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Abstract

The purpose of this report is to form a basis for scenarios on development of tramp element content in
scrap and possible alloy recovery. This will, together with data from D1.2 on products, be used in
developed datasets and used in formulation of a cost benefit model for scrap upgrading.

The main result is scrap quality data for basic grades and a first assessment of the impact on scrap
quality and alloy retainment that can be achieved from three separate additional refining/sorting steps.
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Foreword - Deliveries from MEDALS WP1

MEDALS WP1 “Scrap flow modelling and prediction” in which all partners participate, aims at
designing an optimal system for alloy recovery in Europe for minimal alloy dissipation considering
product design, scrap processing methods, logistics, primary alloy availability, steelmaking
technology and environmental burdens. In short it means addressing factors A-K in Figure A in order
to promote flow 5 and 6 and minimise flow 7-10.

FACTORS IN MODELS

. Products designed for deconstruction/recovery 5. Alloy in alloyed steel - in products

. Recovery information in DPP

. Eol product logistics with alloy recovery focus

. Adequate processing per EoL product group
Scrap logistics with alloy recovery focus 6. Recovered alloys as alloys/metals
Charge/alloy optimisation in steel plant

. Extracting metals from melt if possible

. Relaxing demands on tramp elements if possible
Steelmaking in reducing atmosphere if possible 7. Alloy in diluted steel - in products
Home scrap management separating alloys

. Prompt scrap management separating alloys

1. EoL products

A-TCTIOTMMOO®>

Figure A: Ways to minimise alloy dissipation by improving the recycling system

The final delivery D1.7 “Requirements — for new technologies and workflows” suggests:
o end-of-life procedures for product groups depending on alloy content and product design
e Dbasis for a recycling-fee system to cover recycling costs not covered by the alloy value
e optimal scrap types/requirements for alloy recovery

These suggestions are based on evaluation of a large number of simulations presented in delivery D1.6
“SimResults” performed with the simulation tool from delivery D1.5 “SimTool — Web based
simulation tool” which is a tool accessible by all partners. A key component for developing the
simulation tool is delivery D1.4 “CBMaodel — Cost benefit model for scrap upgrading systems”
which is a model to determine whether the value of alloys in scrap can cover the recovery, or if some
sort of recycling fee is necessary. The model is developed based on datasets from delivery D1.3
“ScrapFlowData-Open datasets containing data from scenarios that can be used for research
and statistical analysis of scrap related steel production” where different scrap flows are generated
without taking economic parameters into account when simulating flows but where different
processing methods result in different alloy recovery and scrap quality. The basis for the datasets is a
product database from delivery D1.2 “ProdBaseData-Situation assessment regarding product
design” where metallic content in different products is stored and the resulting scrap can be calculated;
and this delivery: D1.1 “SteelBaseData-Situation assessment regarding steel in Europe” which is
an assessment of the scrap quality and the impact of dilution of metals today.
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1 Introduction
1.1 Background

Iron and metals in scrap and other metallic raw materials coming into a steel plant have different
origins as shown in Figure 1. It can be pure iron from ore (A), iron and metals in scrap where the
metals are considered tramp elements (B), iron and metals where the metals are considered alloys (C)
and virgin metals as pickable parts in complex scrap or pure alloys (D).

Metals that can be studied like this are Fe for dilution Cu, Ni, Mo, Cr, Mn, Sn, P, V and W. Note that
(C) alloyed scrap may contain both metals considered to have a value and polluting tramp elements.
Hence, the syntax is best used for Substance Flow Analyses (SFA) rather than Material Flow Analyses

(MFA).

Al f .
dilrL?t?or?r a.Metalin
(PI/DRI) - - diluted steel

(ton) (%, ton)
B. Metali Steel
. Metalin .
makin i
diluted steel - g ﬁ M‘i;‘ai'“ :
- alloyed stee
scrap . Scrapalloy v
(%, ton) utilisation (ton)
from well
sorted C.
II. Internal
scrap
C. Metalin ST c. Metal
1. Metal
alloyed scrap - extraction. - losses to slag
(%, ton) Iv. Slag (ton)
practice.
D. Virgin d. Other
metal - - metal losses
(ton) (ton)

Figure 1: The input/output of iron and metals flow in steel production and how the mix is dependent on the operation in the
steel plant.

The output consists of steel where the metal studied may end as a tramp element in diluted steel (a),
valorised metal in alloyed steel (b), metal oxides in slag (c) and finally other metal losses as dust and
sludges. Actions outside the steel plant to avoid metal dissipation are: sorting scrap in either non
alloyed steel scrap, different types of alloyed scrap or pure metals like for example copper wiring.
Actions inside the steel plant to avoid metal dissipation are: using alloyed scrap to replace virgin alloys
(D), sort internal scrap to avoid mixing alloyed grades (II), extracting metals from the melt (III) and
avoiding losing easy oxidised alloys to the slag (IV). In delivery 2.1, the steel eco-cycle was outlined
from product design and production to new steel via prompt scrap, old scrap and home scrap and with
inflow of virgin materials and outflow of losses. In Figure 2 and Figure 3 below, this model is
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combined with the input output flows respective the areas for improvement outlined in Figure A in
the foreword. From the figures it is easy to understand that abating metal dissipation involves the entire

steel supply chain.
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Figure 2: The input output flows in the steel eco-cycle.
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Figure 3:Areas for improvement of metal dissipation in the steel eco-cycle.
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Aim

The role of this report is to provide the necessary data for future scenarios based on scrap flow and
scrap quality scenarios.
More specifically the report should answer the following questions:

L.

Nownbkwhb

1.3

—

98]

1.4

What differs European ferritic scrap situation from other regions?
What is the quality of the ferritic scrap used in the EU?

How has ferritic scrap quality evolved during the last 15 years?
What impact has the ferritic stainless steel on tramp Cr?

What importance does dilution with pure iron play?

What happens if the ore-based fraction of iron supply deceases?
What is the current status of steel making procedures?

Method

Initially a literature study has been performed, which is reported in Annex 1.

Scrap quality has been assessed by using statistical analysis of charge data from four non-
disclosed companies which is reported in Annex 2.

Ferritic stainless steel in the low alloy scrap is assessed and reported in Annex 3.

A selection of the results in the annexes is compiled in this report together with data from
worldsteel to give an overview of the situation and to formulate flow model to answer the
questions above.

Finally, a simplified dilution and upgrading model is formulated and programmed in Excel to
estimate the impact of dilution on the scrap quality and the effect of advanced scrap upgrading
techniques.

Restrictions and notes

For this first version of the dilution calculation:

1.5

Elements C, Si, P and S have been omitted.

Oxidation of Mn and Cr has been set to 0.

The scrap yield is assumed to be 1.

Except Table 1, all tables and figures in chapter 2 and 3 come from Annex 2 and 3 where the
references can be found.

The excel file is not included in the delivery D1.1 but can be requested by members of the
consortium.

Nomenclature

Quality of Ferritic scrap is in this report defined as average concentration and distribution of the
metals Cu, Ni, Mo, Cr, Mn, Sn, P, V and W in the base metal ferritic iron.

Funded by the
European Union



Doc: MEDALS DI.1
SteelBaseDataRev 110326.docx

@%M E DA LS Date: 11 March 2026
M Page: 9 of 80
Deliverable: DI.1

Dissem.Level:

2 The ferritic scrap situation in the EU and globally

2.1 Scrap quality development

A model, yet to be verified, developed in the MEDALS WP1 shows that the overall tramp elements
in products have gone down in the last 65 years as shown in Figure 4. The calculation is based on
literature data and the trend can be explained by increased demands on the steel used in the different
sectors. The result is in line with observations from steel makers claiming that the targets for copper
are moving from the range 0,2-0,3% to the range 0,15-0,25% over the last 15 years [private
communication non-disclosed plant].

0.34 — Buildings

0.32 — Infra-structure
— Cars
— Trucks

0.3
0.28
0.26
0.24
0.22

Tramp elements (%)

0.2

0.18
1960 1980 2000

Year

Figure 4: Total tramp elements (Y. Cu,Ni,Cr,Sn,Mo) in steels produced for different sectors 1947-2017 using EU’s shares
of intermediates and global specific transfer coefficients.

The increased quality requirements can be explained by advances in material science and the ability
to lower the tramp element levels by the development of shredding technology with magnetic sorting.

2.2 Ore-based and scrap-based steel production’s role for dilution

The large expansion of steel production in the Blast Furnace — BOF route after the year 2000 has
decreased the EAF ratio to shrink from above 40% to below 30% as can be seen in Figure 5. Note that

this decent has taken place in spite of emerging DRI production in countries that use DRI instead of
scrap in the EAF.

The EU has been rather stable with EAF production from mainly scrap around 40% while countries
like Tiirkiye has expanded the scrap-based steelmaking drastically.

As can be seen in Table 1_the conditions for producing steel with low trace element levels over time
vary between different parts of the world. A simple estimate of the dilution of scrap-based iron with
ore-based iron, calculated as a factor in row 11, shows that Turkey and the USA have low dilution,
while countries such as India and China have high dilution of trace elements.
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Figure 5:Historical share of EAF production of crude steel in EU, other European countries and world 2001-2024. “EU”
represent EU-27 years 2021-2024, EU-28 year 2006-2020, EU-25 year 2004-2005 and EU-15 year 2001-2003. "Other
Europe” represent Tiirkive, Romania, Slovakia, Poland, Hungary, Czech Republic” year 2001-2003; Tiirkiye, Romania,
Others year 2004-2005; Tiirkiye and Others years 2006-2020 (Tiirkiye dominant); UK, Tiirkiye and Others years 2021 -

2024.

Table 1: Dilution of the total steel volume with virgin material for EU and some countries based on World Steel in Figures
2024 from worldsteel.

PU

Iron and steel data 2023 EU 27 UK Tirkiye USA China India Japan
1. Crude steel prod (Mton/y) 126,3 5,6 33,7 81,4 1019,1 140,8 87,0
2. Pig iron prod (Mton/y) 66,4 4,5 8,7 25,0 871,4 86,2 63,0
3. DRI prod + import (Mton/y) 3,0 5.5 49,3

4. Blast furnace BOF crude steel prod (Mton/y) 69,7 4.5 9,6 25,8 918,2 61,4 64,2
5. EAF crude steel prod (Mton/y) 56,6 1,1 24,1 55,6 100,9 79,4 22,8
6. Iron from iron ore based on 2,3 (Mton/y) 65,8 43 8,3 28,7 827.,8 126,3 59,9
7. Iron from scrap based on 1,6 (Mton/y) 60,5 1,3 254 52,7 191,3 14,5 272
8. Apparent steel use (Mton/y) 127,6 9,1 38,1 90,5 895,7 1334 53,3
9. Steel production-apparent steel use (Mton/y) 1,3 3,5 4.4 9,1 123,4 7,4 33,7
10. Apparent steel use (kg per capita) 2843 135,0 4438 266,3 628,3 93,4 4325
11. Dilution scrap vs virgin iron based on 6/7 1:_ 1,1 32 0,3 0,5 43 8,7 2,2

The difference between production and consumption in row 9 shows how countries with high dilution
have surpluses of steel compared to the apparent consumption, with the exception of the UK. If
exported products from these countries as a consequence have a lower tramp element content than
steel in the importing countries, old scrap from these products would dilute the scrap base.
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2.3 Scrap and DRI use in EAF

Data on scrap and DRI use is shown in Figure 6. The use of DRI in the EU is marginal whereas it is
increasing globally for integrated DR-plants. Whereas steel companies in the USA and Tiirkiye build
DR-plants for mixed scrap/DRI production the EU so far rely on imports.

350

300

250

200

150

100

Million tonnes (Mt)

-

50 ..t

—e— World scrap in EAF (Mt)
—e— World DRI (Mt)

—e— EU scrap in EAF (Mt)
—e— EU net DRI available (Mt)

aa—8-8 8 0002 00-0-0-0 ¢ 0—0—0-0 ¢ 009

000 2005 2010

2015
Year

2020 2025

Figure 6: World scrap and DRI consumption in the EAF (Mton)

2.4  Scrap export

EU has increased the scrap export over the last 20 years as seen in Figure 7. Export mainly consists of
old scrap that is exported to Tiirkiye which probably do not fulfil the quality requirements put by the
industry. Imports of new scrap mainly consist of prompt scrap and stainless scrap.

—e— Imports
20 |—*— Exports
15

10

Steel scrap trade in EU (Mt)

2005 2010

2015 2020 2025
Year

Figure 7: EU scrap trade 2005-2024

2.5 What differs EU ferritic scrap situation from other regions?

The EU has a dilution ratio of 1:1.1 which is a higher dilution than the USA and Tiirkiye but lower
than India and China. With net scrap export of 15 Mton, the availability of scrap must be considered
high provided it can be upgraded to the necessary grade. DRI to dilute impurities in scrap is yet only
in the early stages in the USA and for imported DRI in the EU and Tiirkiye.
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3 The quality of ferritic scrap used in the EU
3.1 Background

The global trend is clearly moving toward increased use of secondary raw materials, with steel scrap
gradually replacing primary iron-based production. Scrap contains higher levels of tramp elements
than primary materials, while EU customers are simultaneously demanding lower tramp levels in
finished steel. Ideally, the alloying and tramp element content of scrap used in steelmaking should be
well controlled to meet quality requirements while using scrap efficiently to reduce emissions, energy
use, and costs.

