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The global sustainable steel market is projected to reach $795.8 billion by 2031 from $327.3 billion in 2021, growing at a CAGR of 8.97% during the forecast period 2022-2031. The growth in the global sustainable steel market is expected to be driven by stringent government regulations, carbon neutrality targets, energy and cost efficiency owing to the use of recycled steel, and a significant increase in steel demand with the scarcity of raw materials and energy. Read less
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	3. 3
Agenda
▪ Introduction
▪ Overview  of Major Energy Intensive
Industries
▪ Steel Industry Scenario
▪ Sustainable Steel: Market Dynamics,
Development and Market Outlook
▪ Presentations of Guest Speakers
• Troy Coyle
• Daanish Ellias ( and Team )
▪ Conclusion
▪ Q&A
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	4. Sustainable
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Overview of Major  Energy Intensive Industries
www.bisresearch.com I All right reserved
CO2 Emissions from Steel Industry
• Steelmaking is one of the highly energy-
intensive and emission-intensive, among
other industries.
• Recycling steel saves approximately 1.1
tons of iron ore, 630 kg of coking coal, and
55 kg of limestone and reduces water
consumption by 40% and greenhouse gas
(GHG) emissions by 58%, with per ton scrap
use.
• Green steel is steel produced using
renewable resources, reducing the carbon
footprint to the lowest possible. Green
hydrogen is recognized as one solution that
could help reduce the steel industry’s carbon
footprint.
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Source: IEA and BIS Analysis
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	6. 6
Crude Steel Production  and CO2 Emissions Scenario
www.bisresearch.com I All right reserved
• Conventional process routes is expected to dominate global crude steel production till 2030 but as per net zero scenario, significant
changes represent the beginning of an important transformation. The share of the emissions-intensive Blast Furnace-Basic Oxygen
Furnace (BF-BOF) route is projected to decline, while the share of scrap based Electric Arc Furnace (EAF) route is estimated to
grow due to increased scrap availability.
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Steel Production Technologies  and Its Evolution
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Sustainable Steel: A Clean Energy Transition
Source: Global Energy Monitor and BIS Analysis
Conventional
Steel Making
• Generates green
house gases
• Coking coal used in
blast furnaces
• Utilizing natural gas
halves the
emissions
• Carbon capture and
storage reduces
emissions but is
costly
Recycled Scrap
• Emissions halved,
even with coal
power
• Using renewable
energy reduces
further emissions
• Recovered into a
new material of
same quality
• Limitations in scrap
supply
Green Steel
• Hydrogen /
Electricity instead of
coal
• Very low carbon
footprint from clean
energy
• Clean by product –
water
• Rising investments
towards various
green steel plants
Evolution of Steel Production
Open Hearth Furnace
(OHF)
Mixed Methods
Electric Arc Furnace
(EAF)
Basic Oxygen Furnace
(BOF)
Global Operating Steel Production
Capacity, by Technology Type, 2022
Source: Grattan Institute and BIS Analysis
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Sustainable Steel: Current  Trends and Future Potential
Sustainable Steel: A Clean Energy Transition www.bisresearch.com I All right reserved
Trends
• Increasing Adoption of the
Greener Technologies by the
Manufacturers
• Rising Developments on Green
Hydrogen-based Direct
Reduced Iron Electric Arc
Furnace Technology
• Countries’ Growing Focus
Towards the Reduction of
Greenhouse Gas Emissions
Growth Factors
• Energy and Cost Efficiency
Owing to the Use of Recycled
Steel
• Significant Increase in Steel
Demand with Scarcity of Raw
Materials and Energy
• Rising Demand in Automotive,
Aerospace, Building and
Construction Industries
Business Challenges
• High Production Costs of
Green Hydrogen
• High Production Costs of
Green Steel
• Complex Product Design and
Inadequate Recycling
Technologies
Opportunities
• Newer Technologies for the
Decarbonization of Steel
Production
• Rising Focus Towards Ensuring
Supply of Sustainable Energy
for Green Steel Production
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Sustainable Steel: Key  Developments and Industry Players
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Key Industry Players in Sustainable Steel
Market
Key Developments in Sustainable Steel
Market
Company Date Description
Nippon Steel
Corporation
September
2022
Nippon Steel announced to launch a steel product that
is certified and reduces carbon emissions
under the brand name, NSCarbolex Neutral.
Tata Steel July 2022
Tata Steel launched a new steel product with
reduced carbon emissions by up to 100% under the
brand name, Zeremis Carbon Lite.
Schnitzer Steel
Industries, Inc.
March
2022
The company launched a line of net zero carbon
products under the brand name, GRN Steel. It will
offer its lowest carbon emission steel products,
including rebar, wire rod, and merchant bar under
this brand.
HBIS Group
August
2022
HBIS GROUP signed an agreement with BMW Group,
to jointly build low carbon steel. The company will
supply the low carbon steel to BMW Group’s plants
located in Shenyang from 2023.
ArcelorMittal July 2022
ArcelorMittal announced a partnership with a Spanish
multinational automotive engineering company,
Gestamp, to produce low carbon emission steel parts
for automotive applications.
Sustainable Steel: A Clean Energy Transition
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Sustainable Steel: Market  Outlook
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Sustainable Steel: A Clean Energy Transition
$795.8 Bn
Key Start-Ups:
2031
2021
$327.3 Bn
8.97%
CAGR
(2022-2031)
By Technology
Electric Arc Furnace (EAF)
Others
By Product Type
Recycled Steel
Green Steel
By End-Use
Building and Construction
Others
By Region
China
Others
 


