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‘step up’: reducing steel’s 
carbon footprint
Given that steel produces between 7 %and 9% of global CO2 emissions, the industry is clearly 
part of the problem. However, it is also part of the solution. Steelmakers around the world are 
investing large amounts of money in research and development in a diverse suite of technologies 
in what may be described as breakthrough technologies to reduce emissions. To help facilitate 
improvement via shorter timescale incremental improvements worldsteel has developed step up, a 
programme designed to lead to reduced carbon emissions by sharing leading practices that drive 
efficiency gains in both the short and medium term.

In December 2015, governments around the world 
signed the Paris Agreement, which commits countries 

to keeping global average temperature rises to below 2°C 
and pursue efforts to keep the increase below 1.5°C. The 
importance of achieving this, and steel’s role in ensuring 
we achieve this, cannot be overstated.

Decarbonisation of the global economy will be a steel-
intensive process in everything from installing the wind 
turbines and solar panels that will generate renewable 
energy, to building the mass transit systems that will 
reduce the environmental impact of the transport sector. 
However, the steel industry is energy-intensive, and CO2 
emissions are an inherent part of current steelmaking 
processes. Although the amount of carbon released per 
tonne of steel made has been falling as steelmakers 
drive efficiencies in their operations, the volume of steel 
produced means that the industry currently accounts for 
between 7% and 9% of total global carbon emissions. 

We recognise that while we are clearly a big part of the 
problem, we are also a part of the solution and have a 
responsibility to do everything we can to support global 
mitigation efforts. This article describes the key direction 
of the steel industry in response to global warming. There 
are two aspects: development and implementation of 
breakthrough technologies and incremental improvements 
to existing technologies.

BREAKTHROUGH TECHNOLOGIES
Steelmakers around the world are investing large amounts 
of money in research and development in a diverse suite 
of technologies. 

The development of a hydrogen economy is one of the 
steel industry’s most exciting prospects. Using hydrogen 
as a reducing agent to reduce iron ore and circumvent the 
need for preparation and use of coking coal could make 
carbon-neutral steelmaking possible. Swedish steelmaker 

Author: Rizwan Janjua
World Steel Association

SSAB’s HYBRIT project aims to introduce ‘fossil-free’ steel 
into the market as early as 2026 by reducing iron ore 
with hydrogen created from the electrolysis of water using 
renewably generated electricity.

Sweden is able to make use of its abundant renewable 
energy resources, but local circumstances mean that it 
may not be appropriate for all steelmakers to take this 
route. The UAE’s Emirates Steel, working with Masdar, 
the national renewable energy company, has developed 
commercial scale carbon capture and utilisation projects 
that make use of the Abu Dhabi Nation Oil Company’s 
mature oilfields to sequester around 800,000 tonnes of 
CO2 annually. 

Radically redesigning existing technologies is another 
option. The HIsarna facility at Tata Steel Europe’s IJmuiden 
plant liquifies iron ore in a high-temperature cyclone before 
injecting powder coal. This process removes a number of 
pre-processing steps and allows for less stringent raw 
material quality conditions to produce the same high 
quality steel.

Unfortunately, the widespread commercial viability of 
these technologies is not likely to come about until around 
the middle of this century. To maintain a good reputation 
in the eyes of our customers and of society at large the 
steel industry needs to act and be seen to act on its 
responsibilities in the meantime, especially as demand for 
our products increases. This is where step up comes in. 

INCREMENTAL IMPROVEMENTS – STEP UP
step up is our programme for helping steel companies 
make ever more incremental process improvements by 
sharing leading practices that drive efficiency gains in 
the short and medium term, and subsequently lead to 
reduced carbon emissions. The membership of worldsteel 
represents more than 80% of global crude steel production 
and includes steelmakers operating in every continent and 
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in very different local circumstances, so the potential for 
different industry players to learn from one another is 
enormous.

worldsteel has developed a clear four-stage effi ciency 
review process covering raw material quality, process 
yield, energy effi ciency, and process reliability that is 
intended to support improvements in plant operations to 
effi ciency levels commensurate with the steel industry’s 
top performers.

