research 
university

• We collaborate and provide 
leadership with the other 
major players in Australia and 
internationally

• We have the broadest portfolio 
of research into Energy 
Change in Australia.

>$100M in facilities

>300 researchers

Technology and Policy neutral


