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1. Introduction

The Ecodesign for Sustainable Products Regulation (ESPR), which entered into force in July 2024,
aims to make sustainable products the norm in the European Union. Its first Working Plan (ESPR
WP)! for 2025-2030 identifies iron and steel as the first intermediate product to be addressed
under an ESPR Delegated Act. This report forms part of the preparatory work supporting the future
delegated act on iron and steel products and specifically aims to propose classes of performance
that enable the comparison of products based on their carbon footprint, while promoting more
sustainable products, in line with Recitals 29 and 46 of the ESPR. These classes of performance
provide a harmonised framework enabling both economic operators and public authorities to
differentiate products according to their carbon footprint, steering the market towards higher
environmental standards, in particular promoting both circularity and the decarbonisation of the
entire steelmaking sector.

According to Article 7 of the ESPR, when defining information requirements, the Commission shall
establish classes of performance whenever this is appropriate for the specific product group. These
classes may rely on single parameters or aggregated scores, and they may appear in absolute form
or in any format that enables buyers to identify the best-performing products. Importantly, they
must reflect meaningful performance improvements across the market, ensuring that the classes
drive continuous progress.

Beyond facilitating product comparison, the classification system also supports labelling schemes
and creates a framework for incentive mechanisms. When Member States establish incentives, the
ESPR stipulates that these should target the top two populated classes of performance, ensuring
that financial and policy support effectively reward genuinely high-performing products.

Furthermore, Recitals 99 and 100 and Article 64 underline the benefits of using classes of
performance when shaping incentives and green public procurement criteria. Setting classes of
performance for products ensures that Member States’ incentives and public procurement focus on
the most sustainable products, targeting the top-performing classes and producing measurable
environmental impact.

Circularity has been extensively considered in the development of the classes of performance, given
its significance within the ESPR framework, where it is clearly highlighted the need to address
circularity as a core element of ecodesign. First, Recital 23 emphasizes that product assessments
must systematically integrate circularity aspects, based on a life-cycle approach, supported by
robust methods and tools. Next, Recital 102 then underlines that effective enforcement of
ecodesign requirements is essential to ensure fair competition and to deliver the Regulation’s
intended environmental, climate, and circularity benefits. Finally, Recital 119 reinforces that
ecodesign requirements should extend to the widest possible range of products and encompass all
dimensions of circularity, not only energy-related aspects.

Alongside the regulatory framework established by the ESPR, the evolving geopolitical and industrial
context has driven the EU to strengthen its industrial policy through new strategic initiatives,
including the Competitiveness Compass, the Clean Industrial Deal, and the Steel and Metals Action

1 COM/2025/187 final
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Plan. All of them place low carbon steel at their core and highlight classes of performance and
public procurement criteria as essential instruments to support industrial decarbonisation.

The Competitiveness compass recognises the steel industry as an energy intensive one but also as
the backbone of the European manufacturing system, as it produces critical inputs to entire value
chains. To shift the economy towards clean production and circularity, the EU needs to develop lead
markets and policies to reward early movers. This can be achieved through new measures
stimulating demand for low-carbon products, such as benchmarking/labelling, or preference in
public procurement.

The public sector has a central role to play as public procurement accounts for approximately 14%
of EU GDP, and in a context of global competition where other major players impose access
restrictions to their markets and seek to boost manufacturing capacity in critical technologies,
Europe must safeguard its own capacities. The Commission has therefore announced the intention
to introduce a European preference in public procurement for strategic sectors and technologies.

The Clean Industrial Deal (CID) 2 emphasises the need to support the decarbonisation of
energy-intensive sectors such as steel while preserving their competitiveness and the need to create
lead markets for low-carbon industrial products. In a context marked by high energy costs and
unfair competition threatening European steel production, the CID proposes the introduction of
“made in Europe” criteria in public procurement to favour EU-made, low-carbon industrial products
ensuring that both public and private buyers will preferentially source clean steel produced within
the EU. It also promotes a carbon-intensity label for industrial products such as steel based on
environmental performance, providing transparent criteria to distinguish and reward cleaner steel.

In parallel, the European Steel and Metals Action Plan (SMAP) states that the decarbonisation of
Europe’s steel and metals sector is essential for meeting climate goals and for strengthening
industrial resilience. A clear understanding of the environmental performance of steel is essential
for guiding the sector toward effective decarbonisation. Reliable and comparable data on carbon
intensity allow policymakers and industry to distinguish different levels of performance and to
identify technologies and practices that deliver lower emissions. Once this information exists, the
creation of classes of performance for steel becomes possible, offering a transparent framework
that rewards low-carbon production and encourages continuous improvement.

In March 2026 the European Commission has published the legislative proposal for an Industrial
Accelerator Act (IAA), a set of new measures to increase demand for low-carbon, European-made
technologies and industrial products. The proposal builds on and is consistent with other EU
legislation strengthening industrial capacities and supporting the transformation of the European
industry to a clean, circular and climate neutral economy. The |AA sets out provisions to create lead
markets specially for steel. The proposal states that the forthcoming delegated act on steel
products under the ESPR will provide the necessary elements to implement the lead market

2 COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC
AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS The Clean Industrial Deal: A joint roadmap for
competitiveness and decarbonisation. COM/2025/85 final
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provisions for steel taking into account the different decarbonisation efforts and characteristics of
primary and secondary steel producers and rewarding circularity.

The classes of performance act as a market signal that supports the broader decarbonisation
agenda. They help buyers choose cleaner products, enable public procurement to prioritise products
with the best environmental performance, and reduce the risk of greenwashing through objective
criteria. In this way, measuring environmental performance does not only describe the current state
of the sector, but also enables the policies and incentives that drive the transition to a fully
decarbonised steel industry.

The considerations outlined above highlight the need to establish, through a robust methodology,
classes of performance that can serve as the basis for identifying steel products with the best
environmental performance and enable the shaping of public procurement criteria and incentives
that facilitate the steelmaking industry transition towards decarbonisation.

The methodology proposed in this report establishes a transparent framework to differentiate
products based on carbon footprint, driving more sustainable market choices. The system supports
ecodesign by setting benchmarks, encouraging innovation, and progressively phasing out lower-
performing products, thereby contributing to greenhouse gas reductions and climate
neutrality. The classes of performance are focused on climate change, expressed in terms of CO;
equivalents (CO.eq)>. Its periodic review ensures alignment with technological progress and climate
objectives. The methodology also inherently rewards circularity, due to the fact that the higher
use of secondary materials lowers carbon footprint and leads to better performance classes. Finally,
product-specific scales ensure a fair reflection of different production pathways,
supporting decarbonisation across all routes.

A defining feature of this framework is its dynamic adaptability: as steel installations
decarbonise their operations, whether through process optimisation, fuel switching, or circular
economy strategies, they can advance to higher performance classes. This creates a clear and
measurable incentive for continuous improvement while ensuring equitable benchmarking across
the sector. Additionally, the methodology explicitly incorporates circularity principles to reward
resource efficiency. Key circular strategies include increasing scrap utilisation, which reduces
reliance on virgin iron ore and coal-intensive processes and promoting closed-loop recycling
systems, where scrap is reused within the same supply chain, further enhancing sustainability
credentials.

The present report is structured as follows: Section 2 describes the methodological approach
adopted for developing the classes of performance for each representative product; Section 3
presents the reference installation scenarios considered in the analysis, which are further described
in Annex 1; Section 4 presents the resulting classification system; and Section 5 outlines conclusions

3 Steel production plays a major role in global carbon emissions, contributing approximately 7-9% of direct emissions
from fossil fuel use worldwide, as reported by the International Energy Agency (IEA)



2. Methodological approach for defining classes of performance

The ESPR objective, when setting classes of performance for products, is to create a clear and
transparent framework to differentiate products based on their environmental performance,
driving the market towards more sustainable options.

These classes support the implementation of ecodesign requirements by establishing benchmarks
and minimum performance levels, encourage continuous improvement and innovation, and help
reduce overall environmental impacts by progressively phasing out the worst-performing
products while promoting best-in-class solutions.

Although this is the primary objective, it is worth noting that classes of performance also
stimulate innovation in low-carbon technologies and materials, provides clear signals to
manufacturers and contributes to reducing greenhouse gas emissions at scale across value
chains, supporting the transition towards climate neutrality.

In fact, under the ESPR, classes of performance are reviewed periodically, allowing thresholds to
evolve in line with technological developments and market realities. This ensures that the
system remains both ambitious and grounded in practical feasibility over time and can be fully
aligned with climate objectives.

This methodology has also to consider that rewarding circularity requires establishing a positive
correlation between the content of secondary materials used in production and the class assigned
to a product in the classification system. In practice, this means that products containing higher
share of recycled material should be able to achieve higher performance classes (secondary
materials substitute primary materials).

In the case of steel, this relationship emerges intrinsically when carbon footprint is used as the
performance parameter. A higher share of secondary materials leads to lower carbon emissions,
allowing the product to achieve a higher class®. Consequently, a classification system based on
carbon footprint automatically and intrinsically rewards circularity.

It is important to highlight that this proposal implements product-specific scales allowing the
classification system to reflect the different technological pathways and production
structures that characterise each steel product category. This approach ensures that the system
incentivises further decarbonisation efforts across both production routes.

The classes of performance set in this report are focused on climate change, expressed in terms of
CO; equivalents (COzeq). The classification system proposed enables the comparison of products
based on their carbon footprint performance and is designed to establish standardised and
harmonised framework. This system allows economic operators and public to differentiate products
according to their CO2 emission, fostering transparency and incentivising low-carbon innovation.

4 Using metal scrap as a secondary raw material in steelmaking significantly reduces reliance on primary iron-based
materials (such as pig iron or sponge iron), leading to substantial CO, emissions savings.



This section presents the methodological approach used to develop and structure the proposed
carbon footprint classes of performance for the five representative steel intermediate products. The
objective is to ensure that the resulting classes are robust, transparent, and aligned with both the
policy objectives and the implementation framework of the ESPR.

The proposed methodology follows the principles and steps outlined in the study “Methods for the
definition of classes of performance and labels” (Senatore et al, 2025°). However, some
adjustments were necessary to reflect the specific characteristics of steel products on the market
and to address the limitations related to data availability. These deviations were introduced to
ensure methodological soundness while maintaining consistency with the ESPR framework.

The product categories for which classes of performance are developed® are: Hot rolled coil (HRC),
Wire Rod (WR), Cold rolled coil Galvanized (CRCG), Electrical sheet (ES) and Stainless Steel (SS).

The sole product parameter considered in defining the classes of performance is the product
carbon footprint (PCF), expressed as kg COze per tonne of steel (declared unit/reference
flow = 1 t). This choice reflects the fact that climate change is the most significant environmental
impact category’ 2 for steel products, and a political priority at European and global level. In
addition, steel production represents approximately 7-9% of global direct CO, emissions from fossil
fuel use, underscoring the relevance of focusing on greenhouse gas emissions when defining
performance classes.

Senatore et al. (2025) propose three methods for defining classes of performance, depending
on the characteristics of the product category, the nature of the underlying parameters and data
availability. The three main methods for setting thresholds (and thus classes) are:

— Method 1 - Fixed middle class anchored to a Representative Product (RP): define the central
class around an RP and derive adjacent classes relative to it. It can be used when the
distribution of product parameters and the number of products (volumes) placed on the EU
market are available, and when there is a correspondence between the two sets of data.

— Method 2 - Fixed intervals from observed min—-max: partition the empirical range into
predefined, equal or specified-width intervals. It can be used when there is limited data
available about the product parameters and no correspondence with products placed on the EU
market.

5 Senatore, V., Gonzalez Torres, M., Rodriguez Manotas, J., Magrini, C, Kouloumpis, V. et al,, Methods
for the definition of classes of performance and labels, Publications Office of the European Union, Luxembourg, 2025,
https://data.europa.eu/doi/10.2760/2237742, JRC143463.

8 These five representative steel intermediate products represent a 50 % of EU apparent consumption.

7 According to Product Environmental Footprint Category Rules (PEFCR) for metal sheets (Eurometaux, 2019), climate
change is identified as the most relevant and significant environmental impact category.

8 ESPR Task 4_LCA analysis



— Method 3 - Fixed percentage allocation: pre-assign a target share of the market to each class
and iteratively set boundaries to meet those shares. It can be used when the distribution of
product parameters and the number of products (volumes) placed on the EU market are
available, and when there is a correspondence between the two sets of data.

In this study, the selection of the most appropriate method is determined by the availability and
granularity of PCF distribution data. For HRC and WR, where a distribution of product shares
according to PCF could be derived from a combination of data sources, a combination of Method 1
and Method 3 was adopted.

For CRCG, ES and SS, the availability of PCF data is significantly more limited. Consequently, the
fixed-interval (min—-max) method was selected as the most suitable option (Method 2).

In light of the above and considering the differences in data availability and granularity for each of
the five representative steel intermediate products, two distinct methodological approaches have
been applied: one for HRC and WR, and another for SS, ES, and CRCG.

The proposed methods should be understood as indicative and flexible. They provide a starting point
for defining classes, but the thresholds can be adjusted on a case-by-case basis to accommodate
different criteria.

The following subsections describe how the distributions based on aggregated data were
constructed and how minimum and maximum scenario values were defined.

Regardless of the method followed, several general design principles are used consistently
across all the classes of performance proposed for each of the five representative steel
intermediate products:

— Number of classes: 5 classes are defined.

— Nomenclature: to ensure alignment with existing labelling schemes, the classes are
designated using letters from A to E, where A represents the best performing products
(including potential future high-performing technologies) and E the worst performing products.

— Consideration of future steelmaking technology routes: the classification system must
remain sufficiently flexible to accommodate future technological developments while
maintaining meaningful distinctions between classes.

— The classes of performance should allow the market to clearly choose the best-performing
products, building on what is stated in Article 7 of the ESPR.

— Class width: the width of each class must account for the uncertainty associated with
environmental performance data. As thresholds are affected by uncertainty ranges, class widths
should be no narrower than the underlying data uncertainty to minimise the risk of
misclassification.

— Alignment with EU ‘s strategic priorities, as set out in the CID and consolidated with the
Industrial Accelerator Act, supporting the EU transition towards a circular, low carbon economy.

In the following sections, the classes of performance for HRC and WR are first outlined, followed by
the definitions of the classes for the other three steel products.



Definition of classes for HRC and WR

Step 1: Identification of PCF of products placed in the EU market

The first step in defining classes of performance under Method 3 (fixed percentage) is to gather
reliable information on the PCF of the products placed on the EU market for each of the product
cateqories.

Establishing a distribution of PCF values across products is essential, as it forms the analytical basis
for determining performance class thresholds. This distribution must capture the relationship
between the environmental profile of products and their respective production volumes, as
illustrated in Figure 1.

Figure 1. Distribution of products shares according to PCF

Iron and steel
products placed
in the EU
market

Low IS =) High

Relative CFP of steel products

Source: JRC elaboration

PCF values and associated production volumes for these categories of products were compiled
using the CRU platform?®. This database covers approximately 80% of global steelmaking
installations and provides site-level Scope 1'° and Scope 2 emissions for HRC and WR products.

However, CRU model data are limited compared to the reference scope proposed under the ESPR for
PCF declarations, which adopt a cradle-to-gate system boundary including Scope 3 emissions.
Therefore, it was necessary to scale up the CRU data to align with the scope of the ESPR, meaning

° https://www.crugroup.com/en/commodities/steel/

10 Greenhouse gas emissions are categorised in Scopes 1, 2 and 3 based on their source and level of control by a
company. Scope 1 emissions are direct emissions from company-owned or controlled sources, such as fuel
combustion in factories, company vehicles, or industrial processes like steel production in blast furnaces. Scope 2
emissions are indirect emissions from purchased energy, including electricity, steam, or cooling, meaning the
emissions occur at the energy supplier’s facility rather than the company’s site. Lastly, Scope 3 emissions are all
other indirect emissions in the value chain, both upstream (such as raw material extraction, supplier emissions, and
transportation) and downstream (such as product use, disposal and recycling).
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a life-cycle-based approach that includes all emissions generated throughout the value chain of the
five representative steel intermediate products.

Figure 2 provides an overview of this scaling process.

Figure 2. Scaling up CRU database with scenarios for reference installations
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Source: JRC elaboration

The scaling was performed using Reference Installation Scenarios (RIS) developed from the
LCA models included in Task 4 of the preparatory work for EU products and CBAM default values
for the quantification of CO, emissions for imported products. As previously mentioned, CO;
emissions are quantified using a life-cycle-based approach, which includes Scope 1, 2, and 3
emissions. However, the CRU data only account for Scope 1 and 2 emissions and are subsequently
scaled to estimate Scope 3 emissions. Similarly, when using EU ETS and CBAM data'?, missing
emissions are incorporated to reflect life-cycle emissions!2 Specifically, three types of scenarios
were considered:

— Scenarios representing current installations: used as anchor points to scale up the CRU-
based distribution, ensuring compatibility with the scope and accounting rules of the PCF
method. These scenarios represent installations within the EU and in third countries.

— Scenarios representing emerging technology routes: used to test the responsiveness of
the classification system to future technological developments (e.g. increased use of renewable
electricity, integration of carbon capture and storage (CCS), or hydrogen-based direct reduction).

11 CBAM default values of the transitional period are used for the PCF calculation

12 When EU ETS and CBAM data are used as starting point to calculate the carbon footprint of steel products the JRC
ongoing PCF method for intermediate products is applied for quantification.

10



— Scenarios representing EU ETS benchmarks: these scenarios represent the average and top
10% most efficient greenhouse gas (GHG) emission intensities of installations covered under
the EU-ETS. They are used as reference benchmarks to evaluate the performance of different
scenarios against them. For BF-BOF production route, benchmark values for coke, sintered ore,
and hot metal are used in scenario definition. For the EAF route, the EAF low-alloy steel
benchmark values are applied.

Section 3 of this study presents the summary of scenarios, while Annex 1 provides detailed
descriptions and justifications for the selected scenarios.

The outcome of this step is a distribution of products according to both their CO2e emissions and
production volume, together with reference scenarios that enable the identification of the class of
performance applicable to specific real or projected installations.

Step 2: Definition of the thresholds

Under the selected Method 3 (fixed percentage), class boundaries are determined by predefining
the share of products that should fall into each class and iteratively adjusting threshold values until
these shares, or other relevant criteria are met.

Since the CRU platform provides data on production volumes (in tonnes of steel) rather than on the
number of individual products, the distribution is weighted accordingly by production volume
The approach presents a proposal intended to approximate a Gaussian-like distribution of
production volumes across the market.

To ensure policy relevance, avoid unintended impacts ** on availability and price and potential
applicability in Green Public Procurement (GPP) policy instruments,the distribution was calibrated
so that approximately the top two classes together cover =30% of global production volume..
The 30% share should be interpreted as indicative rather than fixed and may be revised.

