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Abstract

In the context of the Ecodesign for Sustainable Product Regulation (ESPR), the European
Commission has prioritised the work on specific products, starting from iron and steel products,
which constitutes the first intermediate product addressed within the ESPR framework. This report is
part of the Preparatory Study for Iron and Steel Products, which aims to provide environmental and
techno-economic background on steel products to support future discussion on EU product policies
with scientific evidence and lay the ground for a possible future Delegated Act for iron and steel
products.

As part of the preparatory study, the carbon footprint of five steel intermediate products has been
assessed through an in-depth life cycle assessment (LCA) based on PEF (Product Environmental
footprint). The representative products are wire rod, hot rolled coil, galvanized cold rolled coil,
electrical sheet and stainless steel and have been chosen on the basis of the analysis and criteria
performed in Task 3. This document presents the assumptions behind the LCA, the model, the
preliminary results and hotspot analysis for each representative product. Among other things, the
present document outlines key methodological elements such as the declared unit, system
boundaries and cut-off criteria used in the assessment.

The system boundary considered in this study is cradle-to-gate, and includes raw material
extraction, acquisition, and the manufacturing of products. It explicitly excludes use phase,
distribution, and end-of-life stages. As a result, product performance and functionality in final
products are not directly evaluated, as the assessment does not consider the potential use of
products across different material and application sectors (e.g., construction, automotive). This is
aligned with the defined scope of the study, which focuses solely on production-related impacts of
intermediate steel products.

The LCA results, mainly focused on the climate change impact category (expressed in kg CO,
equivalents), revealed substantial variability across the products placed in the EU market. The
estimated carbon footprint (cradle-to-gate) for 1 tonne of product placed on the EU market was
1,248.7 kg CO.eq for wire rod, 1,839.7 kg CO,eq for hot rolled coil (HRC), 2,153.8 kg CO,eq for cold
rolled coil galvanized (CRCG), and 3,016.6 kg CO,eq for electrical sheet. Stainless steel showed the
highest impact, estimated at approximately 3,300 kg CO.eq. These results are based on data from
steel industry stakeholders and on assumptions jointly agreed upon with them, and can be
considered representative of EU manufacturing processes for the five types of intermediate steel
products as of the year 2022. However, a comparative assessment of the 5 representative products
cannot be conducted, as these products are not explicitly defined to share the same scope,
properties, or functional requirements.

The hotspot analysis identified distinct primary emission drivers based on the manufacturing route.
For products manufactured via the integrated primary (BF-BOF) route, the production of pig iron
was the largest contributor to slab emissions (75%). In the secondary (EAF) route, electricity
consumption accounted for nearly a third of slab emissions (28.4%), followed by alloys contribution
(20%). Specifically, for stainless steel, alloys production was the dominant factor, contributing 72%
of the total CO, emissions.

Products imported into the EU generally exhibit higher emissions compared to those produced in the
EU. This difference is particularly pronounced for EAF products, due to the higher carbon intensity of
the global electricity mix with respect to the carbon intensity of the EU electricity mix.



This LCA enables us to comprehend the emissions associated with steel production and identify the
contribution of each process and input material to overall emissions. Furthermore, it allows us to
distinguish between steel products and their origins, albeit the models for EU and imported
productions differ only in a limited number of variables, specifically emissions related to electricity
consumption and those resulting from the origin of raw materials. The next steps involve developing
a methodology to categorize steel products into classes of performance based on their carbon
emissions, and applying this methodology to steel products starting from the intermediate steel
products analysed in this report. The results of the LCA will inform both the development of the
methodology and its application to steel products, providing a robust and scientifically sound basis
for the analysis.
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1 Introduction

In the framework of the preparatory study for iron and steel products, which provides the techno
economic analysis to set the basis for a possible future Delegated Act for iron and steel products
under the Sustainable Products Regulation (ESPR) (Regulation (EU) 2024/1781), this report presents
the results of a life cycle assessment (LCA) of the five representative steel intermediate products,
as defined in Task 3 of the study. The selection of these products was guided by the following
criteria:

e EU Apparent Consumption: Total volume of the product consumed within the EU.
e EU Production: Domestic production levels within the EU.
e EU Supply Dependencies: Evaluated through the product’s import reliance.
e Environmental Impact: Estimated CO; emissions per tonne of steel produced.
e Targeted Economic Sectors: Relevance to key industries reliant on steel.
The five products selected for LCA analysis are:
e Hot-rolled coil
e Cold-rolled galvanized coil
e Rod and wire rod
e Stainless steel
e Electrical sheet

Following the MEErP methodology (European Commission, 2011), average products placed in the EU
market were defined for the five product categories. These averages constitute the “base case” to

be modelled. The objective of the LCA is to provide a quantified assessment of the environmental
impacts of the average products, and to identify the main hotspots and opportunities for
improvement. The outcomes of this analysis are expected to support the definition of improved
design options, which in turn may inform the setting of ecodesign requirements. Furthermore, they
provide a basis for assessing the implications and impacts of policy interventions at the EU level, as
well as for the development of performance classes.

The LCA focuses primarily on the climate change impact category, expressed in kg CO, equivalents.
It was carried out mainly using the Product Environmental Footprint (PEF) methodology, with a
cradle-to-gate system boundary and a declared unit of 1 tonne of steel intermediate product. Since
the use phase is excluded from the system boundary, final product performance, functionality, or
application-specific requirements are not assessed in this report. This is because the study cannot
consider the potential use of these products across application sectors (e.g., construction,
automotive, etc.). The exclusion aligns with the study’s defined scope, which is limited to production-
related environmental impacts. Additionally, a comparative assessment of the five representative
products is not conducted, as they are not standardized to share identical scope, properties, or
functional criteria.

Life Cycle Inventories (LCls) were developed in collaboration with external stakeholders and
supplemented by a literature review to ensure robust data representation. To better represent the
current state of the steelmaking industry, the LCA was conducted by modelling the production of


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1781&qid=1719580391746

each representative product via both the primary (BF-BOF) route and the secondary (EAF) route.
Additionally, both global and EU production have been modelled. As a result, five models were
produced or each product and then aggregated to determine the LCA results of the base cases:

e Domestic Production: Manufacturing within the EU via the BF- BOF and via the EAF routes.

e Imported Production: Production outside of the EU Europe, followed by import into the EU
(i.e. transport), via the BF- BOF and via the EAF routes.

e Market Placement: Steel products placed on the EU market (shares between domestic and
imported production).

Finally, a contribution analysis was conducted to identify key environmental hotspots and drivers
across the product lifecycle.

The outcomes of this analysis are expected to support the definition of improved design options,
which in turn may inform the setting of ecodesign requirements. Furthermore, they provide a basis
for assessing the implications and impacts of policy interventions at the EU level, as well as for the
development of performance classes.

The report is organized into six sections. Section 1 introduces the report by outlining its objectives
and explaining the criteria used to select the five intermediate steel products under study. Section 2
provides a comprehensive overview of the steelmaking processes, including the primary (BF-BOF)
and secondary (EAF) routes, and emerging direct reduction technologies. Section 3 focuses on Life
Cycle Assessment (LCA) Modelling, detailing the methodology and scope, defining the system
boundary, addressing co-product allocation, and clarifying the use of the Circular Footprint Formula
(CFF) for waste modelling. It also describes the data collection process for steel produced in the EU
and that which is imported. In Section 4, the report presents quantitative LCA results, accompanied
by a thorough contribution analysis for each of the representative steel products. Section 5 offers a
broader discussion of the findings. Finally, Section 6 provides the conclusions of the study,
summarizing the key insights and recommending future directions.



2 Steelmaking processes

Two main routes are considered in this report for the production of steel: the blast furnace/basic
oxygen furnace route, and the direct melting of scrap (electric arc furnace):

e The primary route, also known as the integrated steelmaking process, which produces steel
from iron ore; this route encompasses the integrated blast furnace and basic oxygen furnace
processes (BF-BOF).

e The secondary route, also known as the scrap-based steelmaking process, where steel is
made from scrap melting; this route involves producing crude steel by remelting steel scrap
in the electric arc furnace (EAF).

The main output of these processes is liquid steel, a product that can be further processed as crude
steel semi-finished products (slabs, blooms, or billets), while additional thermal, mechanical and/or
chemical treatment can be applied depending on the requested properties of the finished steel
products ready to be sold in the market.

A promising technology is the direct reduction route that produces sponge iron* thanks to a direct
reduction of high-Fe content (>65%) iron ores by reducing agents such as natural gas or hydrogen.
The output is then sent to an EAF or BOF to produce crude steel. We refer to Task 3 report (Blanco
Perez et al., 2024) for an in-depth analysis of the current state of steelmaking production routes in
the EU and of the potential future developments.

Understanding the various steelmaking production routes is crucial for assessing the environmental
impacts associated with steel production. The primary and secondary routes, as well as emerging
technologies like direct reduction, play significant roles in determining the steel industry's footprint.
To quantify these impacts, a thorough analysis of the production process is necessary. This report
aims to provide such an analysis, focusing on the environmental impacts of steel production from
raw material extraction to the manufacturing of intermediate steel products.

2.1 The integrated primary route

The process routes of an integrated steelworks considered in this report are shown in Figure 1. This
figure provides a schematic overview of the main material inputs and outputs of process-related
emissions and residues for each stage of the production route.

1 Sponge iron: It is the product of reducing iron oxide in the form of iron ore and steel plant wastes into metallic iron,
below the melting point of iron and typically in the range of 800-1200 °C. Also known as direct reduced iron (DRI).
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Figure 1: Overview of the process routes of an integrated steelworks.
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In an integrated steelwork, the blast furnace is the main operational unit where the primary
reduction of oxide ores takes place leading to liquid iron, also called ‘hot metal’. Other processes are
needed to prepare the burden fed to the blast furnace and to further process the liquid iron. An
important feature of integrated steelworks is the management of residues with the application of
processing techniques designed to retain and reuse, as much as possible, all the useful components
contained in residues within the steelmaking process. Most of the residues have in fact a high
content of iron, carbon, calcium and other useful components and can replace primary raw
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materials (Remus et al,, 2012). An integrated steelwork can therefore be modelled though the
components described here below.?

2.1.1 Sinter plant

In the sinter plant, iron ore is prepared to be used in the blast furnace. Iron ore fines (dust),
recycled iron-bearing materials (dust, mill scales) and additives (e.g. lime, olivine) are agglomerated
at high temperatures to produce sinter, a material suitable for use in blast furnaces. Coke breeze
(coke fines) is the most commonly used fuel for the sintering process; alternatively, also anthracite
can be used. Blast furnace gas or coke oven gas produced onsite may be used in sinter plants.

e Sinter is typically produced at the steelworks site: it allows solid wastes to be recycled, e.g.
coke breeze is available at the steelworks for use as a fuel; plus, sinter is prone to
degradation during transport and handling (Remus et al,, 2012).

e QOperation of sinter plants produces carbon dioxide emissions from oxidation of the coke
breeze and other inputs. Off gas from sinter production also contains methane and other
hydrocarbons.

e Inputs to the process are raw materials (Iron ores, solids and screenings, flux material,
limestone, residues containing lime, carbon and iron, olivine); energy (Gas such as COG, BF
and natural gas, electricity, coke and coke breeze); water; auxiliaries (compressed air).

e QOutputs of the process are sinter; waste heat; off-gases; wastewater; residues (sinter dust
and sludge).

e An example of input and output data for sinter plants is available in Remus et al. (2012).

2.1.2 Pelletisation plant

In the pelletisation plant, iron ore is prepared in pellets to be used in the blast furnace. Pellets are
formed from the raw materials (fine ore and additives) into 9-16 mm spheres using very high
temperatures; processing is mainly carried out at the site of the mine or its shipping port (Remus et
al,, 2012). Natural gas or coal may be used as fuel; for pelletisation plants located onsite at an
integrated iron and steel facility, coke oven gas may be used as a fuel.

o Pellets are nearly always made from one well-defined iron ore or concentrate at the mine
and are transported in this form (Remus et al,, 2012). In the EU, there is only one
integrated steelwork which includes a pelletisation plant (in the Netherlands).

e Inputs to the process are raw materials (iron ore, residues that contain iron, such as coke
breeze); energy (process gases, electricity, coal, coke breeze, oil); water; additives (such as
olivine, limestone, bentonite).

2 Reference for terms and definitions: https://www.eurofer.eu/about-steel/learn-about-steel/fag-and-glossary-of-steel-
terms and https://worldsteel.org/about-steel/glossary/.
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e QOutputs of the process are pellets; waste heat; off-gases; wastewater; residues (dust and
sludge).

e An example of input and output data for pellet plants is available in Remus et al. (2012).

2.1.3 Coke oven plant

A coke oven plant is an industrial facility designed to thermally treat coking-grade bituminous
coal under anoxic conditions to produce metallurgical coke, a critical reductant and structural
support material in blast furnace operations for iron production. The process involves heating coal
to high temperatures (around 1,000-1,250°C) in ovens, removing volatile matter and impurities,
leaving solid, carbon-rich material called coke, with higher calorific value and mechanical properties
than coal. Coke oven gas is a by-product of the coke manufacturing to produce iron and steel.

e (Coke is the most important reducing agent in hot metal production: it removes the oxygen
either indirectly by forming carbon dioxide or directly using its inherent carbon content. The
gasification of the coke also serves to supply the heat necessary for the reduction process.
Coke functions both as a support material and as a matrix through which gas circulates in
the stock column. For these reasons, coke cannot be wholly replaced by coal or other fuels.

e Inputs to the process are raw materials (coal, other materials such as petrol coke and
rubber tyres, oil); energy (COG, natural gas, electricity, BF gas); water; auxiliaries (oil,
refractories).

e QOutput of the process are material products (e.g. coke, coke breeze, raw tar, sulphur,
ammonium sulphate, light oil (BTX), benzene); waste heat; off-gas; wastewater; residues
(dust, tar sludge, water sludge).

e An example of input and output data for coke oven plants is available in Remus et al.
(2012). Coke oven gas may be burned to heat coke ovens or transferred onsite in an
integrated plant and used in other production processes. Coke oven gas may also be
transferred off site (e.g., into the natural gas distribution system) and used as an energy
source.

2.1.4 Blast furnace

A blast furnace (BF) is a closed system into which iron-bearing materials (alternate layers of coke
and a mixture of sinter and/or pellets, lump ore and fluxes), additives (such as limestone) and
reducing agents (i.e. coke) are continuously fed from the top of the furnace shaft through a
charging system that prevents escape of blast furnace gas (BF gas). In the furnace, the iron ore is
increasingly reduced and liquid iron and slag are collected at the bottom of the furnace, where they
are tapped from.

e Hot metal, also known as pig iron, is the molten iron produced in a blast furnace. It is
essentially a carbon-saturated solution of iron, containing significant amounts of carbon
(around 4-5%) and other elements like silicon, manganese, sulphur, and phosphorus. Most
of the pig iron / hot metal from BF is used for steel production before it solidifies. A smaller
part is cast into ingots, which are later used for the production of cast iron.

e The main reducing agents in a blast furnace are coke and pulverised coal forming carbon
monoxide and hydrogen which reduce the iron oxides. Coke and coal also partly act as a
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fuel. In many cases, additional reducing agents/fuels are supplied by the injection of oil,
natural gas and (in a few cases) plastics. A hot blast provides the necessary oxygen to
form the carbon monoxide (CO), which is the basic reducing agent for the iron oxides.

The slag from the blast furnace is granulated, pelletised, or tapped into slag pits. The slag
granules or pellets are usually sold to cement manufacturing companies. Slag from pits
can also be used in road construction.

After cleaning, the BF gas is used as a fuel after enriching with coke oven gas, basic
oxygen gas or natural gas, which have higher heating values. BF gas is used in low-
temperature processes such as the blast furnace itself (hot blast stoves) and the coke oven
plant (under firing). Remaining BF gas can be used in the power plant to produce electrical
power and process steam. Furthermore, BF gas can be enriched with BOF gas in order to
improve the calorific value.

The inputs to the BF are raw materials (iron ores, coke, graded sinter, pellets, coal, heavy
fuel oil and suitable hydrocarbon sources); energy (process gases (COG, BOF), electricity,
oxygen); water; auxiliaries (dolomite, limestone, olivine, refractories) (Remus et al., 2012).

Output of the process are products (hot metal, BF gas, electricity, granulated BF slag);
waste heat; off-gas; wastewater; residues (BF dust, BF shop dust, sludge from BF gas
cleaning, BF slags, ladle slurry, waste refractories).

An example of input and output data for BF is available in Remus et al. (2012).

2.1.5 Basic oxygen furnace

The liquid iron from the blast furnace (hot metal) is transported to a basic oxygen furnace, where
the carbon content (approximately 4%) is lowered to less than 19%, thereby resulting in steel.
Upstream ladle desulphurisation of the hot metal and downstream ladle metallurgy of the steel is
generally applied in order to produce steel with the required quality. On leaving the BOF, the liquid
steel is cast either into ingots or by means of continuous casting. In some cases, vacuum degassing
is applied in order to further improve the quality of the steel.

In the BOF the objective is to oxidise the impurities contained in the hot metal feedstock.
The main elements thus converted into oxides are carbon, silicon, manganese and
phosphorus. Sulphur content is mainly reduced during pretreatment of the hot metal. The
purpose of this oxidation process is to reduce the carbon content to a specified level, to
adjust the contents of desirable foreign elements, to remove impurities to the greatest
possible extent.

Together with molten iron, metal scraps are added in small quantities (190-300 kg/t of
steel comes from scrap, even higher quantities are possible according to Remus et al.,
2012) to balance heat in the furnace. The amount of scrap charged depends on the
pretreatment given to the hot metal and to regulate the liquid steel tapping temperature.

Alloying agents are also added to the melt to obtain a precision adjustment of steel
composition (e.g. Fe/Ni, Fe/Mo, Fe/Mn, Fe/Cr) in a range of 1.3 — 33 kg/t of steel (Remus et
al, 2012)

Once the final steel quality has been achieved, the steel is conveyed in a casting ladle to
the casting machines. Slabs are the most common product obtained from the BOF route.
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e Inputs are raw materials (Hot metal, coke, scrap, iron ore, alloys); energy (BF and CO gas,
natural gas, electricity, ethene, steam, other); water; auxiliaries (desulphurisation additives,
fluxes, Oxygen, Nitrogen, Argon, lubricating oil).

e Qutputs are the steel products (cast in Slabs, Blooms, Billets, Ingots, plus BOF gas and
Slags); waste heats; off-gas; production residues.

o An example of input and output data for coke oven plants is available in Remus et al.
(2012).

Finally, steel is cast into various forms, such as sheets or coils, and undergoes further processing like
rolling or coating based on its intended use. Casting products, whether ingots, slabs, billets or blooms,
are subsequently processed in rolling mills and product finishing lines to prepare them for the market.

2.2 The secondary route

The direct smelting of materials which contain iron, such as metal scrap, is usually performed in
electric arc furnaces (EAF), operated via electricity. The process routes of an EAF steelworks
considered in this report are shown in Figure 2. The figure gives a schematic view of the main
material inputs and outputs of process-related emissions and residues for each stage of the
process route.

Figure 2: Overview of the process routes of an electric arc furnace steelmaking.
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Source: Remus et al., 2012.

The major feedstock for the EAF is metal scrap, which may be comprised of scrap from inside the
steelworks, cut-offs from steel product manufacturers (e.qg. vehicle builders) and capital or post-
consumer scrap (e.g. end-of-life products).

Ferroalloys may be used as additional feedstock in greater or lesser quantities to adjust the desired
concentrations of non-ferrous metals in the finished steel.

Steel scrap includes impurities besides the pure iron. These impurities currently limit the use of
secondary to the production of low value steel grades, such as bar steel in construction. Steel
properties can be improved during the secondary steel making process by adding a small amount of
coal and lime in the EAF in order to produce slag that removes the impurities. However, this
approach is limited, because copper contamination in steel scrap cannot be removed with existing
technologies and finished steel products allow only certain levels of copper content, depending on
their intended use (IEA, 2020). Better product design, scrap sorting and most importantly flexible
charging of shares of DRI/HBI in the EAF in addition to scrap could improve the suitability of scrap-
based steel for use in higher-value steel products.

For high alloyed and special steels, the operation sequence is more complex and tailor made for the
end-products. The process is split in two steps: melting in an EAF and decarburisation in an AOD or
VOD process. The decarburisation is followed by various ladle treatments (secondary metallurgy)
such as: desulphurization and degassing for the elimination of dissolved gases like nitrogen and
hydrogen.

e The main iron source for an EAF, is scrap. Hot metal and DRI are used by a rather small
number of operators, generally in a rather sporadic fashion. Thus, it is difficult to indicate
representative ranges. Hot metal and DRI might be used to adjust composition for some
particular steel grades. In some instances, the input of DRI or hot metal might also be due
to economic reasons.

e Alloying elements include nickel, FeCr and FeSi. Their production is quite energy intensive
and may have big differences in carbon footprint depending on the production site.

e The inputs to the EAF are raw materials (scraps, sponge iron, lime, coal); energy (electricity,
oxygen, coal, gas, liquid fuel oil); water; auxiliaries (alloying metal, graphite electrode, lining,
inert gas) (Remus et al,, 2012).

e Qutput of the process are steel melt; recovered heat; off-gas; wastewater; residues (dust,
slags, refractory materials) (Remus et al., 2012).

e Examples of input and output data for EAF plants are available in Remus et al. (2012), and
in Gyllernam and Wei (2022) for the production of stainless steel.

2.3 Direct Reduction of iron

Direct Reduction of Iron (DRI) is an innovative process used in steelmaking that reduces iron ore
to metallic iron without the need for melting. This process involves the use of reducing gases such
as hydrogen and carbon monoxide, derived from natural gas or coal, to directly convert iron ore into
sponge iron, which retains a porous structure. The sponge iron produced can be easily integrated
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into EAF® and BOF* for further processing, making it compatible with existing steel recycling and
refining technologies.

e DRIl operates at lower temperatures and offers the potential for significantly reduced
carbon dioxide emissions, especially when utilizing natural gas or hydrogen instead of coal.

e Natural gas is generally the main source of reducing gas, and DRI produced using natural
gas has significantly lower CO, emissions than DRI produced using coal. In 2023,
approximately 68.5% of the DRI produced was natural gas-based, whereas the remaining
was coal-based (Midrex, 2024). In this report only natural gas-based DRI is considered.

e The primary inputs for the DRI manufacturing process include the raw materials which are
iron ore in the form of pellets or lump ore, reducing gases, such as natural gas and H,, and
energy (Battle and McClellan, 2011; GlIZ, 2025) Additional auxiliary materials to the process
include water, nitrogen, MDEA, and dolomite.

e The main output is DRI, which can vary in carbon content from 0% to 4% (based on the
reducing gases used) (Battle and McClelland, 2011). Metallization typically reaches around
949%. CO; emissions are a significant output, with an extensive range per amount of final
product obtained, varying based on the reducing gas used., with near-zero emissions
achievable for 100% hydrogen. Wastewater is also generated in the reduction process (GIZ,
2025).

e An example of Input and Output data is available in Battle and McClelland (2011).

3 The sponge iron produced in the DRI plant is transported to the EAF, where it is melted and refined alongside or in place
of scrap. The resulting molten steel, with controlled composition and low impurities, is then tapped and cast into the
desired steel products.

4 The sponge iron produced in the DRI plant is transported to the smelter, where it is melted and refined. The resulting
liquid hot metal, chemically and thermally comparable to that produced by a blast furnace, is then fed into the
existing BOF for further processing.
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3 LCA modelling

3.1 Goal and scope

3.1.1 Goal definition

The goal of this study is to evaluate the environmental footprint of specific intermediate steel
products currently placed in the EU market, thus modelling a base case scenario for steelmaking.
The aim is to provide information on the lifecycle environmental performance. More specifically,
even if the results for all the environmental categories are provided in Annex 5, detailed analysis of
the result is carried out in terms of carbon emissions of products. The findings will contribute to the
ESPR preparatory study and ultimately guide policy formulation aimed at enhancing the
sustainability of products within the EU market.

3.1.2 Products in scope

Five representative intermediate steel products (RPs) are analysed in this study, as illustrated in
Figure 3. We model the current steelmaking processes of these 5 RPs, following the assumptions
presented in this entire section. This modelling represents the base case in the analysis. The
products were selected based on criteria outlined in the report for Task 3 (Blanco Perez et al., 2024),
which includes: EU apparent consumption, EU production, EU supply dependencies (assessed
through import reliance), estimated CO, footprint per tonne of steel products, and the economic
significance of steel end-use sectors. The five representative products encompass both long
products, such as wire rods, and flat products, such as hot rolled coils or electrical steel. Figure 3
also indicates the primary production routes (BF-BOF) and secondary production route (EAF) for
each product.

Four out of five RPs are carbon steels (with alloy content lower than 2%), while stainless steel is a
high alloy steel.

Figure 3: The five representative products selected for the ESPR preparatory study on iron and steel.
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Source: Blanco Perez et al, 2024

3.1.3 Declared unit

Within the scope of this study, the declared unit is the production of 1 tonne of the intermediate
steel product placed on the European market, i.e. considering the consumption of EU produced steel
and the import from outside EU. In this report, a declared unit is used instead of a functional unit
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because the latter is challenging to define. This is due to the products' potential to fulfil multiple
functions and the incomplete understanding of their entire life cycles, particularly for intermediate
products.