BENCHMARKING
To determine where a site is positioned in a list of 
global performers, worldsteel maintains benchmarking 
systems that collect data on CO2 emissions and energy 
use at steel plants [1]. The data report overall emissions 
intensity for the production of steel at a particular 
site, irrespective of the products being made. We 
have developed a methodology, now published as an 
International Standards Organisation (ISO) standard ISO 
14404. There are three versions, one for a production site 

r Fig 1 The four facets of step up
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with a blast furnace, one for a production site with an 
electric arc furnace, and one for a site with an electric arc 
furnace with a coal or gas-based direct reduced iron (DRI) 
facility. The data collection methodology and standard is 
designed to ensure that sites reporting emissions use the 
same boundaries and parameters. Once a site’s position 
in the system is determined, worldsteel can work with 
plant management to determine where efficiencies  
in the four areas of the step up review can be made  
(see Figure 1).

RAW MATERIAL QUALITY
The quality of raw materials, particularly iron ore and coking 
coal, has a direct impact on CO2 emissions, but unfortunately 
availability of good quality materials is becoming more 
problematic. Measures such as beneficiation of ore and coal 
at the source or increasing scrap use in the basic oxygen 
furnace are just a few of the measures that can significantly 
improve operational performance.

This last point is crucial. The dynamics of the industry 
are such that we estimate the availability of scrap is set to 
increase to around 1.3 billion tonnes annually by 2050, 
largely as the steel produced for the infrastructure and 
building construction projects in China in the early part 
of this century reaches the end of its first life. As such, 
we can expect the steel industry to increasingly replace 
natural resources with steel scrap, thereby conserving raw 
materials, energy, and reducing CO2 emissions.

In the long term this is likely to encourage a shift to EAF 
production, although it is important to stress that there 
will still not be enough scrap alone to meet demand for 
steel for the foreseeable future. 

The shift to more EAF production and increased scrap 
use in BOF production will see the steel industry move to 
an increasingly circular rather than linear economic model, 
one in which CO2 emissions and the extractive burden on 
nature is reduced.

 PROCESS YIELD
Yield improvement means using fewer resources, which 
means less energy and processing time, resulting in fewer 
emissions for the same input. Identifying the potential 
for yield improvement can positively influence other key 
performance indicators (KPIs), such as process control, 
quality control and general planning. The step up review 
compares yield across the entire facility, starting from 
ironmaking through to steelmaking and on to rolling and 
finishing for integrated sites.

ENERGY EFFICIENCY
Energy efficiency is an area in which the steel industry 
has made considerable improvements over the last few 
decades, to the extent that the best performers have 

approached the absolute limits of what is possible with 
current technologies. 

Bringing the whole industry up to the standard of these 
best performers can involve implementing a number 
of tested and proven improvement measures including 
energy recovery from solid and gas streams, coke dry-
quenching, cogeneration units, and self-sufficiency in less 
carbon-intensive electricity production.

PROCESS RELIABILITY
Improving a steelmaking plant’s maintenance ensures 
process reliability, reduces losses in quality and process 
time, thereby reducing energy use per tonne of steel. Here, 
the step up review is based on identifying operational 
Overall Equipment Effectiveness (OEE). Plant management 
can compare the links in their facility’s production chain 
(continuous casters, hot rolling mills, coating lines, etc.) to 
identify the potential for reducing their unscheduled losses 
and benefit from the extra uptime for running at high 
speed, quality and throughput rate without associated 
unnecessary emissions.

CONCLUSION
step up was tested across nine sites around the world in 
2019 and will be rolled out more comprehensively over the 
coming years. 

The steel industry is making headway in responding 
to the carbon challenge, but there remains much to do. 
Fortunately, both the steel industry and steel as a product, 
already play an important role in driving the sustainability 
that signatories of the Paris Agreement expect. Our 
step up programme and the range of initiatives that 
steelmakers around the world are developing will ensure 
we don’t disappoint them. 

A more comprehensive article containing greater technical 
and financial detail will be published in Millennium Steel 
in a subsequent issue. MS
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