The rationale for the 30% criterion is linked to the potential application of the B/C threshold in
Green Public Procurement (GPP), which defines the boundary between the two highest populated
classes of performance. If applied as a procurement criterion, it should be designed in a manner
that does not unduly restrict competition. In line with EU public procurement principles, such criteria
should be sufficiently ambitious to drive environmental improvements, while remaining achievable
for a meaningful share of products on the market. Ensuring that a critical mass of products can
comply is essential to avoid situations where contracting authorities receive few or no valid bids, or
where prices increase disproportionately. This approach supports an appropriate balance between
environmental performance, cost considerations, and market availability.

With regard to the A/B threshold, its definition takes into account the best-performing products
currently available in the EU market, considering the production routes typically used today for each
specific product, as well as emerging technology pathways with high technological readiness in the
short term. Similarly to the 30% assumption, this threshold should be regarded as indicative
and may be revised in light of evolving policy objectives. "Section 4 presents the resulting

13 To be further assessed under the Impact Assessment of the potential measures.
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class thresholds and allocations for HRC and WR as well as for each of the five representative steel
intermediate products.

Definition of classes for CRCG, ES and SS

Step 1: Establish max and min scenario

The first step in defining classes of performance under Method 2 (fixed-interval min-max) is to
determine the scenarios representing the minimum and maximum PCF values.

— The minimum PCF scenario corresponds to an installation configuration that already
incorporates emerging steelmaking technologies with the best available environmental
performance.

— The maximum PCF scenario, by contrast, corresponds to a configuration with conventional
technology routes and higher emission intensity, representative of the upper bound of current
installations.

Similar to the methodology applied for other product categories, additional configurations
combining different technology routes and representative national contexts were modelled to
assess the responsiveness of the classification system to both existing installations across different
countries and future technological developments.

Section 3 of this study summarises the scenarios considered, while Annex 1 provides detailed
descriptions and justifications for the selected scenarios.

Step 2: Definition of the thresholds

The second step involves defining the class intervals between the minimum and maximum PCF
values. Following the approach proposed by Senatore et al. (2025)*, three steps are applied:

1. Calculate the range: subtract the lowest value (min) in the dataset (D) from the highest
(max):

range = maxD — min D

2. Calculate the class interval width: divide the range by the number of classes, in this
case five.

range

width =
number of classes

3. Define the class intervals: each interval is defined by a lower limit and an upper limit.
Products within a given class meet the condition:

lower limit < x < upper limit

14 Senatore, V., Gonzalez Torres, M., Rodriguez Manotas, J., Magrini, C.,, Kouloumpis, V. et al., Methods
for the definition of classes of performance and labels, Publications Office of the European Union, Luxembourg, 2025,
https://data.europa.eu/doi/10.2760/2237742, JRC143463.
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where x is the PCF value of the product.

Section 4 presents the resulting class thresholds and allocations for these three steel products
along with HRC and WR.

13



3. Reference Installations Scenarios (RIS)

This section summarises the reference scenarios (RIS) developed for each of the five representative
steel intermediate products. A detailed description of these scenarios, including the underlying
assumptions and modelling parameters, is provided in Annex 1 of this study.

The main steelmaking routes considered are the blast furnace — basic oxygen furnace (BF-BOF)
route, also referred to as the integrated route; the electric arc furnace (EAF) route; and the direct
reduced iron (DRI) route. For each representative product, three types of RIS are developed:

— Scenarios representing current installations within the EU and the main countries of origin of
imports into the EU.

— Scenarios representing emerging technology routes, mainly the integration of Direct reduced
Iron into BOF and EAF routes.

— Scenarios representing EU ETS benchmarks, average and top 10% most efficient installations
covered under the EU ETS.

The following subsections present for each product the list of scenarios considered, a concise
description of their main characteristics, the corresponding PCF calculations, and a graphical
representation of the results.

Before turning to these product-specific subsections, it is important to first outline the key
parameters underpinning the modelling of the reference scenarios. In particular, the assumptions
related to input data, electricity sources, and scrap content play a central role in shaping the results
and ensuring consistency across scenarios. However, it is crucial to emphasise that the RIS
scenarios should be built using real EU ETS benchmark emissions and CBAM-declared emissions as
the primary data sources for scenario calculations. This approach would enhance the robustness
and validity of the assessments, as these values are derived from verified, primary emissions data.

The key parameters considered in the development of the RIS are outlined below:

- Data: Several RIS have been developed for each of the five steel intermediate products.
These scenarios draw on a range of different data sources.

o For the EU base case scenario, for both production routes, primary and secondary, the
inventory, developed in close collaboration with external stakeholders and modelled
using EF 3.1 datasets in Task 4, serves as the primary data source. When modelling
specific real EU plants, data retrieved from secondary sources, such as Environmental
Product Declarations (EPDs), have been used to adjust the EU base case inventory to
reflect the plant-specific characteristics.

o For the primary production (BF-BOF) of products imported from outside the EU, the
representativeness and CO; emissions of extra-EU countries are accounted for by
adopting the CBAM default values as a starting point. These default values
encompass direct and indirect emissions, including those associated with electricity
consumption. To ensure a comprehensive assessment, Scope 3 emissions, particularly
those linked to upstream processes and coke production, are further integrated using
the ongoing method developed by the JRC. For the secondary production (EAF) of
products imported from outside the EU, the inventory defined in Task 4 is used,
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alongside country-specific emission factors for both electricity and natural gas, to
calculate the associated emissions.

o For the EU-produced steel, two additional scenarios are developed based on the EU
ETS benchmarks for coke, sinter, and hot metal, considering both the average
performance and the 10% most efficient installations. Given the product in scope, the
required quantities of this input materials are calculated, and emissions from
subsequent steel production steps, such as hot rolling, which are not covered by the
benchmarks, are incorporated. Since the EU ETS only accounts for direct emissions,
these are supplemented with indirect (Scope 2) emissions and other relevant Scope
3 emissions to ensure a complete life-cycle perspective. In this case, the JRC's
ongoing method for quantifying life-cycle emissions is also applied.

- Electricity: The electricity modelling in the RIS follows the specifications set out in both the
EU ETS and the CBAM. In the CBAM regulation the emissions for the use of electricity are
calculated using the average electricity emission factor of the exporting country for the
reporting year, expressed in kg COze/kWh**. When providing results for extra-EU country
starting from CBAM default values, the emissions of electricity are taken directly from the
default values, which reflect the average electricity mix of the country of origin, thus the
analysis presented here is fully aligned with the CBAM. In the EU ETS, emissions of
electricity are calculated using the EU average emission factor!®. Accordingly, to be in line
with what prescribed in the EU ETS, in the RIS the EU average emission factor has been
used. Furthermore, a sensitivity analysis has been carried out. The electricity impact has
been calculated using the emission factor of each EU Member State considered.
Consequently, the analysis includes separate scenarios for countries such as France,
Germany, and Poland. These nations have different electricity generation mixes, ranging
from a high share of low-carbon nuclear and hydro power in France to a coal-heavy mix in
Poland, resulting in distinct emission factors. This variation provides a robust sensitivity test
of how electricity-related emissions influence the overall results.

- Scrap: The use of scrap in steelmaking is considered differently in the EU ETS, CBAM and
in the EF. In particular, ETS and CBAM do not account for any emission related to scrap
used'’. In the definition of RIS, the EF approach for intermediate products has been used,
which accounts for the impacts of scrap collection and treatment. When declared emissions
under CBAM are used, allocating an impact to scrap will be straightforward. A declarant in
the CBAM registry must report the amount of total scrap and pre-consumer scrap used in
the production process. However, for ETS data, such calculation is not directly possible, as
EU installations are not required to provide scrap usage figures. However, scrap
consumption data is readily available to steelmakers under the ETS, meaning the
calculation of impacts could still be performed by them.At the current stage, all the scrap
has been considered equally, without a differentiation between pre- and post-consumer

15 See Annex Il, Section D.2: Commission Implementing Regulation (EU) 2025/2547 of 10 December 2025 laying down
rules for the application of Regulation (EU) 2023/956 of the European Parliament and the Council as regards the
methods for the calculation of emissions embedded in goods

6 Greenhouse gas emission intensity of electricity generation in Europe | Indicators | European Environment Agency (EEA)

17T The proposal for the revision of the CBAM regulation, proposes the inclusion of aluminium and steel pre-consumer
scrap as precursor, thereby allowing to attribute emissions to scrap as a precursor.
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scrap. This differentiation may be added in the future, when sufficient data are available
and methodological assumptions are agreed.

Reference Scenarios for HRC

Table 1 presents a summary of the scenarios for reference installations producing HRC through the
main steelmaking routes in the EU and non-EU countries, as well as other emerging technology

routes.

Table 1. Reference installation scenarios results for HRC.

Scenario

BF-BOF
(EU base case)

BF-BOF
(Germany)

BF-BOF
(France)

BF-BOF
(Poland)

HRC from BF-
BOF (South
Korea)

HRC from BF-
BOF (Brazil)

HRC from BF-
BOF (Turkiye)

HRC from BF-
BOF (UK)

HRC from BF-
BOF (China)

Description of the scenario

HRC is manufactured from slab producedin a
BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

HRC is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF using 14.2% scraps + 85.6% pigiron from
BF + 0.2% sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF using 14.2% scraps + 85.6% pig iron from
BF + 0.2% sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.
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Datasets (for electricity
and natural gas)

EU mix for electricity and
natural gas

Germany datasets for elec-
tricity and natural gas

France datasets for elec-
tricity and natural gas

Poland datasets for elec-
tricity and natural gas

South Korea’s dataset for
natural gas

Brazil’s dataset for natural
gas

Turkiye’s dataset for natural
gas

UK’s dataset for natural gas

China’s dataset for natural
gas

Result

(kg
CO.eq/t
HRC)

2,207

2,214

2,192

2,264

3,120

3,191

3,188

3,189

3,284



HRC from BF-
BOF (Japan)

HRC from BF-
BOF (Ukraine)

HRC from BF-
BOF (Russia)

HRC from BF-
BOF (South
Africa)

EU-ETS
average GHG
emissions
intensity of the
10% most
efficient
installations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)

EAF 100% RES
(Italy)

EAF 100% RES
(Spain)

EAF route (TU-
rkiye)

NG-DRI (EU)

HRC is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG
emissions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

HRC is manufactured from slab produced in an
EAF using 79% scrap + 21% pig iron from BF

HRC is manufactured from slab produced in an
EAF using 87% scrap + 2% pig iron from BF +
11% sponge iron from NG-DRI

HRC is manufactured from slab produced in an
EAF using 80% scrap + 2.6% pig iron from BF +
17.40% sponge iron from NG-DRI

HRC is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI
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Japan’s dataset for natural
gas

Ukraine’s dataset for
natural gas

Russia’s dataset for natural
gas

South Africa’s dataset for
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

100% RES dataset for elec-
tricity and Italy dataset for
natural gas

100% RES dataset for elec-
tricity and EU dataset for
natural gas

Turkiye datasets for elec-
tricity and natural gas

EU mix for electricity and
natural gas

3,438

3,539

4,977

6,539

2,042

2,353

890

597

1,039

1,443



HRC is manufactured from slab produced in an

EU mix for electricity and

NG-DRI+CCS  EAF entirely from sponge iron from NG-DRI. CCS natural gas 1,098
is applied to NG-DRI process g
NG-DRI HRC is manufactured from slab produced in an . . o el
i EAF from 20% scrap + 80% sponge iron from NG- gypt datasets for electric- 1,523
(Egypt) ity and natural gas
DRI
100% RES dataset for elec-
H2-DRI . HRC is manufactured from slab produced in an tricity for H2-DRI; and EU
RI;) (100% EAF entirely from sponge iron from H2-DRI. dataset for natural gas and 635
100% RES is used. for electricity for other pro-
cesses
NG-DRI- HRC is manufactured from slab producedin a 199% ?Esr\l‘éatgsﬁtgar:lec'
SMELT-BOF  BOF using 86% sponge iron from NG-DRI and tricity for NG-DRI; EU da- 1,649
(Germany) 14% scra taset for natural gas and for
P electricity in hot rolling
H2-DRI- HRC is manufactured from slab producedin a lpq%fESNdGatS;ﬁtgar;lec-
SMELT-BOF BOF using 86% sponge iron from H2-DRI and tricity for NG-DRI; & 836
(Germany) 14% scra taset for natural gas and for
° P electricity in hot rolling
DRI (outsid HRC is manufactured from slab produced in an igyptddatisetls for ?lecsgf'
outside . . ity and natural gas for
EAF in the EU from 20% scrap + 80% sponge iron
EU) + EAF (EU) ’ ) ® spong process and EU datasets 1,49

from NG-DRI imported from Egypt

for slab and HRC processes

The graph in Figure 3 illustrates the PCF associated with the production of HRC under the reference
scenarios covering EU and non-EU production. The scenarios encompass the main steelmaking
routes, BF-BOF, scrap-based EAF, and DRI-EAF/DRI-BOF, as well as future low-carbon configurations
integrating renewable electricity (RES), natural-gas-based DRI (NG-DRI), hydrogen-based DRI (Hx-
DRI), and carbon capture and storage (CCS) technologies. The results illustrate the wide variability in
specific emissions across countries and technologies, with conventional BF-BOF routes showing the
highest intensities and advanced hydrogen-based or 100% renewable EAF routes achieving the
lowest.

Figure 3. Overview of the climate change impacts for HRC in the selected scenarios.
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HRC scenarios

BF-BOF (South Africa)

BF-BOF (Russia)

BF-BOF (Ukraine)

BF-BOF (Japan)

BF-BOF (China)

BF-BOF (Brazil)

BF-BOF (UK)

BF-BOF (Turkey)

BF-BOF (South Korea)

ETS installations avg. BF-BOF
BF-BOF (Poland)

BF-BOF (Germany)

BF-BOF (EU base case)
BF-BOF (France)

ETS 10% best installation BF-BOF
NG-DRI-SMELT-BOF (Germany)
NG-DRI (Egypt)

DRI (outside EU) + EAF (EU)
NG-DRI (EV)

NG-DRI with CCS

EAF (Turkey)

EAF (100% RES, Italy)
H2-DRI-SMELT-BOF (Germany)
H2-DRI (100% RES)

EAF (100% RES, Spain)

o

1000 2000 3000 4000 5000
Emissions kg CO2eq/t HRC

mEAF = DRI mBF-BOF mETS mCBAM

Source: JRC elaboration

Reference Scenarios for WR

6000 7000

Table 2 presents a summary of the scenarios for reference installations producing WR through the
main steelmaking routes in the EU and non-EU countries, as well as other emerging technology

routes.

Table 2. Reference installation scenarios results for WR.

Datasets (for electricity

Scenario Description of the scenario
and natural gas)

Result
(kg CO.eq/t WR)
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BF-BOF (EU
base case)

BF-BOF
(Czech Rep.)

BF-BOF
(Spain)

BF-BOF
(Turkiye)

BF-BOF (UK)

BF-BOF
(South Korea)

BF-BOF
(Brazil)

BF-BOF
(Taiwan)

BF-BOF
(China)

BF-BOF
(Japan)

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and
scope 2 emissions) have been used and
completed to cover all life cycle emissions

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions, following JRC
ongoing study to develop PCF method for
intermediates.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.
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EU mix for electricity and
natural gas

Czech Rep.’s datasets for
electricity and natural gas
for NG-DRI, BOF and WR;
EU mix for electricity and
natural gas for BF and
metal scraps

Spain’s datasets for elec-
tricity and natural gas for
NG-DRI, BOF and WR; EU
mix for electricity and nat-
ural gas for BF and metal
scraps

Turkey’s dataset for
natural gas

UK’s dataset for natural
gas

South Korea’s dataset for
natural gas

Brazil’s dataset for natural
gas

Taiwan’s dataset for
natural gas

China’s dataset for natural
gas

Japan’s dataset for natural
gas

2,334

2,378

2,319

3,042

3,101

3,251

3,259

3,323

3,462

3,569



BF-BOF
(Russia)

BF-BOF
(India)

BF-BOF
(South Africa)

EU-ETS aver-
age GHG
emissions in-
tensity of the
10% most ef-
ficient instal-
lations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations
in2016/2017
(BF-BOF)

EAF (EU base
case)

EAF (Ger-
many)

EAF (France)

EAF (Poland)

EAF (Tirkiye)

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions, following JRC
ongoing to develop PCF method for
intermediates.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default value (scope 1 and 2
emissions) s have been used and completed
to cover all life cycle emissions.

EU ETS benchmark GHG emissions (of the
10% most efficient installations) for coke, ag-
gregated iron ore and hot metal + additional
GHG emissions (raw materials extraction and
supply, electricity, waste, secondary materi-
als and hot rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (raw
materials extraction and supply, electricity,
waste, secondary materials and hot rolling
process).

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF
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Russia’s dataset for
natural gas

India’s dataset for natural
gas

South Africa’s dataset for
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

Germany’s datasets for
electricity and natural gas

France’s datasets for elec-
tricity and natural gas

Poland’s datasets for elec-
tricity and natural gas

Turkiye’s datasets for
electricity and natural gas

5,099

5,469

5,856

2,172

2,483

707

956

565

1,194

1,075



EAF (Switzer-
land)

EAF (100%
RES)

EU-ETS aver-
age GHG
emissions in-
tensity of the
10% most ef-
ficientinstal-
lations (EAF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations
in 2016/2017
(EAF)

NG-DRI

NG-DRI-EAF
(Germany)

NG-DRI +
CCS

NG-DRI-EAF
(Indonesia)

H2-DRI (RES)

DRI (outside
EU) + EAF
(EV)

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

EU ETS benchmark GHG emissions (of the
10% most efficient installations) for EAF car-
bon steel + additional GHG emissions (alloys,
waste management, secondary material use
(metal scrap), and WR manufacturing).

EU ETS benchmark GHG emissions (of the
10% most efficient installations) for EAF car-
bon steel + additional GHG emissions (alloys,
waste management, secondary material use
(metal scrap), and WR manufacturing).

WR is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI

WR is manufactured from slab produced in an
EAF from 80% scrap + 20% sponge iron from
NG-DRI

WR is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI.
CCS is applied to NG-DRI process

WR is manufactured from slab produced in an
EAF from 65% scrap + 35% sponge iron from
NG-DRI

WR is manufactured from slab produced in an
EAF entirely from sponge iron from H2-DRI
with 100% RES

WR is manufactured from slab produced in an
EAF in the EU from 20% scrap + 80% sponge
iron from NG-DRI imported from Egypt
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Switzerland datasets for
electricity and natural gas

100% RES dataset for
electricity and EU dataset
for natural gas

EU mix for electricity and
natural gas

EU datasets for electricity
and natural gas

EU datasets for electricity
and natural gas

100% RES dataset for
electricity and EU dataset
for natural gas

EU mix for electricity and
natural gas

Indonesia datasets for
electricity and natural gas

100% RES dataset for
electricity for H2-DRI; and
EU dataset for natural gas
and for electricity for other
processes

Egypt datasets for electric-
ity and natural gas for DRI
process and EU datasets
for slab and HRC pro-
cesses

528

519

551

662

1,461

626

1,115

1,690

638

1,513



The graph in Figure 4 the PCF associated with the production of WR under the reference scenarios
covering EU and non-EU production. The scenarios encompass the main steelmaking routes, BF-BOF,
scrap-based EAF, and DRI-EAF/DRI-BOF, as well as future low-carbon configurations integrating
renewable electricity (RES), natural-gas-based DRI (NG-DRI), hydrogen-based DRI (H>-DRI), and
carbon capture and storage (CCS) technologies. The results illustrate the wide variability in specific
emissions across countries and technologies, with conventional BF-BOF routes showing the highest
intensities and 100% renewable scrap-based EAF routes achieving the lowest.