	11. Green steel and
recycled  steel
 


	12. The world’s largest  materials industry,
steel generates a turnover of 1 trillion
US dollars and is 10 times larger than
the aluminium industry, 7½ times larger
than the copper industry and 4 times
that of the cement industry.*
*https://www.responsiblesteel.org/about/
Steel plays a prominent role in our daily lives and is
critical to national infrastructure.
 



	14. The International Energy
Agency  predicts global
demand for steel to increase
by more than a third through
to 2050.*
*IEA (2020) Iron and Steel technology Roadmap: Towards More
Sustainable Steelmaking.
Steel is required to achieve a global transition to a
clean energy economy and to meet our carbon
emissions targets.
 



	16. Carbon in steel  making
Steelmaking is considered a hard to abate industry because
the CO2 is primarily coming from carbon used as a reducing
agent to remove oxygen from iron oxides.
 


	17. Source: Net-Zero Steel  Pathway Methodology Project (2021)
Generalised steelmaking process
 


	18. Currently, no commercially  viable alternative exists for coal as the reductant
in bulk steel making.
But that doesn’t mean the industry is doing nothing…
 


	19. Global efforts
14 percent  of steel companies’ potential value is at risk if they are
unable to decrease their environmental impact.*
*McKinsey Report (2020) “Decarbonisation challenge for Steel”. Study of 20 global steel
makers. The weighted average value at risk for the sample is 14 percent of net present value
under a 2°C scenario, where global carbon prices rise to USD 100 per ton of carbon dioxide.
Results range from 2 percent to 30 percent for individual companies.
 


	20. Key opportunities to  remove carbon
• Operational efficiency
improvements
• Finding an alternative reduction
process
• Sourcing energy from low carbon
sources
• Carbon capture and
storage/usage
• Improving subsequent steel
processing
• Offsetting
• Circular economy
 


	21. Source: Net-Zero Steel  Pathway Methodology Project (2021)
Why don’t we just use recycled steel?
 


	22. The SBTi is  planning a collaborative project with the steel
sector to develop specific steel sector guidance to enable
more steelmakers to set science based targets.
Current issues:
• the sector is treated as homogenous, assessing a
company’s carbon intensity target against a single
carbon budget for steel;
• scope 3 emissions included if they surpass a 40%
threshold, yet within the steel sector there is a high
degree of variability in scope 3 emissions reporting
between different steel companies.
Do SBTs exist?
 


	23. • Accounts for  the
decarbonisation of primary and
secondary sources.
• Defines scope of what
emissions should be included in
a SBT.
• Accounts for the contribution of
co-products produced within
the boundary of the steel sector
that are utilised outside the
steel sector.
• Defines a pragmatic accounting
mechanism for consistent
implementation.
 