Today, many steel plants know the average composition at best. This likely means that unnecessary
amounts of primary iron and alloys are still used instead of fully utilizing the available scrap pool. In
this study, a statistical regression model is used to estimate not only the average but also the variation
of alloying and tramp elements in common EU-classified scrap grades, see Table 15 in Annex 2.
Combined with official historical data on scrap and primary material flows and qualities in Annex 1,
this forms the basis for subsequent simulation scenarios on improved scrap sorting for a more
sustainable future.

3.2 Regression

The method used as shown in Figure 8, combines historical process and production data with
metallurgical parameters to estimate both the average composition and its variability in the materials
used at the steel plant. The results were validated iteratively using several approaches, including
Monte Carlo simulations. A detailed description of the RawMatStat system is provided in Annex 2.

E3
Cu: 0.25+0.1
Ni: 0.1+0.05

Process & production data

Composition of used
scraps (average+variation)

Modell parameters

Validation methods
(simulations, etc)

Figure 8: Regression model workflow for calculating the historical average and variation in scrap.

3.3 Results from analysis of process data 2010-1025

The average values and variation (standard deviation) of tramp elements for 2010—2025 in typical EU
scrap grades are presented in Table 2. The results can be compared with values published by the
European Ferrous Recovery and Recycling Federation (EFR) and summarized in Annex 2. These are
described as standard values, i.e. compositions typically achieved by scrap yards operating under
conventional methods and equipment across EU countries. Cu exceeds the EFR maximum limits for
E3 and E40. In addition, total tramp-element levels, although dominated by Cr associated with higher
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uncertainty, exceed the standard limits for E3 and for new scrap. The complete dataset is available in
Annex 2.

Table 2: Average and standard deviation of tramp elements in EU-classes over the years 2010-2025. “Tramp” is defined
as Y .Cu,Sn,Cr,Ni,Mo.

EU- Cu Ni Mo Sn Cr Tramp
scrap
class

Avg SD Avg SD Avg SD Avg SD Avg SD Sum

avg

El 0.281 0.070 0.106 0.048 0.023 0.016 0.014 0.004 0.547 0.273 0.972
E3 0.259 0.023 0.105 0.013 0.025 0.010 0.012 0.001 0.430 0.053 0.831
E40 0.322 0.110 0.093 0.066 0.026 0.028 0.016 0.008 0.541 0.319 0.998
ESM 0.233 0.032 0.220 0.028 0.055 0.020 0.013 0.002 0.419 0.103 0.940
E6 0.104 0.019 0.055 0.015 0.020 0.010 0.008 0.001 0.190 0.057 0.377
E6 tin 0.153
plated 0.158 0.074 0.077 0.043 0.078 0.113 0.029 0.389 0.462 0.773
E6/4F 0.106
coils 0.117 0.081 0.098 0.032 0.050 0.006 0.007 0.488 0.482 0.714
E653/4A 0.047
bundles 0.014 0.036 0.012 0.011 0.006 0.005 0.001 0.104 0.043 0.203
E8 0.109 0.014 0.076 0.015 0.023 0.009 0.007 0.001 0.239 0.046 0.454

3.4 How has ferritic scrap quality evolved during the last 15 years

The scrap compositions were evaluated over the period 2010-2025 and tested for statistically
significant upward or downward trends. Further details are provided in Annex 2.

New scrap: E6 and ESM show trends for several elements, whereas no clear trends are observed for
ES. E6 shows decreasing Cu, Mo and Sn, opposite to ESM with increasing Ni and Mo. E8 follows the
EAF production share, with a decline to ~2015 and an increase thereafter. Overall trends for new scrap
are weak, likely due to increasing DRI use offsetting tramp buildup during the same period (See Figure
21 in Annex 1). Figure 9 shows the Cu content for new scrap over 15 years.

Old scrap: All old scrap grades show a clear downward trend in Sn, reflecting stricter historical product
requirements. E3 and E653/4A decrease in Cu. Large changes in standard deviation across time
indicate shifts in sourcing and sorting practices among suppliers. Figure 10_shows the Cu content for
old scrap over 15 years.

3.5 Uncertainties

E40 is more uncertain and should be interpreted cautiously due to limited number of observations (e.g.
only ~20-80 per year during 2022-2025). Early E1 results (2010-2014) are also less reliable due to
low sample counts (=6—60 per year). Cr shows higher uncertainty due to its more complex metal—slag
distribution behaviour.

When using the estimations in a Monte Carlo simulation and comparing these data with the actual
outcome as shown in Figure 11, although having a good correspondence, the results show that the
estimations are conservative, especially on the high end, compared to the real uncertainties.

EU grade E3 analysis compared with similar scrap from three Swedish plants (2024-2025 data) is
displayed in Figure 12. The average analysis varies between the plants while the standard deviation
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values are similar except for Ni. Plant P2 is a plant with high demands on sorted scrap while P1 and
P4 are plants with similar demands on scrap as P3, the reference plant in the MEDALS project.

0.8
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—— EG653/4A
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Figure 9: Cu content in new EU scrap classes
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Figure 10: Cu content in old EU scrap classes
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Figure 11: Distribution of Monte Carlo-simulated Cu and measured Cu in the steel melts for 11 months under 2025 for an
undisclosed European steel plant.
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Figure 12: Mean and 95%-confidence interval of the content in EU-class E3.

3.6 What is the quality of European ferritic scrap?

To conclude, the data in Table 2 would give a good picture of the quality of standard scrap grades
used in Europe. It does not however, give an understanding of the scrap exported from the EU. As
suggested in the literature study these grades would probably have higher degrees of tramp elements
and in order to use that scrap in European steelmaking a more elaborate scrap upgrading system must

be deployed.

The scrap with most uncertainty in the study has been shredded scrap E40.
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4 Impact on ferritic scrap from stainless scrap

4.1 Background

Stainless Steel (SS) is a collective name for a number of steel grades with high corrosion resistance
which can be both magnetic and non-magnetic. Ferritic SS is the largest magnetic stainless material
group and in a shredder with magnetic separation, shrapnel follow together with other alloyed ferritic
steels the magnetic non-alloyed flow. SS is discussed in Annex 3 where an average analysis of ferritic
SS has been calculated as can be seen in Table 3.

Table 3. Average ferritic stainless composition using estimated global share of ferritic stainless grades (1-5) year 2006 to
be used in assessments.

Cu Ni Mo Sn Cr Mn C
Ferritic stainless 0.01 0.12 0.16 0 15.7 1.0 0.07

4.2 Inflow of ferritic SS scrap

Generation of prompt and EoL ferritic SS scrap has been estimated, as shown in Figure 13, from net
import of products containing ferritic SS using the database in Delivery D1.2 and assumed service
lifetimes for these products. Import and export of scrap increases the available scrap amount by up to
100%, but since the data has a high variability and is difficult to interpret it has been excluded.

Ferritic prompt/new scrap
— Ferritic EoL scrap

Mass (t)

2005 2010 2015 2020 2025 2030 2035
Year

Figure 13: Modelled mass generation of ferritic stainless prompt and EoL scrap within the EU. The calculation is based
on consumption of products with ferritic SS and 2001-2035.

4.3 What impact has the ferritic stainless steel on the tramp Cr?

In order to assess the magnitude of tramp element generation and potential for alloy retention a first
approximation is made here. With a production of 1Mt ferritic SS and an alloyed scrap ratio around
50% [private communication steelmakers] the amount of old scrap sorted as ferritic scrap is 0,4 Mton
(0,5 needed-0,1 prompt). With a generation of 0,8 Mton old scrap it can be assumed that 0,4 Mton is
lost in the magnetic stream of shredded scrap. Using the analysis in Table 3, it means a loss of 62,8
kton Cr and 4 kton Mn. With an approximate generation of 50 Mton non alloyed EoL scrap and a
shredding rate of 50%, a volume of 25 Mton shredded material, E40, can be assumed. An input of
62,8 kton Cr would then give an increase of 0,25% which should be compared with the value for E40
in Table 2 where the estimated Cr value is 0.54%.
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5 Simplified dilution and upgrading model
5.1 Background

Steel production in the EU form a complex grid of raw material flows through different processes to
produce desired outputs at competitive costs. Models that capture this complexity using techniques
for Substance Flow Analysis (SFA) exist for elements like Nickel and Molybdenum and these studies
are useful for assessing the alloy content in the alloy elements’ first life cycle. For an assessment of
recovering substances in scrap the data is not available. Therefore, a flow model including all quality
grades from Q1 to Q4 ranging from low levels of metals in the scrap to high levels with high
uncertainty is developed and outlined below.

5.2 Scope of the model

MEDALS Dilution model, outlined in Figure 14, describes the flow of unalloyed ferritic scrap, marked
in brown, and captures the influence of:
e Dilution by virgin iron marked in green going into the system
e Flow of unalloyed ferritic scrap marked in brown circulating in the system.
e Flow of scrap from upgrading processes by:
o [A] separation of trapped copper marked in yellow leaving the system,
o [B] separation of ferritic stainless mainly staying in the system and marked in grey
o [C] separation of alloyed steels mainly staying in the system and marked in grey

The impact of alloying and production and imports of products is marked in light blue and only
considered indirectly in the choice of data. Export of obsolete ferritic scrap [5] marked in amber is the
export of scrap from Europe and its effect on the remaining scrap flow is at this point left out of the
model. Inputs and outputs in violet are flows that we know exist but not included in the model at this
point.

5.3 Basic assumptions and restrictions in the model

Keeping standard scrap free from metals to the greatest extent possible by creating separate alloyed
scrap streams and avoiding the need for dilution, is assumed to be a key ambition for the steel industry.
Starting point for the model is a standard scrap analysis for scrap charged in the EAF plants in Europe
calculated in MEDALS. It is then assumed that the:

a) system is static so the steel scrap cycle is stable over a product service life time

b) yields are considered only for the material flows and not metals except for valorisation

c) same scrap quality is used in the BOF process

d) iron from DRI dilutes the tramp elements in the EAF charge

e) iron from the blast furnace dilutes the tramp elements in the BOF charge

f) weighted average of steel from the BOF and EAF forms a reference for ferritic steels

g) difference between reference and standard scrap describes the inflow of metals in the ferritic

system from alloys and trapped metal from products
h) sorting techniques at shredding plants allows for separating fractions [A-C]
i) sorting techniques are deployed in a way that B also includes A and C both A and B.
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5.4 Implementation in Excel

MEDALS Dilution model as implemented in Excel is shown in Figure 15 and will be shared with

members in the consortium on request. Guide to the worksheet is listed below:

a) Rows

1-6 covers input data and calculated data for the model.

10-11 weights and fractions of scrap fractions (Mton)

13-19 analysis of scrap mixes and fractions (%)

22-28 weight of elements in the scrap mixes and fractions (Mton)

b) Cells in row 1-6

A2 Production of crude steel in Europe (Mton)

B2 Fraction of Steel from BF-BOF (%)

C2 Calculated fraction of EAF steel (%)

D2 Calculated dilution as virgin iron/total iron (%)

D3 Calculate dilution factor iron/scrap (-)

F2 Copper coming into the system from alloys and product life (L21)
F3 Assumed fraction of copper entering the system as trapped (%)

F4 Assumed fraction of copper in pieces of trapped copper (%)

H2 Amount of old ferritic scrap entering the market (Mton) (Chapter 4)
H3 Fraction of old ferritic scrap going to a shredder (%)

12 Amount of old scrap going to shredders (Mton)

I3 Fraction of alloyed steel of total steel (%)

J4 Fraction of alloyed steel that can be identified and recovered (%)
M2-06 Assumed yields in using alloys in fractions to replace virgin alloys (%)

¢) Columns below row 6

FEOmmOOw R

J.
K.
L.
M.
N.
0.
P.
Q.
R.

Elements

BF hot metal iron to BOF

BOF scrap

DRI to EAF

Std scrap in EAF (from regression study)

BOF iron+scrap mix

Resulting scrap/iron mix analysis in EAF

Resulting scrap/iron mix analysis BOF+EAF

Part of analysis resulting from alloying and metal parts from the product phase
(Difference between [4] and [1] (Percentage points PP))

Fraction of trapped copper to be removed

Fraction of ferritic SS to be removed

Fraction of alloyed steel scrap to be removed

Scrap after removal of trapped copper

Scrap after removal of ferritic SS and trapped copper

Scrap after removal of alloyed steel, ferritic SS and trapped copper
Improvement of the upgraded scrap in O compared to standaard scrap E (PP)
Potential economic value of recovered alloys in fractions [A-C]

Potential avoided emissions by using alloys in fractions [A-C]
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d) Input cells in row 7-9:
o B10  Fraction of iron from the BF-BOF line coming from the BF
o D10  Fraction of iron in the EAF mix coming from DRI.