Figure 4. overview of the climate change impacts for WR in the selected scenarios.

WR scenarios

BF-BOF (South Africa)
BF-BOF (India)
BF-BOF (Russia)
BF-BOF (Japan)
BF-BOF (China)
BF-BOF (Taiwan)
BF-BOF (Brazil)
BF-BOF (South Korea)
BF-BOF (UK)
BF-BOF (Turkey)
ETS Installation avg BF-BOF
BF-BOF (Czech Rep)

BF-BOF (EU base case)

BF-BOF (Spain)

ETS 10% best installation BF-BOF
NG-DRI (Indonesia)

NG-DRI (outside EU) + EAF (EU)
NG-DRI (EV)

EAF (Poland)

NG-DRI with CCS

EAF (Turkiye)

EAF (Germany)

EAF (EU base case)

ETS Installation avg EAF

H2-DRI (100% RES)

NG-DRI (Germany)

EAF (France)

ETS 10% best installation EAF
EAF (Swtizerland)

EAF (100% RES)

o

1000 2000 3000 4000 5000 6000
Emissions kg CO2eq/t WR

EAF = BF-BOF = DRI+ mETS mCBAM

Source: JRC elaboration
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Reference Scenarios for CRCG

Table 3 presents a summary of the scenarios for reference installations producing CRCG through
the main steelmaking routes in the EU and non-EU countries, as well as other emerging technology

routes.

Table 3. Reference installation scenarios results for CRCG

Scenario Description of the scenario
CRCG is manufactured from slab
BF-BOF produced in a BOF using

(EU base case)

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI
CRCG is manufactured from slab

BF-BOF produced in a BOF using

(Germany) 14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

BF-BOF CRCG is manufactured from slab produced in a

(France) BOF using 14.2% scraps + 85.6% pig iron from
BF + 0.2% sponge iron from NG-DRI

BF-BOF CRCG is manufactured from slab produced in a

(Poland) BOF using 14.2% scraps + 85.6% pig iron from
BF + 0.2% sponge iron from NG-DRI

BF-BOF

(South Korea)

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions. for intermediates.

El= B0 (Bra- RcG is manufactured from slab produced in a

Al BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

BF_BOF (Ta- CRCG is manufactured from slab produced in a

rkiye) BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

BF-BOF (UK) CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

BF__BOF CRCG is manufactured from slab produced in a

(China) BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

52:)30F (a- CRCG is manufactured from slab produced in a

BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.
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Datasets (for electricity
and Natural gas)

EU mix for electricity and
natural gas

Germany datasets for elec-
tricity and natural gas

France datasets for elec-
tricity and natural gas

Poland datasets for elec-
tricity and natural gas

South Korea’s dataset for
natural gas has been used

Brazil’s dataset for natural
gas has been used

Turkiye’s dataset for natural
gas has been used

UK’s dataset for natural gas
has been used

China’s dataset for natural
gas has been used

Japan’s dataset for natural
gas has been used

Result

(kg
CO.eq/t
CRCG)

2,513

2,531

2,472

2,603

3,385

3,510

3,426

3,383

3,565

3,710



BF-BOF
(Ukraine)

BF-BOF (Rus-
sia)

BF-BOF
(South Africa)

BF-BOF (India)

EU-ETS aver-
age GHG
emissions in-
tensity of the
10% most effi-
cientinstalla-
tions
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)

EAF 100% RES
(Italy, 2025)

EAF 100% RES
(Spain, 2023)

EAF route (TU-
rkiye)

NG-DRI (EU)

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions have been used and completed to cover all
life cycle emissions, following the JRC ongoing
study to develop PCF method for intermediates
CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions have been used and completed to cover all
life cycle emissions, following the JRC ongoing
study to develop PCF method for intermediates

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG emis-
sions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (Raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

CRCG is manufactured from slab produced in an
EAF using 79% scrap + 21% pig iron from BF

CRCG is manufactured from slab produced in an
EAF using 87% scrap + 2% pig iron from BF +
11% sponge iron from NG-DR

CRCG is manufactured from slab produced in an
EAF using 80% scrap + 2.6% pig iron from BF +
17.40% sponge iron from NG-DRI

CRCG is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI
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Russia’s dataset for natural
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South Africa’s dataset for
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EU mix for electricity and
natural gas

100% RES dataset for elec-
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natural gas
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natural gas
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CRCG is manufactured from slab produced in an

EU datasets for electricity

NG-DRI+ CCS  EAF entirely from NG-DRI. CCSis applied to NG- 1,162
DRI process and natural gas
T CRCG is manufactured from slab produced in an £ . e el
i EAF from 20% scrap + 80% sponge iron from NG- gypt datasets for electric- 1,821
(Egypt) DRI ity and natural gas
100% RES dataset for elec-
Ho-DRI (RES CRCG is manufactured from slab produced in an ';n(;lty f:)fr H2-I2RI; ‘:md EU d 805
i ( ) EAF entirely from sponge iron from H2-DRI atase Qr_na uralgas an
for electricity for other pro-
cesses.
NG-DRI 100% RES dataset for elec-
SMI-ELT-I-30F CRCG is manufactured from slab producedina tricity for NG-DRI; EU da- 1753
BOF entirely from sponge iron from NG-DRI taset for natural gas and for ’
(Germany) L .
electricity in hot rolling
H2-DR| 100% RES dataset for elec-
SM-ELT--BOF CRCG is manufactured from slab produced in a tricity for NG-DRI; EU da- 869
BOF entirely from sponge iron from H2-DRI taset for natural gas and for
(Germany) L .
electricity in hot rolling
DRI (outsid CRCG is manufactured from slab produced in an igyptddatisetls for ‘:le‘g:‘l:'
outside . . ity and natural gas for
EAF in the EU from 20% scrap + 80% sponge iron
EU) + EAF (EU) ’ ) ® spong process and EU datasets 1,572

from NG-DRI imported from Egypt

for slab and HRC processes

The graph in Figure 5 illustrates the PCF associated with the production of CRCG under the
reference scenarios covering EU and non-EU production. The scenarios encompass the main
steelmaking routes, BF-BOF, scrap-based EAF, and DRI-EAF/DRI-BOF, as well as future low-carbon
configurations integrating renewable electricity, natural-gas-based DRI (NG-DRI), hydrogen-based
DRI (H2-DRI), and carbon capture and storage (CCS) technologies. The results illustrate the wide
variability in specific emissions across countries and technologies, with conventional BF-BOF routes
showing the highest intensities and scrap-based facilities achieving the lowest.
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Figure 5. Overview of the climate change impacts for CRCG in the selected scenarios.
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Reference Scenarios for SS

Table 4 presents a summary of the scenarios for reference installations producing SS.

Table 4. Summary of the scenarios developed for SS and their impacts on climate change for 1 t of SS.

Datasets (for Result
Scenario Description of the scenario . . (kg CO.eq/t
electricity)
SS)
EU EAF base case 80% scrap, EU electricity mix EU mix for electricity 3,006
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100% RES dataset for

EU EAF (100%RES)  85% Scrap used, 100% Electricity from RES - 2,407
electricity

EU EAF (max All alloym_g.elem_ent from primary ferroalloys, EU mix for electricity 7.183

ferroalloy use) EU electricity mix

NiPi from Gyllenram
China EAF - NiPi NiPi used and average amount of scrap and Wei (2022) and 7,762
CN electricity

China EAF - NiPi
(max ferroalloys NiPi used and minimum amount of scrap. All NiPi from Gyllenram
use) alloying element from primary ferroalloys, CN  and Wei (2022) and 9,459

electricity CN electricity

The graph in Figure 6 illustrates the PCF associated with the production of SS under the reference
scenarios. For European production, considering hot rolled !8s: stainless steel, three scenarios have
been created to represent: the current average SS, a scenario with an increased amount of scrap
and renewable electricity and a scenario with the minimum theorical amount of scrap used. For
global production, two scenarios were developed. One based on current average SS produced in
China using Nickel Pig Iron (NiPi), and a second with the minimum theorical amount of scrap used.
Further description of these scenarios could be found in Annex 1.

Due to the limited availability of CRU data characterising stainless steel mills in EU and non-EU
countries, the methodology for defining classes of performance relies maximum-minimum (max-
min) scenario approach. Consequently, the number of modelled scenarios for this product is
constrained. Full details on the definition of these scenarios, including the minimum and maximum
boundaries, are provided in Annex 1, while a summary of scenario characteristics is presented in
Table 4.

It is important to emphasise that the EU base-case scenario and the imported scenario (China EAF-
NiPi) have been developed in close collaboration with external stakeholders and can be considered
representative of current stainless-steel production, both within the EU and globally. The additional
scenarios were derived from these two scenarios by modifying the amount of scrap and alloy
inputs, while ensuring compliance with product grade specifications (304 grade). These scenarios
have also been validated by external stakeholders, reinforcing their soundness.

18 The grade 304 is the most common austenitic stainless steel alloy, containing at least 18% chromium and 8% nickel.
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Figure 6. Overview of the climate change impacts for SS in the selected scenarios.
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Reference Scenarios for ES

Table 5 presents a summary of the scenarios for reference installations producing ES through the
main steelmaking routes in the EU and non-EU countries, as well as other emerging technology
routes.

Table 5. Reference installation scenarios results for ES.

Result
. A . Datasets (for electricity (kg
Scenario Description of the scenario and natural gas) COeq/tES
)
ES is manufactured from slab
BF-BOF produced in a BOF using EU mix for electricity and 3901
(EU base case) 14.2% scraps + 85.6% pig iron from BF + 0.2% natural gas ’
sponge iron from NG-DRI
ES is manufactured from slab
BF-BOF Produced in a BOF using Germany datasets for elec- 3269
(Germany) 14.2% scraps + 85.6% pig iron from BF + 0.2% tricity and natural gas ’

sponge iron from NG-DRI

ES is manufactured from slab produced in a BOF

(BFFr::S:Z) using 14.2% scraps + 85.6% pig iron from BF + tFrri‘Z:lCzﬁgtszf:faflorailec' 3,055
0.2% sponge iron from NG-DRI y g
(Poland) g14.2% P % pig tricity and natural gas ’

0.2% sponge iron from NG-DRI




EU-ETS
average GHG
emissions
intensity of the
10% most
efficient
installations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)
BF-BOF
(China)

BF-BOF (In-
dia)

BF-BOF (Ja-
pan)

BF-BOF
(South Ko-
rea)

BF-BOF
(Russia)

NG-DRI (EU)

NG-DRI+ CCS

H2-DRI (RES)

NG-DRI-
SMELT-BOF
(Germany)

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG
emissions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (Raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI

ES is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI. CCS
is applied to NG-DRI process

ES is manufactured from slab produced in an
EAF entirely from sponge iron from H2-DRI.
100% RES is used.

ES is manufactured from slab produced in a BOF
entirely from sponge iron from NG-DRI
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H2-DRI- ES is manufactured from slab produced in a BOF
SMELT-BOF entirely from sponge iron from H2-DRl
(Germany) !/ bong

ES is manufactured from slab produced in an
DRI (outside EAF in the EU from 20% scrap + 80% sponge iron
EU) + EAF (EU)

from NG-DRI imported from Egypt

100% RES dataset for elec-
tricity for NG-DRI; EU da-

taset for natural gas and for 1,737
electricity in hot rolling

Egypt datasets for electric-

ity and natural gas for DRI 2,404

process and EU datasets
for slab and HRC processes

Figure 7 illustrates the PCF associated with the production of ES under the reference scenarios
covering EU and non-EU production. The scenarios encompass the main steelmaking routes, BF-BOF,
scrap-based EAF, and DRI-EAF/DRI-BOF, as well as future low-carbon configurations integrating
renewable electricity (RES), natural-gas-based DRI (NG-DRI), hydrogen-based DRI (H>-DRI), and
carbon capture and storage (CCS) technologies. The results illustrate the wide variability in specific
emissions across countries and technologies, with conventional BF-BOF routes showing the highest
intensities and advanced hydrogen-based or 100% renewable EAF routes achieving the lowest.
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Figure 7. overview of the climate change impacts for ES in the selected scenarios.
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4. Classes of performance

Classes of performance for HRC

For HRC, the definition of classes of performance under Method 3 (fixed percentage) follows the
procedure described in Section 2.

For HRC five classes (A to E) have been selected. Class widths were set using produced volumes of
HRC steel. Thresholds were iteratively tuned to ensure that the top two classes together cover
>30% of global production volume (Table 6).

Table 6. Thresholds for the classes of performance of HRC steel.

Class Carbon footprint range (t Description
COzeq/t HRC)

0.00 - 1.79 Best-in-class
Class B 1.79 - 2.66 High performing
Class C 2.66 - 3.10 Mainstream
Class D 3.10-3.75 High emitting

- > 3.75 Worst-in-class

Note. Boundaries are left-inclusive, right-exclusive for Classes A-D; Class E is > the stated value.
Source: own elaboration

Table 7 reports the results for HRC, by class, the number of plants and their share of the total, the
produced volume (Mt) and its share of total volume.

Table 7. Distribution of HRC plants and production volumes by carbon footprint class

Number of plants Share number of .
Class plants Volume in Mt Share Volume
Class A 23 18.0% 35.75 7.6%
Class B 36 28.1% 13423 28.5%
Class C 38 29.7% 17312 36.8%
Class D 22 17.2% 91.89 19.5%
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Class E 9 7.0% 35.94 7.6%

Total 128 100% 470.94 100%

Source: own elaboration

Figure 8. HRC - Distribution of plants and production volume by carbon footprint class (tCOeq/t steel).
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Figure 8 reports the distribution of HRC production across emissions-intensity intervals (x-axis,
tCOzeq/t steel), with blue bars showing the number of plants (right y-axis) and the purple line
showing production volume (Mt) (left y-axis).

The distribution is concentrated in the mid-range classes. Both the highest number of plant and the
largest production volumes are located in Classes B-D, with a pronounced peak around the Class C
range (2.66-3.10 tCO.eq/t), where the purple line reaches its maximum and the blue bars are also
at their tallest. Class D remains relevant in terms of volume in its lower portion (just above 3.10
tCO.eq/t), but volumes decline rapidly as intensities approach the upper end of Class D and into
Class E.

By contrast, Class A contains several plants at very low intensities (around ~0.69-0.91 tCO.eq/t),
but these contribute a smaller share of total HRC volume relative to the mid-range peak. Class E
(=3.75 tCOzeq/t) forms a right tail with few plants and limited volumes, indicating that the highest-
intensity production represents a comparatively small portion of the dataset, even if it remains
important from a policy and compliance perspective.
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Figure 9. Distribution of carbon footprint data for HRC through classes of performance and reference installation scenarios (RIS)
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Figure 9 illustrates the distribution of carbon footprint data for HRC across classes of performance
and reference installation scenarios (RIS).

“RIS“ in Figure 9 represent current installations in the EU and in non-EU countries, as well as
emerging technology routes. The RIS shown in Figure 9 are explained below:

e RIS-BF-BOF: Integrated blast furnace-basic oxygen furnace route; values shown for
EU/Germany/France/Poland electricity mixes.

e RIS-BF-BOF-ETS: BF-BOF reference values calculated using EU ETS benchmark values
(average and 10% most efficient installations). The EU-ETS data are supplemented with
additional emissions to enable a life-cycle approach.

e RIS-BF-BOF-CBAM: BF-BOF reference values for non-EU production calculated using
CBAM default values (country cases shown: South Korea, Turkey, UK, Brazil, China, Japan,
Ukraine, Russia, India, South Africa). The CBAM data are supplemented with additional
emissions to enable a life-cycle approach.

e RIS-EAF: Electric arc furnace (scrap-based) route; variants reflect EU base case, national
electricity mixes (e.g., Italy, Tlrkiye) and 100% renewable electricity (scrap share indicated
where relevant).

e RIS-DRI+EAF: Direct reduced iron (DRI) used in an EAF; case shown is DRI produced outside
EU + its use in an EAF process within the EU, with EU electricity mix.

e RIS-NG-DRI / LCA-NG-DRI+CCS: Natural-gas DRI route, with/without carbon capture and
storage (CCS) (country/“100% DRI” variants as indicated).

e RIS-H>-DRI (RES): Hydrogen-based DRI supplied with renewable electricity (RES).

e RIS-H2>-DRI-BOF / NG-DRI-BOF: DRI (H>- or NG-based) feeding a BOF-based plant (mix as
indicated, e.g., Germany).

Analysis of the results
Class A (=< 1.79 tCOzeq/t)
e Technologies falling in Class A are predominantly EAF and DRI-based technology routes.
e EAF plants (yellow triangles): concentrated around ~0.4-1.2 tCOzeq/t, clearly within Class A.
e LCA reference pathways in Class A (modelled points near the x-axis*®):
o RIS-EAF (EU base case / national mixes / renewable electricity variants)
o RIS-DRI+EAF
o RIS-NG-DRI, RIS-NG-DRI+CCS, and RIS-NG-DRI-BOF

o RIS-H>-DRI (RES) and RIS-H,-DRI-BOF

19 This is because LCA scenarios cannot be assigned a specific production volume.
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Class A corresponds to routes that avoid coke-based ironmaking and/or benefit from high scrap
input and low-carbon electricity, with DRI variants depending on fuel and electricity mix supply.

Class B (1.79-2.66 tC0O2zeq/t)
e C(lass B contains the lowest-intensity portion of BF-BOF.

e BF-BOF plants (red diamonds): the left tail of the BF-BOF cluster sits in this band (~2.0-2.6
tCOzeq/t).

e LCA reference pathways in Class B:
o RIS-BF-BOF (EU/Germany/France/Poland mixes)
o RIS-BF-BOF-ETS (most efficient/average cases shown in the dataset)

This class represents leading performance for integrated production, typically associated with better
energy efficiency and/or more favorable electricity/system assumptions.

Class C (2.66-3.10 tCOzeq/t)

e C(lass Cis dominated by BF-BOF plants and captures the centre of the integrated-route
distribution.

e BF-BOF plants: the densest concentration of points lies in this band.

e Some mix configurations: can also fall here when the BF-BOF share remains substantial.
This is the typical emissions-intensity range for conventional integrated steelmaking
Class D (3.10-3.75 tCOzeq/t)

e C(lass D includes higher-intensity BF-BOF outcomes and several RSI-BF-BOF-extra EU
reference cases.

e BF-BOF plants: a noticeable portion lies between ~3.1 and ~3.5 tCOe/t.

e RSI-BF-BOF-CBAM (country cases) in this range: examples from the LCA scenarios include
South Korea, Turkey, UK, Brazil, China, Japan, Ukraine (all around ~3.12-3.54).