3.1.4 System boundary

The system boundary encompasses the entire production process, spanning from raw material
acquisition (cradle), to the point at which intermediate steel products are ready to be shipped from
the steelworks or enter the EU borders for the imported steel (gate), as shown in Figure 4. Raw
materials include coal for coke making, iron ore, metal scraps and alloys. Furthermore, included
within these boundaries are all steelmaking processes, in addition to any on-site ancillary services
and upstream processes, such as energy conversion, raw material mining, material preparation and
transportation of materials to the steelworks site. This comprehensive approach considers all
necessary inputs and outputs for each process, including materials, energy carriers, emissions,
waste, co-products, and ancillary services. It excludes the manufacturing of downstream final
products, as well as their use and end-of-life stages. Consequently, product performance,
functionality, and application-specific requirements are not evaluated, as the assessment does not
consider the potential use of these products across application sectors (e.g., construction,
automotive, etc.). This exclusion aligns with the study’s defined scope, which is focused exclusively
on production-related environmental impacts of intermediate steel products. Furthermore, a
comparative assessment of the five representative products cannot be carried out, as these
products are not standardized to share identical scope, properties, or functional requirements.

As described in Section 2, steel is produced predominantly by two process routes: the blast
furnace/basic oxygen furnace route (the BF-BOF route, also known as the primary route) and the
electric arc furnace route (the EAF route, also known as the secondary route). The relevant
steelmaking technology, or its mix, used for the study shall be clearly defined for each of the
modelled representative product. The specific system boundary diagram relative to each of the five
representative products is reported in the respective section of the report.

Figure 4: System boundary for a generic representative product placed in the EU market is composed of two
main branches, one that represents the production of the RP in the EU through BF-BOF and EAF, and a second
one that represents the production of the RP outside of the EU through BF-BOF and EAF.
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Typical steel manufacturing flow diagrams via the BF-BOF route and the EAF route are shown in
Figure 4. The processes included in the analysis can be summarized as follows:
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¢ Raw and recycled materials

O

O

O

Mining of coking coal, iron ore, other ore for alloys production and other input
minerals;

Transport of the raw materials;

Sorting, collection and transport of metal scrap;

e Steel production

O

O

Production of coke;

Production of sinter;

Production of pellet;

Production of sponge iron in DRI (direct reduced iron);

Production of pig iron in BF (blast furnace);

Production of crude steel in BOF (basic oxygen furnace);

Production of crude steel in EAF (electric arc furnace);

Rolling and casting of crude steel into the desired representative steel product.

Other manufacturing processes specific to the desired representative steel
product (e.g. pickling or annealing)

The processes that are not included in the system boundary are:

e Transport of intermediate products inside the EU market (i.e. after the EU factory gate, or at
the arrival in an EU port);

e Transport of co-products beyond the gate;

e Manufacturing of final products that contain steel;

e Use and end of life of final products that contain steel.
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3.1.5 Co-products and economic allocation

The steel industry produces multiple co-products with diverse applications across the sector, other
industries, and broader society. These materials are typically utilized based on their physical or
chemical properties. A co-product is defined as any of two or more products generated from the
same unit process or product system. In the steel industry, this includes, for example:

o Blast furnace slag, a co-product of BF operations, serves as a substitute for clinker in
cement production.

e Steelmaking slag, derived from EAF and BOF processes, is repurposed as construction
aggregates for roads and soil stabilization.

e Process gases, emitted during coke oven, blast furnace, and BOF operations, are
harnessed to generate heat and electricity, often supporting on-site energy needs.

e Petrochemical co-products from coke production, such as tar, ammonia, phenol, sulfuric
acid, and naphthalene, supply critical raw materials for the chemical industry.

In systems involving multi-functional processes, where multiple products are generated
simultaneously, inputs and emissions must be distributed between the product of interest and co-
products using a systematic, transparent method. This study adopts economic allocation, which
assigns shares of inputs and outputs based on the relative market values of the main product and
its co-products, since the co-product cannot be compared on the basis of a common relevant
physical quantity (e.g. mass or energy content). System expansion was excluded to keep the focus
of the study strictly on one unit of representative product and to avoid uncertainties on substituted
products and their impacts. Economic data, primarily sourced from the CRU platform (CRU, 2025)
and Eurofer, were used to determine market values. A summary of these values is provided
together with the percentage allocation between the main product and its key co-products are
reported Table 1.
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Table 1. Assumptions for the economic allocation.

Process Product Value Source Allocation share
Coke product 0.47 €/kg | CRU 70.1%
Coke oven plant
Coke Oven Gas 0.024 €/MJ | CRU 20.2%
Tar 1 €/kg | EUROFER 6.0%
Benzene 1.39 €/kg | EUROFER 1.6%
Steam 0.035 €/MJ | CRU 1.2%
Sulphuric Acid 0.25 €/kg | EUROFER 0.7%
Ammonium Sulfate 0.40 €/kg | CRU 0.2%
. Graded Sinter 0.12 €/kg | CRU 99.8%
Sinter Hot water 0.035 | CRU 0.1%
Steam 0.035 | CRU 0.1%
Hot Metal 0.514 €/kg | CRU 84.1%
BF plant
Blast Furnace Gas 0.024 €/MJ | CRU 13.9%
Blast Furnace Slag 0.037 €/kg | CRU 1.6%
Power (Electricity from process | 0.069 €/MJ | CRU 0.4%
stages)
Steam 0.035 €/MJ | CRU <0.1%
BOF BOF Slab 0.55 €/kg | CRU 96%
Basic Oxygen Furnace Gas 0.02 €/MJ | CRU 2.2%
Steam 0.04 €/MJ | CRU 0.7%
Basic Oxygen Furnace Slag 0.04 €/kg | CRU 0.6%
Hot water 0.04 €/MJ | CRU 0.1%
EAF EAF Slab 0.55 €/kg | CRU 99%
EAF slag 0.04 €/kg | CRU 1%
SS, Slag 0.04 €/kg | CRU
Steelmaking
and casting
SS, Hot rolling | Steam 0.04 €/MJ | CRU
Hot water 0.04 €/MJ | CRU
SS, Annealing | Steam 0.04 €/MJ | CRU
and Pickling
Hot water 0.04 €/MJ | CRU

Source: CRU (2025); Eurofer (2025a).

3.1.6 Application of CFF formula and modelling of metal scrap

In the steelmaking process, metal scraps are used as a raw material both in the primary and in the
secondary routes, although the extent and purpose of their use differ between the two routes.

In the primary route, metal scraps are used as a minor component in the production of steel from
iron ore. A small amount of metal scrap, typically around 10-20% of the total charge, is added to
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the BF-BOF to help purify the steel and adjust its chemical composition. The scrap is usually high-
grade, meaning it has a high iron content and minimal impurities.

In the secondary route, metal scraps are the primary raw material used to produce steel. Scraps are
melted in an EAF, which is a type of furnace that uses an electric arc to heat and melt the metal.
The molten metal is then refined and alloyed with other elements to achieve the desired chemical
composition and properties.

To be used, scraps need to be collected and sorted, based on their composition and quality.
Eventually, also pre-processing is needed to remove any contaminants, such as dirt, oil, or other
non-metallic materials.

The steel industry generates four primary categories of scrap, each with distinct origins, reusability,
and treatment requirements, as represented in Figure 5, as from I1SO 20915-2018(E). These are
categorized as: (i) Internal scrap generated during the steelmaking processes, (ii) Home scrap, which
is generated during the steelworks such as rolling and coating processes; (iii) Manufacturing scrap
which is generated during the processing of iron and steel products, such as forming of auto
components, machining of tools and equipment parts, fabrication and production of structures and
equipment made from iron and steel etc., and (iii) End of life cycle scrap consisting mainly of scrap
generated from iron and steel containers, cans, automobiles, appliances, and construction materials
etc,, once they reach their end of life.

While only internal scrap can be recycled as it is in the steel processes without any specific
treatment, the other types of scrap require some treatment before they can be reintroduced into
the steelmaking process. In the LCA model, the internal scrap is a closed loop® recycling flow, since
it does not leave the steelmaking facility and does not require additional treatment. Home and
manufacturing scrap can be categorized as pre-consumer scrap: energy and water consumption
associated with their treatment is included in the model and defined in close collaboration with
external stakeholders. End-of-life scrap is considered as post-consumer scrap.

5 A closed loop system is a system where materials are cycled back into production, eliminating waste and reducing the
need for virgin raw materials.
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Figure 5: Origins and types of metal scraps.
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The point of substitution corresponds to the point in the value chain where recycled material
substitutes primary materials. In the present study, this point is fixed at the input of BOF and EAF
processes, i.e., at the furnace level, where scrap replaces pig iron and sponge iron (Figure 6). At this
substitution point, the Circular Footprint Formula (CFF)—as outlined in Recommendation
2279/2021a, Annex |, Section 4.4.8.13 (EC, 2021a)—is applied to quantify the environmental
impacts of recycled content in steel production. However, it is important to mention that minor
quantity of scrap is also used in BF (blast furnace) and sinter processes, and are treated using the
cut-off approach (i.e., only the impacts of pretreatment and transport of scrap are considered).
Since the amount of scrap used in these processes is negligible (around 0.17% for BF and 1.1% for
sinter) and is related to other points of substitution, the CFF does not include them.

Figure 6. Graphic representation of the point of substitution, where metal scrap replaces raw materials.
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The CFF typically integrates three components—material, energy, and disposal—as illustrated in
Figure 7. An overview of the formula and each parameter is summarized in Annex .
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Figure 7. The three components of the CFF formula

Material

Qsi .
(1 - RI)EV + Rl X (AErecyrleti + (1 - A)EV X Q_m + (1 - A)RZ X (EreryclingEaL - EV X
4

E“ergy (1 - B)RB X (EER — LHV X XER,heat X ESE,hea.t — LHV X XER,e!er: X ESE,eIec)

Disposal (1 — Ry — R3) X Ep

Source: EC, 2021a.

However, in this study, since the RPs under investigation are intermediate products, the CFF is
adapted to focus exclusively on the material substitution effect of recycled materials. This means
that the analysis focuses on the material component of the CFF, specifically the contribution of
recycled content burdens. This approach aligns with the "input material" portion of the CFF formula
and corresponds to the section highlighted in blue in Figure 8. A detailed explanation of the
approach is provided in the following sub-sections.

Figure 8. Detailed breakdown of the material part of the CFF formula.
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3.1.6.1 Allocation Factor (A)

The A factor allows distributing burdens and benefits due to recycling and primary material
substitution between the supplier and the user of the recycled material. In this study, A = 1 is
applied, which means that full benefits due to recycled material input are given to the product,
while burdens and benefits due to recycling in output are not accounted for. Setting A=1 means
that the impacts of pretreatment (i.e. electricity consumption for recycling) and transport of metal
scrap are accounted for. This assumption is consistent with the PEF methodology for intermediate
products and adheres to the system boundaries defined for RPs.

3.1.6.2 R, E.cycea and E, Parameters

Ri: is the proportion of material in the input to the production that has been recycled from a
previous system. In this specific case, R1 represents the amount of metal scrap used as input
material in BOF and EAF.
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Erecycea: This parameter represents the specific emissions and resources consumed during the
recycling process of waste. Key activities included are collection, sorting, and transportation of
scrap. Emissions from pre-treatment and transport of scrap inputs to BOF and EAF processes are
explicitly accounted for. The energy and water consumption required to treat the scrap have been
determined through close collaboration with external stakeholders.

Ev: This parameter represents the specific emissions and resources consumed arising from the
acquisition and pre-processing of primary materials. In BOF and EAF processes, primary materials
typically include pig iron and sponge iron (DRI). In stainless steel production, primary materials are
alloys (e.q., nickel pig iron for imported stainless steel). An overview of R1 and Ev is summarized in

Table 2.

Table 2: Parameters for the application of the CFF.

Production Route Secondary Material/Scrap | Primary Material (E,, %)
(Rl, %)

EAF 93.6% 5.6% sponge iron (DRI), 0.8% pig
iron (BF)

BOF 14.2 % 0.2% sponge iron (DRI), 85.6% pig
iron (BF)

Stainless steel (EU) 80% 20% alloys

Stainless steel (Imported) 17% 83% alloys and Nickel Pig Iron
(NiPi)

Source: JRC elaboration.

3.1.6.3 Modeling Pre-Consumer and Post-Consumer Scrap

The same points of substitution are considered for pre-consumer and post-consumer scraps, which
means the same input point to the furnace (both BOF and EAF) is considered, as represented in
Figure 6. Pre-consumer and post-consumer waste are treated in the same way and using the CFF
framework described above. At the moment there is no available data to model the two type of
scraps separately. For example, key variables that could vary by scrap type, and that could be
implemented if data were available, are:

Erectea: Differences in processing impacts (e.g., collection/sorting efforts for varying scrap
types).

- R; (Recycled Content): The proportion of recycled material in the production input.

3.1.7 Impact categories and assessment method

The purpose of this report is to assess the impact on climate change of steel intermediate products.
Having multiple impact categories is crucial to provide a comprehensive assessment of a product’s
environmental impacts in its life cycle avoiding burden-shifting between different impacts. Results
for all the EF impact categories are provided in Annex 5.

Only the climate change impact category is considered at this stage, expressed in terms of CO;
equivalents (COzeq) for the detailed contribution analysis.

The focus on climate change is essential due to the significant and far-reaching consequences of
climate change and to the higher level of accuracy for the inventories of GHGs emission along the
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life cycle. 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). Targeting the reduction of these emissions directly contributes to climate change
mitigation, while simultaneously addressing related environmental impacts such as ocean
acidification and biodiversity loss, both indirectly connected to global warming.

The European Union has implemented crucial policies aimed at regulating carbon emissions to
achieve climate neutrality by 2050. In the metal production sector, the two pivotal policies are the
Emissions Trading System (ETS) and the Carbon Border Adjustment Mechanism (CBAM), both relying
on the accounting of carbon emissions.

According to the Product Environmental Footprint Category Rules (PEFCR) for metal sheets
(Eurometaux, 2019), the most relevant impact categories, outlined in Table 3, establish climate
change as the most significant impact category, contributing 31.9%—rising to 34.6% when toxicity
impacts were excluded, following the superseded PEF provisions and LCIA methods. Resource use,
minerals follow as the second most important impact category.

In conclusion, the LCA conducted in this report focuses on the climate change impact category,
expressed in terms of GHG emissions.

Table 3: Contribution to total impact for the Product Environmental Footprint Category Rules (PEFCR) for
“Metal Sheets for Various Applications”.

T Contribution %
Impact category Contrlb-utlon (excluding toxicity impact
to the total impact (%) X
categories)

Climate change 31.9% 34.6%
Ozone depletion 0.0% 0.0%
Human toxicity - cancer effects 4.5% -
Human toxicity - non-cancer

effects ’ 3.5% ]
Particulate matter 6.8% 7.4%
lonizing radiation HH 0.5% 0.5%
Photochemical ozone formation 2.9% 3.2%
Acidification 4.0% 4.4%
Eutrophication - terrestrial 1.6% 1.7%
Eutrophication — freshwater 0.0% 0.0%
Eutrophication - marine 0.7% 0.8%
Ecotoxicity - freshwater 0.6% -
Land use 0.1% 0.1%
Water scarcity 0.9% 1.0%
:::est(;l,llsrce use, minerals and 27 20% 29.9%
Resource use, energy carriers 14.8% 16.3%
Total Impact 100.0% 100.0%

Source: Eurometaux (2019).
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3.1.8 Inventory, data coverage and analysis

Life cycle inventory is a process to quantify the inputs (e.g. raw materials, energy and resources)
and outputs (e.g. products, emissions and residues) for a product system and includes the necessary
data collection and calculation procedures. High-quality data is necessary to guarantee the
reliability and completeness of the LCA study.

The inventories for the five RPs have been built based on data received from stakeholders and on
data collected from the scientific and grey literature. Data are to be collected for each life cycle
phase, as identified in the system boundary, with the objectives of producing full life cycle inventory
(LCI). Geographical coverage ensures that the global production is accounted for because the model
takes into account separately the production in the EU and the production outside the EU. As for the
temporal coverage, there is more variability in the sense that it depends on the type of data
received from stakeholders. Most of the inventories are based on industry stakeholders’ data relate
to 2022, while some information from literature might have a different reference year, depending
on the specific source.

For each RP, the following inventories have been developed to better model the carbon footprint of
intermediate products placed on the EU market:

e Inventory to represent the production through the BF-BOF production route in the EU;
e Inventory to represent the production through the EAF production route in the EU;

¢ Inventory to represent the production through the BF-BOF production route outside the EU
and then imported in the EU;

¢ Inventory to represent the production through the EAF production route outside the EU and
then imported in the EU.

Inventory tables with quantities cannot be provided, due to the confidential nature of these figures.

3.1.9 Datasets

We utilized a comprehensive and hierarchical approach for choosing secondary datasets to model
reliable Life Cycle Inventories and derived Life Cycle Impact Assessment results. Our main data
source was the EF3.1 dataset, which provided the most current and environmental footprint
compliant data directly applicable to our study. When specific data points were unavailable within
EF3.1 database, we resorted to proxy datasets that could be representative of the selected
processes, thus maintaining the integrity and relevance of the data. Where neither EF3.1 nor proxy
datasets could adequately capture the required information, we consulted peer-reviewed literature,
ensuring that these supplementary data sources were credible and aligned with the established
methodology.

Despite the comprehensive approach to data sourcing, there were instances where data gaps
emerged. These have been found to be mainly related to waste treatment processes. In these cases,
we assumed that there are part of the cut-off and do not affect the results of the analysis.
Recognizing data gaps also highlights the need for ongoing data collection and refinement efforts
within the industry.

The list of all datasets, proxies and data gaps for each process is listed in Annex 6.
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3.1.10 Analysis

The analysis of the RPs was modelled using OpenLCA, a free and open-source software for life
cycle assessment. The software allows for the creation of a detailed model, including the various
processes and activities involved in the production of the RPs. The model was built using a bottom-
up approach: processes and activities were modelled separately and then linked together to form
the overall system model.

3.2 LCA modelling of base case steelmaking processes

Accurate modelling of the steelmaking industry and specifically of the five RPs is crucial. We focus
here on modelling the base case scenario thus current steelmaking processes, based on inventory
data collected from stakeholder and publications, as described in section 3.1. To ensure reliable
results, it is essential to distinguish between the steel production originating from European
steelmaking facilities and the portion imported from outside Europe. In the following sections, all
the modelling aspects of the steelmaking process are described, including the modelling of products
placed in the EU market, the transport of raw materials, and the modelling of alloys and electricity.

3.2.1 Modelling of products placed in the EU market

Products placed in the EU market include both products produced in the EU and imported into the
EU. To represent the differences in domestic production and imported, for each representative
product, four distinct models have been developed, and later aggregated in a fifth model to
represent the base case, as illustrated in Figure 9 for the example of hot rolled coil:

e Two models representing the EU production, including different shares of production
routes (BF-BOF and EAF), energy mix and supply of raw materials.

e Two models representing imports from non-European steelmaking industries into
the EU, which have different shares of production routes (BF-BOF and EAF), energy mix,
and supply of raw materials compared to EU production.

Figure 9. simplified depiction of the model for hot rolled coil highlighting the domestic and imported
components.

HRC placed in the EU

Share of import on EU
consumption

26%
(Turkey, Japan, Taiwan,
South Corea, India, ...)

Produced in the EU
74%

EAF
5%
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Source: JRC own elaboration.

It is necessary to model these two components separately because the steelmaking industries
within and outside the EU may exhibit differences in terms of technology, supply chain dynamics or
energy sources. By accounting for these differences, a more accurate representation of the EU
market is ensured and reliable results for the ESPR study are provided.

Table 4 reports for each of the five representative products, with respect to the year 2022 (data
comes from the analysis carried out for Task 3, see Blanco Perez et al., 2024), two different values
are presented:

- The ‘share of import reliance’, which estimates the EU net net-imports (i.e. import minus
export) with respect to the EU apparent consumption (sum of domestic production plus
imports minus exports). This indicator illustrates the supply import dependencies of the EU
for a given product

- The ‘share of imports’ in the EU consumption translates the percentage of the steel put on
the EU market that comes from third countries.

Since the objective of the analysis is to provide the impacts of the steel products put on the EU
market, the indicator on the ‘share of imports’ in the EU consumption was used in the calculation
for the impacts. With this indicator it is possible to separate the amount of steel products produced
in the EU and the volume of imports coming from third countries.

Table 4. Share of production via the BF-BOF or the EAF route and import reliance for the five RPs

Representative Import Share of import
product reliance in EU
consumption

Hot rolled Coil 16% 26%

Galvanised Cold | 13% 27%

rolled coil

Rod and wire rod 8% 13%

Stainless steel 18% 40%

Electrical sheet 24% 32%

Source: JRC elaboration (Blanco Perez et al, 2024).

To further enhance the accuracy of our modelling, the different production routes used to
manufacture each Representative Product should be considered and modelled. The most relevant
routes are the primary and the secondary routes, BF-BOF and EAF respectively, both for the
products manufactured in the EU and outside the EU. As reported in Task 3 of the preparatory study
(Blanco Perez et al., 2024), the EU has also installed capacity for NG-DRI-EAF however steel
production through this route is still limited and occurs only in just one steelmaking facility, while it
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is more common outside of the EU.° Due to the low volumes (max 1% of the total carbon steel
produced in the EU) produced using DRI. In the LCA model this route was not consider as an
independent route for steel production. However, a small amount of DRI was considered as an input
material of the EAF and also a negligible volume as input in the BF-BOF route.

As we model these routes independently, it is essential to determine the proportion of each product
produced via these two routes. This approach enables accurate modelling of both the production of
steel in Europe and imported steel, thereby ensuring a correct representation of the steel market.
The shares of primary and secondary production routes for each Representative Product are
reported in Table 5. These data are based on a thorough analysis of CRU platform and of Eurofer
data, covering both production within the EU and outside Europe. By combining these data sources,
we can ensure a comprehensive understanding of the steel market and its complexities.

Table 5: Share of production via the BF-BOF or the EAF route and import reliance for the five RPs’.

Representative product Production route Produced in the EU | Imported in the EU
Rod and wire rod BF-BOF 35% 65%
EAF 65% 35%
Hot rolled Coil BF-BOF 95% 92.5%
EAF 5% 7.5%
Galvanised Cold rolled coil BF-BOF 96% 96%
EAF 4% 4%
Stainless steel BF-BOF 0% 0%
EAF 100% 100%
Electrical sheet BF-BOF 100% 100%
EAF 0% 0%

Source: data collected and organized from EUROFER (2022).

3.2.2 Transport of raw materials

Steelmaking is the process of producing steel from raw materials (coal, iron ores and scrap), as
described in Section 2. The LCA model takes a comprehensive approach by considering the origin of
raw materials and their transportation to the steelmaking sites, specifically of coal for coke

& According with stakeholders’ data near 500 kt of DRI were produced in the EU and used in the production of EAF slab.
Assuming a weighted distribution of this DRI production in the case of wire rod DRI-EAF may correspond on average
of 3-4% of the wire rode production

7 As outlined in previous sections, product performance, functionality, or application-specific requirements are not
evaluated in this study, as the assessment does not consider the potential use of these products across application
sectors (e.g., construction, automotive, etc.). This exclusion aligns with the study’s defined scope, which is focused
exclusively on production-related environmental impacts of intermediate steel products. Additionally, a comparative
assessment of the five representative products is not conducted, as these products are not standardized to share
identical scope, properties, or functional requirements.

31



production, iron ore for sinter and pellet production, and metal scraps. Table 6 summarizes the
assumptions considered in the model and described in this section.

3.2.2.1 EU production

The production of steel within the EU heavily depends on imported raw materials, particularly for
the integrated route. As outlined in the previous sections, the base case scenario we are modelling
represents the year 2022

77% of the iron ore used in sinter and pellet processes is sourced from non-EU countries,
with major suppliers including Brazil, Canada, Ukraine, and Russia (from Task 2, Blanco
Perez et al,, 2024).

The remaining 23% of the iron ore used in sinter and pellet processes originates from the
EU.

As for coal for coke making, 66% is imported from Australia, USA, Russia, and Canada, with
an average transport distance of 16,183 km (Annex 3 for the method).

The remaining 34% of coal for coke making originates from the EU.

As for scrap, it is assumed that it is entirely sourced within Europe.

Table 6: Share of imports of EU steelmaking industry for the most relevant raw materials.

Raw material Imported from non-EU Produced in Europe
countries

Coal for coke making 66% 34%

Iron ore 77% 23%

Metal scrap 0% 100%

Source: Blanco Perez et al. (2024).

When modelling the production within the EU, the following assumptions with regards to
transportation distances have been made:

When the raw material is supplied within the EU, then we assume transportation distances
as suggested in the PEF default transport scenario for all other products, from suppliers to
factory:

o 130 km by truck (>32 t, EURO 4) and
o 240 km by train (average freight train) and
o 270 km by ship (barge)

When raw materials are imported from outside the EU, a weighted average transport
distance is calculated, taking into account the countries of origin of the imports, their
respective distances from the EU, and the proportion of imported products. This approach
ensures that the emissions associated with international shipping (it is assumed that
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transport happens through transoceanic ships®) are accurately represented. For example,
the estimated average transport distance needed to transport iron ore from producing
countries to the EU is 10,186 km, while for coal is 16,183 km. Details on the method used
to calculate the average transport distance are reported in Annex 3.