Note that:

1.
ii.

iil.

Calculations follow scope and assumptions in 5.2 and 5.3
All input cells are green.

a. Only iron and metals are taken into account

b. Data are fetched from this report with annexes and delivery D 2.3
Output cells are

a. yellow - general

b. violet — upgrading data [A-C]

c. blue — improvement from upgrading

d. grey — value of alloy recovery

5.5 Key output from the model
Cell Relevance
123 Yearly addition of copper in Mton coming from the alloy and product phase into the
scrap pool of the EU.
P14-P19 Improvement in percentage points of tramp elements in an average diluted scrapmix
when scrap is upgraded according to B and C methods.
Q30 Potential economic benefit from applying upgrading methods A, B and C.
R30 Potential avoided emissions by using alloyed scrap recovered in method A, B and C.
5.6 Model discussion

The model must now undergo scrutiny by the members of the MEDALS consortium in order
to find areas for improvement.

The fact that it is a static simplified model has the advantage that it is easy to understand and
some conclusions can be drawn from a simple model.

The next step is to create data sets and after that a cost benefit model where the learnings from
this model will play an important role.
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Discussion

This report has addressed the situation of ferritic scrap in Europe and the rest of the world. A literature
study with elaborations has concluded that the requirements for low trace element levels in steel have
increased over the past half century, that the need for dilution with ore-based material has been great
and that the production of sponge iron as a replacement for iron from blast furnaces is still in its
infancy.

An investigation of the quality of different steel grades using regression analysis has provided a basis
for assessing the scrap quality, and an important factor is that it is not only the average analysis of
trace elements that is important, but also the distribution.

An investigation in production of stainless steels showed that the inflow of ferritic stainless steels adds
to the inflow of alloys in the scrap pool. Other sources are alloyed steels like tool steels, spring steels
and ball bearing steels.

Finally, a dilution model showed the importance of dilution with virgin iron to the scrap cycle for
keeping average tramp element levels down. With scrap upgrading steps the need for dilution may be
eased but not removed.

The EU is facing a major transformation of the steel industry, with several integrated blast furnace
plants installing electric arc furnaces without having solved the iron burden situation. So far, the plans
for DRI production of a large scale in Europe seems to be mothballed which leave the alternatives to
import DRI, pig iron and scrap from ore-based sources.

The benefit of alloy recovery as a means to improve the scrap quality and save resources is obvious
but it will show in later reports whether they may cover its costs.
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7 Annex 1: Literature study with elaborations

7.1 Introduction

7.1.1 Background

The world crude steel production has increased by a factor of 10 since year 1950 and a factor of just
over 2 since year 2000 [1]. Amid rising global economic growth, increased primary production via
the BF—BOF route using virgin iron ore has been economically advantageous for meeting this demand.
CO;, intensity differs markedly between routes: roughly 2.3 t CO, per ton of crude steel for BF—BOF
compared with about 0.7 t for scrap-based EAF. The growing reliance on BF—BOF production has
therefore driven an overall increase in sectoral emissions.

In the coming years, steel demand is expected to stagnate or decline slightly [2, 3]. Under these
conditions, the relative share of secondary production is likely to become more attractive as scrap
availability continues to grow and its cost position improves. This implies a broadly stable supply of
short-lived new scrap from production and fabrication, alongside a steadily increasing flow of post-
consumer scrap from the expanding stock of end-of-life products generated by past population and
consumption growth. Together, these trends strengthen the economic incentive to utilize lower-quality
post-consumer scrap while improving overall resource efficiency.

Although non-alloy carbon steel scrap classes exist in the EU, the average and variation in content of
alloying and tramp elements used by the European steel producers are largely unknown. This literature
study primarily reviews available data on the volumes and quality of non-alloy carbon scrap in relation
to the supply and demand of primary iron and steels of different quality classes. In addition, it
examines the volumes and compositions of high-alloy scrap and alloying materials, as well as transfer
pathways between sectors, scrap groups, and E-scrap grades. This study provides the foundation for
current and subsequent material and substance flow modelling of historical trends and future
scenarios. Here, “quality” is defined, for simplicity, solely by the concentration of tramp elements.

7.1.2  Aim

This report compiles literature-based data required to support future scenario modelling of EU scrap
flows and scrap-quality development. Specifically, it addresses: (1) Which studies have quantified the
volumes and qualities of scrap used in the EU? (2) Based on available literature, what can be inferred
about current primary iron use for dilution in the EU? (3) What are the key limitations and data gaps
in the existing literature?

7.1.3 Method

The methodology integrates aggregated statistics from major industry bodies (worldsteel, EUROFER,
BIR) with recent research on EU scrap material flows. Industry data provide robust estimates of total
scrap volumes but are limited to broad categories (e.g. old vs. new scrap).

Sector-resolved analysis and the associated dilution modelling framework are based on the approach
of Dworak et al. [4, 5, 6]. Old scrap quantities are derived by subtracting estimated new scrap from
total scrap. New scrap (production, forming, and fabrication scrap) is calculated from EU production
of steel intermediates, adjusted for trade. Transfer coefficients of intermediates to end-use sectors and
mill efficiencies (manufacturing losses) are based on Cullen et al. [7] and EUROFER data. Finally,
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the total tramp-element levels for four scrap quality classes are taken from Dworak et al., drawing on
multiple sources [8, 9, 10, 11, 12, 13].

7.2 Scrap-based production in the world and EU

Figure 16 shows the share of crude steel produced via the EAF-route over the last decades in the EU,
non-EU European countries, and in the world, illustrated using data from [1]. Overall, the EU share
has been rather constant around 40% unsensitive to in- and outflow of EU-members. However,
continuously from 2014 to 2024 the share has increased from 39% to 44.4%. The major shift for other
European countries occurs from 2003 to 2004 and 2005 to 2006 as BOF-dominant countries. First
mainly Slovakia, Poland, Hungary and Czech Republic entered the EU, and Romania in 2006 while
Turkey accounts for the remaining “Other Europe” with higher EAF share although has been
decreasing the following years. The world EAF-share has steadily decreased from 42% to its lowest
level in 2015 at 25.6% but has since then experienced an overall increase to almost 30%.
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Figure 16. Historical share of EAF production of crude steel in EU, other European countries and world 2001-2024 [1].
“EU” represent EU-27 years 2021-2024, EU-28 year 2006-2020, EU-25 year 2004-2005 and EU-15 year 2001-2003.
"Other Europe” represent Turkey, Romania, Slovakia, Poland, Hungary, Czech Republic” year 2001-2003; Turkey,
Romania, Others year 2004-2005; Turkey and Others years 2006-2020 (Turkey dominant); UK, Turkey and Others years
2021-2024.

As DRI is partly melted together with scrap in the EAF, historical DRI production must be considered
when assessing the evolution of scrap-based steel quality. Global EAF scrap consumption and DRI
production are shown in Figure 17 using data from [14, 1] for 1997-2017; scrap consumption in
developing countries is unavailable for later years.

This was estimated using the following equation:

Scrapworia,par = SCrapworid,tor — SCTaPworia,BoF
where

_ - Crudeworid,BoF
SCTapWorld,BOF =F K [lsa 4]
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This calculation uses F=0.2 i.e. 20% share of scrap as raw material for the BOF-based production and
constant K=0.9 for the production yield of scrap-to-crude the last decade. The hot metal/pig iron share

charged in EU’s EAFs can be neglected in the equation above because it can be estimated to 0.03-
0.04% of the raw materials in EAF.

EAF scrap consumption increased markedly from 2001, peaking in 2007. It then fluctuated, with a
pronounced decline during the 2008 financial crisis, followed by a slight overall decrease up to 2017.
DRI use increased steadily over the period; however, its share in EAF declined from 31% in 2004 to
a low around 22% in 2015, before recovering to above 32% by 2024.
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Figure 17. World scrap consumption in the EAF and DRI production (million of tonnes) based on data from [1, 14].

7.2.1 Import and exports of steel scrap to EU

Figure 18 shows the imports and exports to and from EU over the years, respectively [14]. The past
decade the EU exports and imports have been about 4% and <1% of the EU consumption, respectively,
indicating the cost advantage of short transport distances. The increased exports are mainly attributed
to increased demand from Turkey, which continued to increase its share of EU exports until around
2020 following a decrease to 2024. The manufactured steel containing products that eventually turn
into end-of-life scrap are however experiencing much more significant trade flows across regions in
the world, therefore is more explaining factor to the scrap quality in the EU.
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Figure 18. Scrap trade in the EU 2005-2024 [14].

Global scrap consumption by major scrap groups is shown in Figure 19 for 1997-2016. Over this
period, the share of old scrap decreases slightly while the share of new scrap increases. This shift is
consistent with increased iron-based steel production over the same period.
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Figure 19. Internal, new and old scrap consumed in the world year 1997-2016. Years 1997-2004 are more approximate

[14]

7.2.2 DRI use in EAF in Europe

Figure 20 shows EU DRI/HBI production and net imports (imports minus exports) over recent
decades. Production remained relatively stable until a sharp decline between 2021 and 2022, mainly
driven by reduced output in Germany. Net imports increased steadily up to 2017, followed by a modest

decline.
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Figure 20. Direct reduced iron production in EU (left/blue) and net imports of DRI to EU.

The decline in EU scrap consumption exceeds the reduction in EU DRI production, as shown in Figure
21, based on the same formulation as for the global data. The DRI consumption in the EU is defined
by:

DRIy = DRIprod,EU +DRIimport,EU - DRIexport,EU

DRI use in the EU peaked in 2017 at approximately 4,000 kt, having more than doubled since 2001.
The corresponding share of DRI used in the EAF increased from about 2% in 2001 to 5.5% in 2017,
before declining slightly to around 4.8% in 2024.

—e— Scrap in EAF (Mt)

80 —e— DRIl in EAF (Mt)
=y
=
v 60
]
[
c
8
- 40
S
5
20

—0—0—0—0"2"C % g o0—0—0-100 0 & C0o0—0 4

gooo 2005 2010 2015 2020 2025
Year

Figure 21. Scrap and DRI charged to EAFs in EU excluding inventories, re-exports via stock changes, and non-EAF uses.
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7.2.3 Future scrap availability

New scrap generation is closely linked to crude steel production. Near-term global projections indicate
stagnation or a slight decline [2], whereas OECD projections to 2050 suggest growth; for the EU,
production is expected to decrease slightly [16], as shown in Figure 22.
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Figure 22. Future steel production projections [16].

Scrap availability depends on both supply and consumption. Supply can be projected through
modelling, whereas consumption is more uncertain as it is driven by steel production and thus by
economic, technology and policy developments. OECD projections indicate a global increase in new
scrap, while high-income steel-producing regions, including the EU, are expected to see a decline due
to lower economic activity (Figure 23). In contrast, end-of-life scrap is projected to increase until
around 2040, followed by stabilization towards 2050.
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Figure 23. Scrap availability in high income countries (bottom), China (middle) and rest of the world (top). High income
countries include EU27 countries, Canada, Japan, Korea, Mexico, Taiwan and United States [16].
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The global increase in scrap supply supports an expansion of EAF production as a substitute for BOF,
provided required steel qualities can be met. OECD projections (Figure 24) use the EU as a proxy for
OECD countries and indicate that the EAF share could nearly double by 2050 to just above 80%.
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Figure 24. Projected EAF share of crude production up to 2050 [16].

7.3 Qualities and tramp elements in scrap and steels

The evolution of European steel scrap, covering domestic generation and trade of new and old scrap,
has been analysed by several authors, most recently in [6] [5]. Steel scrap use in the EU28 is shown
in Figure 25. Over recent decades, total scrap generation increased markedly, from about 14 Mt per
year in the mid-1940s to a peak of roughly 120 Mt per year in 2007. Over the same period, the
composition of the scrap stream changed substantially.
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Figure 25. Weights of different scrap qualities (Q1-Q4) used in the EU over time [6].

Lower-impurity qualities (Q1 and Q2) consist predominantly of new scrap, whereas end-of-life
scrap—accounting for around 90% of Q3 and Q4 and characterized by higher tramp-element levels
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has been in surplus since the 1990s. The share of Q3—Q4 material is estimated at roughly 40-60%.
The four crude-steel quality classes are defined in Table 4, grouped by the combined content of Cu,
Sn, Cr, Ni and Mo. The lack of detailed data on individual tramp-element limits in steels restricts a
more precise quality classification in the literature [6]. The maximum Cu content in these groups can
be assumed to amount to a factor of 40-66% of the summed elements [17]. In many cases, Cu accounts
for roughly 50% of the summed tramp elements. Alloyed and stainless steels were excluded from the
table since their share was below 10% before 1990; although this share is now around 20% or higher,
their influence on the metric is limited because Cu is typically absent in these steels.