This class reflects weaker BF-BOF performance (higher fossil reliance/less favourable conditions)
and the upper-range Extra EU representative BF-BOF intensities (RSI-BF-BOF-extra-EU).

Class E (> 3.75 tCOzeq/t)
e C(lass E is the right tail: few points, but clearly higher intensities.
e BF-BOF plants: a small number extend into Class E (around ~4.4-4.6 tCO.eq/t in the plot).

e RSI-BF-BOF-extra EU extreme cases: Russia (~5.0 tCOzeq/t), India (~5.8 tCOzeq/t), South
Africa (~6.5 tCOzeq/t) are Class E and extend well beyond the red class band.

Class E represents worst-performing integrated/mix outcomes and the most carbon-intensive BF-
BOF reference cases (mainly related to the outside-EU BF-BOF production, CBAM-BF-BOF).

Main outcomes:
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Even though the lowest-intensity points (Class A) are numerous and clustered (mostly EAF), the
largest production volumes in the chart are concentrated around ~2.4-3.2 t CO.eq/t (Classes B-D).
In other words:

e High-volume steel production is still mostly in mid-to-high emissions classes, not in Class A.

e There are very few, if any, high-volume plants (upper part of the plot in Figure 9) operating
at Class A intensities.

e BF-BOF spread roughly ~1.9 to ~4.6 t CO.eq/t in the points shown, indicating meaningful
performance dispersion within the same primary route (likely reflecting site efficiency, fuel
mix, scrap ratio, electricity, and boundary choices).

e (lass E contains both BF-BOF and mixed-route plants, but the most extreme right-tail
values are the RSI-BF-BOF-extra EU plants, extending to ~5.0-6.6 t COzeq/t, well beyond the
main cloud of operating plants.

38



Classes of performance for CRCG

For CRCG, the definition of classes of performance under Method 2 (fixed-interval min-max) follows
the procedure described in Section 2.

On the basis of the scenarios modelled for CRCG (Section 3 and Annex 1), the minimum and
maximum PCF values are:

e Minimum PCF (best-performing scenario): 0.53 t CO2eq/t product
e Maximum PCF (worst-performing scenario): 7.19 t CO2eq/t product
From these values, the range is calculated as:
range = maxD —minD = 7.19 — 0.77 = 6.42 t CO2eq/t product

Given that five classes are defined (A-E), the class width is:

range _ 642

width = = 1.28

number of classes 5
Starting from the minimum value (0.53), consecutive intervals of this width are constructed (Table
8). The limits are then rounded to two decimal places for practicality, while preserving the total
range. Each class is defined by a lower and an upper limit, with the lower limit included and the
upper limit excluded, except for the upper limit of the last class, which is included. The resulting
classes for CRCG are:

Table 8. Classes intervals for CRCG

Class Lower limit Upper limit

(kg CO2eq/t product) | (kg CO2e/t product)

0.77 2.05
Class B | 2.05 334
Class C | 3.34 462
Class D | 462 591
591 7.19

These intervals are used in the subsequent analysis to assign CRCG products to classes of
performance based on their PCF values, calculated in annex 1.
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Figure 10. Scenarios and classes for CRCG
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Classes of performance for WR

For WR, the definition of classes of performance under Method 1 (RPs anchors) and Method 3 (fixed
percentage) follows the procedure described in Section 2.

For WR five classes (A to E) have been selected. Class widths were set using produced volumes of
WR steel and looking at the Reference Installation Scenarios. Thresholds were iteratively tuned to
ensure that the top two classes together cover approximately >30% of global production volume.

For the best-in-class band (Class A), it has been ensured that BF-BOF plants are not included in this
class of performance.

Table 9. Thresholds for the carbon footprint classes of performance of WR steel.

Class Carbon footprint range (t Description
COzeq/t WR)

- 0.00 - 0.87 Best-in-class

Class B 0.87 — 243 High performing

Class C 243 -3.10 Mainstream

Class D 3.10-3.54 High emitting

- 2 3.54 Worst-in-class

Note. Bounds are left-inclusive, right-exclusive for Classes A-D; Class E is > the stated value.
Source: own elaboration

Table 10 reports the results for WR, by class, including the number of plants and their share of the
total, the produced volume (Mt) and its share of total volume.

Table 10. Distribution of WR plants and production volumes by carbon footprint class

Share number of
Number of plants )

Class plants Volume in Mt Share Volume
Class A 21 20.8% 7.23 9.6%

Class B 17 16.8% 1494 19.8%

Class C 30 29.7% 22.32 29.6%

Class D 28 27.7% 26.15 34.7%

Class E 5 5.0% 4.65 6.2%

41



Total 101 100% 75.29 100%

Source: own elaboration

Figure 11. Wire Rod (WR) - Distribution of plants and production volume by carbon footprint class (tCO.eq/t)
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Source: own elaboration

Figure 11 combines (i) the number of plants per emissions discrete intervals (blue bars, right axis)
and (ii) the associated production volume (purple line, left axis).

The distribution is strongly concentrated in the mid-to-high intensity ranges. The highest density of
plants occurs in Class C-D (2.65-3.54 tCOzeq/t), with pronounced peaks around ~3.10-3.54
tCOzeq/t, and these same intervals also carry the largest production volumes (volume peaks in the
Class C region). Class A (<0.87 tCOzeq/t) includes a non-negligible number of plants, but it is
associated with lower volumes per interval compared with Classes C-D. Class B (0.87-2.43
tCOzeq/t) is comparatively sparse and irreqular (few plants and discontinuous volume). Class E
(>3.54 tCOzeq/t) forms a thin tail: only a small number of plants and limited volume appear above
the 3.54 tCO.eq/t threshold.

From an interpretation standpoint, the chart indicates that most WR produced volume, and plants sit
in Classes C and D, implying that abatement or performance improvements targeted in this band
would deliver the largest aggregate emissions reductions, whereas Class E, while clearly “worst-
performing,” represents a smaller share of plants and volume.
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Figure 12. Distribution of carbon footprint data for WR through classes of performance and reference installation scenarios (RIS)
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Figure 12 illustrates the distribution of carbon footprint data for HRC across classes of
performance and reference installation scenarios (RIS).

RIS-*in Figure 12 represent current installations in the EU and in non-EU countries, as well as
emerging technology routes. The RIS shown in Figure 12 are explained below:

RIS-BF-BOF: Integrated blast furnace-basic oxygen furnace route, BF-BOF route modelled
with EU base case and selected national electricity mixes (e.g., Czech Rep, Spain, UK,
Ukraine).

RIS-BF-BOF-extra EU: BF-BOF reference values for non-EU origins calculated using CBAM
default values (country cases shown: Turkey, UK, South Korea, Brazil, Taiwan, China, Japan,
Russia, India, South Africa). The CBAM data are supplemented with additional emissions to

enable a life-cycle approach.

RIS-EAF: EAF route modelled with the specified electricity mix (EU mix or national mixes:
Germany, France, Poland, Tlrkiye, Switzerland). “RES” indicates 100% renewable electricity
assumption.

RIS-DRI + EAF: Direct reduced iron (DRI) used in an EAF; case shown is DRI produced
outside EU (NG-DRI Egypt) + its use in an EAF process within the EU, with EU electricity mix.

RIS-BF-BOF-ETS: BF-BOF reference values calculated using EU ETS benchmark values (
average and 10% most efficient installations). The EU ETS data are supplemented with
additional emissions to enable a life-cycle approach.

RIS-EAF-ETS: EU ETS benchmark values for EAF, including top-performing installations
(10% best) and the average of emissions of all installations.

RIS-H2-DRI: Hydrogen-based DRI route under an improved “green” scenario (hydrogen and
electricity from renewables).

RIS-NG-DRI-EAF: Natural-gas-based DRI + EAF route, including a site/mix-specific case
(Hamburg) and a 100% DRI used as input material.

RIS-NG-DRI-EAF + CCS: Same NG-DRI + EAF route of above with carbon capture and
storage (CCS) applied.

Analysis of the results

Class A (=< 0.87 tCOzeq/t)

Occupied almost exclusively by EAF-based routes and low-carbon DRI/EAF scenarios.

The EAF plants (yellow triangles) span roughly ~0.2 to ~0.8 tCOzeq/t, with most points well
below 0.87 tCOzeq/t.

The RIS emissions for three EAF (Including the EU ETS scenarios) / one NG-DRI-EAF / / one
H2-DRI-EAF also sit within Class A (plotted at ~0 production volume, indicating they are
scenario/ values rather than plant volumes).

Production volumes in Class A appear generally below ~1.1 Mt per plant in this dataset (i.e.,
many small-to-medium facilities, at least as represented here).

Class B (0.87-2.43 tCOzeq/t)
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Relatively sparsely populated.

A notable outlier is a Mix point around ~2.0 tCOzeq/t with very high production volume (~5.4
Mt), indicating that large production can sit in Class B, but it is not common.

Five RIS-BF-BOF scenarios (including the EU ETS scenarios) are around ~2.3 tCO.eq/t,
placing that values in Class B.

The RIS emissions associated with EAF steelmaking plants, considering both scrap-based
production (three RIS) and scenarios incorporating DRI (three RIS), fall into Class B, with
emissions exceeding 0.87 t COxe per tonne of product.

Class C (2.43-3.10 tCOzeq/t)

Heavily populated by BF-BOF plants

Most BF-BOF points cluster in ~2.7-3.1 tCOze/t, typically with plant volumes below ~1-1.5
Mt, though some are higher.

This band captures the lower-to-mid range of BF-BOF performance.

Class D (3.10-3.54 tCOzeq/t)

Also heavily populated by BF-BOF, forming the second half of the main BF-BOF cluster.

Several BF-BOF points with higher production volumes (up to ~3 Mt) appear in this range,
which matters because improvements here could affect substantial output.

Several RIS-BF-BOF-extra EU points are located around ~3.0-3.5 tCOzeq/t.

Class E (> 3.54 tCOzeq/t)

Contains BF-BOF outliers around ~3.8-4.7 tCO.eq/t (generally at lower volumes in Figure
12).

Includes high-intensity RIS-BF-BOF-extra EU around ~5.1, ~5.4, ~5.8 tCOeq/t (again plotted
at ~0 volume as benchmarks/scenarios rather than plant volumes).

A Mix point around ~4.5 tCO.eq/t with ~1 Mt volume also sits in Class E.

Main outcomes:

The results show a clear separation between EAF/DRI routes and the BF-BOF pathway, with some
EAF/DRI variants clustered in Class A, while BF-BOF plants are predominantly concentrated in
Classes C and D, with a smaller presence in Class B and a limited tail extending into Class E. Class B
functions as a narrow “transition” band, capturing relatively few plants overall, but it may still
represent substantial production volumes, as illustrated by the high-volume “Mix” plants. Most
conventional BF-BOF performance lies within Classes C-D, and the thresholds effectively split the
BF-BOF population into two dense groupings, which distinguish “average” from “high” emissions
intensity plants within BF-BOF. Finally, Classses D and E are largely characterised by outliers and
RIS-BF-BOF-extra EU benchmark points.
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Classes of performance for SS

For SS, the definition of performance classes under Method 2 (fixed-interval min—-max) follows the
procedure described in Section 2.

On the basis of the scenarios modelled for SS (Section 3 and Annex 1), the minimum and maximum
PCF values are:

e Minimum PCF (best-performing scenario): 2.41 t CO2eq/t product
e Maximum PCF (worst-performing scenario): 9.46 t CO2eq/t product
From these values, the range is calculated as:
range = maxD —minD = 9.46 — 2.41 = 7.05 t CO2eq/t product

Given that five classes are defined (A-E), the class width is:

range _7.05

width = ~ 1.41

number of classes 5
Starting from the minimum value (2.41), consecutive intervals of this width are constructed. The
limits are then rounded to two decimal places for practicality, while preserving the total range. Each
class is defined by a lower and an upper limit, with the lower limit included and the upper limit
excluded, except for the upper limit of the last class, which is included. The resulting classes for SS
are shown in Table 11:

Table 11. Classes intervals for SS

Class Lower limit Upper limit
(tCO2eq/t (tCO2eq/t
product) product)
241 382

Class B 3.82 5.23

Class C 523 6.64

Class D 6.64 8.05

- 8.05 9.46

These intervals are used in the subsequent analysis to assign SS products to classes of
performance based on their PCF values, calculated in Annex 1.
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Figure 13. Scenarios and classes for SS
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Classes of performance for ES

For ES, the definition of performance classes under Method 2 (fixed-interval min-max) follows the
same procedure as for the other product groups.

On the basis of the scenarios modelled for ES (Section 3 and Annex 1), the minimum and maximum
PCF values are:

e Minimum PCF (best-performing scenario): 0.88 t CO2eq/t product
e Maximum PCF (worst-performing scenario): 5.92 t CO2eq/t product
From these values, the range is calculated as:
range = maxD —minD = 592 — 1.28 = 4.64 t CO2eq/t product

Given that five classes are defined (A-E), the class width is:

range _ 4.64

width = ~ 0.93

number of classes 5

Starting from the minimum value, successive intervals of this width are constructed. As for the
other product groups, the limits are rounded to two decimal places for practical use while
preserving the overall span between the minimum and maximum values. Each class is therefore
defined by a lower and an upper limit, with the lower limit included and the upper limit excluded,
except for the upper limit of the last class, which is included. The resulting classes for ES are shown
in Table 12:

Table 12. Classes intervals for ES

Class Lower limit Upper limit
(t CO2e/t product) | (t CO2e/t product)
1.28 221

ClassB | 2.21 3.13

Class C | 3.13 4.06

Class D | 4.06 499
499 592

These intervals are used in the subsequent analysis to assign ES products to classes of
performance according to their PCF values, calculated in annex 1
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Figure 14. Scenarios and classes for ES
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Improvement scenarios that acknowledge decarbonisation efforts

The classes of performance proposed in this report remain sufficiently flexible to accommodate
future technological developments, to maintain meaningful distinctions between classes and to
acknowledge the different decarbonisation challenges associated with the main steelmaking routes.

The methodology applied to HRC and WR follows a product-oriented approach and establishes
performance thresholds based on the distribution of production volumes currently placed
in the EU market.

The first feature of this methodology, the product-oriented approach, provides flexibility by
establishing a framework that allows the development of product-specific scales for the five
representative steel intermediate products under the scope of the regulation (hot-rolled coil, cold-
rolled coil, galvanised steel, wire rod, stainless steel and electrical steel). The second feature,
ensures that the scale reflects the present status quo of steel products placed on the EU
market, acknowledging how each of these products is currently produced and, consequently, their
environmental profile.
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This approach recognizes that flat products are today predominantly produced through the BF-BOF
route, resulting in higher carbon intensity compared to the scrap-based EAF route, which is more
commonly used to produce long products. For instance, if we consider the scale developed for hot-
rolled coil (HRC), the methodology ensures that the best-performing BF-BOF installations are
recognised and rewarded relative to those with a poorer environmental profile (the former being
classified in class B, while the latter fall into lower classes). At the same time, the scale sends a
clear signal to the market that producers capable of manufacturing flat products through DRI-EAF
or scrap-based EAF routes, which achieve significantly lower carbon intensities, can reach the
highest performance class (class A) (Figure 15).

Figure 15. Distribution of carbon footprint data for HRC through classes of performance and reference
installation scenarios (RIS)
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The theoretical®® example below (Figure 16) illustrates the different scenarios through which a hot
rolled coil facility operating under the primary route and currently classified in Category C could
improve its environmental performance under the JRC proposed classification system. While many
combinations are possible, this one has been selected for illustrative purposes.

20 An example of a theoretical installation is described, even if it does not correspond to an actual plant.
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Figure 16. Different scenarios of possible improvements for a Class C facility producing HRC under the
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The base case scenario is a class C primary production route (BF-BOF) of a hot rolled

coil fictional facility, located in Poland (using datasets specific for Poland for natural gas and
electricity) that has an emission of 2.695 t CO2eq/t. By implementing process improvements, this
plant could advance to a higher classification. The example below demonstrates how it might
achieve:

Class B by reducing raw material consumption, or

Class A by increasing the use of DRI and scrap in the manufacturing process.

The different scenarios of improvement presented in Table 13 are described below:

Class C base case scenario: the assessment is based on a BF-BOF plant with lower mate-
rial efficiency (i.e. use of raw materials per unit of final product) than the average EU instal-
lation. More specifically, while an average EU plant requires 1.055 t of raw materials (pig
iron, metal scrap and sponge iron) to produce one ton of hot rolled coil, the base case

plant needs 1.266 ton of raw materials to produce the same quantity of final product. The
carbon emissions of this plant are 2.7 t CO2eq per ton of hot rolled coil.

Class B improvement scenario: in the second scenario, improvements are implemented
so that the use of raw materials is the same as in the average EU hot-rolled coil manufac-
turing plant. This leads to a reduction in emissions to 2.214 t CO2eq per ton of hot rolled
coil.

Class A improvement scenario: in the third scenario, the analysis is carried out using the
assumptions and data from the model of sponge iron production via NG-DRI reported in
Suer et al! (2022). We assume a change in the composition of raw materials, increasing the
share of sponge iron to 50%, while the remaining half is divided between pig iron and metal
scrap (36% and 149%, respectively). This results in climate change impacts of 1.7 t

C02eq per ton of hot rolled coil, which falls within Class A.

Table 13. Description of the different scenarios for improvement.

Scenario (Poland)

Slab raw materials (quantity)

Class C base case

1.266t

Class B

1.055t

Class A

1.055t

Slab raw materials (shares)

< 1% sponge iron

89% pigiron

20% sponge iron

80% pig iron

50% sponge iron

36% pigiron
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10% scrap 0% scrap 14% scrap

Emissions (t CO2eq/t of hot rolled coil) 2.695 2.214 1.720

Source: own elaboration

Additional emission savings could be achieved in an installation replacing natural gas with hydrogen
in the DRI or improving the electricity mix (increasing the share of renewable electricity) and
boosting the share of sponge iron or metal scraps. However, it is important to emphasise that the
examples shown relate specifically to HRC production via the BF-BOF route. As demonstrated in
Task 4, the primary contributors to environmental impacts are linked to the raw materials used. For
this reason, the key modifications and improvements in the example above focus on adjusting the
quantity and type of raw materials. Electricity consumption, by contrast, has relatively little
influence on the results, which is why no electricity-related improvements are included in this
analysis. This differs from the EAF route, where electricity is clearly the dominant contributor. In
such cases, it would be meaningful to explore transitions to alternative energy sources.

The classes of performance proposed are tiered to reflect progressive decarbonisation efforts in
steelmaking, accounting for advancements in production processes. Key decarbonisation pathways
include:

e BF-BOF route: Optimisations may involve substituting high-carbon raw materials (e.g.,
increased use of direct-reduced iron (DRI) or low-carbon iron ore), improving energy
efficiency, or integrating carbon capture and storage (CCS) to reduce emissions.

e EAF route: Decarbonisation strategies include sourcing renewable electricity, maximising
scrap utilisation, or adopting hydrogen-based reduction in hybrid EAF-DRI systems,
significantly lowering the carbon intensity of production.

e Emerging technologies: The classification system is future-proofed to accommodate
breakthrough innovations, such as green hydrogen-based DRI, which have the potential to
dramatically reduce emissions in steelmaking.

