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Steel production and CO2 
emissions: a growing global concern 
for manufacturers?
The world steel industry is a major emitter of greenhouse gases but is strenuously increasing 
its efforts to decarbonise through development of lower CO2 emitting processes and increased 
recycling of both steel products and steelworks’ so-called ‘by-products’. Harsco has been involved 
in recycling and by-product management for many years, working with steel companies in more 
than 30 countries.

BACKGROUND
It is estimated that 9% of all direct fossil fuel emissions 
come from the global steel industry[1], with 1.8 tonnes 
of CO2 being generated per tonne steel manufactured by 
the integrated BF-BOF route and 0.25-0.50t/t via the EAF 
route. The industry therefore has a vital role to play in 
tackling climate change. Reducing CO2 emissions would 
provide signifi cant support toward creating a sustainable 
future for the steel industry and the global environment.

It is worth noting that, even though the average energy 
consumed per tonne of steel produced has been reduced by 
61% since the 1960s, further improvement is required[2]. 
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r Fig 1 Harsco waste recovery and recycling activities

Positive changes are underway, as key players 
in the industry are working hard to address 
the issue. Although efforts to reduce CO 
and CO2 are not universally supported by 
government legislation, many currently 
deployed technologies and processes are 
setting new standards for lower emissions, 
driving additional deployment and furthering 
environmental improvement.  

One proposed solution for reducing 
emissions is to apply carbon taxes on CO2-
generating industries. However, as the primary 
steel industry frequently operates with low 
profi t margins, simply imposing a carbon tax 
to mandate CO2 reduction will likely result 
in many steel plant closures, negatively 
impacting communities and society down-
stream. Decreasing the CO2 emissions per 
tonne steel is therefore a valid approach to 
realise environmental improvements while 
retaining the employment in communities that 

are dependent upon steel production for their livelihood.
In their comprehensive paper[3], The Energy Transitions 

Commission (ETC) states that “it is confi dent that complete 
de-carbonisation of the steelmaking industry is achievable 
by mid-century, with a modest impact on end-consumer 
prices and costs to the overall economy”. To reach zero 
carbon emissions, however, the steel industry, while clearly 
improving, still has some way to go. Harsco is aligning its 
technical development and deployment efforts to help 
achieve this goal.

HARSCO ENVIRONMENTAL
Harsco Environmental is a company with sustainable 
by-product recycling solutions at its core, and today it 
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operates at sites in over 30 countries in scrap and waste 
recycling. A range of activities is shown in Figure 1 and 
this is continually developing to support deployment of 
specialised techniques for reusing steel plant by-products.

By-product materials handling, blending and 
agglomeration processes are used to re-engineer previously 
discarded materials from steel plants into products for reuse 
in the steelmaking process and in external applications. 
This provides the dual benefi t of decreased CO2 emissions 
and lowering steel plant operating costs. Four specifi c 
examples are described below.

WASTE RECOVERY AND RECYCLING
Waste into briquettes for steelmaking
The need for processes that allow the reuse of by-product 
fi nes has increased in recent years, driven by steel mill 

r Fig 3 Resource solutions in ironmaking

r Fig 2 Steelmaking resource recovery

demand. Harsco Environmental therefore developed 
specialised handling and agglomeration techniques designed 
to generate larger product sizes (briquettes) with consistent 
chemistries. This has allowed previously discarded carbon, 
iron and minerals to be recovered. In doing so, millions of 
tonnes of previously wasted materials have been reused in an 
acceptable form. The process decreases overall steelmaking 
production costs as well as solid and gaseous environmental 
emissions. A basic fl ow diagram is shown in Figure 2.

Waste into micro-pellets for ironmaking
Some steelworks’ waste products are unsuitable for recycling 
to the sinter plant because they are either too fi ne, too wet 
or both. To address this problem, Harsco has developed a 
customised micro-pelletising process which is incorporated 
in the recovery fl ow diagram shown in Figure 3. 
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It starts by selecting by-products that minimise the use 
of materials high in lead, zinc and sulphur, while those 
high in carbon, iron, lime and magnesite are maximised. 
The piles are segregated into different composition 
batches to facilitate the selection process. After achieving 
the ideal balance of chemical and physical characteristics, 
the chosen product recipe is blended at high speed with 
speciality binders and at the target moisture levels. (The 
only pure, new materials in the mixes are the binders.) 

Carbon, iron oxide, mineral dusts and sludges are micro-
pelletised for reuse in BF sinter plants which reduces the 
need for new raw material purchases. The resulting micro-
pellets (see Figure 4) are at an optimal size and chemical 
consistency to be sintered at high temperatures into fused 
agglomerates for use in the blast furnace. The micropellets 
thereby become part of the sinter product feed for the 
blast furnace.

The contained carbon, iron and mineral units are thus 
used to make liquid iron for subsequent use in the steel 
plant. The goal of waste minimisation is realised while 
simultaneously decreasing the cost of the ironmaking 
process. The need for new iron ore, coke and lime purchases, 
and the associated CO2 emissions, are decreased.

These micro-pellets are consumed in the sinter plant to 

generate a suitable BF feed product with an associated 
reduction in new raw material purchases, thus reducing 
purchasing costs and the CO2 production associated with 
mining and transporting virgin ores. 

Harsco Environmental was able to deliver this 
sustainability improvement by combining a wealth of 
process engineering experience with a keen understanding 
of material science. In addition, effective methods of 
handing and blending wastes with proprietary binders 
in custom-designed micro-pelletising and briquetting 
processes were developed. The result is a now-proven ability 
to deliver maximum by-product recycling effi ciency. 