	24. Do alternative reductants  exist?
This is not trivial research as it requires examining the
kinetic limitation and thermodynamic processes.
“the addition of hydrogen is only useful to a certain extent
due to its endothermic behaviour. Higher hydrogen contents
will lead to higher energy demand and therefore more coke
is required to provide sufficient energy. So new process
concepts are required that can operate with hydrogen only.”*
Spreitzer and Schenk (2019) ”Reduction of Iron Oxides with Hydrogen – a
Review” Steel Research Int., 90. 1-17pp.
 


	25. HYBRIT project
Aims to  be first in the world with a value chain for fossil-free steel by as
early as 2026. To achieve this goal, cooperation is necessary between
the development company, the owner companies, as well as other
actors such as the Swedish Energy Agency and key Universities.
 


	26. BlueScope’s indicative
DECARBONISATION PATHWAY
•  Immediate focus on optimising current operating assets,
whilst progressing development of emerging technologies
• A range of projects underway to reduce emissions
intensity
• Includes technologies incorporated in the Port
Kembla reline assessment and in creating optionality
for emerging technology
• Industry decarbonisation will be enabled by emerging and
breakthrough technology, once proven and scalable
• We expect the development of these technologies to
continue over the current and following decade, with
significant take-up across the steel industry
predicted to occur into the 2040s
• BlueScope will seek to play a part in the research
and development of technologies including via
partnerships
26
Strong future for steel in a low-carbon world; emerging and breakthrough technology, renewable energy and supportive public policy will
be key enablers
Indicative iron and steelmaking decarbonisation pathway
1. Emerging technologies refers to demonstrated technology that is commercially available but requires further
application to integrated steelworks, such as biochar, blast furnace hydrogen injection, etc.
2. Breakthrough technologies refers to technology not yet commercialised, currently at concept or pilot stage, or
not yet applied to integrated steelworks.
3. Contingent upon commercial supply of hydrogen from renewable sources.
4. Requires suitable high-grade ores, estimated at less than 15% of available ores and access to cost-effective
energy sources.
5. For Melter-BOF, DRI-melter replaces the blast furnace. Maintains existing BOF and caster infrastructure, and
allows a wider range of ores to be used.
6. Other technologies include CCUS, electrolytic reduction, etc.
Emerging technologies1
Offsets
2018 Up to 2050
Emissions
(tCO2-e)
Emissions
baseline
EAF4 Other technologies6
Optimising current operating assets
Energy and
process
efficiencies Low carbon
energy sources Increased scrap
use Emerging
technologies
2030
Melter-BOF5
Hydrogen DRI3
Breakthrough technologies2
Breakthrough technologies2
 


	27. Alternative reductants for  NZ steelmaking
The Robinson Research Institute
team has demonstrated its
hydrogen-ironmaking reaction in a
custom-built fluidised-bed reactor,
which reacts New Zealand ironsand
with hydrogen gas at temperatures
up to 1000 ⁰C, to produce very high-
purity iron (better than 99.8% iron).
As the hydrogen reactor is
entirely electrically heated, it
could be powered by New
Zealand’s renewable
electricity, ensuring that
process heating also does not
contribute any carbon dioxide
emissions.
 


	28. We need the  whole
channel to be on the
low carbon journey.
If our objective is to reduce net
carbon emissions, we have to
stop just talking about embodied
carbon and start talking about
lifetime carbon emissions.
That is what has impact.
 


	29. Steel is a  leader in NZ’s circular economy
• 85% of construction steel in NZ
is recycled.
• The collection of 545
kilotonnes of steel scrap every
year provides a net benefit of
793 kilotonnes CO2-equivalent.
• This would increase to 1,106
kilotonnes CO2-equivalent per
year if 100 percent of
generated steel scrap were
collected for recovery.
Source: HERA (2021) Steel Recycling Report.
 