3.2.2.2 Production imported into the EU

The production of steel outside of EU varies widely depending on the considered regions. However,
some simplifying assumptions are necessary in order to model the transport of raw materials for

products produced outside the EU and imported into the EU. First, given the data available for the

inventories, different assumptions are needed for stainless steel, as described in section O.

The following assumptions have been used in the model, details are reported in Annex 4:

e Considering the main producers at global level of the RPs and the respective reliance on
imports for iron ore (e.g., Turkey is an important global producer and more than half of the
iron ore used is imported), the weighted average of partner imports of iron ore is 60%,
while the remaining 40% of iron ore is locally sourced;

e Considering the main producers at global level of the RPs and the respective reliance on
imports for coal (e.g., Korea and Taiwan import the entire amount of coal), the weighted
average of partner imports of coal is 65% of imports, while the remaining 35% is locally
sourced;

e As for scraps:

o For four representative products (WR, HRC, CRCG and ES), we estimated the
Weighted average of partner imports of scrap and derived a 37% of imported
scraps, while the remaining 63% is locally sourced;

o For stainless steel, whose production happens mainly in China and Indonesia, it is
assumed that it is entirely sourced locally.

Table 7: Import reliance of the steelmaking industry outside of Europe for the most relevant raw materials,
refer to annex 4 for details.

Raw material Locally sourced | Imported
Coal for coke making 35% 65%
Iron ore 40% 60%
Metal scraps
WR, HRC, CRCG, ES 63% 37%
SS 100% 0%

Source: Blanco Perez et al. (2024).

When modelling the production outside the EU, the following assumptions with regards to
transportation distances have been made:

8 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000- 200.000
dwt payload capacity, ocean going
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e When the raw material is locally sourced, then we assume transportation distances as
suggested in the PEF “default transport scenario for all other products, from suppliers to
factory”, as written above in the case for steel produced in the EU.

e When raw materials are imported from outside the country of production, since the
countries of origin are not known, then we assume transportation distances as suggested in
the PEF default transport scenario for “suppliers located outside of Europe™

o 1,000 km by truck (>32 t, EURO 4) and

o 18,000 km by ship (transoceanic container).

3.2.3 Alloys

Alloys play a crucial role in steelmaking, enhancing the properties and performance of steel for a
wide range of applications. By introducing various alloying elements, such as chromium, nickel, and
molybdenum, manufacturers can tailor performance characteristics to meet specific requirements,
such as increased strength, corrosion resistance, or improved toughness. The alloying elements can
be added to the steel as pure metals (e.g. copper, aluminium) or as ferro-alloys with a content of
alloying elements, reaching concentration as high as 90%.

The distinction between low alloy/carbon and high alloy steel primarily depends on the percentage
of alloying elements present. Low alloy steel contains a relatively small proportion of alloying
elements, typically less than 5% of the total mass. In this report, low alloy steels are
modelled, with their composition incorporating approximately 1% alloying elements.

High alloy steel, on the other hand, includes more than 5% alloying elements, and often much
higher, which can result in dramatic changes, such as the exceptional corrosion resistance found in
stainless steel. In our model, stainless steel in facts includes around 20% of alloys when produced
in the EU.

The list of alloys considered in the slab models is reported in Table 8. Due to the limited availability
of dataset for metals and alloys, each flow is associated to a proxy dataset of the available EF
datasets. The validity of these association was also checked with relevant stakeholders. Quantities
change according to the RP considered.

Table 8: List of alloys used in the models and relative datasets, when available.

Metal & alloys | EF datasets

Ferro Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-
aluminium 90% molybdenum content
Ferro boron Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-

90% molybdenum content

Ferro calcium Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-
90% molybdenum content

Ferro Ferrochromium, production mix, at plant, primary production, ore mining and
chromium beneficiation, 60 % chrome, high carbon ~ 6%

Ferro 50% Ferro nickel 50% Ferro chromium from EF

manganese

Ferro Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-

molybdenium | 90% molybdenum content
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Ferro nickel

(29%)

Ferronickel, production mix, at plant, mining, ore beneficiation, 32 % nickel -
GLO

Ferro niobium

Ferronickel, production mix, at plant, mining, ore beneficiation, 32 % nickel -
GLO

Ferro
phosphorous

Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-
90% molybdenum content

Ferro silicium

Ferronickel, production mix, at plant, mining, ore beneficiation, 32 % nickel -
GLO

Ferro titanium

Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-
90% molybdenum content

Ferro Ferromolybdenum, production mix, at plant, separation, leaching, roasting, 70-
vanadium 90% molybdenum content

Silico silicon, metallurgical grade production, production mix, at plant, technology mix,
manganese 100% active substance

Silicon calcium

Nickel

Nickel, production mix, at plant, mining and processing, 8.9 g/cm3, update
available - GLO

Chromium Chromium oxide production, black box, production mix, at plant, technology mix,
100% active substance

Copper Copper (Il) oxide, single route, at plant, oxidation of copper metal, 6.32 g/cm3,
79.5 g/mol

Aluminium Aluminium, production mix, at plant, single route, at plant, primary production,
2.7 g/lcm3

Magnesium Magnesium, production mix, at plant, Pidgeon Process, primary production, 1.74
g/lcm

Manganese Manganese, production mix, at plant, mining, separation, calcination,

electrolysis, 7.21 g/cm3 - GLO

Source: JRC elaboration based on inventory from stakeholders.

3.2.4 Electricity

Electricity plays a relevant role in the LCA of steel, affecting the environmental impact of steel
production. The energy footprint of steelmaking is largely dependent on the production route
employed, since EAF and BF-BOF processes differ considerably in electricity consumption.

In the EAF route, electricity is used as the primary energy source to melt scrap steel and other iron-
bearing materials. The environmental impact of this process is closely linked to the electricity mix
utilized. In the case of stainless steel, since the whole production happens through EAF route, only
electricity from the grid is consumed.

The BF-BOF route, on the other hand, typically relies on coal-based energy, and uses electricity
more for processes such as rolling, finishing, and auxiliary plant operations. However, a feature of
the BF-BOF route is the integration of processes throughout the production site, thus making the
most of the energy produced in the furnace. More specifically, process gases are produced in large
amounts as co-products in three main processes of BF, BOF and coke oven. These process gases are
first internally reused and then they are supplied in the so-called integrated power station, where
they produce heat, steam and electricity. The integrated power station allows to optimize resource
use throughout the production chain in the BF-BOF route. These process gases are in fact included
in the list of co-products as discussed in Section 3.1.5.
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In this section we describe how to account for the emissions of electricity in the case that is
generated internally in an integrated power station and in the case that is purchased from the grid.

Integrated power station

In an integrated BF-BOF steelmaking facility, the on-site power station can meet a portion of the
internal demand for heat, steam, and electricity. The overall average ratio of power plant production
to grid import varies depending on the reference plant (RP) considered. In practice, each facility has
a unique energy balance, which needs to be extracted from individual site models and subsequently
aggregated. Stakeholders provided an inventory for modelling the power plant of a typical
integrated site in the EU, based on data from 2022. Additionally, due to the unique characteristics
and specific operations of integrated plants, stakeholders have also provided the ratio used to
model the distribution between electricity sourced from the grid and that generated by the on-site
power plant. In the model, it is therefore assumed that:

e First of all, the process gases available from coke oven plant, BF and BOF are able to satisfy
the overall demand for heat and steam,

e Second, overall, the amount of electricity supplied by the grid and by the integrated power
plant is determined by a ratio provided by the stakeholders, based on the actual accounting
of steelmaking sites located in the EU;

e Third, the electricity generated from the remaining process gases in the integrated power
plant is able to satisfy the demand up to the production of the slabs plus a fraction of the
subsequent processes.

¢ Finally, the process gases remaining after use in the integrated power plant are allocated
following the economic allocation as described in Section 3.1.5.

Given the information and the inventories available, we were able to build under the same
assumptions the model for the integrated power station when producing steel in the EU and when
producing steel outside of the EU.

Dataset for electricity

When electricity is sourced from the grid, it is possible to utilize a dataset that encompasses the life
cycle emissions associated with electricity production. However, the datasets included in the EF3.1
framework reference the energy mix of 2012 and are therefore not up-to-date for the scope of the
present study, given the significant evolution and increased investment in renewable energy
sources, not only within EU, but also globally. This underscores the need for updated datasets that
accurately reflect the contemporary shift toward energy solutions that are less carbon intensive.

For this reason, we have developed two updated datasets, one for the EU and one for the global
energy mix; details are reported in Annex 2. The two new datasets are based on 2023 electricity
generation data, ensuring that the mixes reflect more recent and realistic conditions. The emissions
are reported in Table 9.

Table 9: Emissions for electricity production mix (EU and global) with JRC and EF3.1 datasets.

Electricity dataset Emission factor
[kg CO.eq/kWh]

JRC-EU 0.278

JRC-Global 0.630
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EF3.1-EU

0419

Source: JRC elaboration and EF3.1 dataset.
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4 Results and discussion for the base case

The present section focuses on the carbon emissions of steel intermediate products placed on the
EU market as selected in Task 3.

The analysed representative products share a common production process that begins with
the production of steel and its casting into a carbon steel slab®, as summarize in Figure 4.

However, stainless steel requires significantly higher alloy content, resulting in a distinct slab
composition and associated environmental impacts.

These slabs can be manufactured through either the primary (BF-BOF) or secondary (EAF)
production routes without affecting their fundamental characteristics. Consequently, this section
first presents the model results for slab production, followed by the results specific to
the production of the individual representative product. Specifically, the section is organized
as follows:

- Section 4.1: Describes the assumptions and results for the production of 1 tonne of slab
via the BF-BOF route, including scenarios for EU-produced slabs and non-EU imports.

- Section 4.2: Describes the assumptions and results for the production of 1 tonne of slab
via the EAF route, including scenarios for EU-produced slabs and non-EU imports.

- Section 4.3: Describes the assumptions and results for the production of 1 tonne of wire
rod, including EU production (via BF-BOF and EAF routes), non-EU imports (via BF-BOF and
EAF routes), and its placement in the EU market.

- Section 4.4: Describes the assumptions and results for the production of 1 tonne of hot
rolled coil, including EU production (via BF-BOF and EAF routes), non-EU imports (via BF-
BOF and EAF routes), and its placement in the EU market.

- Section 4.5: Describes the assumptions and results for the production of 1 tonne of cold
rolled coil galvanized, including EU production (via BF-BOF and EAF routes), non-EU
imports (via BF-BOF and EAF routes), and its placement in the EU market.

- Section 4.6: Describes the assumptions and results for the production of 1 tonne of
stainless steel, including EU production (via BF-BOF and EAF routes), non-EU imports (via
BF-BOF and EAF routes), and its placement in the EU market.

- Section 4.7: Describes the assumptions and results for the production of 1 tonne of
electrical steel, including EU production (via BF-BOF and EAF routes), non-EU imports (via
BF-BOF and EAF routes), and its placement in the EU market.

To summarize, two sections are dedicated to the assumptions and results to produce 1 tonne of
slab. Section 4.1 focuses on slab produced via BF-BOF and section 4.2 on slab produced via EAF.
Sections 4.3. 4.4, 4.5, 4.6 and 4.7 describe the assumptions and results to produce 1 tonne of wire

° Slab can be considering the input material/precursor to obtain the 5 RPs.
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rod, hot rolled coils, cold rolled coil galvanized, stainless steel and electrical sheet, respectively. BF-
BOF slab (common precursor to intermediate steel products)

A steel slab is a semi-finished product created during the steelmaking process (Figure 10). It is
produced by casting molten steel from a basic oxygen furnace (BOF) into large, rectangular blocks.
The slab form is a crucial intermediary stage that is further processed into finished products, such
as the representative products analysed in this report, through rolling and other mechanical
processes.

Figure 10: Steel slab

Source: Worldsteel, 2025.

Assumptions

The Life Cycle Inventory (LCI) built for modelling the production of slabs from the BF-BOF route has
been developed with the support of information from stakeholders and the available literature. The
main assumptions behind the model are briefly recalled in Table 10; for detailed information please
refer to Section 3.

The system boundary for the LCA model is detailed in Figure 11 for BF-BOF slab produced in the EU.
The system boundary for imported slab is analogous. Steel scraps are used as a secondary raw
material together with pig iron from the BF and sponge iron from the DRI processes. From the data
collected from stakeholders, we estimate a small amount of metal scrap used as input material:
around 149% of the total charge that is added to the BOF. This is used in the implementation of the
CFF formula with regards to the input materials used.

Figure 11: System boundary for slab produced in the EU via the BF-BOF route.
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Source: JRC elaboration.

The main differences in the model for slabs from the BF-BOF route produced in the EU and produced
outside of the EU, are the following:

For slabs produced in the EU, it is assumed that a share of iron ore is supplied locally (within
the EU) and the rest is imported from abroad; similar assumptions are done for coal, with
different shares. All metal scraps are assumed to be supplied within the EU. A similar
reasoning applies to slabs produced outside the EU. Rules in the PEF have been applied for
estimating the emissions due to transportation, as described in Section 3.2.2 and in Annex 4.

The impacts of electricity and steam produced through the integrated power plant that is
usually present in an integrated steelmaking site are considered. However, since no specific
information is available with respect to integrated power plants outside the EU, the same
assumptions have been used in both EU and non-EU models.

The impact of electricity has been estimated using two specific datasets developed ad hoc by
the JRC with values updated to 2023. One dataset is for the EU electricity mix to be used when
modelling the EU production and the other is for the rest of the world electricity mix, to be used

when modelling the production outside the EU. These two datasets allow to better represent
the energy electricity mix with more recent data since the dataset currently present in the EF
dataset refers to 2012. More details can be found in Section 3.2.4.

Table 10. Assumptions for the model of the slab produced via the BF-BOF route.

Assumption

Comments and notes

Declared unit

1 tonne of slab

Production route

100% from BF-BOF slabs

System boundary

From raw materials to factory
gate, i.e. cradle-to-gate data

Figure 11

Origin

Produced in the EU or
imported in the EU

Impact category

Climate change

Results provided for climate
change, overview of 16 impact
categories provided in Annex 5

Co-products

Economic allocation

Section 3.1.5

CFF A=1 Cut-off approach, including
the impacts of pre-treatment
and transport of scrap section
316

Transport Raw materials such as coal, Section 3.2.2, Annex 3

iron ore and metal scrap
Alloys 10.5 kg of alloys per tonne of | Section 3.2.3
slab, highest quantities from
Ferronickel, Ferrochromium,
silicon and aluminium
Electricity Model of integrated power Section 3.2.4, Annex 2

plant
Datasets for EU and GLO
updated to 2023
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Source: JRC elaboration.

Results

The results of the LCA study indicate that the production of 1 tonne of slab via the BF-BOF
production route is associated with an estimated 1,682.5 kg of CO,eq emissions when produced in
Europe and an estimated 1,765.9 kg of CO,eq when imported in the EU° (Table 11). These figures
represent the average emissions for EU-produced and imported slabs via the BF-BOF route. Given
that the data and assumptions have been based from primary data from stakeholders, the results
can be considered representative for the EU in 2022.

Table 11. Results of the model for 1 tonne of slab produced in the EU via the BF-BOF production route.

Impact Category | Production route | Result (kg CO.eq/t)

Produced in the EU BF-BOF 1,682.5
Imported in the EU BF-BOF 1,765.9

Source: JRC elaboration.

The plot in Figure 12 represents the contribution analysis of the manufacturing of slabs via the BF-
BOF route in the EU and outside the EU. The main bar, at the centre of the plot, shows the contribu-
tion of each process involved in the BOF process. The main contributors are further analysed by ex-
panding their contribution in each process, represented by the other bars (for example, coke, sinter,
pellet). With this graphical representation, it is possible to see how each process or material contrib-
utes to the production of 1 t of slab. When focusing on production within the EU, the key findings
can be summarised as described in the following.

Production Process of slabs:

e The largest contributor to the total emissions comes from the materials used in the BOF: pig
iron from BF is the main input material, together with a very small amount of sponge iron
from DRI and some metal scraps. The highest contribution (75%) comes, in fact, from the
production of pig iron in the BF. The contribution of sponge iron and metals scraps are much
lower (less than one percent combined), mainly given to their limited amount used in the
process.

e Electricity, steam and hot water needed for the whole process are all provided by the inte-
grated power station, that overall contributes to 7.2% to the emissions.

e Analysing the contributions of the production of slab we see that process emissions repre-
sent 4.1% of the total 1,682.5 kg COeq.

10 The global average CO2 emissions intensity per tonne of crude steel cast with the BF-BOF route is 2.32 t CO> according
to WorldSteel (2024). The International Energy Agency (IEA, 2020) reports that global steel production emits on
average 1.4 tonnes of direct CO2 emissions and 0.6 tonnes of indirect CO2 emissions per tonne of steel produced
from the BF-BOF route. However, a direct comparison of these figures with results discussed in the report is not
possible because of the assumptions behind with respect to system boundary (for example the inclusion of
emissions of mining or transportation), allocation of co-products, recycled content and end-of-life.

41



Alloys represent a significant portion of the overall contribution, accounting for 6.4%. Ferro-
nickel alone contributes to half of this share, while ferrochromium, silicon, and aluminium
together make up an additional 3%. The remaining alloys collectively contribute a more
modest 0.4%.

Lime is another material that has a significant contribution to the final emissions with a
3.1% share, followed by oxygen with a 2.8% share. The remaining input materials have
much lower contributing shares.

There is also a small amount of metal scraps that is used in the BOF furnace. The contribu-
tion of its treatment and transport is negligible compared to other processes, accounting for
only 0.2% of the total emissions.

Breakdown of the processes needed to produce 1 tonne of slab:

When we analyse the contributing factors to pig iron production in the blast furnace, which
accounts for around 75% of total emissions in both EU and imported steel, we find that
process emissions constitute 20%, while coke is the second largest contributor at 18.5%.
Sinter follows at 17% of EU slabs and 18% for the imported ones. Pellet accounts for 6% in
EU and 7% in the imported slabs. The power station supplying electricity, heat, and steam
contributes 8% to the emissions, while other materials make up the remaining 6%.

Examining the distribution of the emissions of the coke oven, which account for 18.5% of
the total emissions, reveals the following insights: the largest contributor is the supply of
coal for coke production, including mining and transport, which makes up 9.4%. Process
emissions are the second largest contributors at 5.6%. The integrated power station that
provides electricity, steam, and heat contributes an additional 2.3%. The remainder consists
of process gases from the BF and from the BOF, as well as other materials used in the pro-
cess, such as for example natural gas and lubricants.

When we break down the sinter process (which is the second largest contributor to the blast
furnace emissions at 17%), we find the following distribution: process emissions are the
largest contributor at 9%. The integrated power station supplying electricity, steam, and
heat accounts for 3.2% of the emissions. The supply of iron ore, including mining and
transport, contributes 1.9%, while the coke used in the process adds another 1.6%. The re-
maining emissions come from the use of process gases in the coke oven, blast furnace, and
basic oxygen furnace, along with other necessary materials.

Finally, the pellet process, which accounts for 6% of total emissions, can be broken down to
identify its main contributors. Process emissions constitute the largest share at 2.6%. The
supply of iron ore, including mining and transport, contributes 1.3%, while coal supply adds
0.2%. Electricity from the integrated power station accounts for 1.1%. The remaining emis-
sions come from coke usage (0.3%), as well as process gases and other necessary materi-
als.

Input materials:

Overall, if we consider the amount of coal used to produce 1 tonne of slab from BOF, the
emissions due to mining and transportation are 9.6% of the overall impacts. The main pro-
cess consuming coal is coke making and in fact 9.4% of the emissions happen in this pro-
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cess. Emissions due to mining are the largest part (8.8%), while emissions due to transpor-
tation amount to 0.5% and 0.1% respectively for imported coal and for coal locally sup-
plied. The remaining 0.2% of emissions are related to the pellet process.

Iron ore is another crucial raw material used in the steelmaking. If we consider the amount
of iron ore used to produce 1 tonne of slab from BOF, the emissions due to mining and
transportation are 3.2% of the overall impacts. The two processes that consume iron ore
are sinter process and the pellet process which contribute respectively 1.9% and 1.3%. As
for coal, emissions due to mining are the largest part, while emissions due to transportation
amount to less than 0.1% both for sinter and pellet processes and both for imported and
for locally supplied iron ore.

It is possible to observe that the contribution of various processes remains relatively consistent
whether the slab is imported into the EU or manufactured within the EU. This is due to the way the

models
follows:

have been constructed. The key differences for slabs produced in the EU are summarized as

Emissions increase by 5% when the manufacturing of the slab is assumed to be outside of
the EU.

As the electricity, heat and steam in both cases come entirely from the integrated power
station, the emission contribution is very similar in both cases, for imported slabs it is at 7%
of the total emissions (while for EU it is 7.2%).

Considering the total amount of coal used to produce 1 tonne of slab via the BF-BOF route, the
emissions from mining and transportation account for 9.9% of the overall impacts, a slightly higher
share since the emissions due to transportation are modelled in a different way. Similarly, the emis-
sions due to the supply of iron ore used in the whole process to produce 1 tonne of slab from the

BF-BOF

route, amount to 6.2%.
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Figure 12: Contribution analysis of the manufacturing 1 t of slab from the BF-BOF route produced in the EU (plots in the upper part) and imported (plots in the lower part).
All processes and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of slab. Shares lower than 1.5%
are not labelled, but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into “Other processes”. 1!
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11 For slabs produced in the EU via BF-BOF, it has been estimated that approximately 60-70% of CO, emissions are covered under the EU ETS
The exact share of emissions attributed to ETS coverage can vary depending on the dataset used for coal mining emissions, which are n
when the EF dataset is applied, ETS-covered emissions account for roughly 60% of total life cycle CO; emissions. For slabs imported fro
emissions are covered under CBAM (which includes direct emissions, indirect emissions from electricity, and some ferro alloys in its scog
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4.1 EAF slab (common precursor to intermediate steel products)

As described in the introduction of section 4, in this section we analyse a steel slab (Figure 10)
produced in an Electric Arc Furnace (EAF). The EAF route primarily utilizes metal scrap, which is
melted using high-power electric arcs generated between the electrodes and the scrap material.
This process allows for significant alloy manipulation, as various alloying elements can be added to
achieve desired steel grades, enhancing properties such as strength and corrosion resistance. Once
the molten steel is refined and alloyed, it is cast into slabs, which are then rolled and shaped into
final products suitable for diverse industrial applications. We model here the same type of low alloy
carbon steel slab modelled via the BF-BOF process. Stainless steel, which is inherently different, is
in fact modelled as one of the representative products.

Assumptions

The Life Cycle Inventory (LCI) designed for the model of slab from EAF route has been developed
based on information from stakeholders and available literature. The main assumptions used to
implement the LCA model are described in Section 3.2 and are synthetically reported in Table 12The
system boundary for slab production via the 100% EAF route is represented in Figure 13.

Figure 13: Section of the system boundary specific for slab production from EAF route.

other materials

local or 3 coal Coke oven pig iron
i d plant BF
importe coke alloys
local or 3 iron Sinterin
imported ore plant :
P sinter
local or other Pellet DRI sponge
imported materials plant pellet iron

scrap

Source: JRC elaboration.

The main differences in the model for steel slab production from EAF in the EU and the slab produced
outside of the EU, are the following:

e Two different datasets are used to calculate the impacts of electricity to represent the EU
electricity mix and an average electricity mix for rest of the world. Both datasets have been
developed by the JRC and are updated to 2023. More details are available in Annex 2.

e  For EAF slabs produced in the EU, it is assumed that all metal scrap (which is the most relevant
material in the process) is supplied from within the EU. Similarly, for slabs produced outside
the EU, it is assumed that metal scraps can be supplied locally. Rules in the PEF have been
applied to estimate the emissions due to transportation, as described in Section 3.2.2 and in
Annex 4.

Table 12. Assumptions for the model of slab produced in Europe via the EAF secondary route.

Assumption Comments and notes

Declared unit 1 tonne of slab
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Production route 100% from EAF slabs

System boundary From raw materials to factory | Figure 13
gate, i.e. cradle-to-gate data
Origin Produced in the EU or
imported in the EU
Impact category Climate change Results provided for climate

change, overview of 16 impact
categories provided in Annex 5

Co-products Economic allocation Section 3.1.5, Table 1

CFF A=1 Cut-off approach, including
the impacts of pre-treatment
and transport of scrap, section

316
Transport Raw materials (scraps, but Section 3.2.2, Annex 3
also iron ore and coal)
Alloys Section 3.2.3
Electricity!? Datasets for EU and GLO Section 3.2.4, Annex 2

updated to 2020

Source: JRC elaboration.

Results

The results of the LCA study indicate that the production of 1 tonne of slab via the EAF production
route is associated with an estimated 533.7 kg of CO.eq emissions when produced in Europe and
an estimated 807.2 when imported into the EU'® (Table 13). These results represent the average
emissions for EU-produced and imported slabs via the BF-BOF. Considering that the data and as-
sumptions have been validated through consensus with external stakeholders, they can be consid-
ered representative of the year 2022.

Table 13. Results of the model for 1 tonne of slab produced in the EU via the EAF production route.

Impact Category | Production route | Result (kg CO.eq/t)

Produced in the EU EAF 5337
Imported in the EU EAF 807.2

Source: JRC own elaboration.

The plot in Figure 14 represents the contribution analysis of the manufacturing of slabs via the EAF
route in the EU and outside the EU. The main bar, at the centre of the plot, shows the contribution

of each process involved in the EAF process. The main contributors are further analysed by expand-
ing them contribution in each process, represented by the other bars (for example, alloys or sponge

12 Note that in the case of the modelling the EAF route, there is no integrated power plant for producing electricity, steam
or hot water.