The tramp element varies widely between grades and regions, as can be seen in Table 5 and

Table 6 for some steel intermediates. This is partly attributed to whether the steel was produced via
the BOF- or EAF-route. One example is the lower impurity levels in reinforcing bars in China, which
has a higher BOF share (~90% of crude steel) than Japan (~70%) (Table 5). Japan remains the only
country with comprehensive studies on scrap quality, and although national differences are expected
to be substantial, these data provide a useful indication. Tramp-element levels in “ordinary steel” (low-
alloy carbon steels) produced in Japan are shown in

Table 6 [18]. Around 25% of steel for flat products and 12% for long products are imported into the
EU [19], and roughly 30-40% of the steel embodied in products used in the EU is produced outside
the region [20]. Consequently, both new and old scrap qualities are strongly influenced by foreign
production and are expected to vary considerably. For example, wire rod and pipe show significantly
lower impurity levels in Japan than the average values reported in [4].

Table 4: Overall tramp elements (Y. Cu,Ni,Mo,Sn,Cr) in each quality and their typical steel intermediates in the EU [6].

Quality Tramp (%) Avg Tramp (%) Major intermediates
Q1 <0.18 0.13 coils, strips

Q2 0.18-0.25 0.21 tubes, rods, plates
Q3 0.25-0.35 0.3 bars

Q4 >0.35 0.4 cast iron, sections

Table 5. Average tramp element contents (Sum of Cu, Ni, Sn) (%) over the years of reinforced bars (quality Q4) in non-EU
countries [18]. USA samples were for cold scrap shop, and the rest were for EAF steel bar.

Country Years Cu Ni Sn Tramp
USA 1954-1977 0.16 0.09 0.02 0.72
Japan 1987-2013 0.30 0.07 0.02 0.56
China 2011 0.09 0.05 0.01 0.19
Switzerland 2011-2013 0.37 - 0.02 -

Table 6. Average+90% confident interval (%) of tramp elements in ordinary steel in Japan [18] with marked quality based

on [4].

Intermediate Cu Ni Mo Sn Cr Tramp  (Share Cu

of tramp
Rail (Q4) 0.1740.04 0.064+0.02 0.021+0.007 0.000+0.000 0.2240.07 0.66 26%
Sheet pile (Q4) 0.25 0.00 0.000 0.000 0.02 0.27 93%
Section (Q4) 0.1840.02 0.0640.01 0.016+0.002 0.003+0.001 0.1140.01 0.37 49%
Bars (Q3/Q4) 0.2740.01 0.0840.01 0.014£0.001 0.015+0.002 0.1840.01 0.56 48%
Wire rod (Q3/Q4) 0.0240.01 0.00£0.00 0.002+0.002 0.000£0.000 0.01£0.01 0.03 63%
Plate & sheet (Q1/Q2) 0.0440.02 0.0140.01 0.003+0.001 0.001+0.001 0.0540.02 0.10 38%
Pipe (Q2) 0.0140.01 0.0140.02 0.001+0.000 0.000+0.000 0.0140.00 0.03 32%
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Until about 1980, more than 63% of the used scrap originated from production processes (new scrap,
Q1 and Q2). Today, end-of-life scrap dominates, representing more than 60% of all recovered steel
scrap within the EU-28 (Figure 26). In the 1950s, its share was closer to one third. In this figure,
production scrap is referred to new/process generated in the steel plant, fabrication scrap is new scrap
generated downstream at manufacturers and net-import scrap correspond to imports minus exports of
ingots and semi-finished steels. The last 50 years the trend has been increased supply of post-consumer
scrap and decreased new scrap. The decrease of new scrap has been relatively slower due to EU’s
domestic decline in production volumes.
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Figure 26. Weights of different scrap used by the EU over time [4].

7.3.1 Production qualities

As end-of-life scrap has become the prevailing source, the impurities in the total scrap used have
shifted toward higher levels of tramp elements such as Cu, Sn, Cr, Ni and Mo. This is due to EU-28’s
rising share of crude steel routed from long products into flat products (mainly Q1 and Q2), which is
largely driven by the transport sector that has tight quality requirements, implying that more new scrap
has been used relative to the EoL scrap used. Depicted in Figure 27 the shift to production of steels
with less impurities (Q1 and Q2) from 1950 to 2015, is clear.
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Figure 27. Share of steel qualities produced in EU over time. Approximately reproduced from Dworak et al. [4].

Flat-rolled steel grades exhibit low tolerance to tramp elements. This demand is met by better
collection and sorting of new and old scrap or the use of primary materials such as pig iron (PI), direct-
reduced iron (DRI) and Hot-briquetted iron (HBI). The former method is harder but more sustainable
while latter method is easier but more pollutant. In the last years this has mainly been resolved using
primary iron imports. In recent decades this constraint has contributed to a structural higher-supply-
than-demand-scenario of low-quality post-consumer scrap resolved by increased exports of this scrap
to mainly Turkey (Figure 26).

During the past ten years, the EU-28 has been a net exporter of steel scrap by roughly 14 Mt annually,
with end-of-life scrap constituting the bulk of outbound flows. Before 1990, when domestic demand
for lower-purity grades (Q3 and Q4) exceeded supply, the region was a net importer. High export
prices on post-consumer scrap and competitive import prices on primary iron have been the main
drivers.

7.3.2  Specific transfer coefficients and tramp element allocations

The recovery rates or material efficiencies for different steel intermediates processed into final goods
considering losses through processing in waste management has been estimated for different sectors
with various results [5, 4]. The used values are summarized in Appendix Table 12.

Using data in Table 12 to Table 14 and EU’s total scrap consumption and tramp contents (Table 4),
the tramp elements in each sector was plotted over time in Figure 28. This shows the overall tramp
elements in sectors containing steels produced in EU i.e. in new scrap generated. Combining lifetimes
per semi-finished product or sector, and assuming that the shares of semi-finished intermediates,
shares of transfer coefficients and quality allocation to sectors reflect global situation, the tramp
elements in sector-wise EoL could be estimated.
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Figure 28. Total tramp elements (3, Cu, Ni, Cr,Sn, Mo) in steels produced for different sectors 1947-2017 using EU’s
shares of intermediates and global specific transfer coefficients.

7.3.3 Supply and demand calculation of qualities and tramp elements

Using data from the work of [6, 4] on the scrap volume consumed and steel intermediates produced in
EU-28 for each quality group (Q1-Q4) it was possible to estimate the required primary for dilution to
meet the demanded quality of the produced steel in the EU. Using greedy allocation, the calculation
uses the lowest-quality material that still meets the quality constraint, reserving high-quality scrap for
high-quality demand. For example, steel quality Q1 can only consumed primary and Q1-scrap, and if
there is excess Ql1, it is used for production of quality Q2, and so on. Further assumptions are listed in
Appendix.

Figure 29 presents a historical material flow balance of iron units disaggregated by scrap quality
classes and primary iron for the period 1946-2017. The analysis evaluates the extent to which primary
iron consumption was structurally required by quality constraints in the scrap pool. The upper panel
shows the annual supply of iron units by quality class as stacked bars (primary iron, Q1-Q4 scrap).
Dashed lines represent cumulative steel demand by quality, reflecting the hierarchical substitution rule
whereby lower-quality scrap can be used in lower-quality steel grades but not vice versa. This
representation highlights periods where demand for higher-quality steel approaches or exceeds the
availability of higher-quality scrap, indicating potential quality bottlenecks.

The lower panel compares actual primary iron consumption and minimum required primary iron
derived from quality-constrained material balances. Avoidable primary iron is defined as the
difference between actual primary use and the minimum required. Periods where actual primary
consumption exceeds the calculated minimum indicate potential inefficiencies or structural limitations
in scrap allocation and utilization.

Until 1990, the EU used more primary iron than necessary to meet steel quality demands. Since the
late 1990s, the necessary primary iron to meet quality demands are very close to the minimum primary
iron required, suggesting that the volume primary iron produced is well adapted to the quality
demands.
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Figure 29. Mass of produced steel qualities (demand) and consumed scrap and iron (supply) year 1946-2017. The bottom
figure shows the minimum primary required to meet quality needs, actual quantity primary used and the difference
between the two (avoidable amount).

Applying average tramp content per quality (Primary=0.05, Q1=0.13, Q2=0.21, Q3=0.3 and Q4=0.4)
one can calculate the low-tramp dilution capacity i.e. the mass-weighted average impurity level of the
iron materials that end up in the steel. Figure 30 shows the implied tramp-element intensity of steel
over time. The curves are the theoretical lower bound of tramp contamination i.e. the best achievable
chemistry the system could produce given the scrap pool. The figure answers the question: If the
industry used the available materials in the best possible way, what tramp level would each steel
quality end up with? From the late 1970s to late 1990s as clear trend occurs — total steel tramp intensity
and curves of lower quality steels rise (Q2/Q3/Q4) indicating that system-wide dilution pressure
increases. This also implies that a growing stock of Q3-Q4 scrap must be relatively more absorbed to
lower quality grade steels. The bottom panel in Figure 30 show the difference between the real
historical use of primary and the primary reduced to the minimum required. This indicates the
increased contamination level in the total steel given that unnecessary primary iron would not be used.
The tramp penalty of removing primary iron has for the last decade been around zero i.e. it has not
been possible to decrease primary iron share to meet the increasing quality demands (Figure 27).
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Figure 30. Implied tramp-element intensity (Cu, Sn, Cr, Ni & Mo) of steel production under optimal allocation of available
iron units (1946-2017). Tramp levels are calculated by combining historical supply of primary iron and scrap quality
classes with steel demand by quality under hierarchical substitution constraints. Bottom panel shows how much dirtier
steel become if all avoidable primary iron is removed.

Simultaneously as demand for higher quality steel has increased, so has supply of Q3 and Q4 surpassed
the demand since the late 1990s as shown by quality-tier surplus/deficit analysis in Figure 31. Q3
bottleneck indicates whether there is a surplus or shortage of medium-quality scrap for Q3 steel;
negative values mean demand cannot be met with available Q3 scrap. Q4 balance after cascade shows
the remaining surplus or shortage of the combined low-quality scrap pool after Q3 demand has been
satisfied as far as possible. At early 2000s the deficit shifts to surplus for Q4 followed by Q3 some
years later, suggesting market overflow of low-quality scrap not demanded by the steel producers in
the EU.
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Figure 31. Balance of the lower-quality scrap cascade (03—Q4), 1946-2017. The dashed line shows the Q3 bottleneck
(S3—D3), while bars show the remaining Q3+Q4 balance after satisfying Q3 demand. Negative Q3 with positive Q4
indicates a structural mismatch in scrap quality.

The close to zero avoidable dilution since the late 1990s or early 2000s is correlating well with the
surplus of low-quality scrap exports earlier discussed. The net import of different scrap is shown in
Figure 32. This also correlates well with increased share of DRI in EAF during the same time period
(Figure 21).
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Figure 32. Net imports of old and new scrap to EU-28 [4].
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The used data can be elaborated further to show scenario-based material balance sensitivity analysis
of the steel quality system. For example, it is possible to study how the steel qualities may or may not
change if primary iron supply is reduced by 20% or scrap deterioration based on future projections of
qualities and quality supply discussed in earlier sections.

7.3.4 Modelling limitations

Currently, there exists no good data on the share of tramp elements in old scrap. The share of Q3 and
Q4 were assumed to be 40% and 60% of old scrap, respectively. The calculated regression results via
production data of an undisclosed European steel plant indicate the tramp elements in common EU-
classes. European E-grades (E1, E3, E40 etc.) originate from industry quality specifications developed
by the recycling sector and are largely voluntary and commercial in nature. They are not part of official
statistical reporting systems, which explains why long-term EU statistics on volumes by E-grade do
not exist [21, 22]. Eurostat, Eurofer, BIR track total ferrous scrap generation, total scrap of old and
new, internal vs internal and trade flows of these, without details on the shares of classes.

7.4 Losses

The presented flow results of scrap qualities only consider used scrap and produced steel, i.e. excludes
the share of elements that is lost from the recycling stream. Losses can be seen as the share of elements
lost due to dislocated scrap, oxidation to slag, pickling acid and grinding dust [23].

7.4.1 Dissipation and recoveries

In year 2015 the losses of end-of-life scrap from the recycling stream has been estimated to 25%,
excluding exports [24]. Global recovery of EoL scrap can vary between 50-90% and lately on average
about 70% [25]. In the EU, the EoL recycling rate is about 85% [26]. Recoveries in Japan have been
estimated for buildings and construction (70%); industrial machinery, electrical equipment, household
and commercial appliances and other transportation (80%); automobiles, containers and other
products were 85 %, 89 % and 50 %, respectively. From total weight recycled ferritic stainless steel,
65-91 % are recycled as carbon steel scrap i.e. through the shredder process [27].

7.4.2 Estimate of metallic loss to slag and gas

Total metallic charge to the EAF was estimated from crude steel production using a factor of 1.03—
1.08 t metallics per tonne of crude steel, consistent with typical EAF mass-balance data reported by
the World Steel Association. Dust losses (volatile and entrained material in off-gas) are generally on
the order of 1-3% of liquid steel in EAF and 0.8—1.8% in BOF [30].

Table 7. Distribution of elements to slag/gas in typical primary steelmaking [31, 26, 7].