COMMERCIAL EXAMPLES
At a 12Mt/y steel plant in India, Harsco has recovered 
millions of tonnes of by-product materials, which would 
otherwise have been landfi lled. Previously, fi nely sized 
waste streams containing value were generated at this 
plant without being recycled back into the steelmaking 
process. Harsco designed and deployed processes to solve 
this problem and recover these valuable chemical units. In 
doing so, new material purchases were reduced, as were 
operating costs and CO2 tonnes generated.

Today, that plant is annually consuming more than 
200,000t of Harsco briquettes (see Figure 5) back into 
the BOF for effective recovery of valuable iron units. In 
addition, more than 800,000t/y of carbon, iron oxide and 
mineral dusts and sludges are micro-pelletised for reuse in 
the sinter plant.

In conjunction with increasing their steelmaking 
capacity to 18Mt/y, the Indian steel plant requested that 
Harsco increase its production of recycled by-product 
agglomerates to keep up with the increased steelmaking 
capacity and by-product generation rate. 

At Harsco’s facility in Sarver, Pennsylvania, USA, pilot 
briquetting trials had proven that the required product 
strength could be met while incorporating the desired 
selection of several by-product streams for recycling. Iron-
rich by-products were chosen to replace virgin iron ore 
materials in the steelmaking BOF, culminating in reduced 
production costs through iron substitution.

BOF SLAG FOR CONCRETE
Cement manufacturing generates about 0.37t CO2/t 
product, so it is a large contributor to greenhouse gas 
emissions. Processes involving carbon dioxide use are 
being developed to consume more of the remaining 
unused gas quantities generated by the steel and other 
industries. Last year, Harsco Environmental invested in 
CarbiCrete™, a novel cement-free and carbon-negative 
technology that combines steelmaking waste slags with 
CO2 to manufacture concrete for building applications. 

The technology consumes both CO2 and waste slags to 

r Fig 5 Examples of BOF briquettesr Fig 5 Examples of BOF briquettes

r Fig 4 Micro-pellet stockpile prior to 
becoming sinter
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and recycling for many years, including scrap handling, 
inventory tracking, scrap mix and charge delivery systems. 
Harsco’s ‘ScrapMaster™

’
 software provides effi cient scrap 

yard management, scrap segregation and scrap selection 
by quality and size.

CONCLUSIONS
The steel industry is reducing its CO2 emissions by 
increasing the percentage of steel made in EAFs. In 
addition, more applications for using by-product gases 
from integrated steelmaking plants are being developed 
and, combined with new energy recovery technologies, are 
further reducing the environmental impact of making steel. 
Additionally, by recovering and reusing by-products as well 
as waste refractories and slags, Harsco is increasing the 
economic and environmental benefi ts to their customers 
through specialised by-product recycling.  

By developing and adopting these technologies, Harsco is 
partnering with their customers to ensure a brighter, greener 
environment. As steel will remain a key building block of 
our global communities for the foreseeable future, it is the 
duty of all parties involved in the steel industry to maximise 
their efforts to mitigate CO2 generation and move toward 
a truly sustainable future. This will help to maintain the 
steel supply needed for the modern world to function, while 
simultaneously addressing the environmental needs of our 
global community for current and future generations. MS
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avoid using the cement currently needed to make similar 
building products. The ground steel slag is added to the 
concrete mix, in place of cement, and is cured using CO2. 
Immediately after this curing process has fi nished, the 
concrete has reached its full-strength

The process is used to decrease the global requirement 
for cement and the subsequent tonnes of CO2 generated 
in making cement. The technology enables a process for 
making precast concrete that uses no cement whatsoever. 
Certifi cation will be accomplished as part of the pilot 
project. However, products that have been tested using all 
the standard concrete tests have matched or outperformed 
their cement-based equivalents.

Harsco Environmental is a key consortium member in 
a demonstration programme to make this cement-free, 
carbon-negative concrete. The investment by Harsco, 
along with a grant awarded to CarbiCrete™ by Sustainable 
Development Technology Canada (SDTC), will fi nance the 
programme within a developmental consortium which 
includes a manufacturer of commercial concrete blocks 
(see Figure 6). The programme is scheduled to start in the 
summer of 2020.

SCRAP PREPARATION AND RECYCLING
To address the impact of CO2 emissions on the environment 
and the economy, assessments are being made as to 
whether materials with a lower CO2 footprint can be used 
in place of steel, or whether demand could be met by more 
recycled secondary steel and less primary production. 

To positively impact the environment, designers who 
make use of steel must also take steps to facilitate its 
recovery and reuse. These steps must include planning for 
the effi cient de-commissioning of automobiles, appliances 
and other items which contain large amounts of steel. This 
will increase the amount and quality of secondary steel 
available for reuse in scrap steel melting processes.

According to World Steel Association, around 85% of 
structural steel is currently recovered from demolition 
projects[4] so the reuse of this scrap steel as a feed for EAFs, 
along with improved production techniques, is another step 
in reducing the CO2 footprint of the steel industry.

Better scrap management is often cited as a clear route to 
facilitate change, as is the implementation of ‘green steel’ 
standards and labels across the steel value chain. More 
effi cient steel use is always high on The Energy Transitions 
Commission agenda, as is a combination of voluntary 
commitments and regulations to encourage steel recycling. 
Harsco Environmental has comprehensive experience 
in maximising the amount of scrap available through 
deployment of its services on-site at steel plants. These 
activities facilitate the recovery of metallic iron and steel 
from slag for re-melting in the steel production process. 

Harsco has been involved with scrap management 

r Fig 6 Examples of CarbiCrete™ concrete blocks 




