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Ean impending supply shortage in green steel. This shortage is implied today and likely
to last for several years into the 2030s as the market for green steel evolves. By the end

 of this decade, demand could exceed domestic supply by 15 to 20 million tons (Mt) based
on what we know today. This paper focuses on the European market but is also relevant to 
the development of green steel in other regions worldwide. We already see other markets 
following Europe’s lead, starting with more mature economies such as Japan and those 
in North America.

Why we need green steel

Steel production causes about 7% of global greenhouse gas emissions. Consequently, it is one of 
the highest emitting industries worldwide. 

As a result, reducing 
emissions along the steel value chain – and especially from traditional steelmaking (which as of 
today is a highly carbon-intensive process) – has become a key climate change mitigation 
priority. Governments and a growing number of steelmakers are seeking ways to decarbonize 
steel production. This would enable steel-procuring companies to meet decarbonization targets 
as the material ccessful, this 
7% would turn from a burden into a compelling opportunity. 

What is green steel? 

Green steel (made using low-carbon production techniques) is lauded as the solution to this 

• value chain steps from extracting raw materials to the
steelmaking process itself (providing a cradle-to-gate assessment). This allows for
comparisons between other products and materials.

• rooted in the physical CO e-reduction activities involved in producing a ton of physical
e savings to be virtually 

• 
or include associated emission reductions from other industries (e.g., carbon reductions 
achieved in the cement industry due to the use of blast furnace slag, a byproduct from 
steel production).

ternational Organization for Standar reenhouse Gas Protocol 
provide the most widely recognized guidance for calculating the CO e footprint of products. 

data that is manageable, auditable, and comparable.

The value of green steel production to customers stems from the reduction in carbon dioxide 
equivalent (CO

e footprint of 

cradle-to-gate emissions intensity thresholds and measured in kg of CO e per ton of product. 
These thresholds allow transitionary factors to be considered and steel can become greener 
over time if the producer makes meaningful steps to abatement.
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The CO e footprint of steel products is determined by a few key production-related decisions, 
such as how companies mine and transport raw materials. But the production route itself  

production routes that are available or under development today. (See Exhibit 1.) 

hot rolled coil (HRC). 

using electric arc furnaces (EAFs). Operating these furnaces using renewable power rather 
than power from the grid yields only a small reduction in emissions. Consequently, reducing 
CO e emissions from long steel products is a step change but not a transformation for the 
steel industry. 

The transformational challenge for the European and also the global steel industry, lies in 

steel is produced from virgin iron in blast furnaces and basic oxygen furnaces (BF-BOFs). 
This production method is highly carbon-intensive as emissions occur during the removal of 
oxygen from iron ore and due to heat generation. The BF-BOF process uses coking coal both 
as a reducing agent and as fuel. Most of this coal needs to be imported to Europe, creating 
additional emissions from transportation.     

iron in electric arc furnaces (DRI–EAFs) are required. These plants rely on natural gas to 
reduce the iron ore. Eventually, green hydrogen (H ) and potentially other reduction agents 
will replace the role of natural gas, further reducing these plants’ emissions. To lower  
emissions even further, they can also use renewable power to generate heat for steel production.  
At the same time, the CO e emissions associated with the extraction and transportation of 
coking coal disappear entirely. When all these factors are combined, they add up to a  

Exhibit 1 - 
Production Technologies 

1. Includes scope 1, 2 and 3 upstream   Note: HRC = Hot Rolled Coil; BF-BOF = Blast Furnace – Basic Oxygen Furnace; DRI-EAF = Direct
Reduction Iron – Electric Arc Furnace; RE = Renewable Energy; Sust. SC = Sustainable Supply-Chain; H  = Hydrogen; CCS = Carbon Capture 
and Storage   Note: Includes cradle-to-gate emissions (i.e., approx. scope 1, 2 & 3 Upstream from steel producers' perspective);  Charge Mix: 
20% Scrap Share in BF-BOF & DR
BF-BOF + CCS Source: BCG