	30. Other decarbonisation initiatives  @HERA
• Material passports (buildings as banks of materials)
• Extending lifetimes of infrastructure
• Circular design (design for re-use)
 


	31. GREEN STEEL
BY -  WORLD OF STEEL
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● Drivers  of Green Steel
● Technologies for Green Steel
● Green Steel Initiatives
● Challenges to Green Steel
● Conclusions
 


	33. Steel making contributes  7-8% of CO2
emission and we live in a world of
accelerating climate change
 


	34. Drivers of Green  Steel
• Various Climate accords
• Automobile Industry
• Measures in Developed
Countries
• Increasing Consumer Activism
• Availability of Green Steel
Technology
 


	35. Various Climate Accords
Kyoto  Protocol
Kyoto Protocol operationalizes the United
Nations Framework Convention on Climate
Change by committing industrialized countries
and economies in transition to limit and
reduce greenhouse gases (GHG) emissions
in accordance with agreed individual targets.
The Kyoto Protocol has established a rigorous
monitoring, review and verification system, as
well as a compliance system to ensure
transparency and hold Parties to account.
Under the Protocol, countries' actual
emissions have to be monitored and precise
records have to be kept of the trades carried
out.
Paris Agreement
The Paris Agreement is a legally binding
international treaty on climate change. It is the
first-ever universal, legally binding global
climate change agreement, adopted at the
Paris climate conference (COP21) in
December 2015. The Paris Agreement is a
bridge between today's policies and climate-
neutrality before the end of the century. Key
elements of the Paris Agreement include:
•Nationally Determined Contributions (NDCs)
•Global Stocktake
•Climate Finance
•Technology Transfer and Capacity Building
•Transparency and Accountability
 


	36. Automobile Industry
• In  October 2021, Volvo Group showcased the first vehicle made of fossil-
free steel produced by SSAB.
• Mercedes-Benz AG became the first car manufacturer to take an equity
stake in Swedish start-up H2 Green Steel as a way to introduce CO2 free
steel into series production.
• The Volkswagen Group and Salzgitter AG have a long-standing partnership
and they opened the next chapter together in the decarbonisation of their
processes and products. Volkswagen became one of the first customers for
the low-CO2 steel that Salzgitter AG plans to produce on a new production
route at its headquarters in Lower Saxony from the end of 2025.
• The BMW Group signed agreements with H2 Green Steel and Salzgitter
AG for delivery of low-carbon steel. H2 Green Steel will supply the BMW
Group’s European plants with steel produced exclusively using hydrogen
and green power from renewable energies from 2025 onwards
 


	37. Measures in Developed  Countries
• EU’s Carbon Border Adjustment Mechanism- The EU's Carbon Border
Adjustment Mechanism (CBAM) represents a significant tool in their efforts
to establish a just pricing system for carbon emissions associated with the
production of carbon-intensive goods entering the EU. Its primary objective
is to stimulate cleaner industrial practices in non-EU countries while
ensuring a level playing field in terms of environmental responsibility. By
placing a fair price on carbon emissions, CBAM aims to incentivize
sustainable production and foster a transition towards greener economies
globally.
• Carbon pricing - shows serious promise as a tool in the fight against
climate change. Deterring the use of fossil fuels, such as coal, fuel oil, and
gasoline, is crucial to reducing the buildup of heat-trapping greenhouse
gases in the atmosphere. Carbon pricing provides across-the-board
incentives to reduce energy use and shift to cleaner fuels and is an
essential price signal for redirecting new investment to clean technologies.
Carbon pricing, implemented through a tax on the carbon content of fossil
fuels or on their carbon dioxide (CO2) emissions, is straightforward to
administer as an extension of existing fuel taxes
 


	38. Other Drivers of  Green Steel
Consumers are becoming more environmentally
conscious and are actively seeking out sustainable
products. Consumer activism has led to the
development and demand for eco-labeling and
certifications for steel products.
Consumer activism has pushed steel producers to
increase transparency in their supply chains.
Consumers are demanding to know the origin of the
raw materials used in steel production and whether
they come from sustainable sources. This pressure
has encouraged steel companies to implement
traceability systems and ensure responsible sourcing
practices, promoting the use of recycled steel and
reducing the environmental impact associated with
mining and extraction.
The availability of diverse and reliable
green steel technology suppliers
drives the adoption and growth of
sustainable steel production. They
foster competition, innovation, and
scalability while providing expertise
and support to steel producers.
Investing in research, promoting
collaboration, and encouraging
technological advancements can
expand the pool of suppliers and
accelerate the transition to greener
steelmaking practices.
Increasing Consumer Activism
Availability of Green Steel Technology
 