Element Distribution to slag (%)
Cu 0-3

Ni 0-2

Mo 3-8

Cr 10-30

Mn 40-70

P 70-95

S 70-95
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Considering total scrap consumption across both EAF and BOF routes, the corresponding factor is
1.05-1.11 t metallics per tonne of crude steel. The lower range reflects more recent improvements in
process efficiency, while the higher range represents long-term averages (1946—2017). These factors
are applied to estimate BOF scrap input in the scenario modelling.

Typical losses per element to slag and gas after primary steelmaking are given in Table 7 and are used
as calibration bounds for the regression model described in “D1.1 SteelBaseData — Regression study.”

7.5 Alloyed steel scrap

Eurofer splits the EU produced steels into (i) carbon steel non alloy, (ii) carbon steel other alloy and
(iii) stainless steel. EU specification for carbon-steel grades commonly require material to be free of
alloyed steels/stainless. “Carbon steel other alloy” include tool steel, high-speed steel and other non-
stainless high alloy steels. In EU, the category “other alloy” is about 16-19% of crude steel production
the last decade and somewhat increasing [19]. High-alloy steels are traded as “alloy scrap”, “revert
scrap”, bilateral meltshop specs and internal closed loops. There exists no reliable source on the
contents of high-alloy scrap. The difficulty is partly attributed to the fact that there exist hundreds of
grades with compositions grade based. High-alloy scrap used for tool and special steels mainly
originates from used tools and machining waste and is recycled through dedicated melting routes
(EAF/induction + ESR) specifically to preserve and recover alloying elements rather than dilute them
in bulk scrap streams [32, 33]. Available research also shows that scrap compositions are highly
heterogeneous—especially for obsolete scrap, while prompt/revert scrap is composition-controlled
and therefore not publicly reported as fixed “typical” compositions, but instead handled via grade-
specific recycling loops [34]. A high-alloy producer shared their data of average and variation in used
internal scrap (Table 8).

Table 8. Average and standard deviation of alloy steel scrap by a non-disclosed plant.

Element Mean SD
Cu 0.16 0.03
Ni 0.9 0.1
Mo 0.2 0.03
Cr 1.0 0.2
Sn 0.01 0.003
Sum “tramp” 2.3

7.5.1 Mass and composition of removable alloyed steel scrap

The following dataset was used to parameterize EU dilution scenarios. Total scrap consumption in the
EU in 2023 was 74.8 Mt. Assuming alloyed steel scrap reflects the same average share of “other alloy”
as in steel production, the alloyed fraction is estimated at 17.5% of total scrap consumption. The
composition applied corresponds to the average composition of internal scrap at an undisclosed
European steel plant, as reported in Table 8. We further assume that 50% of this scrap is not separately
sorted from the non-alloy carbon stream based on analysis of practices of undisclosed European steel
plants.

7.5.2  Alloys used for alloying steel

Most of produced alloys, mainly ferroalloys, serve for the production of steel and cast iron. Table 9
summarizes the global production of most ferroalloys.
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The quantity of alloy additions to the steel melt varies between plants. In this study, data from an
undisclosed European steel plant were used. The average composition and relative share of alloy
additions were calculated and are presented in Table 10. These values are applied in the scenario
modelling to account for the contribution of elements originating from virgin alloys rather than from
scrap.

Table 9. Global ferroalloys production 2017 [35].

Alloy type Quantity (Mt)
SiMn 11.2
FeCr 12.6
FeSi 6.0
FeMn 4.6
FeNi 4.0
FeSiCr 0.185
FeMo 0.149
FeV 0.052
FeNb 0.092
FeTi 0.010
Other 59

Table 10. Average amount and share of alloy added to the steel melt.

Element Average (kg) Share of crude steel (%)
Mn 11514395 0.894
Cr 7124667 0.553
Ni 190+494 0.147
Mo 57+121 0.044

7.6 Primary iron qualities

In scenario modelling, the composition of primary iron used via the BOF route must be considered.
Primary iron typically contains C, Si, Mn, P and S as its main impurities, with representative
compositions for pig iron, DRI and HBI given in Table 11. The concentrations of these elements are
sufficiently low that they are not expected to significantly influence the scenario outcomes.

Moreover, while some variation exists depending on origin, the levels of Cu, Ni, Mo, Sn and Cr in
primary iron are negligible and are therefore assumed to be zero in the modelling.

Table 11. Typical tramp-level (%) in elements in primary iron [36].
Primary iron material Cu Sn Tramp
Pig iron, DRI, HBI 0.002 trace <0.017

7.7 Quality and usage of scrap in BOF

Scrap is used in BOF as coolant. Internal, prompt and old scrap can be charged. A typical average of
scrap usage in BOF is 20% scrap, although it can be as high as 25%.
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BF-BOF based steel production is today mainly routed into flat steel due to higher demands on low

tramp element content.

7.8 Estimation of removable tramp elements in old scrap

The following dataset was used to parameterise EU dilution scenarios. The removable share of tramp
elements from the shredded scrap (E40), primarily Cu, was estimated from operational data provided
by an undisclosed scrap-processing plant. The dataset reports the tramp-element level of a separated
shredder fraction that, on average, represents 16% of the magnetic shredder stream.

To scale this to the EU level, total market-available E40 was approximated by first estimating EU old-
scrap use (44.4 Mt) using the approach in [4], and then assuming E40 constitutes 50% of the old scrap
consumed. The removable high-tramp fraction was calculated by applying the 16% separation share
to this estimated E40 mass. The removed fraction is assumed to consist of high-alloy steels and non-
ferrous objects attached with the scrap. This is input for the “scenario A” in scenario modelling.

7.9 Appendix

Table 12. Material efficiencies for different steel intermediates processed into final goods [4].

No. Steel semis Buildings Infrastructu Cars Trucks Other Mec'hani?al Ele'ctric'al Other Metal Don:lestic Packaging
re Transport | Engineering | Engineering Goods appliances
7 Cast Steel 1 1
8 Cast Iron 1 1 1 1 1 1 1 1
9 Electrical Strip 0.8
10 Tin plated 0.7
11 Plate 0.9 0.9 0.8 0.8 0.8 0.8 0.75
12 Cold Rolled Coil galvanized 0,9* 0,9* 0.6 0.6 0,74* 0,8* 0,74* 0.8
13 Cold Rolled Coil coated 0,9* 0,9* 0,6* 0,74* 0,74* 0,8* 0.7 0.8
14 Cold Rolled Coil 0.9 0.9 0,6* 0,74* 0.6 0,8* 0.7 0.8
15 Hot Rolled galvanized 0.9 0.9
16 Hot Rolled Narrow Strip 0.9 0.9 0,6* 0,74* 0,8* 0,74* 0,8* 0.75
17 Hot Rolled Coil 0.9 0.9 0,6* 0.8 0,8* 0.8 0.8 0.75
18 Welded Tube 0.95 0.95 0.95 0.95 0.95 0.95 0.95
19 Seamless Tube 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
20 Wire Rod 0.95 0.95 0.9 0.9 0.9 0.9 0.9 0.8
21 Reinforcing Bar 0.95 0.95
22 Hot Rolled Bar 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.7
23 Heavy Section 0.95 0.95
24 Light Section 0.95 0.95
25 Rail Section 0.95 0.95

*own estimates based on similar semis and final products as no data were provided by Cullen et al. (2012)

Funded by the
European Union




Funded by the
European Union

Doc: MEDALS DI.1
SteelBaseDataRev 110326.docx
@%M E DALS Date: 11 March 2026
M Page: 41 of 80
Deliverable: DI.1
Dissem.Level: PU
Table 13. EU produced sum tramp elements (Cu, Ni, Cr, Sn, Mo) (%) per sector and semi-finished intermediate products
[4].
Mecha Electric Domes
Buildin sItlrlf-cat—u Cars Trucks "I(‘)rstil::;l]; nic.al a.l ](\)’[teh teall— ﬁc. Pa.ckag
gs re ort Engme Engmee Goods applian  ing
| ering  ring ces
Cast Steel 0.25 0.15
Cast Iron 0.35 0.3 065 065 065 055 0.55 0.5
Electrical Strip 0.13
Tin plated 0.13
IPlate 0.3 03 021 021 021 0.21 0.21 0.21
Cold Rolled Coi  0.13 0.13 0.13 013 013 013 0.13 0.13 0.13
ICold Rolled Coi 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Cold Rolled Coi  0.13 0.13 0.13 013 013 013 013 0.13 0.13
HotRolledgalve 0.21  0.21
Hot Rolled Narr  0.21 021 0.13 013 013 013 0.13 0.13
.Hot Rolled Coil 0.21 0.21 0.13 0.13 0.13 0.13 0.13 0.13
Welded Tube 0.21 0.21 0.21 0.21 0.21 0.21 0.21
ISeamless Tube 0.21 0.21 0.21 0.21 0.21 0.212 o0.21
~Wire Rod 0.3 03 021 021 021 021 o0.21
ReinforcingBar 0.4 0.4
‘Hot Rolled Bar 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3
‘Heavy Section 0.4 0.4
Light Section 0.4 0.4
Rail Section 0.4 0.3
Table 14. Global allocation or transfer coefficients of produced semi-finished intermediates to different sectors [4].
Buildings Infra-structure | Cars | Trucks Tr(:ltllsl:); it 2: ;ic::::ic:; EE;:fo_:ig g{t}g ;::;?:::ics Packaging
Cast Steel 50% 50%
Cast Iron 4.00% 36% 19% 4% 1% 13% 9% 13%
Electrical Strip 100%
Tin plated 100%
Plate 18.00% 17% 1% 17% 17% 3% 27%
Cold Rolled Coil galvanized 15.00% 4% 50% 5% 0% 3% 3% 16% 5%
Cold Rolled Coil coated 72% 9% 6% 1% 0% 2% 3% 3% 4%
Cold Rolled Coil 18% 3% 15% 3% 0% 15% 3% 26% 17%
Hot Rolled galvanized 80% 20%
Hot Rolled Narrow Strip 18% 10% 37% 10% 1% 3% 1% 22%
Hot Rolled Coil 47% 16% 8% 2% 1% 17% 2% 8%
Welded Tube 22% 40% 2% 2% 27% 6% 2%
Seamless Tube 46% 14% 18% 4% 4% 11% 4%
Wire Rod 29% 26% 3% 3% 1% 1% 5% 32%
Reinforcing Bar 53% 47%
Hot Rolled Bar 5% 1% 13% 3% 1% 37% 4% 38%
Heavy Section 77% 23%
Light Section 76% 24%
Rail Section 90% 10%
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8 Annex 2: Regression study

8.1 Introduction
8.1.1 Background

Ferritic steel scrap is traded globally in different classes with demands on type, dimensions, density,
content and with limits on impurities and are similar over the world. In Europe, the basic norm is the
classes defined in the EU Waste directive, but more specific specifications exist in EU and in member

countries. EU-classed steel scrap grades are shown in
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Table 15.

The limits for tramp elements set in the specification are maximum values and are not specific enough
to be used in for example charge optimization. Therefore, each plant must assess the quality of the
raw materials supplied to the plant and use the values to optimize charges to meet quality requirements
with a high production rate and lowest possible cost.

When many ore-based plants shut their BF-BOF production and turns to EAFs and scrap-based
production it affects the market in the following ways:

e The amount of very clean scrap from ore-based production will decrease and this dilutive effect
will diminish.

e European EAF plants might have to use lower quality scrap that today is exported due to scrap
shortage.

Both these factors will make it increasingly important to follow the quality in the different scrap
classes and perhaps in the future, suggest new ways to classify scrap and investments in DR capacity.

8.1.2 Aim

The aim of this report is to assess the quality of European scrap and how it has developed over the last
15 years.

8.1.3 Method

Charge data consisting of charged scrap and the resulting steel analysis from a non-disclosed European
steel plant has been used to estimate the average and standard deviation of tramp elements in the used
scrap grades. The calculation tool RawMatStat has been used. Further system description will be
included in Deliverable D1.5.