3 The global average CO, emissions intensity per tonne of crude steel cast is 0.70 t CO; for scrap-based EAF according to
WorldSteel (2024). The International Energy Agency (IEA, 2020) reports that global steel production from the EAF
route emits around 0.04 tonnes of direct CO2 emissions and 0.3 tonnes of indirect CO2 emissions per tonne of crude
steel produced (IEA, 2020). However, a direct comparison of these figures with results discussed in the report is not
possible because of the assumptions behind with respect to system boundary (for example the inclusion of
emissions of mining or transportation), allocation of co-products, recycled content and end-of-life.
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iron). With this graphical representation, it is possible to see how each process or material contrib-
utes to the production of 1 t of slab. When focusing on production within the EU, the key findings
can be summarised as described in the following.

Production process of slabs:

The largest contributor to the total emissions comes from the electricity used in the EAF,
which accounts for 28.5%, almost a third of the total emissions.

As for the materials used in the EAF, the main input material used is metal scrap'*, while
the amounts of pig iron and of sponge iron are very limited. However, the highest contribu-
tion (9.2%) comes from production of sponge iron, while pig iron contributes for 2.5%. The
contribution of metal scraps amounts to 5.8%.

Alloys represent a significant portion of the overall contribution, accounting for 20.3%. Fer-
ronickel alone contributes to almost half of this share, while ferrochromium, silicon, and al-
uminium and molybdenum together make up an additional 10%. The remaining alloys col-
lectively contribute around 0.19%.

Lime is another material with a significant contribution to the total emissions, accounting
for 8%, followed by oxygen at 6%. The remaining input materials have much smaller
shares, together contributing 4% of total emissions.

Analysing the contributions of the production of slab in the EU, we see that process emis-
sions are 15% of the total 533.7 kg CO.eq.

Breakdown of the processes needed to produce 1 tonne of slab:

When we analyse the contributing factors to sponge iron production in the DRI process,
which accounts for 9.2% of total emissions, we find that process emissions constitute 5.9%,
and electricity is the second largest contributor at 6%. Natural gas follows at 1.2%, while
other materials make up the remaining 0.6%.

The contribution of pig iron production in the blast furnace is extremely low (2.5% of total
emissions) since the amount used is very limited. The process emissions constitute 0.7% of
these emissions, coke and sinter both contribute at 0.6%, while pellets stand at 0.2%. Other
processes and materials make up the remaining 6%.

Input materials:

As for the metal scraps used in the EAF furnace (which overall contribute to a 5.8%), the
contribution of the treatment and of the transport of the needed amount of scrap account
respectively to 4.4% and 1.4% of the total emissions.

The input of DRI, despite its limited amount per t of product, accounts for 9% of the im-
pacts, this is mainly due to the process emissions coming from the reduction of iron ore us-
ing natural gas. The mining and transport of iron ore in the DRI process contribute less than
1% to the overall emissions (0.4% mining, 0.45% transport of imported of iron ore and

4 In the model for slabs from EAF (both EU and imported) we assume that of the share of metal scrap is about 93% and
the remaining 7% is composed of pig iron and sponge iron.
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0.08% transport of iron ore locally sourced). The contribution of mining and transport of the
other raw materials used in the BF-BOF processes, such as coal or iron ore, are all ex-
tremely limited (less than 0.3%) given the small shares of pig iron used in the EAF route.

As illustrated in Figure 14, the impact of slab production varies significantly when comparing EU-
manufactured slabs to those imported into the EU. The key differences for slabs imported in the EU
are summarised as follows:

Emissions increase by 51% when the manufacturing of the slab is assumed to be outside of
the EU.

About two thirds of the increased emissions is attributed to the emissions of electricity. In
this case, in fact, the dataset used for global electricity has a significant impact of the over-
all total emissions since emissions are much higher than for the EU dataset.

Emissions related to the supply and treatment of metal scraps are higher for imported
slabs, accounting for 13.9% of total emissions, compared to 5.8% for those produced within
the EU. This is primarily due to the higher emissions associated with the transportation of
metal scraps.

In contrast, emissions from materials such as pig iron and sponge iron contribute a smaller
percentage to the overall emissions for imported slabs compared to those produced within
the EU.

The share of emissions due to alloys decreases from 20.3% for EU-produced slabs to
13.4% for imported slabs. However, this decrease is due to the rise in total emissions, as
the absolute values remain unchanged in both scenarios.
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Figure 14: Contribution analysis of the manufacturing 1 t of slab from the EAF route produced in the EU (plots in the upper part) and imported (plots in the lower part). All
processes and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of slab. Shares lower than 1.5% are
not labelled but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into “Other processes”®.
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15 For slabs produced in the EU via EAF, it has been estimated that approximately 60% of CO, emissions are covered under the EU ETS (which includes direct emissions and in case of EAF
crude steel also indirect emissions for electricity). For slabs imported from non-EU countries, approximately 70% of emissions are covered under CBAM (which includes direct
emissions, indirect emissions from electricity, and some ferro alloys in its scope). Both the EU ETS and CBAM consider secondary materials (metal scrap) as burden-free, meaning

emissions from scrap production or transport are excluded.



4.2 Wire rod (WR, Representative Product #1)

This section, as outlined in the introduction of Section 4, details the LCA assumptions (Section 4.3.1)
and results (Section 4.3.2) for wire rod, covering EU production, imports, and products placed in the
EU market in 2022. To produce wire rod from a steel slab first, the steel slab is heated in a
reheating furnace until it reaches a malleable temperature. The heated slab is then passed through
a series of rolling mills, which gradually reduce its thickness and shape it into a long, cylindrical
strand known as a billet. This billet is further processed through additional rolling stands, where it is
elongated and reduced in size to form the wire rod. Finally, the wire rod is wound into coils for
cooling and storage, ready for further processing or distribution (Figure 15).

Figure 15: Wire rod

Source: EUROMETAL (link)

4.2.1 Assumptions

The Life Cycle Inventory (LCl) designed for the model of wire rod has been developed based on
information from stakeholders and the available literature. The main assumptions used to
implement the LCA model have been described in detail in Section 3, assumptions relevant for this
part of the model are reported in Table 14. The system boundary for the LCA model is detailed in
Figure 16.

As reported in Table 5, the share of import with respect to EU consumption is 13% of the wire rod
placed in the EU market; the remaining 87% is produced in the EU. The production of wire rod in the
EU occurs for the largest part (65%) in the primary production route, while the remaining 35% is
produced in the secondary production route. For the imported share, these figures are inverted as
the majority (65%) of imported wire rod is produced from EAF and the remaining from BF-BOF
(35%). Since wire rod may be produced through both routes, four separate models have been
developed: two models are needed for estimating the impacts to produce wire rod using slabs
produced from the EAF production route in the EU and outside the EU; the other two models are
needed to estimate the impacts when using slabs produced from the BOF production route, thus
assuming a fully integrated site, in the EU and outside the EU. These models have been aggregated
using the shares described above to estimate the impact of the base case for a wire rod placed in
the EU market.
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Figure 16: System boundary for wire rod placed in the EU market.
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Source: JRC elaboration.

The main differences in the model for imported wire rod with respect to the model for wire rod
produced in the EU, are the following:

e Two different datasets have been used to calculate the impact of electricity, one is for the
EU electricity mix and one for the rest-of-the-world electricity mix. Both have been
developed by the JRC to rely on more updated data (2023) with respect to the EF3.1
datasets.

e The model accounts for the transportation of imported wire rod from producing countries to
the EU. The average distance covered by transoceanic ships for this transport (8,068 km) is
weighted according to the quantities of wire rod produced in countries exporting to the EU.
Wire rod is transported by transoceanic ships by sea'®, considering the most relevant
countries of export of this intermediate product., as described in Section 3.2 and detailed in
Annex 3.

Table 14. Assumptions for the modelling of wire rod

Assumption Comments and notes
Declared unit 1 tonne of wire rod placed in the EU
market
Production route 100% from BF-BOF slabs or 100% | Section 3.2.1, Table 5
EAF slabs
Origin Produced in the EU or imported in the | Section 3.2.1, Table 5
EU
Impact category Climate change Results provided for climate change,

overview of 16 impact categories
provided in Annex 5

Co-products None

CFF A=1 Cut-off approach, including the
impacts of pre-treatment and
transport of scrap section 3.1.6

Transport Wire rod imported to EU Section 3.2.2, Annex 3

6 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000- 200.000
dwt payload capacity, ocean going
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Electricity Datasets for EU and GLO updated Section 3.2.4, Annex 2
to 2023
Model of integrated power plant

Source; JRC elaboration.

Results

The results of the LCA reported in Table 15. Shares of production route, import shares and climate
change impacts of the model for 1 t of wire rod. indicate that wire rod placed in the EU market has
an impact of 1,553.1 kg of CO.eq. More specifically, according to our model, the production of 1
tonne of wire rod leads to the production of:

e 2,042.2 kg of CO.eq via the BF-BOF route and of 696.8 kg of CO.eq via the EAF route when
produced in the EU;

e 2,180 kg of COzeq via the BF-BOF route and of 1027.9 kg of CO.eq via the EAF route when
produced outside of the EU;

e The transportation of imported wire rod by transoceanic ships contributes to the overall
carbon footprint with an estimated 3.73 kg of CO.eq/t, corresponding to 0.3% of the total
impacts.

e The bars in Figure 17 show the emissions aggregated according to the share of production
in the BF-BOF or in the EAF route, in the EU (1,571 kg of CO.eq/t) and outside the EU (1,431
kg of CO.eq/t). Since the manufacturing of wire rod in the EU relies more from the BF-BOF
route than the EAF route, the aggregated value is higher than the imported one. The final
bar shows the aggregated value considering both the EU production and the share of import
in the EU with its transport.

Table 15. Shares of production route, import shares and climate change impacts of the model for 1 t of wire
rod"’.

Impact Category Production route Import share Result (kg CO.eq/t)
Produced in the EU 65% from BF-BOF 87% 2042.2
359% from EAF 696.8
Aggregated 15713
Imported in the EU 35% from BF-BOF 13% 2180.0
659% from EAF 1027.9
Transport 38
Aggregated 14311
:Eiitejdm the EU 1553,1

Source: JRC own elaboration.

7 These figures reflect the average emissions associated with wire rod production in the EU and for imports. The data and
assumptions, validated through stakeholder consensus, are representative of the 2022 context.
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Figure 17. Results of the analysis for wire rod placed in the EU market. The bars show the emissions
aggregated according to the share of production in the BF-BOF or in the EAF route, in the EU and outside the
EU. The final bar shows the aggregated value considering the share of import in the EU.
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Source: JRC own elaboration.

A first breakdown of the results of the production of 1 t of wire rod in the BF-BOF route, shows that
slab contributes to 85% of total emissions, while the remaining 15% of emissions are related to all
the processes for manufacturing the wire rod from the slab (Figure 18). Figure 20 allows to
understand more deeply the contribution of each process and material and reveals that:

e When produced via BF-BOF in the EU, the production of slabs accounts for 84.5% of total
emissions, direct emissions are 9.9%, the use of recovered process gases accounts for 3% of
the impacts, the use of electricity accounts for 1.9%, the integrated power plant accounts for
0.3% and natural gas 0.2%. The other processes contribute for the remaining 0.2%.

e |f the production of slabs for BF-BOF happens outside the EU, then the overall contribution is
7% higher than the equivalent wire rod produced in the EU. The distribution of the share of
processes remains very similar to the one for wire rod produced in the EU. The contribution of
electricity raises to 4.1%, and direct emissions slightly decrease to 9.3%.

e The breakdown of the emissions associated to the production of the BF-BOF slab is described in
Section O.
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Figure 18: Contribution analysis for the manufacturing of 1 t of WR via the BF-BOF route in the EU.
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Source: JRC own elaboration.

The breakdown of the results of the production of 1 t of wire rod in the EAF route, shows that slab
contributes to 79% of total emissions, while the remaining 21% of emissions are related to the
other processes (Figure 19). From Figure 21, where all processes and inputs are shown, it is possible
to observe that:

e When produced via EAF in the EU, slab production accounts for 78.6% of total CO2 emissions,
with direct emissions contributing 12.6%. Electricity-related emissions account for 5.7% of the
total impact, while natural gas contributes 2.6%, and all the remaining contributions account for
the remaining 0.5%.

e As for the production of wire rod imported in EU produced from EAF slabs, the overall contribution
is 48% higher than the equivalent wire rod produced in the EU. The contribution of electricity
raises to 9.2% and that of EAF slab to 80.6%; direct emissions have a lower impact (8.5%).

e The breakdown of the emissions associated to the production of the EAF slab is described in
Section 4.1.

Figure 19: Contribution analysis for the manufacturing of 1 t of WR via the EAF route in the EU.

79%

Source: JRC own elaboration.
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Wire rod produced outside of the EU has higher CO.eq emissions than wire rod produced in the EU.
This is mainly related to the emissions of electricity, which is less carbon intensive in the EU thanks
to a mix with high shares of renewable sources of energy and less coal (0.278 kg CO.eq in the EU
versus 0.630 in the modelled global electricity mix). For this reason, the difference between EU and
non-EU production is higher when looking at wire rod produced via EAF, which is a production route
that relies on electricity as an energy source.
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Figure 20: Contribution analysis of the manufacturing of 1 t of wire rod via BF-BOF route produced in the EU (plots in the upper part) and imported (plots in the lower
part). All processes and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of WR. Shares lower than
1.5% are not labelled but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into “Other processes”!®.

Process Contributors
BF Gas

EU 84.5% 9.9% I mm BOF Gas
Electricity

Other Processes
Il Process Emissions

Imported 83.1% 9.3% . Emm Slab from BOF

Source: JRC elaboration.

8 Wire rod is not included in the EU-ETS benchmark list, meaning its production is not directly covered under the EU-ETS. As a result, only 60-70% of CO, emissions from slab production
(which serves as the raw material for wire rod) are covered under EU-ETS, while all downstream processes, including wire rod production itself, are excluded from ETS coverage. For
wire rod imported from non-EU countries, we estimate approximately 60-70% of emissions as covered under CBAM. This includes 60% of the slab’s emissions (as outlined above),
process emissions and indirect electricity emissions.



Figure 21: Contribution analysis of the manufacturing of 1 t of wire rod via EAF route produced in the EU (plots in the upper part) and imported (plots in the lower part).
All processes and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of WR. Shares lower than 1.5% are
not labelled but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into Other processes.
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4.3 Hot rolled coil (HRC, Representative Product #2)

As outlined in the introduction of Section 4, this section details the LCA assumptions in Section 4.4.1
and the results in Section 4.4.2 for hot rolled coil (HRC). The analysis covers EU production, imports,
and market placement in the EU in 2022. The production of HRC starts from reheating a steel slab
in a reheating furnace until it reaches a temperature where it becomes pliable and suitable for
shaping. The slab is then fed through a series of rolling mills, which sequentially decrease its
thickness and alter its shape into a flat, wide strip (Figure 22). These rolling mills progressively
transform the slab into a continuous steel sheet, while controlling dimensions to achieve the desired
width and thickness consistent with hot rolled coil specifications. After rolling, the hot coil is coiled
at high temperatures and gradually allowed to cool. This coiled steel is then ready for further
processing, storage, or distribution to meet various industrial and manufacturing needs.

Figure 22. Hot rolled coil product.

Source: EUROMETAL (link)

4.3.1 Assumptions

The life cycle for producing 1 tonne of HRC in the EU has been modelled using the openLCA
software. The Life Cycle Inventory (LCl) used for the model of HRC has been developed based on
information from stakeholders and the available literature. The main assumptions used to
implement the LCA model have been described in detail in Section 3, assumptions relevant for this
part of the model are recalled in Table 16. The system boundary for the LCA model is detailed in
Figure 23.

According to Table 5, the share of import with respect to EU consumption is 26% of the HRC placed
in the EU market; the remaining 74% is produced in the EU. The vast majority of the HRC available
on the EU market (82%), is produced in the EU, while the remaining 18% is imported from abroad.
In the EU, 95% of HRC is produced via the BF-BOF route and 5% via the EAF route. For imports, the
majority (92.5%) of imported HRC is produced via BF-BOF and the remaining 7.5% via EAF route.
Since HRC can be produced through both routes, four separate models have been developed: two
for estimating the impacts of HRC production using slabs produced from the EAF route in the EU
and outside the EU; the other two models are needed to estimate the impacts when using slabs
produced from the BF-BOF route, thus assuming a fully integrated site, in the EU and outside the
EU. These models were then aggregated using the shares described above, to estimate the impact
of HRC placed in the EU market.
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Figure 23: System boundary for hot rolled coil placed in the EU market.
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The main differences in the model for imported HRC with respect to the model for HRC produced in
the EU, are the following:

e Two different datasets have been used to calculate the impact of electricity, one is for the
EU electricity mix and one for the rest of the world electricity mix. Both have been
estimated by the JRC to have more updated data with respect to the EF3.1 datasets.

¢ Additionally, the model accounts for the transportation of imported HRC from producing
countries to the EU. The average distance covered by transoceanic ships for this transport
(12,206 km) is weighted according to the quantities of HRC produced in countries exporting
to the EU. It is assumed that HRC is transported by transoceanic ships by sea®, considering
the most relevant countries of export of this intermediate product., as described in Section
3.2.2 and detailed in Annex 3.

Table 16: Assumptions for the modelling of HRC.

Assumption Comments and notes
Declared unit 1 tonne of HRC placed in the EU
market
System boundary From raw materials to factory | Figure 23
gate, i.e. cradle-to-gate data
Production route 100% from BF-BOF slabs Shares in Section 3.2.1, Table 5
or 100% EAF slabs
Origin Produced in the EU Shares in Section 3.2.1, Table 5
or imported in the EU
Impact category Climate change Results provided for climate
change, overview of 16 impact
categories provided in Annex 5
Co-products Steam and hot water Section 3.1.5, Table 1
Economic allocation
CFF A=1 Cut-off approach, including the
impacts of pre-treatment and

19 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000-200.000
dwt payload capacity, ocean going

60



transport of scrap, section

316
Transport HRC imported to EU Section 3.2.2, Annex 3
Alloys Section 3.2.3
Electricity Datasets for EU and GLO Section 3.2.4, Annex 2

updated to 2023
Model of integrated power
plant

Source: JRC own elaboration.

4.3.2 Results

The results of the LCA, reported in Table 17, indicate that HRC placed in the EU market has an
impact of 1,839.7 kg of CO,eq. More specifically, according to our model, the production of 1 tonne
of HRC leads to the production of:

e 1,873.7 kg of CO.eq via the BF-BOF route and of 675.1 kg of CO.eq via the EAF route when
produced in the EU;

e 1,989.2 kg of CO,eq via the BF-BOF route and of 987.5 kg of CO.eq via the EAF route when
produced outside of the EU;

e The transportation of imported HRC by transoceanic ships contributes to the overall carbon
footprint with an estimated 7.8 kg of CO.eg/tonne, corresponding to 0.4% of the total
impacts.

e Figure 24 shows the emissions aggregated according to the share of production in the BF-
BOF or in the EAF route, in the EU (1,813.4 kg of CO,eq/t) and outside the EU (1,914.1 kg of
COeq/t). For HRC the aggregated value for EU manufacturing is slightly lower than for the
manufacturing outside the EU. The final bar shows the aggregated value considering the
share of import in EU consumption.

Table 17. Shares of production route, share of import in EU consumption import shares and results of the
model for HRC?.

Impact Category | Production route | Share of imports | Result (kg CO.eq/t)
in EU
consumption
Produced in the EU | 950 BF-BOF 74% 1,873.7
5% EAF 675.1
Aggregated value 1813,39
Imported in the EU | 92.5% BF-BOF 26% 1,989.2
7.5% EAF 987.5
Transport 7.8

20 These figures reflect the average emissions associated the production of HRC, produced in the EU, imported in the EU
and placed in the EU market. Considering that the data and assumptions have been validated through consensus
with external stakeholders, they can be considered representative of the year 2022

61



Aggregated value 1914.1

Placed in the EU 1839.6
marked
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Figure 24: Results of the analysis for HRC placed in the EU market. The bars show the emissions aggregated
according to the share of production in the BF-BOF or in the EAF route, in the EU and outside the EU. The final
bar shows the aggregated value considering the share of import in the EU.
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Source: JRC own elaboration.

From a first analysis, it is possible to observe that 92% of the emissions are related to the slab and
only the remaining 8% are due to the further processing of the slab into the HRC (Figure 25). A
breakdown of the results for producing 1 tonne of HRC in a BF-BOF route, which are also
represented in Figure 27, reveals that:

e When produced via BF-BOF in the EU, the production of slabs accounts for 92.2% of total
emissions, direct emissions are 4.6%, the use of electricity accounts for 1.29%, the remaining
emissions are attributed to process gases, the integrated power plant, natural gas and other
processes, each with contribution lower than 1%.

e |f the production happens outside the EU, then the overall contribution is 6.2% higher than the
equivalent HRC produced in the EU. The distribution of the share of processes remains very
similar to the one for HRC produced in the EU, with slab contributing for 91.1%. The contribution
of electricity from the integrated power plant raises from 19% to 2.7%, while direct emissions
amount to 4.3%.

e The breakdown of the emissions associated to the production of the BF-BOF slab is described in
Section O.
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Figure 25: Results of the contribution analysis for the manufacturing of HRC in the EU.
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Source: JRC own elaboration.

When analysing the production route via EAF, the analysis of the emissions reveals that 81% can be
attributed to the slab, with the remaining 19% resulting from the manufacturing process of the slab
in HRC, as illustrated in Figure 26. From a breakdown of the results of the production of 1 tonne of
HRC from EAF, shown in Figure 28, it is possible to observe that:

e When produced via EAF in the EU, the production of slab accounts for 80.9% of total emissions,
direct emissions are 12.7%, while the emissions due to electricity accounts for 3.5% of the
impacts. Finally natural gas accounts for 2.4% of total emissions, while the remaining
contributions (process steam from coal, LPG, oxygen and lubricating oils) are each 0.2% or lower.

e As to produce HRC from EAF slabs imported in the EU, the overall contribution is 46% higher than
the equivalent EU product. The contribution of electricity raises from 3.5% to 5.4% and that of
EAF slab from 80.9% to 83.9%; direct emissions have a lower impact, at 8.7%.

e The breakdown of the emissions associated to the production of the EAF slab is described in
Section 4.1.

Figure 26: Results of the contribution analysis for the manufacturing of HRC in the EU.

Slab, EAF
81%

Source: JRC own elaboration.
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HRC produced outside the EU has higher CO,eq emissions than HRC produced within the EU. This
difference is mainly related to the differences in the emissions of electricity, which is less carbon
intensive in the EU (thanks to an electricity mix with higher shares of renewable sources of energy
and less coal). Consequently, the difference between EU and non-EU production is higher when looking
at HRC produced via EAF, which is a production route that relies on electricity as an energy source.
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Figure 27: Contribution analysis of the manufacturing of 1 t of HRC via BF-BOF route produced in the EU
(plots in the upper part) and imported (plots in the lower part). All processes and materials are represented in
the plot with their relative share of emissions with respect to the total emissions for 1 t of HRC. Shares lower

than 1.5% are not labelled but shown with the corresponding colour from the legend. Inputs with a
contribution below 1% are aggregated into “Other processes”.?!

EU 92.2% 4.6%

Imported 91.1% 4.3%

Source: JRC elaboration.

Figure 28: Contribution analysis of the manufacturing of 1 t of HRC via EAF route produced in the EU (plots in
the upper part) and imported (plots in the lower part). All processes and materials are represented in the plot
with their relative share of emissions with respect to the total emissions for 1 t of HRC. Shares lower than
1.5% are not labelled but shown with the corresponding colour from the legend. Inputs with a contribution
below 1% are aggregated into “Other processes”.

EU 80.9% 12.7%

Imported 83.9% 8.7%

Source: JRC elaboration.

4.4 Cold Rolled Coil Galvanized (CRCG, Representative Product #3)

This section provides LCA assumptions (Section 4.5.1) and results (Section 4.5.2) for Cold Rolled Coil
Galvanized (CRCG) including EU production, imports, and market placement in the EU in 2022.
Producing galvanized cold rolled coil (CRCG) involves several key steps that transform a hot rolled
coil into a finished product with enhanced durability and corrosion resistance. The process begins
with crude steel production in the BF-BOF or in the EAF. The crude steel is then transformed into

2! Hot rolled coil is not included in the EU-ETS benchmark list, meaning its production is not directly covered under the EU
ETS. As a result, only 60-70% of CO; emissions from slab production (the primary raw material for HRC) are
captured under the EU ETS, while HRC manufacturing processes remain excluded from ETS coverage. For HRC
imported from non-EU countries, we estimate approximately 60% of emissions as covered under CBAM. This
includes 60% of the slab’s emissions (as outlined above), process emissions and indirect electricity emissions.



hot-rolled coil, which undergoes pickling to remove surface impurities, followed by cold rolling to
achieve the desired thickness and mechanical properties. The final stages involve finishing
treatments, including galvanization, where high-grade zinc is applied to enhance corrosion
resistance

Figure 29. Cold rolled coil galvanized product

Source: EUROMETAL (link)

4.4.1 Assumptions

The life cycle for producing 1 tonne of Cold Rolled Coil Galvanized (CRCG) placed in the EU market
has been modelled using the openLCA software. The Life Cycle Inventory (LCl) used for the model
of CRCG has been developed based on information from stakeholders and the available literature.
The main assumptions used to implement the LCA model are described in detail in Section 3,
assumptions relevant for this part of the model are reported here and summarized in Table 18. The
system boundary for the LCA model is detailed in Figure 30. The zinc dataset used for the hot-
dipped galvanization step of the CRC LCA was provided by stakeholders.