	39. Current Technologies
for Green  Steel
 


	40. Scrap-Based Steel Making  Hydrogen-Based Steel Making
Raw Material: Recycled scrap metal Raw Material: Iron ore, hydrogen gas
Furnace Type: Electric arc furnace
Furnace Type: Direct reduction of iron (DRI)
followed by electric arc furnace
Temperature: 1,600 to 1,800°C (2,900 to
3,300°F)
Temperature: DRI reduction at 800 to 1,000°C
(1,470 to 1,830°F)
Impurity Removal: Oxidation, fluxing, and
alloying
Impurity Removal: Fluxes and alloying elements
Carbon Footprint: Moderate emissions due to
electricity used
Carbon Footprint: Aimed at significant reduction
by utilizing hydrogen as a clean reducing agent
Advantages: Uses recycled scrap metal,
established process
Advantages: Potential for significant reduction
in greenhouse gas emissions, contributes to
decarbonization efforts
Challenges: Limited availability and quality of
scrap metal, reliance on electricity
Challenges: Technological advancements and
research required for large-scale commercial
viability
 


	41. Green Steel Technology
in  the Lab
 


	42. Conventional Steelmaking
Process (  Blast Furnace
Steelmaking:)
● Coke, a coal-derived material, reacts
with iron ore in a blast furnace.
● The reaction removes oxygen, leaving
behind liquid iron.
● The carbon and oxygen are released
together as carbon dioxide.
 


	43. Boston Metal's Molten  Oxide
Electrolysis (MOE) Process
Introduction to Boston Metal:
● MIT researchers Donald Sadoway and Antoine Allanore developed the
MOE process.
● Boston Metal is a startup aiming to build a direct, scalable steel
decarbonization solution.
 


	44. MOE Process:
● MOE  uses electricity instead of carbon
to remove oxygen from iron oxides.
● A cell filled with a mixture of dissolved
iron oxides and other materials is
heated up using electricity.
● Electricity drives the oxygen-removing
chemical reactions.
● Molten iron gathers at the bottom of the
reactor, and oxygen gas is emitted
instead of carbon dioxide.
Boston Metal
 


	45. Challenges and Progress  Of Boston Metal:
● Transitioning to larger reactors for industrial-scale
production.
● Issues with the stability of the inert anode.
● Currently using carbon anodes in the pilot reactor for
ferroalloy production.
Future Plans of Boston Metal:
● Further development to optimize the MOE process.
● Conversion for use in larger-scale steelmaking.
● Targeting industrial-size cell production by 2026.
 


	46. Hydrogen Plasma
Hydrogen plasma  refers to a state of matter in which
hydrogen gas is ionized, meaning that some or all of its
atoms have lost or gained electrons, resulting in the
presence of free electrons and ions. Plasma is often
described as the fourth state of matter, distinct from
solid, liquid, and gas, and is characterized by its high
energy and electrically conductive properties.
 


	47. ● Carbon Capture  Utilisation and Storage
(CCUS)
CCUS refers to technology that enables the mitigation of carbon dioxide
(CO2) emissions from large point sources such as power plants, refineries
and other industrial facilities, or the removal of existing CO2 from the
atmosphere.
Other Technologies for
Reducing Carbon Footprint
 


	48. CCUS application
consists of  following
stages :
1) Capture
2) Transportation
3) Storage
4) Utilisation
 


	49. Post-combustion
technology
separates CO2
from the  flue gas,
by using a
chemical solvent
for instance, after
the fuel is burnt
Pre-combustion
methods convert fuel
into a hydrogen and
CO2 gas mixture,
allowing for separation
of CO2 and utilization
of the hydrogen-rich
mixture as fuel
Oxy-fuel technology
involves burning a fuel
with almost pure
oxygen to produce
CO2 and steam, with
the released CO2
subsequently captured.
Post-combustion and oxy-fuel methods are suitable for retrofitting existing plants, while pre-combustion is
more suitable for new plant construction.
Methods for capturing CO2
 


	50. Transportation and Storage:
Compressed  CO2 is transported by pipeline, ship, rail, or road.
Injection into deep geological formations usually depth more than 1 km for
permanent storage.
Usage and Climate Implications:
CO2 can be used as input for commercial products and
services.production of chemicals and materials, carbonation of beverages,
and as a feedstock for synthetic fuels
Global Storage Resources:
Sufficient underground storage available globally to meet climate targets.
Most high-emitting nations possess substantial storage resources.
Conclusion:
CCUS technology is vital for carbon dioxide mitigation and climate change
goals.
Continued research and development are essential for improving capture
rates and reducing costs.
 