Information about the plant data for the calculation is summarized in
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Table 16. Two baskets of scrap are charged into the EAF, where the first sample of the steel melt is
taken after the second basket has melted. This analysis was used for the regression calculation. Oxygen
is blown into the melt until desired oxygen content, temperature and P content are reached. The melt
is tapped into the ladle while charging slags and deoxidants. Another sample is taken right after
tapping as basis for following alloy additions to adjust the melt composition. A final sample is taken
before going through narrow refining steps of alloy additions and vacuuming.
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Table 15. EU/ISRI steel scrap specifications [37]. Here tramp is ), Cu,Sn, Cr, Ni, Mo.
Code Type Dimensions Density May Excludes Steriles Max. standard
include contents (%)
El Old thin Thickness: >0.5 Light Vehicle body and domestic <1.5% Cu: 0.4
steel scrap <6 mm vehicle appliances, rebars and Sn: 0.02
<15x05x wheels merchant bars, objects of ¥ Cr, Ni, Mo:
0.5m metallic copper, tin, lead 0.3
(and alloys), mechanical 3 Tramp: 0.72
pieces and steriles
E3 Old thick Thickness: >0.6 Tubes and Vehicle body and wheels Cu: 0.25
steel scarp =6 mm hollow from light vehicles, rebars Sn: 0.01
<15x05x sections and merchant bars, objects ¥ Cr, Ni, Mo:
0.5m of metallic copper, tin, lead 0.25
(and alloys), mechanical Y. Tramp: 0.51
pieces and steriles
E40 Shredded Pieces <200 >0.9 Excessive moisture, loose Cu: 0.25
steel scrap. mm cast iron and incinerator Sn: 0.02
For 95% of material (especially tin
load. No cans), objects of metallic
piece, in the copper, tin, lead (and
remaining alloys), and steriles
5%, shall
exceed 1000
mm
ESM New mixed - - Excessive bushy and free <0.4% Cu: 0.4
lots of from turnings from free Sn: 0.03
carbon steel cutting steel, all S: 0.1
turnings contaminants such as non- Y Cr, Ni, Mo: 1
ferrous metals, scale, Y Tramp: 1.43
grinding dust and heavily
oxidised turnings or other
materials from chemical
industries
E6 New thin Thickness: < =1 Objects of metallic copper, - Y. Tramp: 0.3
uncoated 3 mm tin, lead (and alloys),
steel scrap. mechanical pieces and
Compressed steriles
or baled
E6/4F New thin Typical 0.4- packaging Heavy scrap, alloys, <1% Y, Tramp: 0.3
(coils) tin-plated thickness 1.2 steel, stainless, ferrous bundles
steel scrap. 0.15-50 mm tinplate
Coils offcuts,
coil ends
E653/4 Compressed Thickness: > Typi Typically cast iron, <1-2% -
A bundles of 6 mm cal stainless, alloys, non-
Bundles heavy Typical 1.6- ferrous
melting 0.75 x 0.6 x 22
steel scrap. 0.6 m
E8 New thin Thickness: < =04 Unbound ribbons, objects <0.3% Y, Tramp: 0.3
uncoated 3 mm of metallic copper, tin, lead
steel scrap. <15x05x (and alloys), mechanical
0.5 m (except pieces and steriles
unbound
ribbons)

Funded by the
European Union




Doc: MEDALS D1.1
SteelBaseDataRev 110326.docx
@%M E DA LS Date: 11 March 2026
M Page: 46 of 80
Deliverable: DI.1
Dissem.Level: PU
Table 16. General plant data used for the model.
Average number of scrap grades charged per heat 5
Numbers of scrap grades 26
Numbers of non-alloyed carbon steel EU-classified scrap grades 8
Numbers of low-alloyed non-classified scrap grades 3
Number of low-alloyed internal scrap grades 4
Numbers of stainless scrap grades 6
Number of primary iron materials (PI, DRI, HBI) 4
Share of primary iron charged (%) 8.1+-2.4%

8.1.4 RawMatStat® calculation method
All results come from the same non-disclosed plants except for the validation in chapter 8.2.6 where
the results were compared with similar studies made at three other plants.

The elements’ composition was calculated using the software application RawMatStat®. The
developed mathematical model combines data from multiple heats with information on which scrap
grades were used and in what amounts. Each heat has a known outcome, for example the copper or
molybdenum content in the steel. By setting up a system of equations where each scrap addition in a
charge is represented as a weighted share in every heat, the model estimates the most likely
composition of each element in each scrap grade.

A simplified example: if three scrap grades are used in varying combinations across ten heats, and the
final copper content in the steel is known for each heat, the model can estimate the copper content of
the three scrap grades so that the calculated combinations best match all ten observed heat analyses.
This is done by minimizing the total difference between model predictions and measured values using
a least-squares approach, while keeping each scrap composition within defined bounds.

The regression model must also account for the distribution of elements between steel and slag.
Elements such as Cu and Ni largely transfer to the steel bath, while others, such as Cr and Mn, partly
partition to the slag due to their higher oxygen affinity relative to iron. In this project, the regression
analysis assumes constant distribution factors for each element, based partly on plant estimates.

Two calculation methods were used. The carbon steels were calculated using data in 13-week periods
(quarters), while the stainless steels were calculated annually. Produced steel grades were mapped to
internal scrap grades as a validation method i.e. scrap that fall inside the plant that is collected and
placed in specific scrap groups for reuse. The mapping assumes equal scrap mass from the mapped
steel grades produced and does not consider any relative variation in quantity of grades produced
throughout the year. Minor yard movements can occur for certain scrap streams, especially where no
strict composition limits are enforced, and inventory checks occasionally reveal deviations. For
internal scrap, classification criteria exist for assigning material to each grade group, although internal
transfers may sometimes introduce misallocations. These appear infrequent but cannot be entirely
ruled out. However, an approximate comparison could be made using the annual mean and spread of
the mapped internal scraps together with calculated mean and spread.
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The results were also validated using Monte Carlo simulations, which were plotted as distribution
diagrams and predict vs. measured diagrams. The calculated scrap content with mean and variation
was used to “re-melt” all historical heats to achieve a steel melt composition per heat, given the
uncertainty of the scraps. These were then compared to measured melt compositions of the same
historical heats. The calculation was repeated multiple times where for every time a selected content
per material was chosen based on the probability curve following the distribution of the content in the
scrap.

8.2 Results
8.2.1 General

The content of Cu, Ni, Mo and Sn for EU-classed new scrap in Figure 33 - Figure 37 and old scrap in
Figure 38 - Figure 42 is shown for the period 2010 to 2025. Mean and standard deviation were linearly
interpolated between years of missing data. The full list of calculated values in all scrap grades is
found in Appendix
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Table 21. E40 stands out as more uncertain and should be interpreted with caution due to few
occurrences compared to the other scrap grades, e.g. the observations are ranging from only 20-80
annually 2022-2025. Results of E1 for early years 2010-2014 had even lower reliability due to few
occurrences between 6 and 60 and were therefore excluded. The regression for the Cr content has
lower accuracy and therefore must be interpreted cautiously.

8.2.2 New scrap

Statistical testing identified elements with a significant non-zero slope of the mean (p < 0.05),
indicating consistent temporal trends. For new scrap, Cu decreases in the E6 and E653/4A grades,
while Mo and Sn also decrease in E6, suggesting reduced tramp-element levels by EU steel producers
over the period. In E8, Cu and Sn broadly follow the trend in the EU EAF production share (Figure
16), with a decline up to around 2015 followed by an increase thereafter. In contrast, ESM shows
increasing Ni and Mo contents over time. No significant trend is observed for Cr. Overall, trends in
new scrap are weak.

0.8
—_— E6
- E8
0.7 1 — E5M
— E653/4A
0.6 A
0.5 1
=1
S 0.4
0.3 A1
" -w
0.1 -\/\ /\/\\/_
 — - ————

0.0 T T T T T T T T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year

Figure 33. Cu content in new EU scrap classes.
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Figure 34. Ni content in new EU scrap classes.
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Figure 35. Mo content in new EU scrap classes.
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Figure 36. Sn content in new EU scrap classes.
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Figure 37. Cr content in new EU scrap classes.
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8.2.3 Old scrap

Old scrap grades E3 and E40 have significant downward trend in Sn, which may indicate stricter
requirements from customers producing the products during the periods of which the products were
produced. Cu decrease for E3 and E40 as for new scrap. Cr in old scrap increased only for E1. The
standard deviation, or spread, varies significantly over time for many elements and scrap, indicating
different sourcing and sorting techniques between the scrap suppliers.
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Figure 38. Cu content in old EU scrap classes.
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Figure 39. Ni content in old EU scrap classes.
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Figure 40. Mo content in old EU scrap classes.
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Figure 41. Sn content in old EU scrap classes.
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Figure 42. Cr content in old EU scrap classes.

8.2.4 Overall weighted average composition

The following dataset was used to parameterize EU dilution scenarios. Using the average weight
loaded per scrap per year, the average total scrap mix content and the old-new scrap mix content are
shown in Table 17. The total scrap-mix composition is assumed to represent the average composition
of scrap charged to EAFs in the EU.

Table 17. Total and old-new scrap mix composition used for dilution scenario modelling.

Cu Ni Mo Sn Cr Mn
Total scrapmix | 0.16 0.13 0.05 0.01 0.37 0.57
Old-new mix 0.18 0.09 0.03 0.02 |0.37 0.61

8.2.5 Weighted trend analysis

The yearly trend of the average and variation in scrap can be weighted by the charged weight of the
scrap. Considering the old and new scrap grades, the “adjusted plant-level average” content per year
weighted by loaded tonnes of scrap is calculated using the following relation:

1y = Zg Wy tXe,g,t
y = —3_9-"09°
Zg‘”@t

where, e=element, t=year, g=scrap grade, w,=loaded tonnes of scrap grade g year t, X.,=average
content of element ¢ in scrap grade g in year t and u,,=weighted average of the content in the old-new
scrap-mix over the years.

Similarly for the variation, a variation metric is calculated as the estimated total spread of content in
the scrap mix per year. This metric is split into variation within scrap grades (vyi¢nin) and variation
caused by differences between scrap grades’ means (Vpespween)- The former reveals if scrap grades
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themselves are internally noisy (supplier/process variability) while the latter indicates whether the
grades composition are different from each other and if the scrap mix proportions matter a lot.

The formula for the estimated total spread of content in total loaded scrap mix per year are given by:

Wg,t
where s, =—%= =
’ Wt

Upooled = Vwithin + Vpetween

— 2
Vwithin = Z Sg,tag,t

g

Vpetween = Z Sg,t(.ug,t - .ut)2

Opw

= \/;pooled

average share of loaded scrap grade g year 7, o4, =standard deviation,

Kgc=weighted average of content of scrap grade g year ¢, u,=weighted average of the scrap mix and
ap,w=pooled weighted standard deviation over the years. These calculations tell whether the scrap mix
(old and new together) are changing in content over time. The results are shown in Table 18.

Table 18. Weighted average of content and pooled weighted standard deviation of the old-new scrap-mix over the years

2010-2015.

Element  Metric slope (Wt%)  ¢ci95 low ¢i95 high direction  p value significant p05
Cu Uy -0.0018288 -0.00329 -0.00036 DOWN  0.018092 TRUE
Cu Opw -0.000799 -0.00246 0.000859 DOWN  0.318799 FALSE
Ni Uy 0.000272 -0.00024  0.000782 UP 0.272343 FALSE
Ni Opw 0.001094 0.000445 0.001744 UP 0.002825 TRUE
Mo Uy -0.0002150  -0.00056 0.000134  DOWN 0.20767 FALSE
Mo Opw -0.00023 -0.00058 0.000117 DOWN  0.176478 FALSE
Sn Uy -0.000207 -0.00034  -7.2E-05 DOWN  0.005302 TRUE
Sn Opw -0.000345 -0.00051 -0.00018  DOWN  0.000637 TRUE
Cr Uy 0.001903 -0.0023  0.006111 UP 0.348442 FALSE
Cr Opw 0.002734 -0.00041  0.005878 UP 0.083188 FALSE

The results show that overall average in the new-old scrap mix the Cu and Sn are decreasing. Cu for
example decreases by 0.002 wt% annually in the old-new scrap mix. The variation increases for Ni
while decreases for Sn. The rest of the elements are statistically insignificant regarding trend.

The weighted mean and standard deviation per year and scrap grade were used for trend analysis per
scrap grade and element. The trend per new and old scrap grade was fitted to yearly values of average

or standard deviation:

minimized by:

Yye=a+bt+e
where a is the intercept, b slope, ¢ years, and &; the residual and the weighted sum of square errors are

(a,b) = argming, » we, 0 — @ = bt)?
t

where y, is either yearly average or yearly standard deviation, w  the load weight per scrap grade
and year. The same formula was used for calculating the “mixed scrap trend”.
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Table 19. Weighted average and standard deviation per old scrap grades.

Element Scrap Metric # years slope ci95 low  ¢i95 high  direction  p_value
Cu El Hw 9 -0.02204 -0.0323 -0.01179 DOWN  0.001428
Sn El Hw 10 -0.0004 -0.00064 -0.00016 DOWN  0.005212
Mo El Ow 9 -0.00151 -0.00221 -0.00081 DOWN  0.001389
Cu E3 Hw 16 -0.00452  -0.00756 -0.00149 DOWN  0.006412
Sn E3 Hw 15 -0.00029  -0.00042 -0.00015 DOWN  0.000589
Sn E3 Ow 15 -3.3E-05 -6.5E-05 -2.8E-07 DOWN  0.048303
Cr E3 Ow 16 -0.00097  -0.00185 -7.8E-05 DOWN  0.035018
Cu E40 Hw 13 -0.01438  -0.02045 -0.00831 DOWN  0.000287
Sn E40 Hw 13 -0.00192  -0.00249 -0.00136 DOWN  1.24E-05
Sn E40 Ow 13 -0.00083  -0.00123 -0.00043 DOWN  0.000784
Cr E40 Hw 13 0.024758 0.00398 0.045537 UP 0.02372

Table 20. Weighted average and standard deviation per new scrap grades.