According to Table 5, the share of import with respect to EU consumption is 27% of the CRCG
placed in the EU market; the remaining 83% is produced in the EU. The largest part of CRCG produc-
tion in the EU (969) is attributed to the primary production route and the remaining 4% to the sec-
ondary production route. For the imported share, the same shares of 96% and 4% for BF-BOF and
EAF are assumed. Since CRCG may be produced through both routes, four models have been devel-
oped: two for estimating the impacts to produce CRCG using slabs produced from the EAF produc-
tion route in the EU and outside of EU; and the other two using slabs produced from the BF-BOF
production route, assuming a fully integrated site, in the EU and outside the EU. These models have
been aggregated using the shares described above to provide the impact of CRCG placed in the EU
market.

Figure 30: System boundary for the manufacturing of CRCG.
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The main differences in the model for CRCG produced in the EU and produced outside of the EU, are
summarised hereafter:

e The impacts of electricity have been estimated using two specific datasets estimated by the
JRC with values updated to 2023. One dataset is for the EU electricity mix to be used when
modelling the EU production and the other is for the RoW electricity mix, to be used when
modelling the production outside the EU. These two datasets allow to better represent the
energy electricity mix with more recent data since the dataset currently present in the EF
database refers to 2012. More details can be found in Section 3.2.4.

e Additionally, the model accounts for the transportation of imported CRCG from producing
countries to the EU. The average distance covered by transoceanic ships for this transport
(13,397 km) is weighted according to the quantities of CRCG produced in countries
exporting to the EU. It is assumed that CRCG is transported by transoceanic ships by sea??,
considering the most relevant countries of export of this intermediate product, as described
in Section 3.2 and detailed in Annex 3.

¢ Finally, the impacts of zinc, relevant for the final galvanization process, have been modelled
using two different datasets provided by stakeholders . One dataset is specific for the
production in the EU and the other for the production outside the EU (the impact of the zinc
dataset for outside of the EU is 89% larger than the impact for EU production).

Table 18. Assumptions for the modelling of CRCG.

Assumption Comments and notes

22 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000- 200.000
dwt payload capacity, ocean going
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Declared unit

1 tonne of CRCG placed in the
EU market

System boundary

From raw materials to factory
gate, i.e. cradle-to-gate data

Figure 30

Production route

100% from BF-BOF slabs
or 100% EAF slabs

Shares in Section 3.2.1, Table 5

Origin

Produced in the EU
or imported in the EU

Shares in Section 3.2.1, Table 5

Impact category

Climate change

Results provided for climate
change, overview of 16 impact
categories provided in Annex 5

Co-products

Economic allocation

Section 3.1.5, Table 1

CFF A=1 Cut-off approach, including the
impacts of pre-treatment and
transport of scrap, section
316

Electricity Datasets for EU and GLO Section 3.2.4, Annex 2

updated to 2023

Model of integrated power

plant
Transport CRC imported to EU Section 3.2.2, Annex 3
Zinc Datasets for EU and GLO

provided by stakeholders

Source: JRC own elaboration.

4.4.2 Results

The results of the LCA reported in Table 18 indicate that CRCG placed in the EU market has an
impact of 2,153.8 kg of CO,eq. More specifically, according to our model, the production of 1 tonne
of CRCG leads to the production of:

e 2,168.3 kg of CO.eq via the BF-BOF route and of 884.8 kg of CO.eq via the EAF route when

produced in the EU;

2,325.4 kg of COeq via the BF-BOF route and of 1,291.5 kg of CO.eq via the EAF route
when produced outside of the EU;

The transportation of imported CRCG by transoceanic ships contributes to the overall carbon
footprint with an estimated 15.1 kg of CO.eg/tonne, corresponding to 0.7% of the total
impacts.

The diagram in Figure 31 shows the emissions aggregated according to the share of
production in the BF-BOF or in the EAF route, in the EU (2,117 kg of CO,eq/t) and outside
the EU (2,284 kg of CO.eq/t). For CRCG the aggregated value for EU manufacturing is
slightly lower than for the manufacturing outside the EU. The final bar shows the
aggregated value considering the share of import in EU consumption.
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Table 19. Shares of production route, share of imports in EU consumption and results of the model for
CRCG=.

Impact Category | Production route | Share of imports | Result (kg CO.eq/t)
in EU
consumption
i 0
Produced in the EU 96% from BE-BOF 73% 2,168.3
49% from EAF 884.8
2117
Aggregated Value
Imported in the EU | 96% from BF-BOF 27% 2,3254
49% from EAF 12915
Transport 151
Aggregated Value 22840
Placed in the EU B 2162.1
marked

Source: JRC own elaboration.

Figure 31. Results of the analysis for CRCG placed in the EU market.
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From the analysis of the breakdown of the results for the production of 1 tonne of CRCG via the BF-
BOF route, represented in Figure 31, we see that the slab is the major source of emissions (63%),

23 These results represent the emissions from the average production of Cold Rolled Coil Galvanized (CRCG), including EU
production, imports, and market placement within the EU. Given that the data and assumptions have been validated
through stakeholder consensus, the results are considered representative of the 2022 context.
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followed by the processes of cold rolling and finishing, each contributing around 13-14%. The initial
process of hot rolling accounts for 6% and pickling only for 1%. From the more detailed contribution
analysis in Figure 34, where all processes and inputs are broken down in details, the following
observations may be drawn:

e The analysis of the contribution of the different processing stages to the impacts
associated with the manufacturing of CRCG shows that the largest share of emissions is
related to the production of BF-BOF slab (66%). The other processes contribute as the
following: 6% for hot rolling; 1% pickling; 14% for cold rolling and finally 13% for the last
steps of the hot deep galvanisation process.

e If we consider the first process that the BOF slab undergoes (hot rolling, 71.5% of total
emissions), the emissions generated (other than the 66% generated by the slab itself) are
from the use of electricity (0.9%), process gases (1%), natural gas (0.3%), while process
emissions are 3.3%.

e Looking at the process of pickling, the source of emissions is due to steam from the
integrated power station (0.8% of total emissions), followed by electricity and other
processes, which all contribute with very low shares.

e In the process of cold rolling, the use of hot rolled coil in the process contributes to 13.3%
of total emissions. Electricity consumption, natural gas and process emissions have all
small shares, all lower than 1%.

e Finally, in the last step of the whole manufacturing process, the use of finished coil
contributes to the total emissions with a share of 6.7%. The use of zinc for the
galvanization contributes 1.9% to total emissions. Process emissions contribute with a 2.5%
share, while electricity, steam from the integrated power station, natural gas and other
process all have a very small contribution, always lower than 1%.

e The breakdown of the emissions associated to the production of the BF-BOF slab is
described in Section O.

e If the production happens outside of the EU, then the carbon footprint is about 7.2% larger.
The overall distribution of emissions (Figure 34) remains very similar, with a slight increase
of the share due to BF-BOF slab.

Figure 32. Contribution analysis of producing 1 t of CRCG via the BF-BOF Route in the EU

Steel finished

Source: JRC elaboration.
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When manufacturing occurs starting from a slab from the EAF route (as in Figure 33), the
contribution of the slab is set at 519%; the processes of finishing and cold rolling contributes
respectively with a 21% and 14% share. The initial process of hot rolling contributes with a 6%
share and finally, pickling with a 2% share. From a more detailed from Figure 35, where all
processes are broken down, the following observations may be drawn:

As for in the BF-BOF production route, the highest share of emissions is related to the
production of EAF slab (51.4%). The other processes contribute as for the following: 12%
for hot rolling; 2% pickling; 14% for cold rolling and finally 219% for the last steps of the hot
deep galvanisation process.

If we consider the first treatment that the EAF slab undergoes (hot rolling, 63.3% of total
emissions), the emissions generated (other than the 51.4% generated by the slab itself) are
from process emissions (8.1%), from the use of electricity (2.2%) and of natural gas (1.5%).
Steam, LPG, nitrogen, oxygen and all other processes contribute each with a share lower
than 0.19%.

In the pickling processes, the sources of emissions are steam (0.8% of total emissions),
electricity (0.2%) and other processes, which all contribute with very low shares.

In the process of cold rolling, the use of hot rolled coil from EAF in the process contributes
11.8% to total emissions. The share of emissions of electricity is 1.8% while natural gas
and process emissions have all small shares, all lower than 0.1%.

Finally, in the last step of the whole manufacturing process, the use of finished coil
contributes to the total emissions with a share of 6.5%. The use of zinc for the
galvanization contributes 4.6% to total emissions. Process emissions contribute with a 6.1%
share, and electricity with 1.6%; steam, natural gas with 1.19%; other process all have a very
small contribution, always lower than 1%.

The breakdown of the emissions associated to the production of the EAF slab is described in
Section 4.1.

Figure 33. Contribution analysis of producing 1t of CRCG through 100% EAF route in the EU.

Steel finished
CRCG, 21%
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Figure 34. Contribution analysis of the manufacturing of CRCG via the BF-BOF route produced in the EU (plots
in the upper part) and imported (plots in the lower part). All processes and materials are represented in the
plot with their relative share of emissions with respect to the total emissions for 1 t of CRCG. Shares lower

than 1.5% are not labelled but shown with the corresponding colour from the legend. Inputs with a
contribution below 1% are aggregated into “Other processes”,
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Source: JRC elaboration.

24 CRCG is not included in the EU ETS benchmark list, meaning its production is not directly covered under the EU-ETS. As a
result, only 60-70% of CO, emissions from slab production (used as raw material for hot-rolled coil and pickling)
are covered under the EU ETS. In contrast, CRCG is included within the scope of the CBAM where its CO; emissions
coverage includes direct emissions (Scope 1) and indirect emissions from electricity use (Scope 2). However,
emissions from other sources, such as upstream processes (Scope 3 emissions) remain outside the CBAM’s scope.
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Figure 35. Contribution analysis of the manufacturing of CRCG via the EAF route produced in the EU (plots in
the upper part) and imported (plots in the lower part). All processes and materials are represented in the plot
with their relative share of emissions with respect to the total emissions for 1 t of CRCG. Shares lower than
1.5% are not labelled but shown with the corresponding colour from the legend. Inputs with a contribution
below 1% are aggregated into “Other processes”.
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Source: JRC elaboration

4.5 Stainless steel (SS, Representative Product #4)

This section outlines the LCA assumptions (Section 4.46.1) and results (Section 4.6.2) of Stainless
steel, focusing on EU production, imports, and market presence in the EU during 2022. Stainless
steel receives its stainless characteristics from an invisible, self-healing chromium oxide film that
forms when chromium is added at concentrations greater than 10.5%. There are three major groups
within this type of steel: austenitic, ferritic, and martensitic. The best corrosion resistance is
obtained in austenitic stainless steels. These steels contain 16-26% chromium and up to 35%
nickel, which, like manganese, is a strong austeniser. Austenitic steels cannot be hardened by heat
treatment; they are also nonmagnetic. The most common type is the 18/8 or 304 grade, which
contains 18% chromium and 8% nickel.

The manufacturing process of 304 stainless steel involves several key steps to achieve its
composition and properties. It begins with the selection and preparation of raw materials, primarily
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iron ore, chromium, nickel, and other minor alloying elements. These materials are melted together
in an electric arc furnace to form a homogenous molten metal. Once the desired chemical
composition is achieved, the molten steel is cast into semi-finished forms such as slabs, billets, or
blooms.

Figure 36: Stainless steel product.

Source: Eurofer, 2025b

These semi-finished forms undergo hot rolling, where they are heated and passed through rolling
mills to reduce thickness and shape into flat products or long products, depending on the desired
final form. The hot rolled products are then annealed to refine the grain structure and eliminate
internal stresses, enhancing ductility and corrosion resistance. Finally, the 304 stainless steel is
subjected to various surface treatments and finishes, to enhance corrosion resistance and prepare it
for its final application. This grade of stainless steel is widely used in kitchen equipment, chemical
containers, and construction materials due to its excellent corrosion resistance and mechanical
properties. Stainless steel is a versatile alloy composed of 70-80% iron, a minimum of 10.5%
chromium, and additional elements such as carbon. The presence of chromium provides exceptional
protection against rust and corrosion, making it easier to clean than aluminium and copper. Its high
strength, recyclability, durability, and luster have led to its widespread use in various industries,
including construction, automotive, medical instruments, and kitchenware. The composition of
stainless steel alloys significantly affects its properties. The primary elements include:

e Iron: Provides strength and durability

e Chromium: Forms a passive oxide layer, providing corrosion resistance
¢ Nickel: Adds toughness, ductility, and improves corrosion resistance

¢ Molybdenum: Boosts strength and resists pitting and crevice corrosion

e Carbon: Affects hardness and strength, but can reduce corrosion resistance if present in
high amounts

In this work, 304 stainless steel (also known as 18/8, with 18% Cr and 8% Ni) is considered. This
grade has excellent corrosion resistance and performs well at high and low temperatures. It is one
of the food-grade stainless steels, often used as cookware. However, it is not recommended for
prolonged contact with salt water due to its poor tolerance to saltwater corrosion.
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4.5.1 Assumptions

According to Table 5, the share of import with respect to EU consumption is 40% of the 304
stainless steel placed in the EU market; the remaining 60% is produced in the EU. The production of
304 stainless steel occurs only via the EAF production route, both in the EU and outside the EU. Two
models have been developed: one for estimating the impacts to produce 304 stainless steel using
slabs produced via the EAF route in the EU and the other for the production outside the EU. The two
models are then aggregated, weighted by the shares of EU production versus imports, to determine
the result for stainless steel placed in the EU market.

The Life Cycle Inventory (LCl) designed for the model of stainless steel has been developed based
on information from stakeholders and the available literature. In particular, for imported stainless
steel, LCl has been integrated with data derived from Gyllenram and Wei (2022), which provides a
very detailed analysis of the processes commonly used in China and Indonesia. The main
assumptions used to implement the LCA model have been described in detail in Section 3.
Assumptions relevant for the modelling of stainless steel are reported here and summarized in
Table 20. The system boundary for the LCA model is detailed in Figure 37 and encompasses the
following processes:

e Stainless steelmaking: The process of producing stainless steel from raw materials, such
as scrap and alloys via the EAF production route.

e Casting: The process of shaping the molten stainless steel into a desired form, specifically
a slab.

e Hot rolling: The process of rolling the cast stainless steel at high temperatures to produce
a flat-rolled coil, resulting in a black hot-rolled coil (BHRC).

e Annealing and pickling: The processes of heat-treating and chemically treating the hot-
rolled coil to achieve the desired microstructure and surface finish, resulting in a white hot-
rolled coil (WHRC).

Scraps are the main raw material used in the process of slab-making as they amount to about 80%
of the overall input. LCI information on external scrap is provided by stakeholders and includes the
processes of pre-treatment process.

Figure 37: System boundary for stainless steel

Stainless
304 EAF

slab

steelmaking and
casting

Source: JRC own elaboration.

Table 20: Assumptions for the modelling of stainless steel.

Assumptions Comments and notes

Declared unit 1 tonne of stainless steel placed
in the EU market
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Grade family Grade family 304 (Cr-Ni
austenitic type)

System boundary From raw materials to factory Figure 11
gate, i.e. cradle-to-gate data
Production route 100% from EAF slabs Shares in Section 3.2.1,
Table 5
Origin Produced in EU and imported in | Shares in Section 3.2.1,
the EU Table 5
Raw materials Fe-alloys (20%) and
stainless/carbon steel scrap
(80%)
Impact category Climate change Results provided for climate

change, overview of 16
impact categories provided

in Annex 5
Co-products Economic allocation Section 3.1.5, Table 1
Transport Stainless steel imported to EU Section 3.2.2, Annex 3
Electricity Datasets for EU and GLO Section 3.2.4, Annex 2

updated to 2023
Model of integrated power plant

Source: JRC elaboration.

The main differences in the model for stainless steel produced in the EU and imported in the EU, are
the following:

e Two different datasets have been used to calculate the impact of electricity, one is for the
EU electricity mix and one for the rest-of-the-world electricity mix. Both have been
developed by the JRC to have more updated data with respect to the EF3.1 datasets.

¢ The model accounts for the transportation of imported stainless steel from producing
countries to the EU. The average distance covered by transoceanic ships for this transport
(18,550 km) is weighted according to the quantities produced in countries exporting to the
EU. We assume that stainless steel is transported by transoceanic ships by sea,®
considering the most relevant countries of export of this intermediate product., as described
in Section 3.2 and detailed in Annex 3.

e For the modelling of stainless steel produced in the EU, the amount of alloys was derived
from the LCI data provided by stakeholder. In this case, approximately 253 kg of alloys are
required to produce 1.027 tonnes of slab. The list of alloys used to produce 304 stainless
steel along with their respective shares of the total alloy input is reported in Table 21. For
the modelling of the Ferro-alloys, details are provided in section 3.2.3.

e When modelling stainless steel produced outside of the EU and imported, the LCI for alloys
is derived from Gyllenram and Wei (2022), where an LCA for stainless steel manufactured
in China and Indonesia, main producing countries, is described. In this context, it is assumed

25 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000- 200.000
dwt payload capacity, ocean going
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that alloys contribute 74% to the overall input, with nickel pig iron accounting for half of
this input. Ferrochromium is identified as the second most significant alloy used. The
emission factor for nickel pig iron is reported to be 10.7 kg COeq per kilogram
(Gyllenram and Wei, 2022).

Table 21: Alloys used in stainless steel manufacturing in the EU, share with respect of the total amount of
alloys.

Alloys Share on the total

amount of alloys
Ferro boron 0%
Ferro chrome (60%) 46%
Ferro sulphur 0%
Ferro-molybdenum (Mo 609%) 0%
Ferromanganese 2%
Ferronickel (29% Ni) 29%
Ferrosilicon 16%
Other alloys 7%

Source: LCl from stakeholders.

4.5.2 Results

The results of the LCA reported in Table 22 and in Figure 38 indicate that 304 stainless steel placed
in the EU market has an average impact of 5,022.4 kg of CO.eq. More specifically, according to our
model, the production of 1 tonne of SS leads to the production of:

e 32442 kg of CO.eq via the EAF route when produced in the EU;
e 7,689.6 kg of CO.eq via the EAF route when produced outside of the EU;

e The transportation by transoceanic ships contributes to the overall carbon footprint with an
estimated 16.5 kg of CO.eq/t, corresponding to 0.4% of the total impacts.

Table 22. Shares of production route, import shares and results of the model for stainless steel®®

Impact Category Production route | Import share Result (kg CO.eq/t)
Produced in the EU 100% from EAF 60% 3,244.2
Imported in the EU 100% from EAF 40% 7,689.6

Transport 165
Placed in the EU marked | - 5,022.4

Source: JRC own elaboration.

26 These results represent the emissions from the average production of Stainless-steel including EU production, imports,
and market placement within the EU. Given that the data and assumptions have been validated through stakeholder
consensus, the results are considered representative of the 2022 context.
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Figure 38: Results of the analysis for SS placed in the EU market.
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Source: JRC own elaboration.

A breakdown of the results with respect to the production of 1 t of SS in a 100% EAF route, also
represented in Figure 40, reveals that:

When producing stainless steel from EAF, 96.7% of the carbon footprint are attributed to the
production of black hot rolled coil, as from the manufacturing process in Figure 37.

A contribution analysis of the BHRC production process shows that the major contributor is the
304 slab, which accounts for 74.5% of total emissions.

Within the 304 slab production process, the impacts of alloys are the most significant
contributor, accounting for 72.9% of the carbon footprint. Only 1.6% of the total impacts is
attributed to metal scraps.

If we analyse the share of the impacts due to the different processing for the manufacturing of
electrical steel (Figure 39), it is possible to observe that the highest share of emissions is
related to supply of required primary materials (75%), which includes the relevant alloy and
metal scraps. The other processes contribute as the following: 16% for steelmaking and casting
of the EAF slab, 5% hot rolling; 3% pickling and annealing.

The contribution of electricity is relevant (5.1% of total emissions) only in process of
steelmaking and casting of the EAF slab. Instead, in the hot rolling and pickling and annealing
processes, electricity consumption has a contribution lower than 1% in both cases.

The breakdown of the emissions associated to the production of the EAF slab is described in
Section 0, even though in this case alloys have a different contribution.

Stainless steel produced outside of the EU has a much higher CO,eq emissions than the same
product manufactured in the EU. This is mainly due to the different alloys used as main input
material, which is nickel pig iron. Moreover, emissions of electricity grid mix at global level are
higher than at EU level. Specifically, when examining the emissions data for imported stainless
steel, the emissions increase by 137% with respect to an EU production. The use of nickel pig iron
alone contributes 69% to the total emissions.
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The study's findings clearly indicate that the production of alloys is the primary contributor to the
C0eq emissions associated with the production of stainless steel. Specifically, the results show that
alloys account for 749% of the total CO, emissions for EU production and 93% for imported products.
This suggests that a cleaner production of alloys would be a key strategy to focus for reducing the
carbon footprint of BHRC production.

Figure 39: Contribution analysis of producing 1 t of SS via EAF route in the EU.

Annealing and pickiling,
3%

Hotrolling, 5%

Stainless steelmaking
and casting, 16%

Metal scrap, 1%

Alloys, 74%

Source: JRC elaboration.
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Figure 40: Contribution analysis of the manufacturing of SS via EAF route produced in the EU (plots in the upper part) and imported (plots in the lower part). All processes
and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of SS. Shares lower than 1.5% are not labelled
but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into “Other processes”?’.
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Source: JRC elaboration

27 Stainless steel (SS) is not included in the EU ETS benchmark list, meaning its production within the EU is not directly regulated under this carbon pricing mechanism. As a result, only 10%
of CO, emissions associated with 304 stainless steel slab production (a key raw material for black hot-rolled coil) are covered under the EU ETS. For stainless steel imported from non-
EU countries, we estimate that approximately 70-80% of embedded emissions are included in the scope of CBAM. This broader coverage under CBAM encompasses emissions from
critical upstream inputs such as nickel pig iron (NPI) and ferrochromium (FeCr), which are necessary for stainless steel production and explicitly fall within CBAM’s regulatory
framework.
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4.6 Electrical sheet (ES, Representative Product #5)

Section 4.7 provides an overview of the LCA assumptions (Section 4.7.1) and results (Section 4.7.2)
for Electrical sheet focusing on EU production, imports, and market placement in 2022.

Electrical steel is a type of flat steel product, characterised by its magnetic properties. It is often
supplied in the form of cold rolled sheet or strip, generally less than 2 mm thick and of width up to
and 1500 mm. There are also certain hot rolled flat products in thicknesses of 1.5 mm up to 5 mm
with specified mechanical and magnetic properties (EN10079). Electrical sheet is intended for use in
magnetic circuits in electrical machines (EN10079), for the generation and transmission of electrical
power.

Electrical steel is a silicon-based alloy used in electrical applications. The production of electrical
steel involves several key steps to create a material optimized for the efficient conduction of
electrical currents in applications like transformers, generators and motors.

Figure 41: Electrical sheet product.

Source: ArcelorMittal (link)

The process begins with the selection of raw materials, primarily iron ore with specific alloying
elements such as silicon. These materials are melted in a furnace to produce steel. The molten steel
is then cast into slabs, which are subsequently hot-rolled and annealed to refine the grain structure
and enhance magnetic properties.

Silicon is a crucial addition, as it increases the electrical resistivity of the steel, reducing energy
losses due to eddy currents. After hot rolling, the steel undergoes cold rolling, which involves further
thinning of the steel into sheets. This process is crucial for developing the desired grain structure
that enhances magnetic properties.

The cold-rolled sheets are then annealed, a heat treatment process that relieves internal stresses
and improves the material’'s magnetic properties by promoting grain growth. For specific types of
electrical steel, such as grain-oriented electrical steel, an additional high-temperature annealing
step is used to further align the grains in a specific direction to enhance magnetic performance
along that axis.

Finally, the surfaces of the electrical steel sheets are coated with a thin insulating layer to minimize
eddy current losses and to provide corrosion resistance. The finished electrical steel is then cut into
sheets or wound into coils for use in electrical applications. The entire process is highly controlled to
ensure the magnetic and mechanical properties meet specific requirements for efficiency and
performance in electrical devices.
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4.6.1 Assumptions

According to Table 5, the share of import with respect to EU consumption is 32% of the ES placed in
the EU market; the remaining 68% is produced in the EU. We assume that electrical steel is always
produced via the BF-BOF route, both in the EU and when imported. Therefore, one model has been
developed for estimating the impacts for the production of electrical steel using slabs produced
from the BF-BOF production route, assuming a fully integrated site. In Figure 42 the system
boundary for the production of electrical steel is represented. Ferro-silicon is an iron alloy containing
high quantity of silicon. It is commonly used to add silicon to steel. In this case, it is used in the BOF
to reach a final Silicon content of 3%.

Figure 42: System boundary for electrical steel via BF-BOF Route.
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Source: JRC elaboration.