-

NG-DRI-EAF 
(Natural Gas)

Indicative ranges

Emission1 intensity of different technology combinations (kg CO e/t HRC)

Scrap-EAFBF-BOF
H -DRI-EAF

(100% green H
& RE + Sust. SC)

Mix-DRI-EAF 
(50% H , 50% NG)

H -DRI-EAF 
'Green steel' has the 

lowest available 
CO e footprint

BF-BOF + CCS

– 75-85%
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cradle-to-gate CO e footprint of steel products will center around the crude steel supply 
chain and will likely involve actions such as localizing and decarbonizing iron ore, lime, and 
alloy inputs. However, further progress will also be required to increase scrap usage and 

Deliveries from now until 2025: 

• Supply: -
tion limited to a few pilot plants and a small number of high-quality scrap-EAF plants

• Demand: Steel customers focus on lighthouse projects that signal their green leadership and
try to secure long-term access. At this stage, they will still use pilot projects to test whether
green steel meets their production requirements before moving ahead with plans to
purchase green steel on an industrial scale. Given the small volumes involved, customers
will be relatively insensitive to price. However, customers with the most advanced

particularly prevalent in the automotive, renewable energy, and white goods space as well
as for selected construction projects. Even without a contract in place yet, other companies

as part of the First Movers Coalition and other initiatives.

Exhibit 2 - European Green Steel Market and Green Premiums Will 
Emerge in Three Phases

Note: Supply and demand estimates visualized f year of respective phase. Source: BCG

Supply Demand

Green steel supply from domestic production and expected demand (Mt)

Balanced Steel NG-DRI-EAF Mix-DRI-EAF Scrap-EAF H -DRI-EAF

2025 2025-30 2030-35

Nascent europ. production – ramp up capacity
Know-how buildup and pilots in focus
First end-customers securing quantities and
long-term access
Also balanced green steel on the market
First imports of green steel

No announcements by producers yet
At scale market (not yet announced)
Majority of demand “green” (climate targets)
Capacities still not fully expanded

Phase 1: Phase 3:

Industrial up-scaling of European DRI-production
Available supply mostly NG-based
Leaders start to replace NG with green hydrogen
Customer focus on 2030 targets

Phase 2:

Indicative - no specific 
announcements made 
for 2035 by producers

Supply Demand Supply Demand

Only flat steel

Supply shortfall 
of 15-20 Mt 

possible

As of June 2023
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Deliveries between 2025 and 2030:

• Supply:
announced plans and emission reduction goals. This will create industrial scale of at least 
greener steel production capacity in Europe of up to 30 Mt by 2030. (See Exhibit 3.) Most 
of this production will come from plants that use a mix of green H  and natural gas.
Balanced green steel products will disappear as market participants become more 
mature and as customers, investors, and standard setters prioritize physically greener 
steel. As these volumes come online, steelmakers will have another reason to phase out 
their balanced products: to avoid branding issues and cannibalization.

• Demand:
volumes of physically green steel well before 2030 to meet their near-term emission 

Science-Based Targets initiative) and to sell greener end-products to their customers on 
the other. Given the large volumes involved, customers will increasingly try to minimize 
any additional costs while coming to terms with the new cost structures of physically green 
steel and growing competition due to scarce supply. Steel customers that face high reputa-
tional risks if they don’t meet their emission reduction goals (such as government-owned 

Deliveries between 2030 and 2035:

• Supply:
addition of new DRI-EAF plants (although some of these plants have yet to be announced).

their production processes.