Element Scrap Metric # years slope ci95 low  ¢i95 high  direction p_value
Cu E6 Hw 16 -0.00409  -0.00586 -0.00232 DOWN 0.000211
Cu E6 Ow 16 -0.00142  -0.00237 -0.00048 DOWN 0.006084
Mo E6 oy 16 -0.00151 -0.00247 -0.00056 DOWN 0.004379
Mo E6 Ow 16 -0.00089  -0.00129 -0.00048 DOWN 0.000359
Sn E6 Hw 16 -0.0003 -0.00048 -0.00012 DOWN 0.002632
Sn E6 Ow 16 -6.7E-05  -0.00013 -6.5E-07 DOWN 0.048097
Ni ESM Hw 16 0.007953  0.004544  0.011362 UP 0.000193
Mo E5SM o 16 0.002962  0.000418  0.005505 UP 0.025597
Mo ESM Ow 16 -0.00194  -0.00305 -0.00083 DOWN 0.00219
Cr E5SM Hw 16 0.013096  0.001588  0.024604 UP 0.028551
Mo E8 Ow 16 -0.00066  -0.00131 -1.7E-05 DOWN 0.04513
Cr E8 Ow 16 0.00165  0.000615  0.002685 UP 0.004145

The results in Table 19 and Table 20 show the old and new scrap with elements of significant statistical
trends. For old scrap, the average Cu and Sn decreases, mostly for E1 and E40 for Cu by average 0.02
wt% and 0.014 wt% yearly, respectively. Cu decreases also for E6 although less at 0.0041 wt% yearly.
Considering weights, now Cr change for some scrap, specifically E3 (decreased variation), E40
(increased average), ESM (increased average) and E8 (increased variation). Sn decrease for all scrap,
except ESM and ES8. Ni and Mo average increase for ESM. Otherwise Mo mostly decrease over the
years — decreased variation for E1, E6, ESM and E8 and decreased average for E6.
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8.2.6 Plant comparison

The content in EU-classes E3, E40, E8 and ESM were compared between four undisclosed European
steel plants using 2024 data for all scrap grades except for E40 using data from 2025 due to lack of
data 2024. The results are shown in Figure 43 - Figure 46. For old scrap E3 and E40, Cu in E3 varies
significantly (about 0.1%-points) between plants taking into account the more deviating P2. Cu in E40
is fairly similar between plants although with risk of higher variation. Varying in average and variation
in composition of old scrap between plants imply that it is possible to achieve a better or worse Cu-
contamination by means of better sorting and separation. Data are shown in Table 22 in the Appendix.
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Figure 43. Mean and 95%-confidence interval of the content in EU-class E3.
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Figure 44. Mean and 95%-confidence interval of the EU-class E40.

For new scrap E8 and E5M, for E8 P2 often stands out compared to the other plants and Cu deviates
significantly for P3 most likely due to higher share of EAF-based production. The comparison of Cr
was excluded due to lower reliability.
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Figure 45. Mean and 95%-confidence interval of the EU-class E8.
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8.2.7 Validation by Monte Carlo simulation
The results were validated by plotting the distribution of Monte Carlo-simulated steel melts compared
to measured steel melts over the same time period shown in Figure 47 and Figure 48 for Cu and Ni.
The Cu distribution is fairly close to measured values, although under-estimates higher Cu melts, most

likely due to random effects such as melts richer in Cu-containing objects, few but significant effect.
The data for Ni must be investigated further.
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Figure 47: Distribution of Monte Carlo-simulated Cu and measured Cu in the steel melts under 2025
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Figure 48: Distribution of Monte Carlo-simulated Ni and measured Ni in the steel melts under 2025.
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Figure 49: Mean of calculation via regression vs. mean via mapping of internal low-alloy scrap (ILA2, ILA3, ILA4) for Cu,
Ni, Mo and Sn.

The results were also validated using 1:1 plot for calculated vs. “measured” mapped internal scrap as
is shown in Figure 49. Cu, Sn and Mo-ILA4 align well with each other while Ni and Mo overall tend
to be over-estimated by the calculations. The calculated spread of all elements tends to be under-
estimated, suggesting that uncertainties in the model are at present left out. More uncertainty in Mo
and Ni compared to Cu and Sn can be attributed to misallocations on the scrap yard and/or uneven
production in terms of weight and time for Mo- and Ni-rich grades.

8.3 Discussion and future work

8.3.1 Compared to specifications

Cu exceeds the EU/ISRI maximum specification limits for E3 and E40 [37]. In addition, total tramp-
element levels, although largely driven by Cr, which carries higher uncertainty, exceed standard limits
for E1, E3 and new scrap. Excluding Cr, these levels fall below the EU/ISRI thresholds. All other
elements remain within EU/ISRI limits, with particularly large margins for ESM.

Comparisons between steel plants indicate that both mean values and variability differ significantly,
highlighting the critical role of scrap processor separation methods and technologies in determining
final scrap quality. Such comparisons provide a basis for more detailed analysis of scrap origin,
enabling identification of processors achieving superior separation performance and, consequently,
benefiting from higher-value scrap in the future.

8.3.2 Uncertainties

The regression results show increased variability for scrap grades with a limited number of
observations. As noted, E40 exhibits higher uncertainty and should be interpreted with caution due to
its relatively low sample size compared to other grades. This suggests that a minimum of ~100
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observations per category is required for robust model interpretation. A similar issue was observed for
E1, where limited early-year data led to clear deviations; these data points were therefore excluded.

Cr (and Mn) are known to be sensitive to operational practice, particularly oxygen potential, which is
largely governed by oxygen injection in the EAF. This strongly affects the partitioning of Cr between
metal and slag. Given that the steel plant produces a wide range of grades, the distribution factor is
likely grade dependent. Applying a single average distribution factor across all grades introduces
systematic uncertainty and limits the model’s ability to capture this variation. As a result, Cr and Mn
are estimated with lower accuracy and could be modelled more precisely with grade-specific
parameters.

One indication of this limitation is that modelled Cr levels appear relatively high compared to EU/ISRI
scrap specifications. However, this may also reflect actual conditions, for example a higher share of
high-Cr ferritic stainless in the scrap stream than assumed in the specifications particularly as Cr is
generally less problematic from an operational perspective in steelmaking.

8.3.3 Trends

New scrap data indicate that EU steel producers have tightened requirements on Cu in flat products
(E6), while Ni and Mo have increased in machining swarf, largely originating from bar and forging
operations. These trends are relevant for scrap users aiming to better control the composition of the
charged scrap mix.

For old scrap, a downward trend is observed for Sn and Cu in both heavy and shredded fractions. This
likely reflects either the legacy of products manufactured during a period of expanding BOF-based
production over the past 10—50 years, or improved separation of Cu- and Sn-bearing components by
scrap processors. With a continued shift towards EAF-based steelmaking, the trend in end-of-life
products may reverse if current sorting practices remain unchanged.

Stricter limits on Cu and Sn in E6 are also associated with reduced variability for these elements, and
to some extent for Mo. In old scrap, the decreasing variability of Sn in E3 and E40 may indicate
improvements in processing technology or more effective sorting by scrap processors. For increased
use of E40, its relatively higher compositional variability remains a constraint, as reducing this
variability would lower melt uncertainty. In general, new scrap exhibits significantly lower variability
and is therefore preferred by steel producers, with the exception of Cu and Ni in ESM.

8.3.4 Future work

Future work should focus on improving the modelling accuracy of Cr, Mn and other elements with
high oxidation affinity. Although Ni is largely retained in the steel, it exhibits lower predictive
accuracy than comparable elements such as Cu, Sn and Mo; Monte Carlo simulations also indicate
that high-Ni steels are more difficult to model reliably. This requires further analysis of production
data.

The internal mapping validation is currently approximate, as it relies on annual average scrap
allocations; this could be refined by using higher temporal resolution. In addition, the analysis can be
extended to include further elements of interest, such as S, P, V, Co, W and Ti.

Funded by the
European Union




{OMEDALS

Doc:

Date:
Page:
Deliverable:

Dissem.Level:

MEDALS D1.1
SteelBaseDataRev 110326.docx
11 March 2026

61 of 80

DI1.1

PU

8.4 Appendix

Data plotted in chapter 8.2 is shown in Table 21 and Table 22.
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Table 22. Comparison between classes used by four undisclosed European steel plants.

P1 P2 P3 P4

E3 MEAN  SD MEAN  SD MEAN  SD MEAN  SD

Cu 0.199 0.025  0.088 0.019  0.201 0.020  0.152 0.019
Ni 0.148 0.041 0.060 0.013  0.098 0.017  0.102 0.013
Mo 0.034 0.020  0.007 0.006  0.025 0.003  0.025 0.004
Sn 0.011 0.003  0.015 0.002  0.010 0.001 0.007 0.002
Cr 0.215 0.179  0.078 0.038  0.418 0.050  0.087 0.029
E40 MEAN  SD MEAN  SD MEAN  SD MEAN  SD

Cu 0.181 0.026  0.196 0.103  0.211 0.084  0.205 0.027
Ni 0.052 0.036  0.053 0.043  0.132 0.074  0.059 0.029
Mo 0.011 0.014  0.058 0.045  0.023 0.018  0.010 0.008
Sn 0.014 0.005  0.015 0.008  0.004 0.003  0.008 0.003
Cr 0.201 0.128  0.510 0.255  0.844 1.010  0.213 0.063
E8 MEAN  SD MEAN  SD MEAN  SD MEAN SD

Cu 0.040 0.010  0.020 0.016  0.118 0.024  0.031 0.013
Ni 0.090 0.023  0.025 0.011 0.081 0.021 0.078 0.016
Mo 0.032 0.009  0.002 0.005  0.018 0.003  0.025 0.005
Sn 0.001 0.001 0.011 0.002  0.007 0.001 0.002 0.002
Cr 0.166 0.091 0.013 0.021 0.259 0.071 0.040 0.040
ESM  MEAN SD MEAN  SD MEAN  SD MEAN  SD

Cu 0.159 0.035  NaN NaN 0.233 0.025  0.217 0.038
Ni 0.211 0.057  NaN NaN 0.288 0.024  0.352 0.046
Mo 0.084 0.032  NaN NaN 0.090 0.006  0.091 0.016
Sn 0.009 0.005 NaN NaN 0.007 0.001 0.009 0.006
Cr 0.691 0.331  NaN NaN 0.403 0.111 0.384 0.086
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9 Annex 3: Ferritic Stainless Scrap Study

9.1 Introduction

9.1.1 Background

Stainless Steel (SS) is a collective name for a number of steel grades with high corrosion resistance
which can be both magnetic and non-magnetic.

Global SS melt shop production was 62.6 Mt year 2024 [39] accounting for about 3.3% of global
crude steel production. A broad spectrum of stainless-steel grades is produced globally, incorporating
valuable alloying elements such as Cr, Ni, Mn and Mo across applications ranging from industrial
equipment to transport and household products. The two dominant families are austenitic and ferritic
SS. Ferritic grades rely primarily on chromium (Cr), contain little or no nickel (Ni), and therefore
constitute a lower-cost stainless category. Austenitic grades, by contrast, contain substantial Ni and,
owing to their non-magnetic or weakly magnetic behaviour, are typically recovered efficiently because
of their high intrinsic value.

Figure 50 and Figure 51 and show the stainless ferritic and austenitic melt shop production and
stainless-steel allocation to sectors in the EU since the 1990s [2]. The ferritic share has remained
relatively stable at approximately 20-25 % over this entire period.
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Figure 50. EU27 stainless steel production by family [2].
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Figure 51. EU27 stainless steel production by end use [40].

At end of life, ferritic SS are, to the best of current knowledge, commonly shredded together with non-
alloy carbon steel. Both materials are magnetic and therefore allocate to the same magnetic scrap
stream. One study on the recycling in Japan show that the recovery rate of ferritic stainless objects to
SS is less than 40 %, compared to more than 75 % for austenitic stainless scrap [41]. As a result,
alloying elements in ferritic SS are not effectively recovered, while the non-alloy carbon fraction
becomes contaminated, primarily with Cr, reducing shredded scrap quality and increasing dissipation
from the recycling stream due to additional melt processing requirements. Raw material contamination
may often require dilution with primary iron units and additional melt correction when producing non-
alloy carbon steels. Conversely, producers of higher-alloy steels may unintentionally rely on excess
amounts of low-alloy scrap combined with virgin alloys, rather than accessing a dedicated ferritic
stainless fraction that could substitute part of the austenitic scrap demand. The majority of the Cr
alloying for SS originates from ferrochromium (FeCr) additions in the steel making process [41].

9.1.2 Aim

This study investigates the flows of ferritic stainless scrap within the EU market as basis for evaluating
its potential to become a distinct high-alloy shredded scrap fraction. One of the central questions is
whether separating ferritic SS from the non-alloy carbon stream could provide economic benefits
through improved availability of high-alloy scrap and reduced consumption of virgin alloying
elements.