Integrating both technological and circular economy levers, this classification system ensures a
comprehensive and future-proof approach to assessing carbon performance. It not only supports
regulatory compliance but also provides steel producers with a clear roadmap for transitioning
toward net-zero production, reinforcing their competitiveness in a low-carbon economy.
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5. Conclusions

According to the ESPR framework, the classes of performance should facilitate comparison between
products, enabling differentiation of products based on their carbon footprint, as proxy for
environmental sustainability. To drive end-users towards more low-carbon choices, classes of
performance should provide clear and easily understandable information allowing for the effective
comparison of products.

The classes of performance proposed in this report remain sufficiently flexible to accommodate
future technological developments, to maintain meaningful distinctions between classes and to
acknowledge the different decarbonisation challenges associated with the main steelmaking routes.
The methodology follows a product-oriented approach and establishes performance thresholds
based on the distribution of production volumes currently placed in the EU market. This will support
circularity and decarbonisation of the entire steel sector in a simple and fair way.

The first feature of this methodology provides flexibility by establishing a framework that allows
the development of product-specific scales for the five representative steel intermediate products
under the scope of the regulation (hot-rolled coil, cold-rolled coil, galvanised steel, wire rod,
stainless steel and electrical steel). The second ensures that the scale reflects the current status
quo of steel products placed on the EU market, acknowledging how each of these products is
currently produced and, consequently, their environmental profile.

When it comes to rewarding circularity, it is essential to highlight that this requires establishing a
positive correlation between the content of secondary materials used in production and the class
assigned to a product in the classification system. In practice, this means acknowledging that
products containing higher share of recycled material generally have a lower carbon footprint
secondary materials substitute primary materials. In steel production, more scrap means lower
emissions and a better sustainability rating. A carbon-based classification system rewards this by
giving higher ratings to products with more recycled content.

To enable effective comparison of products, the thresholds of the classes of performance
developed under the ESPR framework for the five representative products, have been

built considering the proportion of scrap metal that can be incorporated by different industries into
the manufacturing process.

Multiple scenarios have been modelled, accounting for varying percentages of metal scrap in both
primary and secondary production routes. Environmental impacts associated with the pre-
treatment and use of scrap in input have been accounted in the underlining LCA models used to set
the classes.

Consequently, in the proposed ESPR classification system, the scrap proportion is considered in the
modelling to determine the resulting CO2 emissions. The approach followed by the ESPR proposal
ensures also a clear classification based on environmental performance for each of the five
representative steel intermediate products, enabling comparison and helping steer the market
towards more low-carbon choices.
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Annex 1. Reference installations scenarios (RIS)

As outlined in Section 2, establishing a distribution of Product Carbon Footprint (PCF) values across
representative products is essential for determining class of performance thresholds. To achieve
this, reference installation scenarios were developed to scale up the carbon footprint data
obtained from the CRU platform?'. These reference installations are based on the models coming
from Task 4 of the preparatory work.

The modelling of these reference steelmaking installations is fundamental to characterising the PCF
of products placed on the EU market and, consequently, to designing the classes of performance.
For each representative product, three types of scenarios were developed:

— Scenarios representing current installations within the EU and the main countries of origin of
imports into the EU. The three main technology routes considered are:

e BF-BOF
e Scrap-based EAF
e DRI-EAF
— Scenarios representing emerging technology routes:

e H2-DRI-EAF: a future configuration in which sponge iron is produced in a direct reduced
iron plant (DRI) where hydrogen produced through electrolysis using renewable
electricity replaces natural gas as the reducing agent.

e CCS-NG-DRI-EAF?% a configuration integrating Carbon Capture Storage technology
(CCS)* into the NG-DRI (Natural Gas- Direct reduced iron plant) process to further
reduce process emissions (Nicholas and Basirat, 2024).

e NG/H2-DRI-SMELT-BOF Route: this scenario reflects expected future production in
Germany, where sponge iron from NG/H2-DRI will replace pig iron in the BOF process.

— Scenarios representing EU ETS benchmarks: representing the average and top 10% most
efficient installations covered under the EU ETS.

Each of the following subsection presents the set of scenarios developed for each representative
product, together with the underlying modelling assumptions. However, several general adjustments
were made to the LCA base case models from Task 4, to address limitations in representativeness
and to align the modelling approach with EU ETS Directive and CBAM Regulation, when CO;

21 https://www.crugroup.com/en/commodities/steel/
22CcS is only assessed for NG-DRI and not for the BF-BOF route, as its technical suitability is significantly higher for DRI-
based processes. Retrofitting BF-BOF plants with CCS presents several challenges, it results in comparatively high
residual emissions and requires extensive CO; transport and storage infrastructure, and is expected to become
progressively less competitive as hydrogen costs decline and CO; prices increase (Agora Industry, 2024).
23 Values for the CCS have been derived from a recent report developed by the Institute of Energy Economics and

Financial Analysis-IEEFA (Nicholas and Basirat, 2024). It is estimated that CO; emissions can be reduced by 0.25-0.35
COzeq tonnes per tonne of DRI. Carbon capture for steel-April24.pdf
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emissions declared under these frameworks are used as starting point for the PCF calculation, as

outlined in Table 14

Table 14. LCA model limitations and adjustments applied in the scenario analysis.

Limitation (Task 4)

Model Adjustment

Limited representativeness of LCls for
non-EU reference installations: The Life
Cycle Inventories (LCl) used to build the base
cases for imported products are based on data
provided by EUROFER members, which reflect
European production conditions. The lack of
country-specific LCI data limits the
representativeness of non-EU models, since
steelmaking processes and input materials vary
substantially across countries. Variations
include differences in the scale, age, and
efficiency of BOF plants (influencing energy
use and emissions); raw material
characteristics, such as the origin and quality
of ores and coke (affecting process efficiency
and slag formation); and technological and
operational practices, including levels of
automation, process control, and environmental
management systems. This limitation is
especially significant for the BF-BOF route.

The existing LCA models are not sufficiently
robust to capture the variability characterising
steel production outside the EU. Small
adjustments have been made to overcome this
limitation. First of all, country specific emission
factors both for electricity and for natural gas
are used and therefore replace the values that
were used in Task 4. This adjustment is
particularly important in the case of the EAF
route, where electricity substantially
contributes to the final carbon footprint.

In the case of the BF-BOF route, where
electricity consumption contributes marginally
to the total carbon footprint, another
adjustment has been adopted and specifically
it encompasses the use of CBAM default values
complemented by additional emissions, not
covered by the CBAM scope, to take into
account a life cycle approach. Default values
and method to derive them are reported in
Vidovic et al. (2023).

LCA models from Task 4 apply an economic
allocation method, distributing environmental
impacts (e.g., CO, emissions) among co-
products (e.g, steel, slag, chemicals, and
process gases) and the main product (e.qg. coke,
pig iron, etc.) based on their market value.
This approach shifts part of the steelmaking
environmental impacts outside the system
boundaries of the representative products and
into other sectors (e.g., cement production,
construction, and the chemical industry). While
economic allocation may incentivize the co-
products valorisation, it also risks excluding
these impacts from the scope of the current
ESPR scope, potentially creating a regulatory
loophole.

In contrast, EU-ETS and CBAM values are
generally calculated without any allocation,
thus assigning environmental impacts
exclusively to the primary product (steel).

This inconsistency between the approaches
highlights a methodological gap that needs to
be addressed.

Methodological adaptations were introduced to
align bases cases with the accounting
principles of the EU ETS and CBAM. In the
development of scenarios, the economic
allocation applied in the original LCA models
was removed, and a “no allocation”
approach is adopted. This ensures that all
environmental impacts remain accounted for
within the steelmaking system boundaries. This
enhances transparency, prevents
underestimation of impacts, and enables
comparability with both the GHG emission
intensities of EU ETS installations and with
CBAM default values.

Lack of installation-specific data on
energy efficiency, scrap generation, and
raw material supply: parameters such as

Given that specific disaggregated data for
energy efficiency and scrap generation were
not available for each of the reference
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overall steelmaking efficiency, energy vector
use (mainly coal for BF-BOF route and
electricity for EAF route), raw material supply
(i.e. domestically produced or imported from
abroad), and the scrap generation significantly
affect environmental impacts. However,
detailed data for each reference installation
were unavailable.

installations to be included in the present
analysis, these parameters were kept constant
across all scenarios to ensure consistency.

The LCA model from Task 4 incorporates two
distinct assumptions regarding coal and iron
ore supply for the EU and non-EU models. To
enable a more detailed regionalization of
impacts, it would be ideal to utilise data on the
origin of coal and iron ore, as well as the
proportion of imports from each supplying
region to each country producing steel. This
level of detail would enable a more accurate
assessment of raw material supply-related
impacts. However, due to the limited
availability of disaggregated trade and
sourcing data, such regional differentiation
could not be implemented in the current
modelling exercise.

For raw material transport, a sensitivity
analysis was performed for Tlrkiye and Japan
using worst-case distances, which showed
negligible influence on final results. Therefore,
base case transport assumptions were applied
to all scenarios (for the EU and for the non-EU
models).

Scenarios representing the average and top
10% most efficient greenhouse gas (GHG)
emission intensities of installations covered
under the EU ETS were calculated to provide
reference benchmarks for assessing the
performance of all other scenarios. These
benchmarks were derived from verified ETS
data for the reference years 2016/2017 (EC,
2021). However, these ETS scenarios are not
aligned on scope with the PCF.

ETS values are complemented by additional
emission sources in order to extend the ETS
scope of emissions to align with the PCF
method developed under the ESPR. These
include emissions from raw material extraction
(e.g. iron ore and coal mining), off-site
electricity generation and waste management,
secondary material use (e.g. scrap), and
downstream processes such as cold rolling and
galvanisation.

Hot rolled coil (HRC)

The LCA scenarios for Hot Rolled Coil (HRC) production builds upon the base case outlined in Task 4.
Overall, approximately 74% of the HRC placed on the EU market is produced domestically, while the

remaining 26% is imported. Within the EU, HRC is mainly produced via the blast furnace—basic

oxygen furnace (BF-BOF) route (95%), with the remaining 5% produced in electric arc furnaces
(EAF). For imported HRC, around 84% is produced via the BF-BOF route, 8% via direct reduced iron—

electric arc furnace (DRI-EAF), and the remaining 8% via scrap-based EAF production.

1.1 Scenarios for BF-BOF route

In both EU and non-EU contexts, the integrated route (BF-BOF) remains the predominant
steelmaking route for HRC production. For the EU, the scenarios developed for this route include the
EU base case and a set of country-specific cases assessing the influence of national electricity
mixes and natural gas supply on the PCF of HRC production. These scenarios cover selected EU

countries such as Germany, France, and Poland.
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In addition to these scenarios for the EU, the average and top 10% most efficient greenhouse gas
(GHG) emission intensities of installations covered under the EU-ETS were calculated based on
verified ETS data. These serve as reference benchmarks to evaluate the performance of the
different scenarios.

For non-EU countries, the analysis focuses on the main supplier of HRC to the EU market where the
BF-BOF route plays a significant role, namely Tirkiye and Japan. These scenarios build upon the
default values established under the CBAM transitional period to construct a more representative
PCF profile of non-EU installations. Additional countries with available CBAM default values were
included to increase the statistical robustness of the scaling process.

The results for each scenario are summarised in Table 15.

Table 15. BF-BOF reference installation scenarios for HRC

Scenario kg CO.eq/t HRC

EU

BF-BOF (EU base case) 2,207
BF-BOF (Germany) 2,214
BF-BOF (France) 2,192
BF-BOF (Poland) 2,264
BF-BOF EU-ETS average all installations 2,353
BF-BOF EU-ETS average 10% most efficient installations 2,042
Non-EU

BF-BOF (Turkiye) 3,188
BF-BOF (UK) 3,189
BF-BOF (South Korea) 3,120
BF-BOF (Brazil) 3,191
BF-BOF (Ukraine) 3,539
BF-BOF (China) 3,284
BF-BOF (Japan) 3,438
BF-BOF (Russia) 4977
BF-BOF (South Africa) 6,539

Assumptions:

- The BF-BOF EU base case from Task 4 is used as the model reference. However, unlike Task
4, where the economic allocation is applied to distribute impacts among main product and
co-products, the revised BF-BOF EU base case for developing classes of performance
removes the economic allocation to align with EU-ETS and CBAM rules, assigning no
environmental burden to co-products. As a result, all processes emissions are attributed to
the main product, leading to a higher CO; footprint per tonne of HRC due to the impacts
previously assigned to co-products.

- For BF-BOF scenarios for Germany, France, and Poland, all parameters and process configu-
rations are consistent with the EU base case, except for the country-specific datasets for
electricity mix and natural gas supply, which were replaced to reflect national conditions.

- For BF-BOF scenarios for non-EU countries (South Korea, Tirkiye, UK, Brazil, China, Japan,
Ukraine, Russia, and South Africa), the PCF is calculated starting from the CBAM default val-
ues for each country and the corresponding CN code (Vidovic et al., 2023), matching them
with the CN codes identified in Task 3 for each RP. Additional emissions sources not
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included in the CBAM scope were incorporated, in line with the ongoing PCF calculation
method developed by the JRC for intermediate products under the ESPR framework. These
additional emissions are mainly related to coke production, input materials and alloys.

- The EU-ETS benchmarks include coke, sinter, and pellet (under the Aggregated Iron Ore
Benchmark), and pig iron and slab (under the Hot Metal Benchmark). The calculations
considered two values®*: the EU-ETS average GHG emissions intensity of the 10% most
efficient installations in 2016/2017; and the EU-ETS average GHG emissions intensity of all
installations in 2016/2017. Additional GHG emissions outside the EU-ETS scope, such as
raw material mining, electricity generation, waste management, secondary material use,
and hot rolling process, were incorporated following the PCF method for intermediate
products.

For EU scenarios, the results highlight the influence of regional energy mixes in shaping HRC
emissions. France’s reliance on nuclear energy results in comparatively lower emissions (1% lower
than the EU base case), whereas Poland’s coal-intensive electricity mix leads to higher values (3%
more than the EU base case). It should be noted, however, that electricity has a relatively minor
influence on total emissions in the BF-BOF route, since most of the electricity demand is satisfied
internally by the integrated power plant. The electricity supplied by the grid is very low, mainly used
for hot rolling operations, represents only a small fraction of total energy consumption when
manufacturing HRC. Although not a comprehensive sensitivity analysis, by considering the electricity
mixes of different EU member states it is possible to observe how much regional electricity mix
differences influence the results.

1.2 Scenarios for scrap-based EAF route

Although the production of HRC via scrap-based EAF remains limited globally, this route still
accounts for approximately 5% of steelmaking in the EU and around 8% in non-EU countries. This
limited deployment is largely explained by the strict metallurgical requirements of flat products
such as HRC, which demand high-quality scrap with very low concentrations of tramp elements
(Joint Research Centre, 2025).

For the EU, two scenarios have been defined based on EAF-flat product manufacturers, both
operating EAF installations capable of producing HRC and other flat products with high content of
scrap. For non-EU countries, Tirkiye has been selected given its position as the main country of
origin for HRC imports and its strong reliance on the EAF route, including a limited but relevant
production of flat products. Each scenario is modelled by adapting the EU EAF base case from Task
4 (with no allocation), specifically adjusting the input material shares, and the electricity mix and
natural gas datasets.

The results for each scenario are summarised in Table 16.

Table 16. Scrap-based EAF reference installation scenarios for HRC.

Scenario kg CO.eq/t HRC

EU
EAF 100% RES (Italy) | 890

24 policy ets allowances bm curve factsheets en.pdf
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EAF 100% RES (Spain) | 597
Non-EU
EAF (Turkiye) | 1,039

Assumptions:

- EAF 100% RES scenario: based on publicly available information for EAF-based installation
(Italy, 2025), the model assumes the following input materials: 72% of metal scrap and
28% of pig iron. As from the available information, electricity is sourced entirely from
renewable sources of energy; the dataset for natural gas corresponds to Italy.

- EAF 100% RES scenario: this scenario reflects EAF-based production (Spain), where HRC is
produced. According to publicly available information, the input materials consist of 87%
metal scrap, 2% pig iron, and 11% sponge iron from NG-DRI. Electricity is entirely sourced
from renewable energy; the Spanish dataset is used for natural gas.

- EAF Turkiye scenario: it is assumed that 80% of the input material is metal scrap, with the
remaining 20% split between pig iron and sponge iron from NG-DRI in the same proportions
as the EU base case, resulting in 2.6% pig iron and 17.40% sponge iron. Turkiye-specific
datasets are used for both electricity and natural gas.

1.3 Scenarios for DRI route

In the scenario definition, HRC production via the DRI route is also included. At present, this
technology route is not used in the EU for producing HRC. In contrast, the share of DRI-EAF
production is higher in the non-EU supply mix, accounting for approximately 8%, mainly due to the
significant installed capacity of this route in countries such as Egypt.

For the EU, the scenarios developed for this route represent future configurations with improved
environmental performance compared with today’s production based mainly on the integrated route
(Table 17). To define them, the projected technology pathways for the 2035 base cases have been
considered (Task 3), including the expected expansion of DRI capacity based on natural gas (NG-
DRI) and, more prominently, hydrogen-based DRI (H>-DRI), which is anticipated to become a key
decarbonisation technology for primary steelmaking.

The EU scenarios include:
e HRC produced using 100% sponge iron from NG-DRI,
e avariant of NG-DRI equipped with carbon capture and storage (CCS),

e a H2-DRI scenario where HRC is produced using 100% sponge iron from H2-DRI and 100%
renewable electricity,

e two scenarios reflecting a future DRI-SMELT-BOF route (one based on natural gas and the
other on hydrogen), and

e ascenario in which the most energy-intensive stage, ironmaking via DRI, is offshored to
regions with lower energy costs (e.g. Eqypt), while steelmaking through EAF is carried out in
the EU.

For non-EU countries, a scenario for HRC produced in Egypt has been included. This reflects the
growing trend of increased exports of steel products from Middle East and North Africa (MENA)
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countries to the EU, driven by their comparatively lower energy costs and the recent expansion of
DRI-EAF production capacity in the region.

Table 17. DRI reference installation scenarios for HRC

Scenario kg COzeq/t HRC

EU

NG-DRI (EU) 1,443
NG-DRI with CCS 1,098
H2-DRI (100% RES) 635
NG-DRI-SMELT-BOF (Germany) 1,649
H2-DRI-SMELT-BOF (Germany) 836
DRI (outside EU) + EAF (EU) 1,496
Non-EU

NG-DRI (Egypt) | 1,523

Assumptions:

- NG-DRI (EU): In this scenario, HRC is produced from EAF slabs made entirely from sponge
iron produced via NG-DRI process. EU datasets for electricity and natural gas have been
used.