• Demand:
low emissions made using either scrap-EAF or H -DRI-EAF plants. This is because of the 

Exhibit 3 - Steel Producers Have Announced Green Volumes Across 
All Shades

Note: Capacities of announced DRI plants shown where green steel capacities are not mentioned; 1. GravitHy using nuclear to cover baseload; 2.
Dillinger: teel (public announcement of 3.5Mt for SHS Group, assuming 50% of this Dillinger); 3. Not publicly sp feasibility study 
refers to 2.5Mt capacity plant   Source: Company presentations and press announcements; BCG

H

Mixed DRI-EAF Scrap-EAF H2-DRI-EAF

Steel producers
ArcelorMittal

thyssenkrupp

Tata Steel

Salzgitter AG

SSAB HYBRIT

Arvedi

voestalpine

H2 Green Steel

USS

Dillinger

GravitHy

Aker

2025 20302022 2023 2024 2026 2027 2028 2029

~2.3Mt ~8.5Mt

~2.5Mt

2.5Mt3

not specified

trial plant not specified

~2.5Mt

~1.3Mt

~2.5Mt

- no specific announcements -

~3.8Mt

- no specific announcements -

~2.0Mt1

~1.7Mt2

~2.5Mt

~0.5Mt

~2.1Mt

not specified

Blastr Green Steel

~1.3Mt

As of June 2023

pilot plant

~1.5MtHydnum Steel (ES) ~1.1Mt
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meet their net-zero commitments (which requires the biggest emission cuts to happen mainly 
between 2040 and 2050). Besides the steel consumer-driven substitution of gray  steel with 

in green demand. This demand could further gain momentum as customers assess the potential 
to fully or partially substitute materials with higher CO e intensity with green steel.
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The looming supply shortage in green steel 

Up to 2030, the balance between announced supplies of green steel and demand based on 
companies’ emission reduction goals is already short. This would still give many steel  
customers a pathway to meet their 2030 targets. In this scenario, particularly green steel 
made using the green H -DRI-EAF and scrap-EAF production methods experiences a  

green H  at competitive prices. 

factors that could limit the ramp-up in supply based on planned capacity additions. We 
believe four dimensions will likely reduce the amount of new capacity that actually comes 
online by 2030. These comprise: 1) the annual capacity of European Engineering, Procurement, 
and Construction companies for building new DRI plants; 2) the availability of scrap and DR 
pellets for European steel production; 3) the availability of renewable electricity for use by 
DRI-EAF plants; and 4) the availability of green H . Nonetheless, the particularly long  
investment cycles in the industry mean that producers must act now. Otherwise, those stuck 
with gray production routes risk holding stranded assets.

On the demand side, an important reason for demand for steel made using H -DRI-EAF and 
scrap-EAF production routes outpacing supply is that these two categories give steel customers 
advantages with branding and long-term planning due to their particularly low emissions.

But the scarcity in green steel as a whole is exacerbated if we assume that corporate emission 
reduction targets – a key demand-side factor - could be more widespread and ambitious from here 
on. For now, suppliers are mostly promoting green products to their customers. Once these steel 

attainable premiums, this push will quickly turn into a pull of much greater magnitude. Indeed, if 
green transitions in other industries have taught us anything, it is that the market in green steel will 
emerge more abruptly and at a more rapid pace than we anticipate today. The impact of electric 
vehicles on the global automotive market is just one example. Consequently, we estimate that the 
combination of all these supply-side and demand-side factors could increase the shortage of green 
steel in 2030 to up to 20Mt.

 

The green premium in steel (the premium customers will pay for green steel rather than traditional 
gray steel products) will also emerge along the same three market phases. Prices for green steel in 

gray price index over the last 6 months or so. But given the low volumes and the nature of the 

about price levels in a future industrial-scale green steel market.
 

Going forward, the price setting is likely to be determined by three elements. First, green 
steel producers want to, at the very least, recoup their higher cost of production relative to 

play on the value side. One is the question of how much consumers are willing to pay to 
achieve the emissions reductions obtainable by utilizing green versus gray steel. The remaining 
element comes down to the dynamics of supply and demand, just as in any other market.

Here, given the persisting scarcity as demand rises commensurably with expanding supply, 
the size of the green premium will ultimately be set by the industry with the highest  
willingness-to-pay.
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At this point, it is important to note that such premiums will not necessarily result in drastic 
increases in consumer prices. A study co-authored by the World Economic Forum (WEF) on 
decarbonizing supply chains [LINK] has calculated that even with ambitious upstream  
reduction targets, the impact on consumer prices is relatively low in the medium term if  
zero supply-chain emissions are the goal. For example, a home constructed this way would 
see its average costs increase by less than 3% and a car even by less than 2%. For both products, 
gray steel is currently only one of many input materials, however, in terms of carbon intensity 
a highly relevant one.