	51. Green Steel
Initiatives in
Europe
HYBRIT®  by SSAB
SALCOS® by Salzgitter
Carbon2Chem® by Thyssen
and Salzgitter
Hlsarna by TATA Steel
H2 Future
Arcelor Mittal
 


	52. Green Steel Intiatives  in
Other parts of the world
Green Steel Initiatives
in Other Parts of the
World
• HBIS China
• China Baowu Group
• POSCO South Korea
• Nippon Steel(Japan)
• Kobe Steel(Japan)
• TATA Steel(India)
• Fortescue and China
Baowu
• Rio Tinto
• And many others
 


	53. Challenges to Green  Steel
• Hydrogen Infrastructure -Lack of adequate
infrastructure, including hydrogen production, storage,
and transportation facilities
• Scrap Procurement - Ensuring an adequate
supply of high-quality scrap metal and establishing
efficient collection and recycling processes
• Legacy of Sunk Cost within Asia - Shifting to
green steel requires overcoming the legacy of sunk
costs associated with existing infrastructure and
equipment
• Capital Costs – The higher costs associated with
hydrogen-based direct reduction processes and
hydrogen infrastructure costs.
 


	54. Other Challenges to  Green Steel
• Political & Macro-economic Factors -
Uncertainties in policy frameworks, regulatory support,
and market conditions
• Green Steel Definition - Lack of consensus on the
definition and standards of green steel.
• Cost of Green Steel - The cost of producing green
steel, particularly in comparison to traditional
steelmaking methods, will be higher due to the use
of raw material input in the form of DRI from hydrogen
as a reductant, innovative technologies and renewable
energy sources
• Insufficient Technology Providers - The current
landscape may suffer from a limited number of technology
providers with the necessary expertise and capacity to
support large-scale implementation.
 


	55. Conclusions • Equity  of rules for countries in the
developing world
• Definitions of Green Steel with common
buy-in
• Government support
• Strengthening of Global accords
• Spreading of technology for green steel
• Holistic view of the entire supply chain in
steel making
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Net Zero Strategy  by Several Economies
Transition from Conventional to Greener Energy
Costing Challenges Related to Greener Pathways
Growing Focus Towards Steel Scrap Availability
Emerging Demand from Wide Range of Applications
Rising Investments in Green Steel
Evolving End User Industries and Their Sustainability Goals
Sustainable Steel: A Clean Energy Transition
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Key Takeaways
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Sustainability: Research Production Plan
(2022, 2023, 2024)
Upcoming Reports
• Green Technology and Sustainability Market
• Biomass-based Hydrogen Market
• Sustainable Polyolefins Market
• Sustainable Wire and Cable Market
• Bio-butanol Market
• Long Duration Energy Storage Market
• Hydrotreated Vegetable Oil Market
• Bio-Based Plastics Market
• Biomethane Market
• Green Metals Market
• Bio-insulation Market
• Green Manufacturing in Electronics Market
• Heterojunction Solar Cells Market
Recently Published Reports
• Green Hydrogen Market
• Water Electrolysis Market
• Green Ammonia Market
• Carbon Capture Utilization and Storage Market
• Carbon Dioxide Removal Market
• PEM Electrolyzer Market
• Bio-LNG Market
• Transportation Grade Bioethanol Market
• Low-Carbon Aluminum Market
• Specialty Carbon Black Market
• Global Green Construction Materials & Services Market
• Sustainable Films for Packaging Market
• Sustainable Air Filters Market
For more information about any report please click on the report name, and please visit https://bisresearch.com/ for any other queries and report details
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▪ Over 20 Sustainable industry market intelligence reports
▪ Access to PDFs from over 100,000 reputed sources
▪ Market Statistics
▪ Company profiles for leading and emerging companies in the Advanced Materials and
Chemicals industry
▪ Database of key industry professionals
▪ Expert content like analyst notes, whitepapers
▪ Global expert network for consultations
To get a free trial access, please schedule a demo. Visit: https://www.insightmonk.com/
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