NG-DRI with CCS: this scenario follows the same configuration as NG-DRI but assumes the
application of CCS in the DRI process, as described in the study conducted by the Institute
for Energy Economics and Financial Analysis (IEEFA) (Nicholas and Basirat, 2024). EU
datasets for electricity and for natural gas have been used; and CCS is assumed to capture
0.3 tCOy/t sponge iron.

- H2-DRI (100% RES): in this scenario HRC is modelled from EAF slabs produced entirely with
sponge iron from H2-DRI process. Electricity supply is modelled using 100% renewable
electricity dataset. For all processes (i.e. EAF process), except for the DRI, EU dataset for
natural gas has been used.

- NG-DRI EAF Route (Egypt Scenario): this scenario represents HRC production on DRI
installations located in Egypt. It is assumed that slabs are produced in EAF using 80%
sponge iron and 20% scrap as input materials. Egypt’s datasets for electricity and natural
gas are used.

- NG-DRI-SMELT-BOF Route: this scenario reflects expected future production in Germany,
where sponge iron from NG-DRI will replace pig iron in the BOF process. This scenario is
based on the BF-BOF base case defined in Task 4, with adjustments to replace pig iron with
sponge iron and update the electricity consumption to include the smelter (from Suer et al.,
2022). Specifically, sponge iron produced in the DRI plant is sent to a smelter (SMELT),
where it is melted and reduced to generate pig iron (or liquid hot metal). This material is
functionally equivalent to the output of a blast furnace, and it is fed into the existing BOF. It
is assumed that slab is produced in a BOF using 86% of sponge iron from NG-DRI and 14%
of metal scrap. Germany’s datasets for electricity and for natural gas have been used.

- H2-DRI-SMELT-BOF Route: this scenario mirrors the previous one but assumes that sponge
iron is produced via H2-DRI instead of using natural gas. It is assumed that the slab is
produced in a BOF using 86% of sponge iron from H2-DRI and 14% of metal scrap.
Germany'’s dataset for natural gas has been used, while the dataset for 100% RES has
been used.
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- NG-DRI-EAF Route (Egypt Scenario for Natural Gas DRI): this scenario a configuration in
which the DRI ironmaking stage is offshored to Egypt, where sponge iron is produced via
NG-DRI. The sponge iron is then imported into the EU, where the subsequent steelmaking
steps, EAF steelmaking and HRC production, take place. It is assumed that the slab is
produced in the EU with 80% sponge iron from Egyptian NG-DRI and 20% metal scrap. For
modelling the NG-DRI stage, Egypt-specific electricity and natural gas datasets are used,;
for modelling EAF and HRC processes in the EU, EU electricity and natural gas datasets are

applied.

1.4 Summary of scenarios

Table 18Table 18 presents a summary of the scenarios described in the previous sections.

Table 18. Reference installation scenarios results for HRC.

Scenario

BF-BOF
(EU base case)

BF-BOF
(Germany)

BF-BOF
(France)

BF-BOF
(Poland)

HRC from BF-
BOF (South
Korea)

HRC from BF-
BOF (Brazil)

HRC from BF-
BOF (Turkiye)

HRC from BF-
BOF (UK)

Description of the scenario

HRC is manufactured from slab producedin a
BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

HRC is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF using 14.2% scraps + 85.6% pigiron from
BF + 0.2% sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF using 14.2% scraps + 85.6% pig iron from
BF + 0.2% sponge iron from NG-DRI

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.
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Datasets (for electricity
and natural gas)

EU mix for electricity and
natural gas

Germany datasets for elec-
tricity and natural gas

France datasets for elec-
tricity and natural gas

Poland datasets for elec-
tricity and natural gas

South Korea’s dataset for
natural gas

Brazil’s dataset for natural
gas

Turkiye’s dataset for natural
gas

UK’s dataset for natural gas

Result

(kg
CO.eq/t
HRC)

2,207

2,214

2,192

2,264

3,120

3,191

3,188

3,189



HRC from BF-
BOF (China)

HRC from BF-
BOF (Japan)

HRC from BF-
BOF (Ukraine)

HRC from BF-
BOF (Russia)

HRC from BF-
BOF (South
Africa)

EU-ETS
average GHG
emissions
intensity of the
10% most
efficient
installations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)

EAF 100% RES

(Italy)

EAF 100% RES
(Spain)

EAF route (TU-
rkiye)

HRC is manufactured from slab producedina
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

HRC is manufactured from slab producedin a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG
emissions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

HRC is manufactured from slab produced in an
EAF using 79% scrap + 21% pig iron from BF

HRC is manufactured from slab produced in an
EAF using 87% scrap + 2% pig iron from BF +
11% sponge iron from NG-DRI

HRC is manufactured from slab produced in an
EAF using 80% scrap + 2.6% pig iron from BF +
17.40% sponge iron from NG-DRI
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China’s dataset for natural
gas

Japan’s dataset for natural
gas

Ukraine’s dataset for
natural gas

Russia’s dataset for natural
gas

South Africa’s dataset for
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

100% RES dataset for elec-
tricity and Italy dataset for
natural gas

100% RES dataset for elec-
tricity and EU dataset for
natural gas

Turkiye datasets for elec-
tricity and natural gas

3,284

3,438

3,539

4,977

6,539

2,042

2,353

890

597

1,039



NG-DRI (EU)

NG-DRI+ CCS

NG-DRI
(Egypt)

H2-DRI (100%
RES)

NG-DRI-
SMELT-BOF
(Germany)

H2-DRI-
SMELT-BOF
(Germany)

DRI (outside
EU) + EAF (EU)

HRC is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI

HRC is manufactured from slab produced in an
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DRI
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EAF entirely from sponge iron from H2-DRI.
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BOF using 86% sponge iron from NG-DRI and
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HRC is manufactured from slab produced in an
EAF in the EU from 20% scrap + 80% sponge iron
from NG-DRI imported from Egypt

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

Egypt datasets for electric-
ity and natural gas

100% RES dataset for elec-
tricity for H2-DRI; and EU
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electricity in hot rolling
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The graph in Figure 17Figure 17 shows the results for all the scenarios described in the text.

Figure 17. overview of the climate change impacts for HRC in the selected scenarios.
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Wire rod (WR)

For the development of wire rod (WR) scenarios, the same methodology applied to HRC is used,
building upon the WR base case defined in Task 4 and CBAM default values for BF-BOF non-EU
reference installations.

Around 87% of the WR placed on the EU market is produced domestically, while the remaining 13%
is imported. Within the EU, WR production is dominated by the EAF route (62%), followed by the BF-
BOF route (35%). The DRI-EAF route represents a small share and is linked to the only DRI-EAF
installation in the EU, in Germany. For imported WR, approximately 65% is produced via the BF-BOF
route, 32% via scrap-based EAF, and the remaining 3% through DRI-EAF.

2.1 Scenarios for BF-BOF route

According to JRC’s analysis, the supply of WR in the EU relies heavily on the BF-BOF. The scenarios
proposed for this route within the EU include the EU base case for BF-BOF, as well as two additional
country-specific scenarios for plants in Czech Republic and Spain, where the BF-BOF route is used
for WR production, despite the general EU trend towards EAF-based manufacturing.

In addition to these scenarios for the EU, the average and top 10% most efficient greenhouse gas
(GHG) emission intensities of installations covered under the EU-ETS were calculated based on
verified ETS data. These serve as reference benchmarks to evaluate the performance of the
different scenarios.

For non-EU countries, UK, Malaysia, and Ukraine have been selected, as they represent key origins
of WR imports to the EU and where wire rod is produced via the BF-BOF route. These scenarios build
upon the default values established under the CBAM to construct a more representative PCF profile
of non-EU installations. Additional countries with available CBAM default values were included to
increase the statistical robustness of the scaling process.

The results for each scenario are summarised in

Table 19.

Table 19. BF-BOF reference installation scenarios for WR

Scenario kg CO.eq/t HRC

EU

BF-BOF (EU base case) 2,334
BF-BOF (Czech Republic) 2,378
BF-BOF (Spain) 2,319
BF-BOF EU-ETS average all installations 2,483
BF-BOF EU-ETS average 10% most efficient installations 2,172
Non-EU

WR BF-BOF (Turkiye) 3,042
WR BF-BOF (UK) 3,101
WR BF-BOF (South Korea) 3,251
WR BF-BOF (Brazil) 3,259
WR BF-BOF (Taiwan) 3,323
WR BF-BOF (China) 3,462
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WR BF-BOF (Japan) 3,569

WR BF-BOF (Russia) 5,099

WR BF-BOF (India) 5,469

WR BF-BOF (South Africa) 5,856
Assumptions:

The BF-BOF EU base case from Task 4 is used as the model reference. However, unlike Task
4, which applied economic allocation to distribute impacts among co-products, the revised
BF-BOF EU base case for developing classes of performance removes the economic
allocation to align with EU-ETS and CBAM rules, assigning no environmental burden to co-
products. As a result, all processes emissions are attributed to the main product, leading to
a higher CO; footprint per tonne of WR and eliminating the "credits" previously granted to
co-products.

For BF-BOF scenarios for Czech Republic, Spain, all parameters and process configurations
are consistent with the EU base case, except for the country-specific datasets for electricity
mix and natural gas supply, which were updated to reflect national conditions.

For BF-BOF scenarios for non-EU countries (Tlrkiye, UK, South Korea, Brazil, Taiwan, China,
Japan, Russia, India and South Africa), the carbon footprint is calculated starting from the
CBAM default values for each country and the corresponding CN code (Vidovic et al., 2023),
matching them with the CN codes identified in Task 3 for each RP. Additional emissions
sources not included in the CBAM scope were incorporated, in line with the JRC ongoing PCF
method. These additional emissions are mainly related to coke production, input materials
and alloys.

The EU-ETS benchmarks include coke, sinter, and pellet (under the Aggregated Iron Ore
Benchmark), and pig iron and slab (under the Hot Metal Benchmark). The calculations
considered two key values?’: the EU-ETS average GHG emissions intensity of the 10% most
efficient installations in 2016/2017; and the EU-ETS average GHG emissions intensity of all
installations in 2016/2017. Additional GHG emissions outside the EU-ETS scope, such as
raw material mining, electricity generation, waste management, secondary material use,
and hot rolling process, were incorporated following the ongoing JRC PCF method.

As in the case of HRC, also for WR we can see how the emission factor of the electricity mixes
affects the final results by looking at the electricity mixes of selected member states. Keeping the
result for the EU base case as a reference, when using the electricity mix of Poland, the final result
increases by 4% because of the heavy reliance of coal. If using the electricity mix of France, the
final result decreases by 1% because of the use of nuclear energy. The two scenarios considered
for WR are Spain and Czech Republic; the change with respect to the EU base case is respectively -
0.7% and 1.8%.

2.2 Scenarios for scrap-based EAF route

In the EU, the scrap-based EAF route remains the predominant steelmaking route for WR
production. Five scenarios have been defined for this route (Table 20):

2> policy ets allowances bm curve factsheets en.pdf
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- the EU base case for EAF,

- three additional country-specific scenarios assessing the influence of national electricity
mixes on the carbon footprint of WR production (Germany, France, and Poland), and

- EU base case using 100% renewable electricity in order to explore the potential for further
emissions reduction.

For non-EU countries, Switzerland and Ttirkiye have been selected, as they rank among the main
origins of WR imports to the EU and operate installations producing WR via the EAF route.

In addition, the average and top 10% most efficient greenhouse gas (GHG) emission intensities of
installations covered under the EU-ETS were calculated based on verified ETS data. These serve as
reference benchmarks to evaluate the performance of the different scenarios.

Table 20. Scrap-based EAF reference installation scenarios for WR

Scenario kg CO2eq/t WR

EU
EAF (EU base case) 707
EAF (Germany) 956
EAF (France) 565
EAF (Poland) 1,194
EAF (100% RES) 519
EAF low alloy steel EU-ETS average all installations 662
EAF low alloy steel EU-ETS average 10% most efficient installations 551
Non-EU
EAF (Switzerland) 528
EAF (Ttrkiye) 1,075
Assumptions:

- The EAF EU base case for WR from Task 4 is used as the model reference. However, unlike
Task 4, which applied economic allocation to distribute impacts among co-products, the
revised EAF EU base case for developing classes of performance removes the economic
allocation to align with EU-ETS and CBAM rules, assigning no environmental burden to co-
products. As a result, all processes emissions are attributed to the main product, leading to
a higher CO; footprint per tonne of WR and eliminating the "credits" previously granted to
co-products.

- The EAF EU base case for WR is defined using the EU-representative datasets for the
electricity mix and for natural gas. It is assumed that the slab production relies on the
following input material shares, as established in Task 4: 93.6% scrap, 5.6% of sponge iron
from NG-DRI, and 0.8% of pig iron.

- For EAF scenarios for Germany, France, Poland, Switzerland and Tiirkiye, all parameters and
process configurations are consistent with the EU base case, except for the country-specific
datasets for electricity mix and natural gas supply, which were updated to reflect national
conditions. For the EAF EU base case with 100% renewable electricity, it is assumed that
the composition of the slab remains identical to the EAF EU base case. The only modifica-
tion concerns the electricity supply: all electricity used in slab production and subsequent
wire rod manufacturing is modelled as originating from 100% renewable sources.
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- For the EAF EU-ETS for low alloy steel scenarios, the analysis considers as the basis the
benchmark values for the year 2016-2017. The calculations considered two key values?®:
the EU-ETS average GHG emissions intensity of the 10% most efficient installations; and
the EU-ETS average GHG emissions intensity of all installations. Additional GHG emissions
outside the EU-ETS scope, such as alloys, waste management, and secondary material use
(metal scrap), were incorporated following the ongoing JRC PCF method.

Using the emission factors of selected EU member states, it is possible to observe how the national
electricity mix affects the final result in the case of the EAF route, where electricity consumption is
a significant contributor to carbon emissions (around 319%). Relative to the EU base case, using
Poland's electricity mix, which is heavily reliant on coal, results in a 69% increase in the final
outcome. In contrast, using France's electricity mix, which is predominantly based on nuclear energy,
leads to a 20% decrease in the final result. The outcomes for other member states fall within this
range. Finally, if a 100% RES mix is assumed, the reduction in emissions for WR in the EU
production reaches 27%.

2.3 Scenario for DRI route

In the scenario definition, WR production via the DRI route is also included. At present in the EU, this
technology route is currently used in Germany for the production of bars and rods, which can
subsequently be processed into WR. In non-EU countries, the use of the DRI-EAF route for WR
production is also limited, representing approximately 3% of total production.

For the EU, the scenarios developed for this route include both the existing plant and future
configurations with improved environmental performance compared with current primary
production through BF-BOF. To define them, the projected technology pathways for the 2035 and
2050 base cases have been considered, including the expected expansion of DRI capacity based on
natural gas (NG-DRI) and, more prominently, hydrogen-based DRI (H>-DRI), which is anticipated to
become a key decarbonisation technology for primary steelmaking.

It is important to note that the potential growth of the DRI-EAF route for WR production is expected
to remain limited. The progressive phase-out of BF-BOF capacity is more likely to be compensated
by an expansion of conventional EAF production, given that scrap quality requirements are generally
less stringent for long products. Exceptions, however, remain for high-quality applications such as
fine wire for tyre-cord steel, where tighter impurity control is required.

The EU scenarios include (Table 21):
e German facility: current NG-DRI-EAF
e WR produced using 100% sponge iron from NG-DRI,
e A variant of NG-DRI equipped with carbon capture and storage (CCS),

e A H2-DRI scenario using 100% sponge iron and 100% renewable electricity,

26 policy ets allowances bm curve factsheets en.pdf
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e ascenario in which the most energy-intensive stage—ironmaking via DRI—is offshored to
regions with lower energy costs (e.g. Egypt), while steelmaking through EAF is carried out in
the EU.

For non-EU countries, a scenario for WR produced in Indonesia has been included, as it ranks among
the main origins of WR imports to the EU. The installation produces WR via the EAF route using 35%
of DRI or pig iron (The LNM group, 2025).

Table 21. DRI reference installation scenarios for WR

Scenario kg CO.eq/t WR

EU

NG-DRI-EAF (Germany) 626
NG-DRI (EU) 1,461
NG-DRI with CCS 1,115
H2-DRI (1009% RES) 638
DRI (outside EU) + EAF (EU) 1513
Non-EU

NG-DRI-EAF (Indonesia) 1,690

Assumptions:

- NG-DRI-EAF plant in Germany?’: this plant is used as starting point to build the scenario for
producing wire rod using DRI. The share of sponge iron used in the manufacturing process
varies depending on the desired type of product. In this analysis, it is generically assumed
that WR is produced from an EAF slab where the ratio of sponge iron is 20% and the
remaining 80% is scrap. The German dataset for natural gas has been used while for
electricity it is assumed coming all from renewable sources of energy.

- NG-DRI (EU): In this scenario, WR is produced from EAF slabs made entirely from sponge
iron produced via NG-DRI process. EU datasets for electricity and natural gas have been
used.

NG-DRI with CCS: this scenario follows the same configuration as NG-DRI but assumes the
application of CCS in the DRI process, as described in IEEFA ((Nicholas and Basirat, 2024).).
EU datasets for electricity and for natural gas have been used; and CCS is assumed to
capture 0.3 tCO/t sponge iron.

- H2-DRI (100% RES): in this scenario WR is modelled from EAF slabs produced entirely with
sponge iron from H2-DRI process. Electricity supply is modelled using 100% renewable
electricity dataset. For all processes (i.e. EAF process), except for the DRI, EU dataset for
natural gas has been used.

- NG-DRI-EAF Route (Egypt Scenario for Natural Gas DRI): this scenario is a configuration in
which the DRI ironmaking stage is offshored to Egypt, where sponge iron is produced via
NG-DRI. The sponge iron is then imported into the EU, where the subsequent steelmaking
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steps, EAF steelmaking and HRC production, take place. It is assumed that the slab is
produced in the EU with 80% sponge iron from Egyptian NG-DRI and 20% metal scrap. For
modelling the NG-DRI stage, Egypt-specific electricity and natural gas datasets are used,
for modelling EAF and HRC processes in the EU, EU electricity and natural gas datasets are

applied.

- NG-DRI EAF Route (Indonesia Scenario): This scenario represents the production of WR in
Indonesia. It is assumed that slabs are produced via the EAF route, using 35% sponge iron
and 65% metal scrap as input materials. Indonesia-specific datasets for electricity and
natural gas are applied to the model.

2.4 Summary of scenarios

Table 22. Reference installation scenarios results for WR.

Scenario

BF-BOF (EU
base case)

BF-BOF
(Czech Rep.)