For steelmakers to tap into the green steel value pool, it is imperative that they prove to 
customers that their steel products actually deliver the level of emission reductions that they 
promise. 

Steelmakers can do this by calculating the CO e footprint of their products using globally 
recognized standards, such as Greenhouse Gas Protocol and ISO ones. They also need to 

ÜV SUD 
or TÜ
carbon footprint (CCF), which includes the total amount of emissions arising from the 

business, it is the PCF  that enables it to achieve a green premium. 

If steel suppliers provide a PCF for their products, their customers are able to make greener 
procurement decisions. Customers may be purchasing several units of the same type of 
product but the CO2e footprint of individual items could vary widely depending on the  
production techniques used and how they were transported. Exhibit 4 shows the magnitude 
of the discrepancies possible with today’s technologies. This spread is only expected to  
widen as new production paths (such as H -DRI-EAF) mature. As a result, steelmakers and 
suppliers need their own tools that allow them to calculate PCFs for individual products 
based on real-time data. Ultimately, they can then use these PCFs with customers to  
achieve a green premium. 

Exhibit 4 - Tools Can Provide Transparency and Deaverage Your 
Procurement Footprint

 

Procured product

Cold Rolled Coil
975

kg CO2e/t

2,970
kg CO2e/t

3x

Do you know the precise emissions1 accrued by the cold rolled coil you purchased?

High-level illustration

Hot- and cold rolling 
with Chinese grid mixBF-BOF

EAF Hot- and cold rolling 
with renewables

Transport to OEM 
(Southern Germany)

Transport to OEM 
(Southern Germany)

2,160kg 590kg 220kg

590kg 200kg 185kg

1. Includes scope 1, 2 and 3 Upstream
Source: ecoinvent database, worldsteel, BCG project experience
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The PCF value proposition for green product buyers

product status. As end-consumers and regulators demand ever higher transparency from 
companies regarding their carbon footprint, it becomes imperative to know the emissions 
from purchased goods and services. Crucially, this includes the emissions embedded in input 
materials such as steel – a number that it is almost impossible to determine beyond industry 
averages without receiving a PCF from suppliers.

However, customers are also faced with the conundrum that PCFs and carbon accounting in 
general are not yet established in any industry. Therefore, the emissions number means 

the declarations. Here, trust is a crucial factor that can be fostered by obtaining the aforementioned 

products and materials. Ultimately, all declarations are worth less if they cannot be compared 
amongst each other. Here, common methodologies (e.g., ISO) are just as important as setting 
identical system boundaries (e.g., cradle-to-gate according to GHGP). Consistency across industries, 
beyond steel, enables buyers to make CO e-conscious choices between material types and products 

relative to other materials such as plastics, substitution could further add to the acceleration in 
green demand mentioned above.

 

questions: what is my customers’ ‘willingness to pay’ a premium for green steel?; how can 

pricing approach to take account of green products?; how can I use real-time data from my 
own IT systems and from my suppliers’ to calculate the PCF of my products?; what are my 
and my competitors’ emissions and costs for green and gray steel?; and what is the value 
for my customers?

market is essential in order to maintain overall market share and participate in this  
developing market. The production of gray steel must be strictly managed, especially in 

continuous basis. Moreover, as the market is dynamically evolving, a high degree of 
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Conclusion
The  transition to green steel will have a huge impact on the steel industry. We believe the 
winners will be actors across the value chain that position themselves early and decisively 
enough to capture this value opportunity. A key enabler in this process will be PCFs and the 
participation of as many actors as possible. Steelmakers will have the opportunity to secure 
a green premium for their products, helping them to earn back their cost of capital. 

unique properties make it an essential part of their everyday lives.
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