The Life Cycle Inventory (LCI) designed for the model of electrical steel has been developed based
on information from stakeholders and the available literature (Tangstad, 2013). The life cycle of 1
tonne of electrical steel placed in the EU market has been modelled using the software openLCA.
The main assumptions used in the model are summarised in Table 23, with further details provided
in Section 3. Assumptions specific to this part of the model are outlined below:

e The declared unit is the production of 1 tonne of electrical steel placed in the EU market at
the factory gate, i.e. cradle-to-gate data.

e The system boundary for the LCA model is detailed in Figure 42.
e Electrical steel is produced from 100% from BOF.

e The inventory of the blast furnace, basic oxygen furnace and all the raw materials used in
the manufacture of crude steel is consistent with the previous representative products.

e Modelling of energy carriers, like electricity and fuels is consistent with previous
representative products.

e Electrical steel has a silicon content of 3%.

e The alloy used to add silicon to the final electrical steel is a Ferrosilicon with a 75% Silicon
content.
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e The ferrosilicon is produced in an EAF from low-alloyed steel scrap, and quartzite. We
assume that the production of ferrosilicon occurs always outside of the EU.

e (Coating assumed as PU-based and with a thickness of 1 micron
e Final annealing assumed as for CRCG

e Co-product in the production of electrical steel are steam and hot water. Economic
allocation was applied, as follows what described in section 3.1.5.

The main differences in the model for imported electrical steel with respect to the model for
electrical steel produced in the EU, are the following:

e Two different datasets have been used to calculate the impact of electricity, one is for the
EU electricity mix and one for the rest-of-the-world electricity mix. Both have been
estimated by the JRC to have more up-to-date data.

e Additionally, the model accounts for the transportation of imported electrical steel from
producing countries to the EU. The average distance covered by transoceanic ships for this
transport (17,176 km) is weighted according to the quantities of electrical steel produced in
countries exporting to the EU. Electrical steel is transported by transoceanic ships by sea?,
considering the most relevant countries of export of this intermediate product, as described
in Section 3.2 and detailed in Annex 3.

Table 23: Assumptions for the modelling of electrical steel.

Assumption Comments and notes
Declared unit 1 tonne of ES placed in the EU
market
System boundary From raw materials to factory Figure 11
gate, i.e. cradle-to-gate data
Production route 100% from BOF slab Shares in Section 3.2.1, Table 5
Origin Produced in the EU or imported in | Shares in Section 3.2.1, Table 5
the EU
Impact category Climate change Results provided for climate

change, overview of 16 impact
categories provided in Annex 5

LCI Stakeholders
Literature for Ferrosilicon
Co-products Economic allocation for hot water | Section 3.1.5, Table 1
and steam
CFF A=1 Cut-off approach, including the
impacts of pre-treatment and
transport of scrap section 3.1.6
Transport Electrical steel imported to EU Section 3.2.2, Annex 3
Alloys Ferrosilicon Section 3.2.3

Tangstad, 2013

28 Dataset used: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil driven, cargo, 100.000- 200.000
dwt payload capacity, ocean going
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Electricity

Datasets for EU and GLO
updated to 2023
Model of integrated power plant

Section 3.2.4, Annex 2

Source: JRC elaboration.

4.6.2 Results

The results of the LCA reported in Table 24 indicate that electrical steel placed in the EU market has

an impact of 2,989.1 kg of CO.eq. More specifically, according to our model, the production of 1
tonne of electrical steel leads to the production of:

e 29125 kg of CO.eq via the BF-BOF route when produced in Europe;

e 3,151.8 kg of CO.eq via the BF-BOF route when produced outside of the EU.

e The transportation of imported ES by sea contributes to the overall carbon footprint with an

estimated 2.29 kg of CO.eq/t, corresponding to 0.2% of the total impacts.

e Figure 43 shows the emissions for the production in the EU (2,912.5 kg of COzeq/t) and

outside the EU (3,151.8 kg of CO.eq/t). The final bar shows the aggregated value

considering the share of import in EU consumption.

Table 24: Shares of production route, import shares and results of the model for ES?°.

Impact Category

Production route | Import share

Result (kg CO.eq/t)

marked

Produced in the EU 100% from BOF 68% 29125
Imported in the EU 100% from BOF 32% 3,151.8

Transport 2.3
Placed in the EU 2,989.1

Source: JRC elaboration.

29 These results reflect the emissions from the average production of electrical sheets, including EU production, imports,
and market placement within the EU. Given stakeholder validation of the data and assumptions, the findings are

representative of the 2022 context.
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Figure 43: Results of the analysis for ES placed in the EU market.
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A breakdown of the results for the production of 1 tonne of electrical steel via the BOF route, also
represented in Figure 45, reveals that:

When producing electrical steel from BOF, 85.1% of total emissions are related to the
production of silicon steel and 13.9% to the final annealing process. Direct emissions are much
lower than 1%, other materials (such as electricity, process steam or polyurethane all account
for about 1%.

If we analyse the share of the impacts due to the different processing for the manufacturing of
electrical steel, it is possible to observe that the highest share of emissions is related to the
production of BOF slab (49.6%) together with the most relevant alloy, ferro-silicon (15.9%). The
other processes contribute as the following: 5.9% for hot rolling; 1.3% pickling and annealing;
and finally 14.9% for cold rolling, pickling and final annealing.

The process of final annealing is particularly energy intensive. More than one third of the
emissions associated to this final annealing step are related to energy consumption. Overall, the
emissions due to final annealing (13.9% of the total emissions) are due to electricity for 5.4%,
natural gas for 1.1% and process emissions for 6.6%.

The breakdown of the emissions associated to the production of the BOF slab is described in
Section 0.

Electrical steel produced outside of the EU has higher CO,eq emissions than the same product
manufactured in the EU. This is mainly related to the emissions of electricity, which is less carbon
intensive in the EU thanks to a mix with high shares of renewable sources of energy and less coal.
Specifically, when examining the emissions data for imported electrical steel, the following
observations can be drawn:

When the product is manufactured outside the EU, the emissions increase by 8.2% with respect
to a EU production. The distribution of emissions across the various processes remains quite
similar in the two cases, as can be observed also in Figure 45. The contribution of electricity, for
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example in the final annealing process increases to 15.1%. Emissions related to the production
of the slab remains the most relevant, at 60%.

The breakdown of the emissions associated to the production of the BOF slab is described in
Section O.

Figure 44: Share of impacts due to the different main processes for the manufacturing of electrical steel.
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Source: JRC elaboration
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Figure 45: Contribution analysis of the manufacturing of electrical steel via BOF route produced in the EU (plots in the upper part) and imported (plots in the lower part).
All processes and materials are represented in the plot with their relative share of emissions with respect to the total emissions for 1 t of ES. Shares lower than 1.5% are
not labelled but shown with the corresponding colour from the legend. Inputs with a contribution below 1% are aggregated into Other processes°.
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30 S steel is not included in the EU ETS benchmark list or the scope of CBAM, meaning its production within and outside the EU is not directly regulated under these carbon pricing
mechanisms. However, only direct CO, emissions from slab production and indirect emissions are covered under the EU-ETS. For ES imported from non-EU countries, the CBAM
estimates that approximately 40-50% of embedded emissions are included in its scope. This coverage includes 60% of the slab’s emissions (for Hot rolling), process emissions and
indirect emissions from electricity use tied to the final product.
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5 Discussion

The report analyses the climate change impact of the base case, which represents the average
product placed in the EU market for the five representative steel products. Results are also broken
down to show differences of the domestic European production versus the imported one.
Additionally, results and contribution analysis of the two main steelmaking routes are shown to
highlight commonalities between the supply chain of the five RPs. Overall, this set of results
provides a comprehensive overview of the climate change impact of the five products assessed.

The results for all the RPs analysed in this report are presented in Figure 46 and Error! Reference
source not found.. However, due to the scope of the analysis, which excludes consideration on
specific material applications, sectorial uses, or product performance requirements, results for the
five RPs cannot be directly compared.

Emissions for the production of RPs in the EU via the BF-BOF route range between 1.8 ton of
COzeq/t for HRC to 2.9 ton of COzeq/t for ES; emissions of the other representative products are
within this range. The emissions increase by an average 7% if the production takes place outside of
the EU. On the other hand, if we consider the production via the EAF route, excluding stainless steel,
emissions are 0.67 ton of CO.eq/t for HRC and 0.88 ton of COeq/t for CRCG. The remaining
representative products demonstrate emissions levels that fall within the same range. In the EAF-
route case, emissions increase by around 47% if the production takes place outside the EU. In the
case of SS, emissions are more than double when manufactured outside of the EU (7.69 ton of
COzeq/t for imported SS and 3.24 ton of COzeq/t for Eu production). Given that the data,
assumptions, and results have been shared and validated with external stakeholders, these findings
are representative of the average scenario for the products analysed.

Table 25: Results for all RPs.

BF-BOF BF-BOF EAF EAF Placed in EU
EU Imported EU Imported market

WR 2,042 2,180 697 1,028 1,553

HRC 1,874 1,989 675 987 1,840

CRCG 2,168 2,325 885 1,292 2,162

ES 2912 3,152 2,989

SS 3,244 7,690 5,022

The analysis allowed to identify key environmental hotspots within the production processes of
these intermediate steel products:

e Slabs in the BF-BOF Route: The production of pig iron in the blast furnace is the largest
contributor, accounting for 75% of total emissions for BOF slabs. Within pig iron production,
process emissions (20%), coke (18.5%), and sinter (17%) are significant contributors.

e Slabs in the EAF Route: For EAF slabs, electricity is the largest contributor (28.4%). Alloys
(20%) also represent a significant portion of the overall impact, with ferro-nickel
contributing almost half of this share. The supply and treatment of metal scraps contributes
5.8%.

e Wire Rod: For BF-BOF route wire rod, slab production accounts for 84.5% of total emissions,
followed by direct emissions at 9.9% and electricity at 1.9%. For EAF route wire rod, slab
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production accounts for 78.5% of total emissions, with direct emissions at 12.6% and
electricity at 5.7%

e Hot Rolled Coil (HRC): For BF-BOF route HRC, slab production is the dominant factor,
contributing 92% of total emissions, with direct emissions at 4.6% and electricity at 1.2%.
For EAF route HRC, slab production accounts for 80.9% of total emissions, direct emissions
are 12.7%, and electricity contributes 3.5%

e (Cold Rolled Coil Galvanized (CRCG): For CRCG produced via the BF-BOF route, slab
production accounts for 66% of total emissions. Other significant steps include hot rolling
(6%), cold rolling (14%), and hot-dip galvanisation (13%). For EAF-route CRCG, slab
production accounts for 74.4% and hot-dip galvanization accounts for 18.73% of total
emissions.

e Electrical Steel: The production of silicon steel accounts for 84.1% of total emissions, with
the final annealing process contributing 13.9% due to high energy consumption. The BOF
slab (61.8%) and ferro-silicon (16.2%) are also major factors.

e Stainless Steel (304 WHRC): The production of alloys is the primary contributor, accounting
for 72% of the total CO, emissions (2.47 tonnes of CO; equivalent), highlighting a critical
area for carbon footprint reduction. The slab production itself (BHRC) accounts for 98% of
total impacts.

In summary, the carbon footprint of intermediate steel products is driven by the energy and
materials used for slab production, particularly the production of pig iron for the BF-BOF route and
the consumption of electricity and alloys for the EAF route. However, products which needs more
processing steps (i.e. pickling, annealing, cold rolling, galvanization) such as CRCG or ES have a
significant share of impacts coming from these manufacturing processes, highlighting the
importance of differentiating products. The origin of production (EU vs. imported) significantly
impacts the overall footprint, largely due to differences in the carbon intensity of electricity mixes.
Other differences may emerge if more detailed primary data could be available from regions
outside EU. For instance, the extent of energy integration in the BF-BOF, including the treatment of
process gases, differs among all production sites. Similarly, differences may apply to the used
materials, both in terms of quality and of quantity. This is also true for alloys which are produced
through energy intensive processes and depend also on different mineral ore grades. The
comparison between the BF-BOF and the EAF routes highlights their respective merits and
limitations:

e The BF-BOF route remains the market leader in the production of 3 out of 5 products in the
EU (HRC, CRCG and electrical steel). This route relies on iron ore and coal (for coke
production) as primary raw materials and is characterized by material-efficient processing
and high energy efficiency, particularly due to the reuse of process gases (e.g., blast furnace
gas for energy recovery). However, products produced via the BF-BOF route always have
higher emissions than the same product from the EAF route. This is due to direct emissions
of CO; due to the chemical reaction of iron reduction. It is important to note, however, that
flat products (e.g., HRC, CRCG) are primarily produced via the BF-BOF route due to its
scalability and suitability for high-purity steel applications, while long products (e.qg., wire
rod) are typically manufactured via EAF, leveraging scrap availability and flexibility for
lower-grade, high-volume requirements. This division is driven by differences in raw
material inputs (iron ore vs. scrap), process economics, and sector-specific performance
demands.
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e On the other hand, the EAF route's capability to utilize metal scrap leads to significantly
lower emissions than in the BF-BOF route, since the use of scrap®! reduces the need for
iron. However, this is also due to the assumptions taken in the modelling of scraps. In this
study we only consider the impacts of pre-treatment and transport of scrap. This
assumption aligns with the PEF method, which recommends a cut-off approach for
intermediate products. However, if intermediate products are integrated into specific
materials or sectors (e.qg., construction, automotive, etc.) where the full value chain is
explicitly analyzed, more comprehensive EOL modelling approaches (e.g. Circular Footprint
Formula, EN15804) may be applied depending on the scope. Additionally, while this study
does not differentiate between pre-consumer and post-consumer scrap, such distinctions,
along with variations in scrap treatment processes and quality, could be incorporated in
future analyses to refine the assessment.

e Another significant difference among the two routes is related to the energy sources used
to drive the manufacturing process. While BF-BOF is based primarily on the use of thermal
energy provided by coke and coal, the EAF route is based on the use of electricity. There is
therefore a significant difference in the results due to the impact of the energy sources and
their carbon intensity. This variability is even more relevant when comparing a RPs produced
via the EAF route either in the EU or imported because the carbon intensity of the electricity
mix is significantly lower in the EU.

Electricity is a key environmental hotspot, especially for steel produced via the EAF route, where it
serves as the primary energy source for melting scrap steel. The carbon footprint of EAF-based
steel is directly linked to the carbon intensity of the electricity mix utilised.

The EU electricity mix is considerably less carbon-intensive than the global average, due to a higher
share of renewable energy sources. This difference is evident in the fact that imported EAF slabs
show a 51% increase in emissions compared to EU-produced EAF slabs, with about two-thirds of
this increase attributed to electricity emissions. Therefore, transitioning to renewable or lower-
carbon electricity sources is paramount for decarbonising EAF steel production.

31 "Generally, in the BF-BOF route, metal scrap input is typically limited to less than 15-20% of the total feedstock due to
the process’s reliance on iron ore and coal as primary raw materials. In contrast, the EAF route operates almost
entirely on scrap steel, with scrap content usually exceeding 90% in most modern EAF plants.
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Figure 46: Comparison of results for the five RPs.
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There are further steps that could improve the results and allow better understanding of the results
provided here:

Emissions accounting for metal scraps: removing the assumption that metal scraps are
burden-free would provide a more realistic assessment of emissions associated with
recycled materials. This could involve utilizing the Circular Footprint Formula (CFF) with an
adjusted factor A, reflecting different conditions inherent in scrap recycling processes. It is
essential to discuss the role of recycling and scrap utilization in the steel industry to
understand the carbon footprint. While scrap-based production routes offer significant
environmental benefits by minimizing the need for raw materials, they also present
challenges such as variability in scrap quality and the logistics of collection and
transportation efficiencies. Assessing these factors could lead to improved strategies for
maximizing the sustainability of scrap utilization.

Exploration of decarbonization pathways: the current model framework facilitates
exploration of viable pathways for decarbonization in the steel industry. For instance, low
carbon technologies such as Direct Reduced Iron (DRI) using natural gas can be examined
by increasing their share, given their present marginal role in the EU. Moreover, the analysis
allows for an exploration of innovative solutions like hydrogen-based reduction methods
(DRI-H2) that leverage hydrogen as reducing agent. Additionally, the increased deployment
of renewable energy sources in production processes could further decarbonize the industry.

Addressing data gaps: Identifying and addressing data gaps is crucial for improving the
reliability and comprehensiveness of the analysis. Ensuring availability and accuracy of data
across all production and emission stages will strengthen the model's results. This might
involve collecting more granular data on energy consumption, raw material consumption,
scrap treatment and processing, and technology performances.
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5.1.1 Areas of further development

Future work will build upon these findings to identify and evaluate possible scenarios for the
potential to reduce environmental impact. Adopting cleaner energy sources and innovative
technologies can significantly reduce the carbon intensity of steel production. By addressing the
main contributors to the carbon footprint, particularly the emissions from slab production (which
accounts for 75% of total emissions for BOF slabs and is the largest contributor for intermediate
products like wire rod (84.5% for BOF route, 78.5% for EAF route) and Hot Rolled Coil (HRC) (92%
for BOF route, 80.9% for EAF route)), the steel sector can make significant strides towards
achieving EU climate neutrality goals.

Products manufactured through the EAF route demonstrate lower emissions compared to those
produced via the BOF route in all RPs. This is primarily attributable to the EAF process’s integration
of recycled materials, which significantly reduces reliance on primary raw materials. These findings
underscore the EAF route as a critical pathway for mitigating environmental impacts in the steel
industry, particularly in scenarios where recycled feedstocks are prioritized. However, this conclusion
relies on the assumption that metal scraps are not associated with upstream emissions from primary
material production. Future analyses could expand on this by incorporating in the CFF a more
comprehensive accounting of impacts, such as those linked to the primary production of materials
from which scraps originate. Additionally, differentiating between pre-consumer and post-consumer
scrap flows in the CFF could provide a better understanding of circularity-related impacts. Additionally,
integrating renewable energy systems into EAF production would amplify its potential to support
global decarbonization goals in the steel sector.

It is important to note that EAF and BOF processes serve different industrial requirements: EAF is
particularly suited for producing long products and rebar using scrap-based feedstocks, while BOF
processes remain essential for high-quality steel grades and applications (i.e. mainly Flat products)
requiring specific chemical compositions or mechanical properties. Recognizing these distinct roles is
critical for a balanced transition toward a more sustainable steel industry, where both routes can
coexist to meet diverse market needs while advancing environmental goals.

Science for policy

This report provides a comprehensive analysis of the environmental footprint of steel intermediate
products, offering insights for policymakers and industry stakeholders. Results of this study aims to
provide evidence in support to regulatory measures that can drive systemic decarbonization while
maintaining industrial competitiveness. The findings of the report have been considered in
relationship with different European regulatory frameworks and initiatives, offering a scientific
foundation for current and future policies. In particular the analysis took in consideration the
following EU initiatives:

- EU ETS and CBAM

The EU Emissions Trading System (EU- ETS) is a cap-and-trade mechanism that sets a limit on
greenhouse gas emissions from energy-intensive industries, including steel, and allows market-
based emission reductions. The Carbon Border Adjustment Mechanism (CBAM), currently under
revision, complements this by imposing a carbon price on imports of high-emission goods (e.g.,
steel) from extra-EU countries, preventing carbon leakage and ensuring a level playing field for EU
producers. The two frameworks primarily focus on CO, emissions, covering direct emissions from
production processes and indirect emissions related to electricity consumption (especially under the
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CBAM). Together, the ETS and CBAM establish a robust regulatory foundation for decarbonizing the
steel sector and aligning emissions accounting across domestic and international supply chains.

- Harmonization and Simplification of Carbon Accounting Methods

As announced in the Clean Industrial Deal, and to address the proliferation of carbon accounting
methods used in EU policies, the Commission launched an Inter-Service Group (ISG) - consisting of
staff members of different Directorates Generals (DGs) - to identify by 2025 priority areas and
possible avenues for simplification, harmonisation and robust verification.

- Environmental Footprint (EF) Methods Review

Ongoing reviews of Recommendation 2279/21 will provide technical guidance on the calculation of
product and organisation environmental footprint (PEF and OEF), fostering consistency and further
methodological guidelines with specific Product Environmental Footprint Category Rules (PEFCRs)
and Organization Environmental Footprint Sector Rules (OEFSRs). This will include new
methodological advancements (based on recent scientific literature) and tailored rule to enhance
method applicability.

- Industrial Accelerator Act (IAA),

The Industrial Accelerator Act (IAA) proposal, launched in March 2026, sets out in Article 10 that the
criteria defining low-carbon products, excluding construction materials®, will be established through
delegated acts adopted under the Ecodesign for Sustainable Products Regulation (ESPR, Regulation
(EU) 2024/1781).

To foster lead markets for industrial products with low carbon footprint emissions, beginning with
the steel sector, the proposal suggests leveraging existing product legislation to introduce labelling
and information requirements. This includes comprehensive product labelling obligations, to be
specified in delegated acts pursuant to Regulations (EU) 2024/3110 (CPR) and (EU) 2024/1781
(ESPR) (Recital 22).

32 Construction materials shall be conisder4ed low carbon is they comply with the delegated acts adopted pursuant to
Article 5(5) or Article 22(9) of Regulation (EU) 2024/3110;
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6 Conclusions

This report presents a comprehensive life cycle assessment (LCA) of five representative
intermediate steel products, providing crucial insights into their carbon footprints to inform
regulatory measures under the Ecodesign for Sustainable Products Regulation (ESPR). The five
representative products, wire rod, hot rolled coil (HRC), cold rolled coil galvanized (CRCG), electrical
steel, and stainless steel, were selected in Task 3, based on the following criteria:

- EU Apparent Consumption: Total volume of the product consumed within the EU.
- EU Production: Domestic production levels within the EU.

- EU Supply Dependencies: Assessed through the product’s import reliance.

- Environmental Impact: Estimated CO, emissions per tonne of steel produced.

- Targeted Economic Sectors: Relevance to key industries reliant on steel (e.qg., construction,
automotive, energy).

The LCA was conducted following the Product Environmental Footprint (PEF) method, with a cradle-
to-gate system boundary and a declared unit of 1 tonne of product placed in the EU market. The
system boundary excludes use phase, distribution, and end-of-life stages. Consequently, product
performance, functionality, and end-use applications (e.g., construction, automotive) are not
considered in this assessment. This exclusion aligns with the study’s defined scope, which focuses
solely on production-related environmental impacts of intermediate steel products. Consequently, a
comparative analysis of the five representative products cannot be conducted, as these products
are heterogeneous in scope, functional requirements, and application sectors. The study does not
assume a standardized functional unit or shared performance criteria across products. Key aspects
of the modelling included:

e Economic Allocation: This method was used to allocate emissions for co-products generated
in multi-functional processes, such as blast furnace slag, steelmaking slag, and process
gases.

e Circular Footprint Formula (CFF): The CFF was applied to account for the material
substitution effect of recycled materials, focusing exclusively on the material portion of the
formula due to the intermediate nature of the products. In this study, the cut-off approach
is applied to scrap modelling in accordance with the PEF method for intermediate products.
Specifically, CFF is applied considering A = 1 and only the environmental impacts associated
with the treatment and transport of metal scrap are attributed to the scrap input.

e Updated Electricity Datasets: To enhance accuracy, two new datasets for EU and global
electricity mixes, updated to 2023, were estimated by the JRC.

e Comprehensive Data Sourcing: Life Cycle Inventories (LCls) were built using data from
stakeholders and scientific/grey literature, ensuring global coverage by modelling both EU
and non-EU production scenarios.

e Steel production is a major contributor to global carbon emissions, and reducing these
emissions can help mitigate climate change and its impacts. Although all EF impact
categories are considered and provided in Annex 5, the focus of the report is on climate
change impact, mainly because of the accuracy of GHG emission inventories that are at the
basis of the model.
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The choice of steelmaking route (primary vs. secondary) and the origin of production (EU vs.
imported) are critical determinants of environmental impact, primarily due to differences in
energy mixes and raw material supply chains. The detailed hotspot analysis identifies specific
processes and material inputs, such as pig iron production, electricity consumption, and alloy
supply, as prime targets for emission reduction efforts. This comprehensive LCA is essential in
informing effective ecodesign measures under the ESPR, aiming to enhance the sustainability of
steel products within the EU market. The assessment highlights the significant environmental
implications of different steelmaking routes:

e Primary Route (BF-BOF): This integrated steelmaking process produces steel from iron ore
and coal for coke making, with scrap input limited to 10-20% (primarily pre-consumer

scrap*). In our study, emissions for EU-produced products range from 1.8 tonnes CO.eq per
tonne for hot rolled coil to 2.9 tonnes CO.eq per tonne for electrical steel. Emissions
increase by 7% for imported products. The other representative products exhibit emissions
within this range. The production of hot metal in the blast furnace is a major contributor to
emissions across all RPs. The broad range of the results is given by the number and nature
of the manufacturing processes that the slab undergoes to obtain the final RP and by the
type and quantities of alloys used

e Secondary Route (EAF): This scrap-based process typically uses scrap input exceeding
75% **(primarily post-consumer scrap) and involves remelting steel scrap in an electric arc
furnace. In our study, emissions for EU-produced products range from 0.67 tonnes CO.eq
per tonne for hot rolled coil (HRC) to 0.88 tonnes COzeq per tonne for cold rolled coil
galvanized (CRCG). Emissions increase by 47% for imported products, mainly because of the
emission intensity of electricity that is higher outside the EU than in the EU. In the case of
stainless steel, the manufacturing process outside of the EU has much higher emissions
because the nickel pig iron is used as input material and has much higher emissions than
metals (main material used in the EU production). The representative products (RPs) exhibit
emissions within this range. Electricity consumption is the most relevant contributor to the
total emissions across all RPs.

e Emissions for the production of stainless steel are much higher, due the high amount of
specific alloys used in the manufacturing process. Total emissions are 3.2 and 7.7 t COzeq
per tonne when produced in the EU and when imported.

