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Long-term, steel is a growing business 

from IEA ETP 2015 modelling 
2 



© OECD/IEA 2013  

Diminishing returns from efficiency 
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From Smil (2015) 

current 
average blast 

furnace 

~20 GJ/t 
crude steel 
(~1.4 tCO2/t 

steel)  

practical 
minimum 

energy needs 

10.4 GJ/t 
crude steel 
(1.1 tCO2/t 

steel)  

absolute 
minimum 

energy needs 

9.8 GJ/t 
crude steel 
(1.0 tCO2/t 

steel?)  

current state-
of-the-art 

blast furnaces 

12.0 GJ/t 
crude steel 
(1.2 tCO2/t 

steel)  

Assumes coal and coke 
provide non-electrical 

energy 

https://www.icef-forum.org/annual_2015/speakers/october7/cs1/is/pdf/cs-1_20010-2_vaclav_smil.pdf
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Innovation can drive down emissions 
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In the 2DS, the average CO2 intensity of blast furnaces reaches 12.6 GJ/t in 2050 
(36% improvement). 

But the 6DS also sees a 28% improvement! 
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Five main options for low carbon steel 
 Upgraded smelting reduction (SR). Maximises the CO2 content of the off-gases 

through pure oxygen operation, making CO2 capture more straightforward. A 
90-day pilot plant trial is planned for 2016. 

 Oxy blast furnace and top gas recycle: The CO2 content of the top gas is raised 
by replacing the air in the blast furnace with oxygen and recycling the top gas. 
Lowers coke requirements. 

 Coke oven gas (COG) reforming: Increasing the hydrogen concentration of COG 
through reforming tar to reduce net energy consumption. Through integration 
with oxy blast furnaces, CO2 capture can be added.. 

 An upgraded DRI process that reuses off-gases from the shaft as a reducing 
agent after CO2 capture. Avoids the need for coke or sinter. 

 CO2 capture applied to on-site utilities and general combustion equipment. 
Addition of a post-combustion CO2 capture unit to: hot stoves, steam generation 
plant, coke oven batteries and/or lime kiln. 
 

 Each of these options requires CCS for low-carbon production 
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Progress with CO2 capture on steel 
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Progress with CO2 capture on steel 



Early opportunities: where is CCS succeeding, 
and why? 

Sleipner 
(Source: Statoil) 

Great Plains Synfuels 
(Source: Dakota Gasification) 

Gorgon (Source: Chevron) 
Scotford Upgrader 

(Source: Shell) 

Kemper 
(Source: IEA) 

Peterhead 
(Source: Shell) 

Boundary Dam 
(Source: SaskPower) 

Port Arthur 
(Source: Air Products) 

Decatur 
(Source: US DOE) 

MIT Carbon Sequestration Forum 17 8 
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Criteria for positive FID for existing large-scale 
projects 
Existing investments in CCS technologies all share: 
1. Clear opportunity for continued use or export of local fossil fuel resources  
2. Known geology attractive for CO2 storage and available expertise 
3. Sustainable market opportunity beyond technology demonstration. 
4. Low-risk political and social environment, including a predictable regulatory 

framework for CO2 storage. 
 
Plus one or more of the following criteria:  
5. Dependable revenue stream for CO2 sales, for example for EOR  
6. Manageable impact on profit margins (e.g. low-cost producer, or can pass on 

costs)  
7. Large volumes of CO2 are being vented from existing facilities  
8. Explicit national emissions reduction policy that includes reductions via CCS 
9. Strong government support for the development of CCS  
10. Strategic benefits (e.g. a boost to reputation or an advantage from being first) 

MIT Carbon Sequestration Forum 17 9 
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Virtuous circles: CCS relies on R&D today 

New 
commercial 

opportunities 

Commercial 
experience 

Cost and 
performance 

improvements 

Cost and 
performance 

improvements 

Learning-by-doing Learning-by-researching 

R&D 
investment 
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Momentum increases with opportunities 

New 
commercial 

opportunities 

Commercial 
experience 

Cost and 
performance 

improvements 

Cost and 
performance 

improvements 

R&D 
investment 

Learning-by-doing Learning-by-researching 
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Driven by commercial cycle in long-term 

New 
commercial 

opportunities 

Commercial 
experience 

Cost and 
performance 

improvements 

Cost and 
performance 

improvements 

Learning-by-doing Learning-by-researching 

R&D 
investment 
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Regeneration energy has fallen through 
development of improved solvents 

Thermodynamic minimum separation energy of about 0.16 
GJ/tCO2 for a typical coal plant; much room for improvement 
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Emirates Steel project in Abu Dhabi 
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From Masdar (2015) 

From 2016, 
800ktCO2/yr 

captured for use in 
enhanced oil 

recovery (EOR). 

CO2-EOR will replace 
natural gas injection, 

making the gas 
available for use/sale 

http://www.ieaghg.org/docs/General_Docs/9-11-15%20Presentations/P3_4_Abu%20Zahra.pdf
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Construction at Emirates Steel site 
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From Masdar (2015) 

http://www.ieaghg.org/docs/General_Docs/9-11-15%20Presentations/P3_4_Abu%20Zahra.pdf
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A recipe for making CCS widely available 
The CCS industry needs to be built from the bottom up 

 
Governments, industry and other partners can support this by 
pursuing a three-part innovation strategy: 
1. Take advantage of early opportunities in sectors and 

regions where CCS technology and emissions abatement 
costs can be most easily borne  

2. Pursue technological changes that could reduce the costs 
and improve the performance of CO2 capture, especially 
for electricity generation  

3. Explore ways to keep CO2 storage costs low and 
encourage geological exploration 

MIT Carbon Sequestration Forum 17 16 
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Trade exposure: a complication for steel 
 Asymmetric carbon pricing (i.e. regional differences) leads to competitiveness 

and carbon leakage risks 
 Governments are very sympathetic to these risks (there are 70 “at risk” sectors 

on the EU ETS carbon leakage list, defined as a 30% increase in production costs) 
 Carbon pricing is just one competitive pressure, and may be the one under most 

government control 
 Result: free allowances (or equivalent) for most energy-intensive industries 

 
Options for policymakers 
 Border carbon adjustments. A “second best” solution with legal considerations, 

but there are expectations among some exporters that imports markets may 
account for CO2 

 Inclusion of consumption in carbon trading/pricing. Pass through costs while 
protecting producers. 

 But these will not stimulate innovation in the near-term, nor CO2 storage 
availability… both of these activities need secure funding for collaborative R&D 
and recognition of the value of new technologies in a changing market 
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2009 2011 2010 2012 2013 2014 2015 

32 publications, 21 different technology areas 

A technology roadmap for iron & steel? 
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Conclusions 
 The steel industry has reduced its energy consumption substantially and 

continues to do, but the marginal gains in existing processes are diminishing 
 

 The close link between the steel industry and coal, makes integrated steel mills 
(and steel demand?) vulnerable to climate policy and pro-climate action 
(shareholders, investors etc.) 
 

 Good news: the steel industry is not under immediate pressure to reduce 
emissions and innovative processes are under development 
 

 Downside: they are over a decade from widespread adoption and they require 
integration of CO2 capture (which probably requires a CO2 storage business) 
 

 Way forward (a roadmap for steel in a low carbon future): 
 Identify the benefits of innovative processes for environment and export reasons 
 Promote technology development projects to improve novel processes, e.g. more 

pilots 
 Collaborate on other relevant R&D/projects: oxygen production, hydrogen 

production, CO2 storage, enhanced oil recovery 
19 
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