
The transition toward clean energy and 
decarbonization of the fuel mix is one of 
the most burning topics in heavy industry. 
The steel industry is one of the top three 
contributors to CO2 emissions, and 
more than 70 percent of greenhouse-
gas emissions in the steel industry are 
directly linked to use of coal as both fuel 
and reductant. Steelmakers are taking 
several steps to decarbonize, targeting 
this regime for quick results (Exhibit 1). The 
first step toward this goal is focused on 
emissions reduction and the repurposing 
of steel through a switch to alternate 
materials in steelmaking and efficient 
production of long-lasting steel products. 
Second, operations can be decarbonized 
by increasing scrap usage and carbon-
free electricity. Some steelmakers use 
biomass as a reductant instead of coal and 
implement smart carbon usage to capture 
and mitigate the release of CO2 emissions.

Recent developments in regulations, 
along with commitment among some 
governments to reduce CO2 emissions, 
have led many steelmakers to set high 
decarbonization goals in coming years. 
Steel companies should, therefore, 
determine their midterm and long-term 
paths to decarbonization today (Exhibit 2).

Exhibit 1: Steel producers are evaluating decarbonization strategies 
across a range of options.

Exhibit 2: Four key pathways to decarbonization in time.
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1Blast furnace–basic oxygen furnace.
2Direct reduced iron.
3Process developed by Tecnored Desenvolvimento Tecnológico S.A. of Brazil using carbon-bearing, self-�uxing, and self-reducing pellets for “coke-less” iron making.
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Strategy

Basic oxygen 
furnace (BOF)  

Examples Current outlook

Make e�ciency 
improvements to optimize 
BF–BOF1 operations 

Optimized BOF inputs (DRI,2 
scrap), increased fuel injection 
in BF (eg, hydrogen, PCI)

Technology readily available 
at competitive cost

Biomass 
reductants

Use biomass as an alternative 
reductant or fuel 

Tecnored process³ Process possible in Latin 
America and Russia, due to 
biomass availability

Carbon capture 
and usage (CCU)

Capture fossil fuels and 
emissions, and create new 
products

Bioethanol production from 
CO2 emissions

Currently at a pivot stage

Carbon capture 
and storage (CCS)

Capture and store CO2 from 
steelmaking process and 
release or inject them as 
fuel in another process

CO2 captured from 
iron-making process injected 
into oil �elds to enhance 
recovery

Currently at a pivot stage

Medium- to full-decarbonization strategies

Electric arc 
furnace (EAF)

Maximize secondary �ows 
and recycling by melting more 
scrap in EAF

EAF usage to melt scrap Technology readily available at 
competitive cost

DRI plus EAF 
using natural gas

Increase usage of DRI in EAF Current DRI plus EAF plants 
using natural gas (NG)

Technology readily available

DRI plus EAF 
using H2

Replace fossil fuels in DRI 
process with renewable 
energy or H2

MIDREX DRI process running 
on H2
ENERGIRON DRI process 
running on H2

Technology available at 
high cost

Four key paths should be discussed.

Today

Business as usual

Run production facilities at cost-optimal point as they are. 
Do not invest in decarbonizing technologies or solutions.

Ongoing retro�t

Adjust production processes to reduce carbon emissions further.
Invest in setting up technologies in existing facilities with medium investment. 

Low-emissions steel

Try to signi�cantly reduce carbon emissions of existing production facilities.
Invest in new technologies or assets to remain cost competitive over the long run.

Green steel

Strive for zero carbon emissions in steel production.
Invest in sustainable technologies and replace existing assets with signi�cant investments.
Adjust overall strategy to realize future opportunities from decarbonization trends, and 
use green-steel brand at commercial level.

2030 2050

Four key pathways to decarbonization in time.



While the next decade will likely see process 
modifications such as carbon capture 
and storage (CCS) and carbon capture 
and usage (CCU), implementation of new 
processes will be critical. One lever for these 
transitions will be the reduction of iron ore 
with hydrogen instead of coal. However, 
the determining factor for the success of 
this technology will be the availability of 
hydrogen at economic level and at scale. 

While CCS and CCU are both medium- and 
long-term economic options, hydrogen is a 
growing opportunity in the face of ambitious 
international climate targets. It is one of 
the few options for reducing emissions in 
steelmaking and could provide renewable 
developers a competitive advantage in the 
current paradigm. According to McKinsey’s 
SteelLens, hydrogen-based steel 
production could enable steel production 
that is nearly carbon-neutral (Exhibit 3).

Adopting CCS or CCU technology in existing 
blast furnaces would add operational 
expenditure of approximately €100 per ton¹ 
of crude steel, and hydrogen-based steel 
production would cost approximately €170 per 
ton of crude steel. By 2050, with increases 
in scaled hydrogen production and carbon 
taxes, hydrogen-based steel production, CCS, 
and CCU will provide competitive options for 
steelmakers (Exhibit 4). 

We believe that, starting today, 
decarbonization of the steel industry 
would lead to better outcomes for 
individual companies. Looking toward 
the long-term horizon of building or 
retrofitting industrial sites, significant 
emissions reductions can be achieved 
more efficiently through investment and 
plans initiated now.

Exhibit 3: Hydrogen-based steel production involves efficient steps.

Exhibit 4: By 2050, hydrogen-based technologies are expected to be 
as cost effective as carbon capture and storage.
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11 metric ton = 2,205 pounds.
2Estimated base cost is €440 per metric ton through blast furnace–basic oxygen furnace (BF–BOF) and €485 per metric ton through electric arc furnace (EAF) 
route at 60 percent direct reduced iron.

By 2050, hydrogen-based technologies are expected to be as cost-e�ective 
as carbon capture and storage.
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To learn more about SteelLens, go to https://www.mckinsey.com/industries/metals-and-mining/how-we-help-clients/steel-lens or email us at 
SteelLens@McKinsey.com.

For details on blue steel, visit https://www.mckinsey.com/industries/metals-and-mining/our-insights/decarbonization-challenge-for-steel.

1  Metric tons: 1 metric ton = 2,205 pounds.
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