A consistent trend observed across the products is that imported steel generally carries a higher
carbon footprint compared to that produced within the EU. This difference is primarily attributed to:

e Electricity Mix: The EU electricity mix is less carbon-intensive due to a higher share of
renewable energy sources compared to the global mix, especially impacting EAF-based
production which heavily relies on electricity.

33 In our study, 14% of the total input materials consist of scrap
34 In our study, 94% of the total input materials consist of scrap
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Transportation: Emissions associated with the international shipping of imported products
and raw materials contribute to the overall impact, although this contribution is typically
relatively small, much less than 1% of the total climate change impact.

Future developments are likely to concentrate on several key areas, including:

Refining of methodological aspects and sensitivity analyses:

Accounting of emissions from metal scraps: Consider the implementation of the CFF,
changing the value of parameter A, and not considering metal scraps as burden free.
Differentiate between pre-consumer and post-consumer scrap, addressing their treatment
and quality differences.

Co-products modelling: The study applied economic allocation to distribute impacts
among main product and co-products based on market value. Alternative methods (e.q.,
system expansion, ETS/CBAM compliance rules, physical allocation, etc.) could also be
explored to address co-products.

Refining data and LCA modelling for imported products to enhance its accuracy, relia-
bility, validation, and stakeholder feedback.

System Boundary: In this report, a cradle-to-gate system boundary is defined,
encompassing processes from raw material extraction to product manufacturing (ending at
the factory gate). While the current assessment focuses on this scope, the full value chain,
including the product’s use in a specific material and sector, as well as its end-of-life (EoL)
phase, could also be incorporated into the evaluation. This would require clearly defining the
steel products, their functional performance, and the context of their application to ensure a
comprehensive analysis.

Use of results:

Explore opportunities for reducing emissions further by adopting cleaner energy
sources, refining production processes, and leveraging technologies like hydrogen-based
reduction.

Integrating the LCA method and results with other policy initiatives, such as carbon
labelling, ongoing review of the PEF method, ongoing ISG for simplification and
harmonisation of carbon accounting methods.

Definition of classes of performance for the five steel intermediate products, considering i)
scenarios representing current installations within the EU and in third countries, ii) scenarios
representing emerging technology routes (e.g. increased use of renewable electricity,
integration of carbon capture and storage (CCS), or hydrogen-based direct reduction).

The insights gained from this assessment underscore the importance of strategic decisions in
steelmaking routes and sourcing strategies, fostering innovation and supporting the transition
towards decarbonization within the industry. By addressing the main contributors to the carbon
footprint, the steel sector can make significant strides towards global climate neutrality goals,
effectively supporting the objectives of initiatives like the ESPR.

96






References

Battle, T. P. & McClelland, J.M,, 2011. A New Model for Energy and Carbon Dioxide Calculations:
Model Development, Assumptions, and Applications to EAF Steelmaking. Iron & steel technology
conference, AlSTech, 943-954.

Blanco Perez et al,, 2024. Preparatory study on iron and steel — ecodesign measures under the
ESPR, JRC.

Blanco Pérez, S., Torres de Matos, C., Arcipowska, A., Maury, T., forthcoming. Study on rules for the
calculation and verification of recycled content in iron and steel products, JRC.

Chen et al,, 2025. Influence of blast furnace pellet proportions on environmental impact and global
warming: A life cycle assessment. Fuel 381 (2025) 133571.
https://doi.org/10.1016/j.fuel.2024.133571

CRU, 2025. CRU Platform.

EC (2021). Commission Recommendation (EU) 2021/2279 of 15 December 2021 on the use of the
Environmental Footprint methods to measure and communicate the life cycle environmental
performance of products and organisations. C/2021/9332. Official Journal of the European Union L
471,30.12.2021, pp. 1-396. Consolidated text available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A02021H2279-20211230

EC (2025a). COM(2025) 85 final 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. eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52025DC0085

EC (2025b). 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. https://eur-
lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0085

Ember, 2025a. Yearly Electricity Data, Yearly Electricity Data | Ember.

Ember, 2025b Energy Institute — 2025 Statistical Review of World Energy,
https://ourworldindata.org/grapher/share-elec-by-source

Energy Institute, 2025. 2025 Statistical Review of World Energy, Home | Statistical Review of World
Energy

EUROFER (2024). Personal communication.

Eurofer (2025a). European steel in figures 2025

Eurofer (2025b). https://www.eurofer.eu/issues/eurofer-stainless-and-specialty-steel/mission-and-
organisation.

Eurometaux (2019). Product Environmental Footprint Category Rules (PEFCR) for Metal Sheets for
Various Applications

98


https://doi.org/10.1016/j.fuel.2024.133571
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021H2279-20211230
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021H2279-20211230
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52025DC0085
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0085
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52025DC0085
https://ember-energy.org/data/yearly-electricity-data/
https://ourworldindata.org/grapher/share-elec-by-source
https://www.energyinst.org/statistical-review
https://www.energyinst.org/statistical-review
https://www.eurofer.eu/issues/eurofer-stainless-and-specialty-steel/mission-and-organisation
https://www.eurofer.eu/issues/eurofer-stainless-and-specialty-steel/mission-and-organisation

GlZ, 2025. Direct reduction of iron with natural gas and steelmaking in the basic oxygen furnace
(NG_DRI-ESF-BOF). Retrieved from https://www.giz.de/en/downloads/qgiz2025-en-factsheet-direct-
reduction-of-iron-with-natural-gas-and-steelmaking-in-the-basic-oxygen-furnace.pdf

Gyllenram, R. and Wei, W. (2022). 304 grade Stainless Steel Carbon Footprint Comparison, EU,
Indonesia and China, Kobolde & Partners AB.

IEA, 2020. Iron and Steel Technology Roadmap, IEA, Paris.

|IEA, 2025. Data and statistics. [EA — International Energy Agency - IEA.

IPCC 2019, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
Calvo Buendia, E., Tanabe, K., Kranjc, A.,, Baasansuren, J., Fukuda, M., Ngarize S., Osako, A,
Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC, Switzerland. https://www.ipcc-
naggip.iges.or.jp/public/2019rf/vol3.html

ISO 20915:2018(E) - Life cycle inventory calculation methodology for steel products.

Jha et al,, 2020. Life cycle assessment of sintering process for carbon footprint and cost reduction:
A comparative study for coke and biomass-derived sintering process, Journal of Cleaner Production,
259, 1208889. https://doi.org/10.1016/j.jclepro.2020.120889

Li et al,, 2020. A holistic life cycle evaluation of coking production covering coke oven gas
purification process based on the subdivision method, Journal of Cleaner Production, vol 248,
119183. https://doi.org/10.1016/j.jclepro.2019.119183

Liang et al,, 2023. Life cycle assessment of blast furnace ironmaking processes: A comparison of
fossil fuels and biomass hydrochar applications Fuel 345 (2023) 128138.
https://doi.org/10.1016/j.fuel.2023.128138

Ma et al, 2018. Life cycle assessment and water footprint evaluation of crude steel production: A
case study in China, Journal of Environmental Management, Vol 224, 10-18

MIDREX (2024). 2023 world direct reduction statistics. https://www.midrex.com/wp-
content/uploads/MidrexSTATSBook2023.Final .pdf (online, June 2025)

Na et al,, 2024. Revealing cradle-to-gate CO, emissions for steel product producing by different
technological pathways based on material flow analysisResources, Conservation & Recycling 203
(2024) 107416. https://doi.org/10.1016/j.resconrec.2024.107416

Nduagu et al,, 2022. Comparative life cycle assessment of natural gas and coal-based directly
reduced iron (DRI) production: A case study for India, Journal of Cleaner Production, Vol. 347,
131196. https://doi.org/10.1016/j.jclepro.2022.131196

Rado-Faty, N., Domokos, E., Nagy, L. et al. Life cycle assessment of coke production based on real
plant and model-optimised data. Int J Life Cycle Assess (2025). https://doi.org/10.1007/s11367-
025-02455-6

Remus R, Aguado Monsonet M, Roudier S, Delgado Sancho L. Best Available Techniques (BAT)
Reference Document:for:Iron and Steel Production: Industrial Emissions Directive
2010/75/EU:(Integrated Pollution Prevention and Control). EUR 25521 EN. Luxembourg
(Luxembourg): Publications Office of the European Union; 2012. JRC69967

99


https://www.giz.de/en/downloads/giz2025-en-factsheet-direct-reduction-of-iron-with-natural-gas-and-steelmaking-in-the-basic-oxygen-furnace.pdf
https://www.giz.de/en/downloads/giz2025-en-factsheet-direct-reduction-of-iron-with-natural-gas-and-steelmaking-in-the-basic-oxygen-furnace.pdf
https://www.iea.org/data-and-statistics
https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol3.html
https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol3.html
https://doi.org/10.1016/j.jclepro.2019.119183
https://doi.org/10.1016/j.fuel.2023.128138
https://www.midrex.com/wp-content/uploads/MidrexSTATSBook2023.Final_.pdf
https://www.midrex.com/wp-content/uploads/MidrexSTATSBook2023.Final_.pdf
https://doi.org/10.1016/j.resconrec.2024.107416
https://doi.org/10.1016/j.jclepro.2022.131196

Renzulli PA, Notarnicola B, Tassielli G, Arcese G, Di Capua R., 2016. Life Cycle Assessment of Steel
Produced in an Italian Integrated Steel Mill. Sustainability, 8(8):719.
https://doi.org/10.3390/su8080719

Tangstad M., 2013. Chapter 6 - Ferrosilicon and Silicon Technology, in Handbook of Ferroalloys, Ed.
Michael Gasik, Butterworth-Heinemann, https://doi.org/10.1016/B978-0-08-097753-9.00006-X.

Wei Lv et al,, 2019. Life cycle energy consumption and greenhouse gas emissions of iron pelletizing
process in China, a case study, Journal of Cleaner Production, Vol 233, 1314-1321.
https://doi.org/10.1016/j.jclepro.2019.06.180

WorldSteel, Sustainability Indicators. 2024 Report., 2024. Visited Oct 2025
https://worldsteel.org/wider-sustainability/sustainability-indicators/

Worldsteel, 2025. https://worldsteel.org/media/images/worldsteelterniumbrazilsteel-slab-
storageljpg-910/

ComExt (2025). Visited May 2025.
https://www.eui.eu/research/library/researchguides/economics/statistics/dataportal/comext

RMIS — Raw Materials Information System (2025). Visited May 2025. https://rmis.jrc.ec.europa.eu/

Yieh Corp (2025). Visited May 2025. https://www.yieh.com/?aspxerrorpath=/en/south-korean-scrap-
consumption-jumps-in-2017/93100

100


https://doi.org/10.1016/B978-0-08-097753-9.00006-X
https://doi.org/10.1016/j.jclepro.2019.06.180
https://worldsteel.org/wider-sustainability/sustainability-indicators/
https://worldsteel.org/media/images/worldsteelterniumbrazilsteel-slab-storage1jpg-910/
https://worldsteel.org/media/images/worldsteelterniumbrazilsteel-slab-storage1jpg-910/
https://www.eui.eu/research/library/researchguides/economics/statistics/dataportal/comext
https://rmis.jrc.ec.europa.eu/
https://www.yieh.com/?aspxerrorpath=/en/south-korean-scrap-consumption-jumps-in-2017/93100
https://www.yieh.com/?aspxerrorpath=/en/south-korean-scrap-consumption-jumps-in-2017/93100

List of abbreviations and definitions

Abbreviations Definitions
BF Blast Furnace
BF gas Process gas produced in the blast furnace
BOF Basic Oxygen Furnace
BOF gas Process gas produced in the basic oxygen furnace
CFF Circular Footprint Formula
CO gas Process gas produced in the coke oven
CRCG Cold Rolled Coil Galvanised
DRI Direct Reduced Iron
EAF Electric Arc Furnace
EF Environmental footprint
EoL End of Life
ESPR Ecodesign for Sustainable Product Regulation
GHG Greenhouse Gas
HRC Hot Rolled Coil
LCA Life Cycle Assessment
LCl Life Cycle Inventory
PEF Product environmental footprint
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Annexes

Annex 1. CFF Description

One important aspect in life cycle assessment (LCA) studies is the modelling of end-of-life (EoL)
aspects, including the use of recycled materials in input, materials recycling output, and waste man-
agement. This modelling in the Environmental Footprint (EF) methods is done via the so-called ‘circu-
lar footprint formula’ (CFF).

All waste flows produced during the manufacturing, distribution, use, and end-of-life stage of the
product in study shall be modelled according to the CFF, as well as all recycled or recyclable material
entering or leaving the system. The CFF is applied per material and is structured in 3 parts: 'material’,
‘energy’, and 'disposal:

e The ‘material’ part applies to all life cycle stages where recycled materials are used in input
and recyclable material are produced. Burdens due to secondary materials production and
benefits due to primary materials substitution are distributed among product systems (the
one using and the one producing the secondary material) with an allocation factor Al. The
factor A relates to the supply and demand of secondary materials: a low demand compared
to the supply attributes higher benefits to the recycled content (i.e. via higher values of the
factor A), while high demand compared to the supply attributes higher benefits to the
recyclability at the EoL (i.e. with lower values of factor A).

o The ‘Energy’ part models the energy recovery of waste. In this case, burdens are related
to the waste-to-energy technology and credits to the avoided emissions and resource use of
the substituted energy.

e Finally, the ‘Disposal’ part models burdens related to the disposal of materials that are not
recycled or used for energy recovery.

The CFF has been developed after more than 4 years discussion with industries, academia and policy
DGs. Compared to other modelling formula available in other standards and carbon footprint scheme,
its added value is in accounting (in the same formula) of benefits derived from use of reused and
recycled materials (in inputs) and reusability and recyclability of waste (at the product’s EoL). There-
fore, the CFF is in line with principles of EU circular economy, by boosting this across all the life cycle
stages of the products.

Currently the EC is conducting a revision of the CFF, based on evidences and experiences gathered
during the EF pilot and transition phases and jointly with external stakeholders as industries who have
developed Product Environmental Footprint Category Rules (PEFCR) and members of the EF Technical
Advisory Board. This revision is expected to come with a revision / update of the CFF (including the
revision of allocation factor A, quality factors, and system boundaries), as well as providing better
guidance to clarify certain modelling aspects and applications to special cases (including for interme-
diate products). The update will cover both the EF methods and the development of EF secondary
datasets and it is expected to be published with the upcoming revision of the current EF Recommen-
dation (EC 2279/2021).

Structure of the CFF (as described in the EF recommendation 2279/2021)
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Material

QSin

P

(1 - Rl)EV + Rl X (A X Erecycled + (1 - A)EV X QSout)

) + (1 - A)RZ X (ErecyclingEoL - E:’ X Q
P

Energy

(1 —B)R3 X (Egpg — LHV X Xgp peat X Espneat — LHV X Xgp elec X Egg elec)

(1 -R; —R3)E,

Parameters of the CFF

A: allocation factor of burdens and credits between supplier and user of recycled materials.
B: allocation factor of energy recovery processes. It applies both to burdens and credits.

Qsin: quality of the ingoing secondary material, i.e. the quality of the recycled material at the
point of substitution.

Qsout : quality of the outgoing secondary material, i.e. the quality of the recyclable material
at the point of substitution.

Qp: quality of the primary material, i.e. quality of the virgin material.

R1: the proportion of material in the input to the production that has been recycled from a
previous system.

R2: the proportion of the material in the product that will be recycled (or reused) in a
subsequent system. Therefore, R2 shall take into account the inefficiencies in the collection
and recycling (or reuse) processes. R2 shall be measured at the output of the recycling plant.

R3: the proportion of the material in the product that is used for energy recovery at EoL.

Erecycled (Erec): specific emissions and resources consumed (per functional unit) arising from
the recycling process of the recycled (reused) material, including collection, sorting and
transportation process.

ErecyclingEoL (ErecEoL): specific emissions and resources consumed (per functional unit)
arising from the recycling process at EoL, including the collection, sorting and transportation
processes.

Ev: specific emissions and resources consumed (per functional unit) arising from the
acquisition and pre-processing of virgin material.

E*v: specific emissions and resources consumed (per functional unit) arising from the
acquisition and pre-processing of virgin material assumed to be substituted by recyclable

materials.

EER: specific emissions and resources consumed (per functional unit) arising from the energy
recovery process (e.qg. incineration with energy recovery, landfill with energy recovery, etc.).
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ESE,heat and ESE,elec : specific emissions and resources consumed (per functional unit) that
would have arisen from the specific substituted energy source, heat and electricity
respectively.

ED: specific emissions and resources consumed (per functional unit) arising from the disposal
of waste material at the analysed product’s EoL, without energy recovery.

XERheat and XER,elec : the efficiency of the energy recovery process for both heat and
electricity.

LHV: lower heating value of the material in the product used for energy recovery
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Annex 2. Updated dataset for EU and global electricity

When modelling steelmaking processes, electricity consumption is a key contributor to environmental
impacts and should be accurately modelled. The dataset for modelling the EU electricity mix included
in the EF3.1 package refers to 2012 and may therefore not well describe the current situation. The
same consideration may be drawn for the global generation mix, even if there is not a specific dataset
in the EF3.1 package that represents the global electricity mix excluding the EU. In order to better
represent the current generation mix at EU and global level, two ad hoc datasets have been developed.

The datasets are based on 2023 electricity generation data, ensuring that the mixes reflect recent
and realistic conditions. Two distinct datasets have been created: one representing the EU electricity
mix and another for the GLOBAL mix, encompassing countries outside of the EU.

For both datasets, the electricity mixes are constructed based on country-level contributions from
different energy sources, including: biofuels and waste, biogas, coal, hydropower, natural gas, nuclear,
oil, photovoltaics, and wind. These contributions are aggregated using weighted shares derived from
official national electricity statistics and literature sources (Energy Institute, 2025; IEA, 2025; Ember,
2025a and 2025b), to represent the production of 1 kWh of electricity.

e For the EU dataset, the mix is built by aggregating each EU member state's share of electricity
generated from each technology. This provides a representative EU-wide mix that respects
country-level technological diversity and intensity within the Union.

e The GLOBAL dataset follows the same logic, but applies to non-EU countries. The mix reflects
the regional and country-level generation patterns from countries outside the EU, also using
weighted averages based on national statistics and literature.

Due to limitations in the EF3.1 database, which does not include every individual country or provider,
some country-level contributions have been aggregated or mapped to available electricity providers
in the EF database. For example, although the raw data includes distinct shares for China (CN), Russia
(RAS), and Japan (JP), the EF DB may only provide a single aggregated provider (e.qg., “Electricity mix,
Global w/o CN”), and as such, the shares from these countries are combined when mapped to the
corresponding available EF electricity mix datasets. This approach ensures that the underlying
generation shares are preserved, while allowing for compatibility with EF-compliant modeling. Data
are results are reported in Table 26.

Table 26: Summary of Electricity Dataset Structure and Assumptions

EU Electricity Mix

GLOBAL Electricity Mix

Data Source

JRC Internal elaboration based
on 2023 electricity generation
statistics

JRC Internal elaboration based
on 2023 electricity generation
statistics

Scope

EU Member states and EEA
Countries

Non-EU Countries

Functional Unit

1 kWh of electricity

1 kWh of electricity

Technologies

Biofuels & Waste, Biogas,
Coal, Hydropower, Natural Gas,

Biofuels & Waste, Biogas,
Coal, Hydropower, Natural Gas,
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Nuclear, Oil, Photovoltaics,
Wind

Nuclear, Oil, Photovoltaics,
Wind

Weighted Method

National shares contributing to
total EU mix

National shares contributing
to global electricity
production

Country Mapping to EF

Direct mapping where
available

Aggregation where
necessary (e.g., CN, JP, RAS
merged into one provider)

Purpose

To accurately reflect the origin
and mix of electricity
consumption for LCA

To represent non-EU electricity
use in product system
boundaries

Climate change impact?®

0.278 kg CO.eq/kWh

0.630 kg CO.eg/kWh

35 This represents a global energy mix (excluding the European Union) categorized by region. Coal accounts for 35% of the
total mix, while natural gas contributes 22%. Imports from the EU to third countries are considered negligible.
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Annex 3. Modelling of import reliance and transport of raw materials

The model needs to assess the carbon footprint of each RP placed in the EU market. To do so, we
combine the model of the RP produced in the EU with the model of the RP imported in the EU; in this
case taking also into account the emissions due to the transportation of the RP from the country of
origin to the EU. In this annex, we describe how we model and how we derive the assumptions for the
needed raw materials first in the EU and then in the imported products.

Assumptions for modelling steelmaking in the EU

In this Annex, we report the analyses of the share of imports of the three main raw materials: iron
ore, coking coal and scrap. For steelmaking in the EU, the following statistics have been collected
from the literature:

e 66% of the coal used in the coke plant is imported from Australia, USA, Russia, and Canada,
while the remaining 34% is supplied within the EU;

e 77% of iron ore used in sinter and pellet production is imported from Brazil, Canada, Ukraine,
and Russia, while the remaining 23% is sourced within the EU;

e Since the EU is an exporter of metal scraps, we assume that all scrap comes from within the
EU.

For calculating the emissions of transporting the raw materials within the EU, the default scenario
for suppliers to factories located within Europe is applied (EC, 2021), thus the following transportation
modes and distances are used:

e 130 km by truck (>32 t, EURO 4); and
e 240 km by train (average freight train); and
e 270 km by ship (barge).

For calculating the emissions of transporting the raw materials from outside of the EU, indications
suggested in the PEF (EC, 2021), have been applied:

e Since the producers’ country (origin) is known, we calculate the distance for transoceanic ship
using the distances from the main port of departure in the country of origin to the main port
of arrival in the EU (which we assume to be Rotterdam, NL) using the website https://sea-

distances.org/;

e We calculate the average transport distance weighted over the share of import from each
country; for the share of imports from “rest of the world”, the import is attributed in equal
amount to the other countries;

e We assume that transportation happens via transoceanic ships; the corresponding EF dataset
used in the model is: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil
driven, cargo, 100.000- 200.000 dwt payload capacity, ocean going

Data are results are reported in for coal in Table 27 and for iron ore in Table 28.
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Table 27: Coal used in coke making imported in the EU: quantities and countries of origin; navigation route
extracted from: https://sea-distances.org/; weighted average transport distance.

. Navigation
Country of origin b:t:::ezs share of import Si:call;ed?:gI?::\}rlt routeg(nauti-
cal miles)
Australia 10.7 37% 40% 11,570
USA 8.99 31% 34% 7,752
Russia 38 13% 16% 3617
Canada 257 9% 11% 8,861
RotW 257 904 - -
Total 428 100% 100%
Weighted average (nautical miles) 8,738
Weighted average (km) 16,183

Table 28: Iron ore used in sinter pellet processes imported in the EU: quantities and countries of origin;
navigation route extracted from: https://sea-distances.org/; weighted average transport distance.

. Navigation
Country of origin J t:::ezs share of import Si:;:il?nfglr:::\;lt route (.?1autical
miles)

Brazil 2.4 38% 38% 5,430
Canada 13 21% 21% 8,861
Ukraine 11 17% 17% 3,503
Russia 04 7% 7% 3617
South Africa 04 6% 6% 6,944
Liberia 0.2 3% 3% 3264
Mauritania 0.2 3% 3% 2398
Norway 0.1 2% 2% 555
RotW 0.2 3%
Total 6.4 100% 100%
Weighted average (nautical miles) 5,500

Weighted average (km) 10,186

Assumptions for modelling steelmaking outside of the EU

Table 29 below shows the results for splitting between internal productions and imports for each raw
material for the EU trade partners of steel products, focusing on the five RPs, but excluding stainless
steel.

The last three columns report the reliance on imports in each country for the relative raw material,
based on several data such as Comext (2025), WorldSteel (2024), RMIS (2025), Yieh Corp (2025).
Where the value in the table is equal to zero it means that all the raw material is sourced internally
to the country. For iron ore, a weighted average (weighted with respect to the share of production of
a country over the total) has been calculated for all countries in Table 30. The resulting share of raw
materials imported is 60%, and therefore 40% is the share of iron ore locally sourced. For coking coal
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the weighted average results in 65% of raw material imported and 35% locally sourced. For scrap
(excluding scrap used for stainless steel production), the weighted average estimated is equal to 32%,
and the remaining 68% is locally sourced.

For stainless steel a different approach has been adopted as the situation is quite different between
the EU and countries supplying to the EU. For example, stainless steel production in the EU has around
80-85% of scrap content, while 53% of EU stainless steel imports comes from China, Taiwan, India
were the amount of scrap used is not higher than 21% (China 2024). The inventory for modelling
stainless steel production outside of the EU has been built on the data for China and Indonesia
published in Gyllenram and Wei (2022). For this reason, assumptions on the supply of scraps are
related to these two main producing countries. It is assumed that all needed scrap can be locally
sourced, as this reflects the situation both for China and for Indonesia.

Finally, on a more general note, it is important to remember that these are averaged estimates and
that therefore should be taken with caution, the situation in countries like China and India is changing
rapidly and the US tariffs may also change the situation here presented. Furthermore, only statistics
for some countries are available, thus making these statistics still more uncertain.