BF-BOF
(Spain)

BF-BOF
(Turkiye)

BF-BOF (UK)

BF-BOF
(South Korea)

BF-BOF
(Brazil)

Description of the scenario

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

WR is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and
scope 2 emissions) have been used and
completed to cover all life cycle emissions

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.
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Datasets (for electricity
and natural gas)

EU mix for electricity and
natural gas

Czech Rep.’s datasets for
electricity and natural gas
for NG-DRI, BOF and WR;
EU mix for electricity and
natural gas for BF and
metal scraps

Spain’s datasets for elec-
tricity and natural gas for
NG-DRI, BOF and WR; EU
mix for electricity and nat-
ural gas for BF and metal
scraps

Turkey’s dataset for
natural gas

UK’s dataset for natural
gas

South Korea’s dataset for
natural gas

Brazil’s dataset for natural
gas

Result
(kg CO.eq/t WR)

2,334

2,378

2,319

3,042

3,101

3,251

3,259



BF-BOF
(Taiwan)

BF-BOF
(China)

BF-BOF
(Japan)

BF-BOF
(Russia)

BF-BOF
(India)

BF-BOF
(South Africa)

EU-ETS aver-
age GHG
emissions in-
tensity of the
10% most ef-
ficient instal-
lations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations
in 2016/2017
(BF-BOF)

EAF (EU base
case)

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions, following JRC
ongoing study to develop PCF method for
intermediates.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions, following JRC
ongoing to develop PCF method for
intermediates.

WR is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2
emissions) have been used and completed to
cover all life cycle emissions.

WR is manufactured from slab produced in a
BOF. CBAM default value (scope 1 and 2
emissions) s have been used and completed
to cover all life cycle emissions.

EU ETS benchmark GHG emissions (of the
10% most efficient installations) for coke, ag-
gregated iron ore and hot metal + additional
GHG emissions (raw materials extraction and
supply, electricity, waste, secondary materi-
als and hot rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (raw
materials extraction and supply, electricity,
waste, secondary materials and hot rolling
process).

WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF
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Taiwan’s dataset for
natural gas

China’s dataset for natural
gas

Japan’s dataset for natural
gas

Russia’s dataset for
natural gas

India’s dataset for natural
gas

South Africa’s dataset for
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

3,323

3,462

3,569

5,099

5,469

5,856

2,172

2,483

707



WR is manufactured from slab produced in an
EAF using 93.6% scrap + 5.6% sponge iron
from NG-DRI + 0.8% pig iron from BF

EAF (Ger-
many)

Germany’s datasets for

electricity and natural gas 956

WR is manufactured from slab produced in an France’s datasets for elec-
EAF (France) EAF using 93.6% scrap + 5.6% sponge iron tricity and natural gas 565
from NG-DRI + 0.8% pig iron from BF y g

WR is manufactured from slab produced in an Poland’s datasets for elec-

EAF (Poland) EAF using 93.6% scrap +.5.6% sponge iron tricity and natural gas 1,194
from NG-DRI + 0.8% pig iron from BF
WR is manufactured from slab produced in an L

EAF (Turkiye) EAF using 93.6% scrap + 5.6% sponge iron litgi;;:;?ﬁ;ggl %6 1,075
from NG-DRI + 0.8% pig iron from BF

) WR is manufactured from slab produced in an .

EAF (Switzer- EAF using 93.6% scrap + 5.6% sponge iron Swﬂzgrl.and datasets for 528

land) o electricity and natural gas
from NG-DRI + 0.8% pig iron from BF

EAF (100% WR is manufactured from slab produced inan  100% RES dataset for

RES) EAF using 93.6% scrap + 5.6% sponge iron electricity and EU dataset 519
from NG-DRI + 0.8% pig iron from BF for natural gas

EU-ETS aver-

age GHG EU ETS benchmark GHG emissions (of the

emissionsin-  10% most efficient installations) for EAF car- EU mix for electricity and

tensity of the bon steel + additional GHG emissions (alloys, 551

) natural gas

10% most ef-  waste management, secondary material use

ficientinstal-  (metal scrap), and WR manufacturing).

lations (EAF)

EU-ETS aver-

age GHG EU ETS benchmark GHG emissions (of the

emissionsin-  10% most efficient installations) for EAF car- EU datasets for electricity

tensity of all bon steel + additional GHG emissions (alloys, B 662

installations waste management, secondary material use

in2016/2017  (metal scrap), and WR manufacturing).

(EAF)

NG-DRI WR is manufactured from slab produced inan  EU datasets for electricity 1.461
EAF entirely from sponge iron from NG-DRI and natural gas ’
WR is manufactured from slab producedinan  100% RES dataset for

Z\IGGe-rIanRa:;li/i\F EAF from 80% scrap + 20% sponge ironfrom  electricity and EU dataset 626
NG-DRI for natural gas

NPT WR is manufactured from slab produced in an EU mix for electricity and

coS EAF entirely from sponge iron from NG-DRI. natural gas 1,115

CCS is applied to NG-DRI process
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NG-DRI-EAF
(Indonesia)

H2-DRI (RES)

DRI (outside
EU) + EAF
(EV)

WR is manufactured from slab produced in an
EAF from 65% scrap + 35% sponge iron from
NG-DRI

WR is manufactured from slab produced in an
EAF entirely from sponge iron from H2-DRI
with 100% RES

WR is manufactured from slab produced in an
EAF in the EU from 20% scrap + 80% sponge
iron from NG-DRI imported from Egypt
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Figure 18. overview of the climate change impacts for WR in the selected scenarios.
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The LCA scenarios for Cold Rolled Coil Galvanized (CRCG) production build upon the base case
outlined in Task 4. Overall, approximately 73% of the CRCG placed on the EU market is produced
domestically, while the remaining 27% is imported. Within the EU, CRCG is mainly produced via the
BF-BOF route (96%), with only 4% produced from scrap-based EAF route. For imported CRCG,
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around 68% is produced via the BF-BOF, 32% via scrap-based EAF, and less than 1% through DRI-
EAF route.

Due to the limited availability of CRU data characterising steel mills producing CRCG in the EU and
non-EU counties, the methodology used to define classes of performance for GCRC relies on the
max and min scenario approach. For HRC and WR, the results from the LCA scenarios are combined
with the CRU data to define the performance classes. The maximum scenario is represented by the
current South African BF-BOF reference scenario, while the minimum scenario corresponds to
installation in Spain.

To further explore the range of performance and enable the classification of other potential
reference installations, additional scenarios have been modelled, covering both current BF-BOF
installations and emerging low-carbon technologies applicable to electrical steel production.

3.1 Scenarios for BF-BOF route

In both EU and non-EU contexts, the integrated route (BF-BOF) remains the predominant
steelmaking route for CRCG production. For the EU, the scenarios developed include the EU base
case for BF-BOF and a set of country-specific cases assessing the influence of national electricity
mixes on the carbon footprint of CRCG production. These scenarios cover selected EU countries such
as Germany, France, and Poland.

In addition to these scenarios for the EU, the average and top 10% most efficient greenhouse gas
(GHG) emission intensities of installations covered under the EU-ETS were calculated based on
verified ETS data. These serve as reference benchmarks to evaluate the performance of the
different scenarios.

For non-EU countries, the analysis focuses on the main supplier of CRCG to the EU market where
the BF-BOF route plays a significant role, namely South Korea and China. These scenarios build
upon the default values established under the CBAM to construct a more representative PCF profile
of non-EU installations. Additional countries with available CBAM default values were included to
increase the statistical robustness of the scaling process.

Results are presented in Table 23.

Table 23. BF-BOF reference installation scenarios for CRCG

Scenario kg CO.eq/t CRCG

EU

BF-BOF (EU base case) 2,513
BF-BOF (Germany) 2,531
BF-BOF (France) 2,472
BF-BOF (Poland) 2,603
BF-BOF EU-ETS average all installations 2,529
BF-BOF EU-ETS average 10% most efficient installations 2,218
Non-EU

BF-BOF (South Korea) 3,385
BF-BOF (Brazil) 3,510
BF-BOF (Ttrkiye) 3,426
BF-BOF (UK) 3,383
BF-BOF (China) 3,565
BF-BOF (Japan) 3,710
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BF-BOF (Ukraine) 3,893

BF-BOF (Russia) 5,398

BF-BOF (South Africa) 7,189

BF-BOF (India) 5,835
Assumptions:

- The BF-BOF EU base case from Task 4 is used as the model reference. However, unlike Task
4, where economic allocation was applied, the revised BF-BOF EU base case for developing
classes of performance removes the economic allocation to align with EU-ETS and CBAM
rules, assigning no environmental burden to co-products. As a result, all processes
emissions are attributed to the main product, leading to a higher CO; footprint per tonne of
CRCG and eliminating the "credits" previously granted to co-products.

- For BF-BOF scenarios for Germany, France, and Poland, all parameters and process configu-
rations are consistent with the EU base case, except for the country-specific datasets for
electricity mix and natural gas supply, which were updated to reflect national conditions.

- For BF-BOF scenarios outside the EU (South Korea, Tirkiye, UK, Brazil, China, Japan, Ukraine,
Russia, India and South Africa), PCF is calculated starting from the CBAM default values for
each country and the corresponding CN code (Vidovic et al., 2023), matching them with the
CN codes identified in Task 3 for each RP. Additional emissions sources not included in the
CBAM scope were incorporated, in line with the ongoing JRC PCF method). These additional
emissions mainly related to coke production, input materials and alloys.

- The EU-ETS benchmarks include coke, sinter, and pellet (under the Aggregated Iron Ore
Benchmark), and pig iron and slab (under the Hot Metal Benchmark). The calculations con-
sidered two key values®®: the EU-ETS average GHG emissions intensity of the 10% most ef-
ficient installations in 2016/2017; and the EU-ETS average GHG emissions intensity of all
installations in 2016/2017. Additional GHG emissions outside the EU-ETS scope, such as
raw material mining, electricity generation, waste management, secondary material use,
and hot rolling process, were incorporated following the ongoing JRC PCF method

For BF-BOF route, it should be noted that electricity has a relatively minor influence on the total
emissions of the BF-BOF route. This is because most of the electricity demand is met internally
through the integrated power plant within the steelworks. The amount of electricity drawn from the
external grid is comparatively low and primarily used for downstream operations such as hot rolling,
representing only a small share of the total energy consumption. With respect to the EU base case,
emissions increase by 4% in Poland scenario and decrease by 1% in the France scenario. This is
due, as previously discussed for HRC and WR, to the differences in the electricity mix in the two
countries, which can be seen as the two extreme cases of the EU: Poland with a high emission
factor due the use of coal and France with a low emission factor due to the use of nuclear energy.

3.2 Scenarios for scrap-based EAF route

Although the production of CRCG via scrap-based EAF in the EU is limited (4%), this route still
accounts for approximately 32% of steelmaking in non-EU countries. This is largely explained by the

28 policy ets allowances bm curve factsheets en.pdf
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strict metallurgical requirements of flat products such as CRCG, which demand high-quality scrap
with very low concentrations of tramp elements (Joint Research Centre, 2025).

For the EU, two scenarios have been defined based on EAF-flat product manufacturers operating
EAF installations capable of producing HRC and other flat products with high content of scrap. For
non-EU countries, Tlrkiye has been selected given its position as the main country of origin for
CRCG imports and its strong reliance on the EAF route, including a limited but relevant production of
flat products.

Each scenario is modelled by adapting the EU EAF base case from Task 4 (with no allocation),
specifically adjusting the input material shares, and the electricity mix and natural gas datasets. The
assumptions and the results are summarised in Table 24Table 24.

Table 24. Scrap-based EAF reference installation scenarios for CRCG

Scenario kg CO.eq/t HRC

EU

EAF 1009% RES (Italy) 1,078

EAF 1009% RES (Spain) 771

Non-EU

EAF (TUrkiye) 1,305
Assumptions:

- EAF 100% RES scenario: based on publicly available information for EAF-based installation
in Italy, the model assumes the following input materials: 72% of metal scrap and 28% of
pig iron. Electricity is sourced entirely from renewable sources of energy, and the dataset
for natural gas corresponds to Italy.

- EAF 100% RES scenario: this scenario reflects EAF-based production in Spain, where HRC is
produced (2023). According to publicly available information, the input materials consist of
879% metal scrap, 2% pig iron, and 11% sponge iron from NG-DRI. Electricity is entirely
sourced from renewable energy, and the natural gas dataset corresponds to Spain.

- EAF Turkiye scenario: it is assumed that 80% of the input materials are metal scrap, with
the remaining 20% split between pig iron and sponge iron from NG-DRI in the same
proportions as the EU base case, resulting in 2.6% pig iron and 17.40% sponge iron.
Turkiye-specific datasets are used for both electricity and natural gas.

3.3 Scenario for DRI route

In the scenario definition, CRCG production via the DRI route is also included. At present, this
technology route is not used in the EU for producing CRCG, and very limited in non-EU countries
(<19).

For the EU, the scenarios developed for this route represent future configurations with improved
environmental performance compared with today’s production based mainly on the integrated
route. To define them, the projected technology pathways for the 2035 and 2050 base cases have
been considered, including the expected expansion of DRI capacity based on natural gas (NG-DRI)
and, more prominently, hydrogen-based DRI (H2-DRI), which is anticipated to become a key
decarbonisation technology for primary steelmaking.
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The EU scenarios include (Table 25):
e (CRCG produced using 100% sponge iron from NG-DRI,
e avariant of NG-DRI equipped with carbon capture and storage (CCS),
e a H2-DRI scenario using 100% sponge iron and 100% renewable electricity,

e two scenarios reflecting future DRI-SMELT-BOF route in Germany (one based on natural
gas and the other on hydrogen), and

e ascenario in which the most energy-intensive stage—ironmaking via DRI—is offshored to
regions with lower energy costs (e.g. Egypt), while steelmaking through EAF is carried out in
the EU.

For non-EU countries, a scenario for CRCG produced in Egypt has been included. This reflects the
growing trend of increased exports of steel products from MENA countries to the EU, driven by their
comparatively lower energy costs and the recent expansion of DRI-EAF production capacity in the
region.

Table 25. DRI reference installation scenarios for CRCG.

Scenario kg CO.eq/t CRCG

EU
NG-DRI 1,518
H2-DRI (100% RES) 805
NG-DRI with CCS 1,162
DRI (outside EU) + EAF (EU) 1,572
NG-DRI-SMELT-BOF (Germany) 1,753
H2-DRI-SMELT-BOF (Germany) 869
Non-EU
NG-DRI (Egypt) | 1,871

Assumptions:

- NG-DRI (EU): In this scenario, CRCG is produced from EAF slabs made entirely from sponge
iron produced via NG-DRI process. EU datasets for electricity and natural gas have been
used.

NG-DRI with CCS: this scenario follows the same configuration as NG-DRI but assumes the
application of CCS in the DRI process, as described in IEEFA (Nicholas and Basirat, 2024). EU
datasets for electricity and for natural gas have been used; and CCS is assumed to capture
0.3 tCOy/t sponge iron.

- H2-DRI (100% RES): in this scenario HRC is modelled from EAF slabs produced entirely with
sponge iron from H2-DRI process. Electricity supply is modelled using 100% renewable
electricity dataset. For all processes (i.e. EAF process), except for the DRI, EU dataset for
natural gas has been used.

- NG-DRI EAF Route (Egypt Scenario): this scenario represents HRC production on DRI
installations located in Egypt. It is assumed that slabs are produced in EAF using 80%
sponge iron and 20% scrap as input materials. Egypt’s datasets for electricity and natural
gas are used.
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NG-DRI BOF-SMELT-Route: this scenario reflects the expected future production in Germany,
where sponge iron from NG-DRI will replace pig iron in the BOF process. This scenario is
based on the BF-BOF base case defined in Task 4, with adjustments to replace pig iron with
sponge iron and update the electricity consumption to include the smelter (SMELT) (from
Suer et al,, 2022). Specifically, sponge iron produced in the DRI plant is sent to a smelter,
where it is melted and reduced to generate pig iron. This pig iron is functionally equivalent
to the output of a blast furnace, and it is fed into the existing BOF. It is assumed that slab is
produced in a BOF using 86% of sponge iron from NG-DRI and 14% of metal scrap.
Germany’s datasets for electricity and for natural gas have been used.

H2-DRI-SMELT-BOF Route: this scenario mirrors the previous one but assumes that sponge
iron is produced via H2-DRI instead of using natural gas. It is assumed that the slab is
produced in a BOF using 86% of sponge iron from H2-DRI and 14% of metal scrap.
Germany’s dataset for natural gas has been used, while dataset for 100% RES has been
used.

NG-DRI-EAF Route (Egypt Scenario for Natural Gas DRI): this scenario a configuration in
which the DRI ironmaking stage is offshored to Egypt, where sponge iron is produced via
NG-DRI. The sponge iron is then imported into the EU, where the subsequent steelmaking
steps, EAF steelmaking and CRCG production, take place. It is assumed that the slab is
produced in the EU with 80% sponge iron from Egyptian NG-DRI and 20% metal scrap. For
modelling the NG-DRI stage, Egypt-specific electricity and natural gas datasets are used,;
for modelling EAF and HRC processes in the EU, EU electricity and natural gas datasets are
applied.

3.4 Summary of scenarios

Table 26 presents a summary of the scenarios described in the previous sections.

Table 26. Reference installation scenarios results for CRCG

Result
. - . Datasets (for electricity (kg
Scenario Description of the scenario and Natural gas) COseqit
CRCG)
CRCG is manufactured from slab
BF-BOF produced in a BOF using EU mix for electricity and 2513
(EU base case) 14.2% scraps + 85.6% pig iron from BF + 0.2% natural gas ’
sponge iron from NG-DRI
CRCG is manufactured from slab
BF-BOF produced in a BOF using Germany datasets for elec- 2531
(Germany) 14.2% scraps + 85.6% pig iron from BF + 0.2% tricity and natural gas ’
sponge iron from NG-DRI
BE-BOF CRCG i§ manuf;actured from SI?)b progluced ina France datasets for elec-
(France) BOF using 14.2% s'craps +85.6% pigiron from tricity and natural gas 2,472
BF + 0.2% sponge iron from NG-DRI
(Poland) tricity and natural gas ’

BF + 0.2% sponge iron from NG-DRI
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BF-BOF
(South Korea)

BF-BOF (Bra-
zil)

BF-BOF (Tu-
rkiye)

BF-BOF (UK)

BF-BOF
(China)

BF-BOF (Ja-
pan)

BF-BOF
(Ukraine)

BF-BOF (Rus-
sia)

BF-BOF
(South Africa)

BF-BOF (India)

EU-ETS aver-
age GHG
emissions in-
tensity of the
10% most effi-
cientinstalla-
tions
(BF-BOF)

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions. for intermediates.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions have been used and completed to cover all
life cycle emissions, following the JRC ongoing
study to develop PCF method for intermediates
CRCG is manufactured from slab produced in a
BOF. CBAM default values (Scope 1 and 2 emis-
sions have been used and completed to cover all
life cycle emissions, following the JRC ongoing
study to develop PCF method for intermediates

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG emis-
sions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).
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Turkiye’s dataset for natural
gas has been used

UK’s dataset for natural gas
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China’s dataset for natural
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Japan’s dataset for natural
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Ukraine’s dataset for natu-
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Russia’s dataset for natural
gas has been used

South Africa’s dataset for
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India’s dataset for natural
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EU mix for electricity and
natural gas
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EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)

EAF 100% RES
(Italy, 2025)

EAF 100% RES
(Spain, 2023)

EAF route (TU-
rkiye)

NG-DRI (EU)

NG-DRI + CCS

NG-DRI
(Egypt)

H2-DRI (RES)

NG-DRI-
SMELT-BOF
(Germany)

H2-DRI-
SMELT-BOF
(Germany)

DRI (outside
EU) + EAF (EU)

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (Raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

CRCG is manufactured from slab produced in an
EAF using 79% scrap + 21% pig iron from BF

CRCG is manufactured from slab produced in an
EAF using 87% scrap + 2% pig iron from BF +
11% sponge iron from NG-DR

CRCG is manufactured from slab produced in an
EAF using 80% scrap + 2.6% pig iron from BF +
17.40% sponge iron from NG-DRI

CRCG is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI

CRCG is manufactured from slab produced in an
EAF entirely from NG-DRI. CCS is applied to NG-
DRI process

CRCG is manufactured from slab produced in an
EAF from 20% scrap + 80% sponge iron from NG-
DRI

CRCG is manufactured from slab produced in an
EAF entirely from sponge iron from H2-DRI

CRCG is manufactured from slab produced in a
BOF entirely from sponge iron from NG-DRI

CRCG is manufactured from slab produced in a
BOF entirely from sponge iron from H2-DRI

CRCG is manufactured from slab produced in an
EAF in the EU from 20% scrap + 80% sponge iron
from NG-DRI imported from Egypt
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Figure 19. overview of the climate change impacts for CRCG in the selected scenarios.
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Stainless steel (SS)

The development of reference installation scenarios for stainless steel (SS) production focuses
exclusively on the EAF route, as this is the predominant technology route for stainless steel
manufacturing worldwide.