For calculating the emissions of transporting the raw materials, indications suggested in the PEF (EC,
2021), have been applied in this case as well and in particular:

e For raw materials sourced locally, the default scenario for suppliers to factories located
within Europe is applied (EC, 2021), thus the following transportation modes and distances
are used:

o 130 km by truck (>32 t, EURO 4); and
o 240 km by train (average freight train); and
o 270 km by ship (barge).
e For other raw materials, since the producers’ country (origin) is unknown and no specific data

are available, then the default data provided in the PEF recommendations in used and
specifically a distance of 18,000 km by ship (transoceanic container) is used.
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Table 29: Countries outside of Europe that are major producers of four RPs (all excluding stainless steel). The last three columns indicate what is the share of iron ore,

coking coal or scrap that is imported from outside of the producing countries.

Imports of 4 Iron Coking coal Scrap
RP
HRC CRCC Wire Rod Electrical Total % Net imports/APC | Share of Share of
sheet imports/consum | imports/EAF
ption production
TR Tiirkiye 1.06E+09 9.01E+08 2.97E+08 1.85E+06 2.26E+09 14% | 56% - 76%
KR Korea, 7.05E+08 7.95E+08 490E+07 7.60E+07 1.63E+09 10% | 98% 100% 12%
Republic of
(South
Korea)
TW Taiwan 8.45E+08 487E+08 3.24E+05 6.38E+07 1.40E+09 9% - 100% -
IN India 6.52E+08 3.85E+08 1.27E+08 1.98E+07 1.18E+09 7% 0% 55% 3%
CN China 6.20E+06 6.59E+08 6.09E+07 2.50E+08 9.76E+08 6% 81% 13% 0%
JP Japan 1.05E+09 3.21E+07 2.70E+07 3.88E+07 1.15E+09 7% 100% 100% 0%
GB United 2.67E+08 2.71E+08 3.43E+08 9.59E+05 8.83E+08 5% 100% - 0%
Kingdom
RU Russian 3.81E+08 1.62E+08 1.73E+08 7.74E+07 7.93E+08 5% 0% 0% -
Federation
(Russia)
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Table 30 summarizes all the results for modelling emissions due to transportation in case of

production in the EU or outside the EU.

Table 30: Summary of the results for modelling supply of raw materials and their transportation distances.

Material Origin Share (%) | AVG Transport | Transport Mode
Distance (km) (Within EU)
10.186 km by 230 km by truck
Imported transoceanic ship | 280 km by train
Iron ore 77% 360 km by ship
EU 23% - 230 km by truck
280 km by train
360 km by ship
Coal Imported 66% 16.183 km by 230 km by truck
EU transoceanic ship | 280 km by train
360 km by ship
EU 34% - 230 km by truck
280 km by train
360 km by ship
Steel scrap | EU 100% - 230 km by truck
280 km by train
360 km by ship
WR, HRC, | Iron ore Imported 60% 18,000 km by
CRC, ES transoceanic ship
Imported Locally 40% 230 km by truck
sourced 280 km by train
360 km by ship
Coal Imported 65% 18,000 km by
transoceanic ship
Locally 35% 230 km by truck
sourced 280 km by train
360 km by ship
Steel scrap | Imported 32% 18,000 km by
transoceanic ship
Locally 68% 230 km by truck
sourced 280 km by train
360 km by ship
Stainless | Steel scrap | Locally 100% 230 km by truck
steel sourced 280 km by train
imported 360 km by ship
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Annex 4. Imported products: share of imports and transportation distances

The emissions due to the transportation of the five representative products imported to the EU need
to be considered when accounting for the emissions of the steel products placed in the EU market.
To this end, the transport distance from the country of origin to the EU needs to be estimated.

For calculating the emissions of importing the RPs to the EU, indications suggested in the PEF (EC,
2021), have been applied, specifically:

e The share of import from the main producing countries has been estimated using statistics
from Worldsteel;

e Since the producers’ country (origin) is known, we calculate the distance for transoceanic ship
using the distances from the main port of departure in the country of origin to the main port
of arrival in the EU (assumed to be Rotterdam, NL) using the website https://sea-
distances.org/;

e We calculate the average transport distance weighted over the share of import from each
country; if needed, for the share of imports from “rest of the world”, the import is attributed
in equal amount to the other countries;

e We assume that transportation happens via transoceanic ships; the corresponding EF dataset
used in the model is: Transoceanic ship, bulk, consumption mix, to consumer, heavy fuel oil
driven, cargo, 100.000- 200.000 dwt payload capacity, ocean going.

Results show that the navigation route is between 11,082 and 12,641 km, depending on the RP
considered. Table 31 summarizes the results for the five products.

Table 31: Summary of the results for modelling transportation distances of imported RPs.

Material Origin AVG Transport | Transport Mode to the EU
Distance (km)

WR Imported 8,068 km Transoceanic ship

HRC Imported 12,206 km Transoceanic ship

CRCG Imported 13,397 km Transoceanic ship

ES Imported 17,176 km Transoceanic ship

SS Imported 18.550 km Transoceanic ship
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Annex 5. Environmental impact categories

Slab via the BF-BOF route

The result of the EF3.1 impact analysis for the production of slabs via the BF-BOF route in the EU
and imported into the EU is in Table 32. The EF3.1 impact analysis provides a comprehensive
assessment of environmental footprints across various categories. It is possible to observe that
the slab imported in the EU has a higher impact across almost all the categories analysed. Resource
use for fossils is 6% higher for imported slabs than for EU slabs, while the category for minerals
and metals is 1% higher for the same comparison.

Table 32: Results of the EF3.1 impact analysis for 1 tonne of BOF slab produced in the EU market and

imported in the EU.

Name Impact assessment result | Unit

Produced Imported

in the EU in the EU
Acidification 5.85E+00 6.97E+00 | molH"equivalents
Climate change 1.68E+03 1.77E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 4.14E+03 4.92E+03 | CTUe
EF-particulate Matter 1.44E-04 1.59E-04 | diseaseincidence
Eutrophication marine 1.23E+00 1.60E+00 | kg N equivalents
Eutrophication, freshwater 1.83E-03 2.20E-03 | kgP equivalents
Eutrophication, terrestrial 1.31E+01 1.71E+01 | molN equivalents
Human toxicity, cancer 1.81E-05 1.79E-05 CTUh
Human toxicity, non-cancer 5.30E-06 5.78E-06 | CTuh
lonising radiation, human health 5.40E+01 5.29E+01 | kBg U235 equivalents
Land use 1.73E+03 2.20E+03 | dimensionless (pt)
Ozone depletion 2.14E-07 2.12E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 4.20E+00 5.08E+00 | k8 NMVOC equivalents
Resource use, fossils 1.77E+04 1.88E+04 | MJ
Resource use, minerals and metals 2.09E-03 2.12E-03 | kg Sbequivalents
Water use 2.24E+02 2.30E+02 | M3-world equivalents
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Slab via the EAF route

The results of the EF3.1 impact analysis for the production of slabs via the EAF in the EU and
imported into the EU is in Table 33. It is possible to observe that the slab imported into the EU has a
higher impact across almost all the categories analysed. Resource use for fossils is 31% higher for
imported slabs than for EU slabs, while the category for minerals and metals is 5% lower for the
same comparison.

Table 33: Results of the EF3.1 impact analysis for 1 tonne of EAF slab produced in the EU market and
imported in the EU.

Name Impact assessment result | Unit

Produced Imported

in the EU in the EU
Acidification 1.74E+00 4.86E+00 | Mol H* equivalents
Climate change 5.34E+02 8.07E+02 | kg CO: Equivalents
Ecotoxicity, freshwater 2.15E+03 2.74g+03% | CTUe
EF-particulate Matter 3.17E-05 1.56E-04 | disease incidence
Eutrophication marine 3.71E-01 1.07E+00 | ka N equivalents
Eutrophication, freshwater 1.19E-03 1.17E-03 | kg P equivalents
Eutrophication, terrestrial 3.44E+00 1.14E+01 | Mol N equivalents
Human toxicity, cancer 4.69E-07 6.666-07 | CTUh
Human toxicity, non-cancer 9 69E-06 1.19e-05 | CTUh
lonising radiation, human health 1.16E+02 4.05E+01 | kBg U235 equivalents
Land use 1.66E+03 1.78e+03 | dimensionless (pt)
Ozone depletion 2 54E-07 1.84E-07 | kg CFC11 equivalents
Photochemical ozone formation - human kg NMVOC equivalents
health 1.14E+00 3.05E+00
Resource use, fossils 7.47E+03 977E+03 | MJ
Resource use, minerals and metals 2 33E-03 2.23E-03 | kg Sb equivalents
Water use 1.96E+02 2.15E+02 | m3-world equivalents

Source: JRC own elaboration.
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Wire rod

Table 34: Results of the EF3.1 impact analysis for 1 tonne of wire rod produced from BOF in the EU market
and imported in the EU

Wire rod from BOF Impact assessment result Unit

BOF_EU BOF_imported
Acidification 6.38E+00 7.92E+00 | mol H* equivalents
Climate change 2.04E+03 2.18E+03 | kg CO, Equivalents
Ecotoxicity, freshwater 4.57E+03 5.35E+03 | CTUe
EF-particulate Matter 1.54E-04 1.95E-04 | disease incidence
Eutrophication marine 1.36E+00 1.79E+00 | kg N equivalents
Eutrophication, freshwater 2.05E-03 2.39E-03 | kg P equivalents
Eutrophication, terrestrial 1.43E+01 1.92E+01 | mol N equivalents
Human toxicity, cancer 1.91E-05 1.91E-05 | CTUh
Human toxicity, non-cancer 5.77E-06 6.74E-06 | CTUh
lonising radiation, human health 7.92E+01 5.93E+01 | kBqg U235 equivalents
Land use 2.05E+03 2.51E+083 | dimensionless (pt)
Ozone depletion 2.42E-07 2.23E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 4.60E+00 5.70E+00 | kg NMVOC equivalents
Resource use, fossils 2.00E+04 2.15E+04 | MJ
Resource use, minerals and metals 2.22E-03 2.22E-03 | kg Sb equivalents
Water use 2.55E+02 2.65E+02 | m3-world equivalents
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Table 35: Results of the EF3.1 impact analysis for 1 tonne of wire rod produced from EAF in the EU market

and imported in the EU

Wire rod from EAF Impact assessment re- Unit

sult

EAF_EU EAF_imported
Acidification 2.00E+00 5.56E+00 | mol H* equivalents
Climate change 6.97E+02 1.03E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 2.45E+03 3.00E+03 | CTUe
EF-particulate Matter 3.46E-05 1.87E-04 | disease incidence
Eutrophication marine 4.39E-01 1.20E+00 | kg N equivalents
Eutrophication, freshwater 1.35E-03 1.27E-03 | kg P equivalents
Eutrophication, terrestrial 4.01E+00 1.29E+01 | mol N equivalents
Human toxicity, cancer 495E-07 7.44E-07 | CTUh
Human toxicity, non-cancer 1.01E-05 1.29E-05 | CTUh
lonising radiation, human health 143E+02 4 65E+01 | kBg U235 equivalents
Land use 1.95E+03 2.03E+03 | dimensionless (pt)
Ozone depletion 2.82E-07 1.92E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 1.35E+00 3.48E+00 | kg NMVOC equivalents
Resource use, fossils 1.02E+04 1.29E+04 | MJ
Resource use, minerals and metals 2.46E-03 2.33E-03 | kg Sb equivalents
Water use 2.23E+02 2.46E+02 | m3-world equivalents
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Table 36: Results of the EF3.1 impact analysis for 1 tonne of wire rod placed in the EU market.

Wire rod Impact assessment | Unit

result

Placed

in EU market
Acidification 4.13E+00 | mol H* equivalents
Climate change 1.25E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 3.41E+03 | CTUe
EF-particulate Matter 9.36E-05 | disease incidence
Eutrophication marine 9.01E-01 | kg N equivalents
Eutrophication, freshwater 1.65E-03 | kg P equivalents
Eutrophication, terrestrial 9.21E+00 | mol N equivalents
Human toxicity, cancer 7.74E-06 | CTUh
Human toxicity, non-cancer 8.66E-06 | CTUh
lonising radiation, human health 1.12E+02 | kBq U235 equivalents
Land use 2.03E+03 | dimensionless (pt)
Ozone depletion 2.61E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 2.90E+00 | kg NMVOC equivalents
Resource use, fossils 1.43E+04 | MJ
Resource use, minerals and metals 2.36E-03 | kg Sb equivalents
Water use 2.37E+02 | m3-world equivalents
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Hot rolled coil (HRC)

Table 37: Results of the EF3.1 impact analysis for 1 tonne of HRC produced from BOF in the EU market and

imported in the EU.

HRC from BOF

Impact assessment result

Unit

BOF_EU BOF_imported
Acidification 6.31E+00 7.68E+00 | mol H* equivalents
Climate change 1.87E+03 1.99E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 446E+03 5.24E+03 | CTUe
EF-particulate Matter 1.50E-04 181E-04 | disease incidence
Eutrophication marine 1.34E+00 1.75E+00 | kg N equivalents
Eutrophication, freshwater 1.97E-03 2.32E-03 | kg P equivalents
Eutrophication, terrestrial 142E+01 1.87E+01 | mol N equivalents
Human toxicity, cancer 1.85E-05 1.86E-05 | CTUh
Human toxicity, non-cancer 5.58E-06 6.35E-06 | CTUh
lonising radiation, human health 6.95E+01 5.74E+01 | kBg U235 equivalents
Land use 1.93E+03 2.39E+03 | dimensionless (pt)
Ozone depletion 2.32E-07 2.21E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 4.53E+00 5.54E+00 | kg NMVOC equivalents
Resource use, fossils 197E+04 2.10E+04 | MJ
Resource use, minerals and metals 2.19E-03 2.20E-03 | kg Sb equivalents
Water use 2.47E+02 2.56E+02 | m3-world equivalents
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Table 38: Results of the EF3.1 impact analysis for 1 tonne of HRC produced from EAF in the EU market and

imported in the EU.

HRC from EAF Impact assessment re- Unit

sult

EAF_EU EAF_imported
Acidification 2.05E+00 5.46E+00 | mol H* equivalents
Climate change 6.77E+02 9.87E+02 | kg CO; Equivalents
Ecotoxicity, freshwater 2.42E+03 299E+03 | CTUe
EF-particulate Matter 3.44E-05 1.76E-04 | disease incidence
Eutrophication marine 4.46E-01 1.19E+00 | kg N equivalents
Eutrophication, freshwater 1.31E-03 1.25E-03 | kg P equivalents
Eutrophication, terrestrial 4.15E+00 1.27E+01 | mol N equivalents
Human toxicity, cancer 491E-07 7.21E-07 | CTUh
Human toxicity, non-cancer 1.01E-05 1.26E-05 | CTUh
lonising radiation, human health 1.34E+02 449E+01 | kBqg U235 equivalents
Land use 1.86E+03 1.96E+03 | dimensionless (pt)
Ozone depletion 2.73E-07 191E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 1.37E+00 3.43E+00 | kg NMVOC equivalents
Resource use, fossils 9.78E+03 1.23E+04 | MJ
Resource use, minerals and metals 2.44E-03 2.31E-03 | kg Sb equivalents
Water use 2.18E+02 240E+02 | m3-world equivalents
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Table 39 Results of the EF3.1 impact analysis for 1 tonne of HRC placed in the EU market.

HRC placed in the EU market Impact assessment re- | Unit

sult

Placed in EU market
Acidification 6.62E+00 | mol H* equivalents
Climate change 1.84E+03 | kg CO, Equivalents
Ecotoxicity, freshwater 458E+03 | CTUe
EF-particulate Matter 1.55E-04 | disease incidence
Eutrophication marine 1.44E+00 | kg N equivalents
Eutrophication, freshwater 1.99E-03 | kg P equivalents
Eutrophication, terrestrial 1.53E+01 | mol N equivalents
Human toxicity, cancer 1.76E-05 | CTUh
Human toxicity, non-cancer 6.01E-06 | CTUh
lonising radiation, human health 6.98E+01 | kBg U235 equivalents
Land use 2.00E+03 | dimensionless (pt)
Ozone depletion 2.31E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 4.75E+00 | kg NMVOC equivalents
Resource use, fossils 195E+04 | MJ
Resource use, minerals and metals 2.21E-03 | kg Sb equivalents
Water use 2.47E+02 | m3-world equivalents
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Cold rolled coil (CRC)

Table 40: Results of the EF3.1 impact analysis for 1 tonne of CRC produced from BOF in the EU market and

imported in the EU.

CRC from BOF Impact assessment re- Unit

sult

BOF_EU BOF_imported
Acidification 7.27E+00 9.22E+00 | mol H* equivalents
Climate change 2.17E+03 2.33E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 5.10E+03 5.77E+03 | CTUe
EF-particulate Matter 1.65E-04 2.19E-04 | disease incidence
Eutrophication marine 1.55E+00 2.01E+00 | kg N equivalents
Eutrophication, freshwater 2.80E-03 3.01E-03 | kg P equivalents
Eutrophication, terrestrial 1.63E+01 2.15E+01 | mol N equivalents
Human toxicity, cancer 2.01E-05 1.97E-05 | CTUh
Human toxicity, non-cancer 9.48E-06 9.38E-06 | CTUh
lonising radiation, human health 1.08E+02 6.96E+01 | kBg U235 equivalents
Land use 1.00E+04 7.82E+03 | dimensionless (pt)
Ozone depletion 3.21E-07 2.87E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 5.20E+00 6.35E+00 | kg NMVOC equivalents
Resource use, fossils 2.34E+04 2.49E+04 | MJ
Resource use, minerals and metals 4.49E-02 3.08E-02 | kg Sb equivalents
Water use 4.00E+02 4.12E+02 | m3-world equivalents
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Table 41: Results of the EF3.1 impact analysis for 1 tonne of CRC produced from EAF in the EU market and

imported in the EU.

CRC from EAF route Impact assessment re- | Unit

sult

EAF_EU EAF_imported
Acidification 2.76E+00 7.06E+00 | mol H* equivalents
Climate change 8.85E+02 1.29E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 2.94E+03 3.50E+03 | CTUe
EF-particulate Matter 4.27E-05 2.18E-04 | disease incidence
Eutrophication marine 6.10E-01 1.46E+00 | kg N equivalents
Eutrophication, freshwater 2.09E-03 1.95E-03 | kg P equivalents
Eutrophication, terrestrial 5.72E+00 1.55E+01 | mol N equivalents
Human toxicity, cancer 1.01E-06 1.29E-06 | CTUh
Human toxicity, non-cancer 1.42E-05 1.62E-05 | CTUh
lonising radiation, human health 1.75E+02 5.75E+01 | kBq U235 equivalents
Land use 9.96E+03 7.55E+03 | dimensionless (pt)
Ozone depletion 3.64E-07 2.62E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 1.85E+00 4.24E+00 | kg NMVOC equivalents
Resource use, fossils 1.29E+04 1.61E+04 | MJ
Resource use, minerals and metals 451E-02 3.17E-02 | kg Sb equivalents
Water use 3.68E+02 4.04E+02 | m3-world equivalents

Table 42: Results of the EF3.1 impact analysis for 1 tonne of CRC placed in the EU market.

CRC placed in the EU Unit

Placed in EU market
Acidification 7.90E+00 | mol H* equivalents
Climate change 2.15E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 5.29E+03 | CTUe
EF-particulate Matter 1.77E-04 | disease incidence
Eutrophication marine 1.72E+00 | kg N equivalents
Eutrophication, freshwater 2.80E-03 | kg P equivalents
Eutrophication, terrestrial 1.81E+01 | mol N equivalents
Human toxicity, cancer 1.93E-05 | CTUh
Human toxicity, non-cancer 9.71E-06 | CTUh
lonising radiation, human health 1.05E+02 | kBg U235 equivalents
Land use 9.75E+03 | dimensionless (pt)
Ozone depletion 3.18E-07 | kg CFC11 equivalents
Photochemical ozone formation - human health 5.63E+00 | kg NMVOC equivalents
Resource use, fossils 2.33E+04 | MJ
Resource use, minerals and metals 431E-02 | kg Sb equivalents
Water use 4.00E+02 | m3-world equivalents

127




Electrical steel

Table 43: Results of the EF3.1 impact analysis for 1 tonne of electrical steel produced from BOF in the EU

market and imported in the EU.

Electrical steel from BOF Impact assessment result

Produced Imported

in the in the EU_BOF

EU_BOF
Acidification 8.54E+00 1.19E+01 | mol H* equivalents
Climate change 291E+03 3.15E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 7.86E+03 8.18E+03 | CTUe
EF-particulate Matter 8.24E-03 8.40E-03 | disease incidence
Eutrophication marine 1.84E+00 2.58E+00 | kg N equivalents
Eutrophication, freshwater 3.30E-03 3.39E-03 | kg P equivalents
Eutrophication, terrestrial 1.88E+01 2.72E+01 | mol N equivalents
Human toxicity, cancer 2.33E-05 2.35E-05 | CTUh
Human toxicity, non-cancer 7.98E-06 1.12E-05 | CTUh
lonising radiation, human health 1.87E+02 8.68E+01 | kBq U235 equivalents
Land use 3.46E+03 3.74E+03 | dimensionless (pt)
Ozone depletion 1.44E-06 1.35E-06 | kg CFC11 equivalents
Photochemical ozone formation 6.48E+00 8.45E+00 | kg NMVOC equiva-
- human health lents
Resource use, fossils 3.27E+04 3.59E+04 | MJ
Resource use, minerals and met- 6.76E-04 5.40E-04 | kg Sb equivalents
als
Water use 474E+02 5.04E+02 | m3-world equivalents
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Table 44: Results of the EF3.1 impact analysis for 1 tonne of electrical steel placed in the EU market.

Electrical steel placed in the EU market

Unit

Acidification 1.12E+01 | mol H* equivalents

Climate change 3.02E+03 | kg CO; Equivalents

Ecotoxicity, freshwater 8.64E+03 | CTUe

EF-particulate Matter 8.30E-03 | disease incidence

Eutrophication marine 2.53E+00 | kg N equivalents

Eutrophication, freshwater 3.33E-03 | kg P equivalents

Eutrophication, terrestrial 2.64E+01 | mol N equivalents

Human toxicity, cancer 2.34E-05 | CTUh

Human toxicity, non-cancer 8.75E-06 | CTUh

lonising radiation, human health 1.69E+02 | kBq U235 equivalents

Land use 3.52E+03 | dimensionless (pt)

Ozone depletion 1.43E-06 | kg CFC11 equivalents

Photochemical ozone formation - human health 8.38E+00 | kg NMVOC equiva-
lents

Resource use, fossils 3.40E+04 | MJ

Resource use, minerals and metals 6.64E-04 | kg Sb equivalents

Water use 4.80E+02 | m3-world equivalents
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Stainless steel

Table 45: Results of the EF3.1 impact analysis for 1 tonne of stainless steel produced from EAF in the EU

market and imported in the EU.

Stainless steel from EAF

Impact assessment re-

sult

EAF EU EAF imported | Unit
Acidification 2.85E+01 249E+01 | mol H* equivalents
Climate change 3.24E+03 7.69E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 1.59E+04 7.02E+03 | CTUe
EF-particulate Matter 3.83E-04 3.20E-04 | disease incidence
Eutrophication marine 3.22E+00 1.79E+00 | kg N equivalents
Eutrophication, freshwater 9.59E-03 3.17E-03 | kg P equivalents
Eutrophication, terrestrial 3.42E+01 1.93E+01 | mol N equivalents
Human toxicity, cancer 3.95E-06 1.41E-03 | CTUh
Human toxicity, non-cancer 6.44E-05 2.28E-05 | CTUh
lonising radiation, human health 3.08E+02 1.98E+02 | kBq U235 equivalents
Land use 5.90E+03 3.69E+03 | dimensionless (pt)
Ozone depletion 1.86E-06 5.15E-08 | kg CFC11 equivalents
Photochemical ozone formation - human health 1.01E+01 6.06E+00 | kg NMVOC equivalents
Resource use, fossils 3.98E+04 2.21E+04 | MJ
Resource use, minerals and metals 6.27E-02 9.69E-03 | kg Sb equivalents
Water use 1.35E+03 1.17E+02 | m3-world equivalents
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Table 46: Results of the EF3.1 impact analysis for 1 tonne of stainless steel placed in the EU market.

Stainless steel placed in the EU market

Impact assessment re-
sult

Placed in the EU market Unit
Acidification 2.82E+01 | mol H* equivalents
Climate change 4.37E+03 | kg CO; Equivalents
Ecotoxicity, freshwater 1.38E+04 | CTUe
EF-particulate Matter 3.77E-04 | disease incidence
Eutrophication marine 3.01E+00 | kg N equivalents
Eutrophication, freshwater 7.99E-03 | kg P equivalents
Eutrophication, terrestrial 3.21E+01 | mol N equivalents
Human toxicity, cancer 3.56E-04 | CTUh
Human toxicity, non-cancer 541E-05 | CTUh
lonising radiation, human health 2.81E+02 | kBqg U235 equivalents
Land use 5.35E+03 | dimensionless (pt)
Ozone depletion 141E-06 | kg CFC11 equivalents
Photochemical ozone formation - human health 9.48E+00 | kg NMVOC equivalents
Resource use, fossils 3.56E+04 | MJ
Resource use, minerals and metals 494E-02 | kg Sb equivalents
Water use 1.05E+03 | m3-world equivalents
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Annex 6. Datasets, proxies and data gaps

To be added
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