Due to the limited availability of CRU data characterising stainless steel mills in the EU and non-EU
counties, the methodology used to define classes of performance for stainless steel relies on the
max and min scenario approach, as for the CRCG and ES. As a result, the number of modelled
scenarios for this product is limited.

The main differences between these production systems stem from the alloy composition, the scrap
usage, and the energy mix applied in each case. For a desired grade of steel, scrap and ferroalloys
are mixed to reach the final composition of the SS. When stainless steel scrap is used in the
process, it adds a significant contribution of needed alloying elements, hence reducing the amount
of primary materials needed from ferroalloys.

In the EU, the main primary alloys are FeCr (ferrochromium), FeNi (ferronickel), and FeMn
(ferromanganese). SS produced in China and Indonesia, relies heavily on Nickel Pig Iron (NiPi) as the
main source of Nickel. This material is characterised by a low content of Nickel (around 12%) and
can be produced directly from ores locally available in these two countries.

The literature (Gyllenram and Wei, 2022) suggests that the environmental profile of SS produced
from NiPi is significantly different also due to a low amount of scrap used.

5.1 Scenarios for EAF route

For the development of the classes of performance, five scenarios have been created to represent
EU and global production, under different assumptions.

For European production, considering hot rolled 304 stainless steel, three scenarios have been
created to represent: the current average SS, a scenario with an increased amount of scrap and
renewable electricity and a scenario with the minimum theorical amount of scrap used.

For global production, two scenarios were developed. One based on current average SS produced in
China using NiPi, and a second with the minimum theorical amount of scrap used.

Assumptions:

- The product in scope for these calculations is 304 Black hot rolled coil. Unlike Task 4, which
included additional steps of annealing and pickling to produce white HRC, the current
analysis focuses solely on the black HRC as the final product.

- The EAF EU base case for SS from Task 4 is used as the model reference for the European
scenarios. However, unlike in Task 4, where the economic allocation is applied to distribute
impacts among co-products, the revised EAF EU base case for developing classes of
performance removes the economic allocation to align with EU-ETS and CBAM rules,
assigning no environmental burden to co-products. As a result, all processes emissions are
attributed to the main product, leading to a higher CO; footprint per tonne of SS black HRC.

- The EAF EU base case for SS is defined using the EU-representative datasets for the
electricity mix and for natural gas. It is assumed that the slab production relies on the
following input material shares, as established in Task 4: 80% scrap and 20% alloys.
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- The EAF EU (100% RES) use the same model as base, replacing the average European mix
with a 100% RES mix as for the other RPs. The amount scrap was increased to 85% of the
input. While there is no evidence on a theorical upper limit to the use of scrap, due to the
sensitivity of the model to this parameter, it was cautiously decided to set it slightly higher
than the European current average content. All the impacts coming from auxiliary materials
are equal to the average scenario. This scenario result in the minimum impact among the

five presented.

- The third scenario assumes that all the main alloying elements (Cr, Ni and Mn) in the SS
come from primary ferroalloys leading to the maximum use of ferroalloys per t of SS.
Scraps are only present to provide for the remaining mass (around 43%). All the impacts
coming from auxiliary materials are equal to the average scenario.

- For Chinese SS production, the average NiPi route has been modelled using data from
Gyllenram and Wey (2022). The country specific mix has been used for electricity impacts.
In this case, the use of scrap is around 20%.

- For the Chinese scenario with maximum use of ferroalloys, the same principles of the
equivalent European scenario were used. In this case, however the use of NiPi as primary
material, drastically reduced the amount of scrap used in the process (around 5%). This
scenario result in the maximum impact among the five presented.

Table 27 presents the scenarios modelled for EU and non-EU countries with the results of LCA
impacts, also represented in Figure 20.

Table 27. Summary of the scenarios developed for SS and their impacts on climate change for 1 t of SS.

Datasets (for Result
Scenario Description of the scenario - (kg CO.eq/t

electricity)

SS)
EU EAF base case 80% scrap, EU electricity mix EU mix for electricity 3,006
0,

EUEAF (100%RES)  85% Scrap used, 100% Electricity from RES ~ -00 7 RES dataset for 2,407

electricity
EU EAF (max All alloyln.g.elem'ent from primary ferroalloys, EU mix for electricity 7.183
ferroalloy use) EU electricity mix

NiPi from Gyllenram
China EAF - NiPi NiPi used and average amount of scrap and Wei (2022) and 7,762
CN electricity

China EAF - NiPi
(max ferroalloys NiPi used and minimum amount of scrap. All NiPi from Gyllenram
use) alloying element from primary ferroalloys, CN  and Wei (2022) and 9,459

electricity CN electricity
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Figure 20. Overview of the climate change impacts for SS in the selected scenarios.
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Electrical sheets (ES)

The LCA scenarios for Electrical Sheets (ES) production build upon the base case outlined in Task 4.
Overall, approximately 68% of the ES placed on the EU market is produced domestically, while the
remaining 32% is imported. Notably, electrical steel is produced exclusively through the integrated
route (BF-BOF) in both EU and non-EU countries.

The dominance of the BF-BOF route for electrical steel is rooted in metallurgical and quality
requirements: the integrated process, starting from iron ore and coking coal, delivers molten steel
with a consistent chemical composition and very low impurity levels — critical for the magnetic,
mechanical, and surface quality demanded by electrical steel applications (e.g., in transformers,
motors, and other electrical devices).

Due to the limited availability of CRU data characterising steel mills producing electrical steel in the
EU and non-EU counties, the methodology used to define classes of performance for electrical
sheet relies on the max and min scenario approach, as for CRCG. The maximum scenario is
represented by the current Indian BF-BOF, while the minimum scenario corresponds to a future H2-
DRI-EAF configuration.

To further explore the range of performance and enable the classification of other potential
reference installations, additional scenarios have been modelled, covering both current BF-BOF
installations and emerging low-carbon technologies applicable to electrical steel production.

4.1 Scenarios for BF-BOF route

In the EU, ES is produced with the integrated route (BF-BOF). The scenarios developed for this route
include the EU base case and a set of country-specific cases assessing the influence of national
electricity mixes and natural gas supply on the carbon footprint of ES production. The EU countries
analysed are, as for the other RPs, Germany, France, and Poland.



In addition to these scenarios for the EU, the average and top 10% most efficient greenhouse gas
(GHG) emission intensities of installations covered under the EU-ETS were calculated based on
verified ETS data.

For non-EU countries, the analysis builds upon the default values established under the CBAM to
construct a more representative PCF profile of non-EU installations. Countries with available CBAM
default values that are included in the analysis are India, China, South Korea, Japan and Russia.

The results for each scenario are summarised in Table 28.

Table 28. BF-BOF reference installation scenarios for ES

Scenario kg CO.eq/t ES

EU

BF-BOF (EU base case) 3,201
BF-BOF (Germany) 3,269
BF-BOF (France) 3,055
BF-BOF (Poland) 3,695
BF-BOF EU-ETS average all installations 3,319
BF-BOF EU-ETS average 10% most efficient installations 3,008
Non-EU

BF-BOF (China) 3,887
BF-BOF (India) 5919
BF-BOF (Japan) 4,032
BF-BOF (South Korea) 3,721
BF-BOF (Russia) 5,568

Assumptions:

- The BF-BOF EU base case from Task 4 is used as the model reference. However, unlike Task
4, where the economic allocation is applied to distribute impacts among co-products, the
revised BF-BOF EU base case for developing classes of performance removes the economic
allocation to align with EU-ETS and CBAM rules, assigning no environmental burden to co-
products. As a result, all processes emissions are attributed to the main product, leading to
a higher CO; footprint per tonne of ES and eliminating the "credits" previously granted to
co-products.

- For BF-BOF scenarios for Germany, France, and Poland, all parameters and process configu-
rations are consistent with the EU base case, except for the country-specific datasets for
electricity mix and natural gas supply, which were replaced to reflect national conditions.

- For BF-BOF scenarios for non-EU countries (India, China, South Korea, Japan and Russia),
PCF is calculated starting from the CBAM default values for each country and the corre-
sponding CN code (Vidovic et al., 2023), matching them with the CN codes identified in Task
3 for each RP. Additional emissions sources not included in the CBAM scope were incorpo-
rated, in line with the ongoing PCF method. These additional emissions are mainly related to
coke production, input materials and alloys.

- The EU-ETS benchmarks include coke, sinter, and pellet (under the Aggregated Iron Ore
Benchmark), and pig iron and slab (under the Hot Metal Benchmark). The calculations
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considered two values?®: the EU-ETS average GHG emissions intensity of the 10% most
efficient installations in 2016/2017; and the EU-ETS average GHG emissions intensity of all
installations in 2016/2017. Additional GHG emissions outside the EU-ETS scope, such as
raw material mining and transport, electricity generation, waste management, secondary
material use, and hot rolling process, were incorporated following the ongoing JRC PCF
method.

For EU scenarios, from the results it is possible to observe how the regional electricity mix
influences the results. As already seen for the other RPs, if total carbon emissions of the EU base
case are taken as comparison, the emissions in France are 5% lower, thanks to the reliance on
nuclear energy, while the emissions in Poland are 15% higher, mainly due to the coal-intensive
electricity mix. The carbon emissions of the scenario for Germany are in between, with a 2%
increase with respect to the EU base case. The impact of electricity on emissions is more
pronounced in the ES scenarios than in the HRC scenarios. This is attributed to the higher electricity
demand for manufacturing ES after the slab production stage, as the electricity used for slab
production is provided by the integrated power plant (as in the case of the other RPs). This analysis,
although not a formal sensitivity analysis, highlights the importance of considering regional
electricity mix differences, as modifying the emissions from the electricity mix can lead to
substantial variability in results.

4.2 Scenarios for DRI route

In the scenario definition, ES production via the DRI route is also included. At present, this
technology route is not used for producing ES either in EU or non-EU countries.

For the EU, the scenarios developed for this route represent future configurations with improved
environmental performance compared with today’s production in the integrated route. To define
them, the projected technology pathways for the 2035 and 2050 base cases have been considered,
including the expected expansion of DRI capacity based on natural gas (NG-DRI) and, more
prominently, hydrogen-based DRI (H2-DRI), which is anticipated to become a key decarbonisation
technology for primary steelmaking.

The EU scenarios include (Table 29):
e ES produced using 100% sponge iron from NG-DRI,
e avariant of NG-DRI equipped with carbon capture and storage (CCS),

e a H2-DRI scenario where ES is produced using 100% sponge iron from H2-DRI and 100%
renewable electricity,

e two scenarios reflecting a future DRI-SMELT-BOF route in Germany (one based on natural
gas and the other on hydrogen), and

e ascenario in which the most energy-intensive stage—ironmaking via DRI—is offshored to
regions with lower energy costs (e.g. Egypt), while steelmaking through EAF is carried out in
the EU.

2% policy ets allowances bm curve factsheets en.pdf
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Table 29. DRI reference installation scenarios for ES.

Scenario kg CO.eq/t ES

EU

NG-DRI (EU) 2,345
NG-DRI with CCS 1,960
H2-DRI (100% RES) 1,278
NG-DRI-SMELT-BOF (Germany) 2,641
H2-DRI-SMELT-BOF (Germany) 1,737
DRI (outside EU) + EAF (EU) 2,404

Assumptions :

- NG-DRI (EU): In this scenario, ES is produced from EAF slabs made entirely from sponge iron
produced via NG-DRI process. EU datasets for electricity and natural gas have been used.

- NG-DRI with CCS: this scenario follows the same configuration as NG-DRI but assumes the
application of CCS in the DRI process (Nicholas and Basirat, 2024). CCS is assumed to
capture 0.3 tCOy/t sponge iron. EU datasets for electricity and for natural gas have been
used.

- H2-DRI (100% RES): in this scenario ES is modelled from EAF slabs produced entirely with
sponge iron from H2-DRI process. Electricity supply is modelled using 100% renewable
electricity dataset. For all processes, except for the DRI, EU dataset for natural gas (for
example in the EAF process) have been used.

- NG-DRI-SMELT-BOF Route: This scenario reflects a future production plant in Germany,
where sponge iron from NG-DRI will replace pig iron in the BOF process. The same
assumptions applied for HRC (Section 1.3) remain valid for this scenario. It is assumed that
slab is produced in a BOF using 86% of sponge iron from NG-DRI and 14% of metal scrap.
Germany’s datasets for electricity and for natural gas have been used.

- H2-DRI-SMELT-BOF Route: this scenario mirrors the previous one but assumes that sponge
iron is produced via H2-DRI. It is assumed that the slab is produced in a BOF using 86% of
sponge iron from H2-DRI and 14% of metal scrap. Germany’s dataset for natural gas and
100% RES electricity have been used.

- NG-DRI-EAF Route (Egypt Scenario for Natural Gas DRI): this scenario a configuration in
which the DRI ironmaking stage is offshored to Egypt, where sponge iron is produced via
NG-DRI. The sponge iron is then imported into the EU, where the subsequent steelmaking
steps, EAF steelmaking and ES production, take place. It is assumed that the slab is
produced in the EU with 80% sponge iron from Egyptian NG-DRI and 20% metal scrap. For
modelling the NG-DRI stage, Egypt-specific electricity and natural gas datasets are used,;
for modelling EAF and HRC processes in the EU, EU electricity and natural gas datasets are
applied.

4.3 Summary of scenarios

Table 30 presets a summary of the scenarios described in the previous sections and Figure 21
shows the results of the analysis from the highest to the lowest carbon footprint for ES scenarios.
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Table 30. Reference installation scenarios results for ES.

Scenario

BF-BOF
(EU base case)

BF-BOF
(Germany)

BF-BOF
(France)

BF-BOF
(Poland)

EU-ETS
average GHG
emissions
intensity of the
10% most
efficient
installations
(BF-BOF)
EU-ETS aver-
age GHG
emissions in-
tensity of all
installations in
2016/2017
(BF-BOF)
BF-BOF
(China)

BF-BOF (In-
dia)

BF-BOF (Ja-
pan)

BF-BOF
(South Ko-
rea)

BF-BOF
(Russia)

Description of the scenario

ES is manufactured from slab

produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

ES is manufactured from slab

Produced in a BOF using

14.2% scraps + 85.6% pig iron from BF + 0.2%
sponge iron from NG-DRI

ES is manufactured from slab produced in a BOF
using 14.2% scraps + 85.6% pig iron from BF +
0.2% sponge iron from NG-DRI

ES is manufactured from slab produced in a BOF
using 14.2% scraps + 85.6% pig iron from BF +
0.2% sponge iron from NG-DRI

EU ETS benchmark GHG emissions (of the 10%
most efficient installations) for coke, aggregated
iron ore and hot metal + additional GHG
emissions (Raw materials extraction and supply,
electricity, waste, secondary materials and hot
rolling process).

EU ETS benchmark GHG emissions (average
GHG emissions intensity of all installations in
2016/2017) for coke, aggregated iron ore and
hot metal + additional GHG emissions (Raw ma-
terials extraction and supply, electricity, waste,
secondary materials and hot rolling process).

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.

ES is manufactured from slab produced in a
BOF. CBAM default values (scope 1 and 2 emis-
sions) have been used and completed to cover
all life cycle emissions.
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Datasets (for electricity
and natural gas)

EU mix for electricity and
natural gas

Germany datasets for elec-
tricity and natural gas

France datasets for elec-
tricity and natural gas

Poland datasets for elec-
tricity and natural gas

EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

China’s dataset for natural
gas has been used

India’s dataset for natural
gas has been used

Japan’s dataset for natural
gas has been used

South Korea’s dataset for
natural gas has been used

Russia’s dataset for natural
gas has been used

Result

(kg
COzeqlt ES

)

3,201

3,269

3,055

3,695

3,008

3,319

3,887

5,919

4,032

3,721

5,568



NG-DRI (EU)

NG-DRI+ CCS

H2-DRI (RES)

NG-DRI-
SMELT-BOF
(Germany)

H2-DRI-
SMELT-BOF
(Germany)

DRI (outside
EU) + EAF (EU)

ES is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI

ES is manufactured from slab produced in an
EAF entirely from sponge iron from NG-DRI. CCS
is applied to NG-DRI process

ES is manufactured from slab produced in an
EAF entirely from sponge iron from H2-DRI.
100% RES is used.

ES is manufactured from slab produced in a BOF
entirely from sponge iron from NG-DRI

ES is manufactured from slab produced in a BOF
entirely from sponge iron from H2-DRI

ES is manufactured from slab produced in an
EAF in the EU from 20% scrap + 80% sponge iron
from NG-DRI imported from Egypt
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EU mix for electricity and
natural gas

EU mix for electricity and
natural gas

100% RES dataset for elec-
tricity for H2-DRI; and EU
dataset for natural gas and
for electricity for other pro-
cesses.

100% RES dataset for elec-
tricity for NG-DRI; EU da-
taset for natural gas and for
electricity in hot rolling

100% RES dataset for elec-
tricity for NG-DRI; EU da-
taset for natural gas and for
electricity in hot rolling

Egypt datasets for electric-
ity and natural gas for DRI
process and EU datasets
for slab and HRC processes

2,345

1,960

1,278

2,641

1,737

2,404



Figure 21. overview of the climate change impacts for ES in the selected scenarios.
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