9.1.3 Method

At the time there exists no study on the ferritic stainless scrap situation in Europe. To understand the
role of ferritic SS in the shredder scrap flow, the ferritic stainless scrap was estimated using the method
described under the chapter Model development.
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This method estimates the generation and availability of ferritic SS scrap in the EU by modelling how
ferritic-containing products enter the economy, accumulate in use, and eventually return as end-of-life
(EoL) scrap. The approach accounts for production, trade, product lifetimes, and observed ferritic
recovery in key waste streams. Model details can be found in Annex 1: Literature study with
elaborations in chapter 8.

Ferritic stainless in end-of-life consumer products is generally routed together with other magnetic
materials, primarily carbon steel and cast iron, through shredding systems. Because detailed product-
level data for ferritic content are limited, the method focuses on downstream scrap flows calibrated to
better known products such as observed ELV (End-of-Life Vehicles) and WEEE (Waste Electrical
and Electronic Equipment) statistics. Calculated “available” scrap is defined as total amount of scrap
that in theory is available for recycling, neglecting the recovery rate/collection rate.

9.2 European stainless industry

In Europe, SS flat products are produced mainly by a limited number of integrated mills. Outokumpu
is the market leader in cold-rolled flat SS in Europe [42] with Aperam and Acerinox also recognised
as major producers [43, 44]. Arvedi AST is likewise described as one of the most important integrated
stainless sites in Europe and among the four leading producers of stainless flat products [45]. In welded
tubes and long products, Marcegaglia, Cogne Acciai Speciali and Ugitech are major European players
with substantial stainless capacities [46, 47, 48]

Precise ferritic (400-series) production volumes per company are not publicly disclosed. Nonetheless,
product portfolios and application descriptions indicate that ferritic stainless grades constitute a
significant share of flat and tube output, particularly for automotive exhaust systems, household
appliances and construction elements [49, 50]. A summary of EU’s stainless-steel producers, their
capacity and typical ferritic stainless application are shown in Table 23.

Ferritic stainless production is typically divided into five sub-families (G1-G5) based on Cr content,
stabilization and Mo content, following the ISSF (worldstainless) scheme [50, 51]. In 2006, ISSF
reported that these groups represented approximately 30, 48, 13, 7 and 2% of global ferritic tonnage,
respectively. Due to the absence of region-specific data, these shares are used as a proxy for the EU
ferritic mix in the modelling. The major EU mills (Acerinox, Outokumpu, Aperam, Marcegaglia)
primarily produce 430-family grades, stabilized 439/441 and Mo-alloyed 444, which is consistent with
a dominance of Groups 2—4. It is likely that Groups 3—4 have increased over time in the EU due to the
rising share of automotive and heat-/water-system applications, while low-end exhaust volumes have
decreased.

No time series of grade-level ferritic shares exists in the public domain. In the base case, the ISSF
group shares are therefore assumed to remain constant over time and representative of the EU ferritic
mix. Alternative scenarios with higher proportions of stabilized or Mo-alloyed ferritic SS (ferritic SS)
can be addressed in the sensitivity analysis. Using the data in Table 23 and the shares of G-groups
Table 24, the average composition of ferritic stainless was calculated and presented in
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Table 23. Indicative overview of major EU-based stainless producers with significant ferritic (400-series) output and their
principal application areas. Exact 400-series tonnages per company are not published; the table is based on portfolio
descriptions, capacity data and EU competition/market reports.

Producer (EU- Role / indicative scale Main ferritic (400-series) products and applications

based)

Outokumpu Largest stainless producer in Europe; global |Ferritic flat products in the Moda/Core ranges (e.g. EN
shipments around 1.8-2.2 Mt/a stainless; |[1.4016, 1.4509). Used in kitchen equipment, white goods,
market leader in EU cold-rolled flat products |sinks and catering equipment, as well as automotive
[43, 42]. exhaust components and building cladding/roofing [51,

52].
Aperam Annual stainless capacity about 2.5 Mt; |KARA ferritic range (409/1.4512, 430/1.4016,

described as second-largest flat stainless

producer in Europe [53].

441/1.4509-type grades) in coils and sheets. Applications
include exhaust pipes, manifolds and mufflers, washing-
machine drums, cookers and ovens, decorative profiles and
construction elements [54, 55, 56].

Acerinox Europa

Top global stainless producer with major
integrated flat plant in Spain (Acerinox Europa)
[57, 58].

Ferritic grades such as ACX 490/500 (430-type) for
refrigerators, washing machines, ovens, extractor hoods,
kitchen sinks and general kitchenware [59, 60].

Arvedi AST One of the most important integrated stainless- |Flat ferritic and austenitic coils and sheets for appliances,

(Acciai Speciali steel sites in Europe and one of the four leading  |automotive, construction and industrial uses. Ferritic

Terni) producers of stainless flat products in Europe |grades used in white goods, cookware, architectural panels
[61]. and selected exhaust components [62].

Marcegaglia Processes about 1 Mt of stainless per year and  |Ferritic welded tubes and profiles (409/430/441-type) for

Specialties is the world’s top producer of stainless welded |automotive exhausts, heat-exchanger tubes, food and

tubes [63].

dairy, construction and ornamental tubing [64].

Cogne Acciai

World leader in long stainless and nickel-alloy

Ferritic and martensitic long products (bars, wire rod, semi-

Speciali products; acquired Outokumpu’s Degerfors and | finished) for power generation, automotive, mechanical
Storfors long-products operations in Sweden in  |engineering and long stainless for European customers
2023 [65]. [66].

Ugitech (Swiss One of the world’s leading manufacturers of |Stainless long products (bars, wire rod, drawn wires, rebar)

Steel Group) long stainless products; EU meltshop and |including ferritic and martensitic grades for mechanical

rolling/finishing plants in France [67].

components, fasteners and reinforcement in aggressive
environments [68].

Table 24. Ferritic SS groups following the ISSF five-group scheme (standard Groups 1-3 and special Groups 4-5), with
typical EN/AISI grades, indicative composition ranges for the ore grades, applications and approximate global volume
shares in 2006 [50, 51].

1.4520

e.g. 1.4509, 1.4510,

Group |Typical grades Indicative composition Share  |Typical applications
(AISLEN) (Wt%) 2006
1 409L, 410(M), Cr: 10.5-14; C: 0.03-0.08; 30% Cost-sensitive utility ferritic SS — automotive exhaust
410S(M), 410L; e.g.  |Ni: 0-1.5; Mn: <1.5; Cu, brackets/upstream pipes, underbody parts, bus/truck
1.4512, 1.4003 Sn, Mo = 0 exhausts, container bodies, low-end appliances.
2 430; e.g. 1.4016 Cr: 16-18; C: 0.08-0.12; 48% General-purpose ferritic — kitchenware, appliances,
Ni: 0-0.75; Mn: 1; Cu, Sn, cooker hoods, catering surfaces, elevator panels, interior
Mo =0 architectural sheet, shopfitting, domestic drums.
3 430Ti, 439, 441, Cr: 13-19; C: 0.02-0.05; 13% Stabilised ferritic SS for welded/formed parts — exhaust

Ni: 0-0.5; Mn: 0.5-1.0;
Ti/Nb; Cu, Sn, Mo = 0

manifolds/downpipes, catalytic shells, boiler parts, heat-
exchanger plates, advanced appliance internals.

1.4521

4 434,436, 444; e.g.
1.4113, 1.4526,

Cr: 16-20; C: 0.025-0.12; 7%
Ni: 0-1; Mn: 0.7-1.5; Mo:
0.75-2.5; Ti/Nb; Cu, Sn = 0

Mo-alloyed ferritic SS — hot-water/domestic and
industrial tanks, solar heaters, condensing boilers,
flue/chimney components, spa/pool fittings, 316L-
replacement cases.

5 445, 446, 447; e.g.
1.4621, 1.4749,
1.4762 (super-
ferritic SS)

Cr: 19-32; C: 0.01-0.06; 2%
Ni: 0-4.5; Mn: 0.4-1; Mo:
0-4.5; Nb/Ti; Cu 0-0.6; Sn
=0

Super-ferritic SS — high-temperature or aggressive
chlorides: furnace components, recuperators, burners,
heat shields, desalination plant parts, chemical/flue-gas
units.
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Table 25. Average ferritic stainless composition using estimated global share of ferritic stainless grades (1-5) year 2006 to

9.3
9.3.1

be used in assessments.

Cu Ni Mo Sn Cr Mn C
Ferritic stainless 0.01 0.12 0.16 0 15.7 1.0 0.07

Model development
Model structure

The model converts annual EU stainless “Apparent Use” into time-dependent ferritic scrap generation.
The main components are:
1.

Stainless production and trade: EU melt-shop production, imports and exports of stainless
products (HS 7218-7223, 7304.41/.49, 7306.40) are combined to form annual Apparent Use.
Imports and exports of finished goods (e.g. vehicles, appliances, machinery) are not explicitly
modelled but are absorbed indirectly in the calibration (step 6).

Alloy-family shares: Because region-specific ferritic shares are unavailable, global ISSF alloy-
family (ferritic, austenitic, other) proportions (bought data) [69] are applied to EU production
and net trade. Duplex is embedded in “Other” and is estimated through low/base/high scenarios.

Lifetime model: Apparent Use is time-shifted into EoL scrap via three lifetime sectors - short
(S), medium (M) and long (L) - following established dynamic material-flow practice [70,71].
Each sector has a mean lifetime and a weight summing to one. This structure approximates the
broad distribution of end-use lifetimes in consumer goods, vehicles/machinery and
buildings/infrastructure.

Process (prompt) scrap: Manufacturing scrap that returns immediately is modelled as a fixed
fraction of Apparent Use, with a base value from [40] and sensitivity ranges.

Scrap trade: Imports and exports of stainless scrap (HS 720421) enter only in the availability
step. As grade detail is missing, ferritic scrap is allocated using a global ferritic share (step 2).
These are treated as approximate corrections due to the limited resolution of trade statistics.

Calibration using ELV and WEEE data: Observed ferritic masses recovered from ELVs and
WEEE obtained from “DI1.2 Database System description”, which will be shown in the
upcoming deliverable D1.2, are used as calibration targets. The model scales the short- and
medium-lived sectors through constrained least squares, ensuring consistency between
modelled ferritic EoL flows and observed ferritic recovery. This absorbs stainless present in
imported finished goods. The long-lived sector remains driven by lifetime assumptions.
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9.3.2 Backcasting and boundary conditions
Historical stainless flows are extended backwards to avoid lifetime “burn-in” effects:
e EU production prior to data availability is backcast using global production and a damped EU
share trend.
e Trade is backcast using median production-to-trade ratios during years of available data with
+20% sensitivity.
e Ferritic shares before 2001 are held at median values with optional +20% bands.
e Duplex shares are extracted as a constant fraction of “other” stainless.

These extensions allow EoL flows to be computed consistently for all reporting years.

9.3.3 Scrap generation and availability

Ferritic scrap generated (“Gen”) in year ¢ is the sum of calibrated EoL flows and process scrap.
Available ferritic scrap (“Avail”) additionally accounts for net scrap trade. Duplex follows the same
structure but carries higher uncertainty due to weaker observational constraints.

9.3.4 Model reliability and scenarios
e Apparent Use is validated against ISSF production and net trade patterns.
e Calibration to ELV/WEEE ferritic mass provides lower-bound anchoring for the short- and
medium-life sectors.

e Scenario bands are applied to lifetimes, process scrap rates, ferritic shares, and scrap-trade
allocations.

e Duplex results are considered indicative due to weaker data foundations.

9.4 Results and discussion

The resulting flow of ferritic stainless scrap, i.e. the sum of prompt and EoL scrap, for 2001-2035 is
shown in Figure 52. “Generated” (Gen) refers to scrap arising within the EU (excluding trade), while
“Available” (Avail) includes imports and exports. The central line represents the mean scenario, with
the shaded area indicating the uncertainty bounds defined in the methodology. Inventory changes and
recovery losses are not included and must be accounted for separately in scenario calculations of the
share of ferritic stainless scrap embedded in the magnetic shredded fraction.

Generated ferritic stainless scrap increases steadily from approximately 0.5 Mt in 2001 to above 1 Mt
in recent years. The corresponding available scrap exceeds 2.5 Mt, with a fitted trend line highlighting
the long-term growth. Due to significant trade volumes, available quantities are strongly influenced
by cross-border flows. The inclusion of trade introduces notable variability, partly reflecting the
assumption that the global ferritic share applies equally to traded scrap. In practice, traded stainless
scrap may be compositionally biased (e.g. towards austenitic grades), and trade statistics do not
distinguish between stainless types, remelt feed and true scrap.

Duplex stainless is assumed negligible, accounting for approximately 4—5% of generated ferritic scrap
mass; thus, ferritic stainless effectively represents the majority of magnetic stainless scrap.
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Figure 52. Modelled mass of total ferritic stainless scrap on the EU market excluding scrap trade (Gen) and including

trade (Avail) years 2001-2035.

Ferritic scrap split — EoL vs prompt/new (2001-2035)

1.2M

im

0.8M

Mass (t)

0.eM

0.4M

O‘ZM’_/\/\/\/\/\/\/&/—

— prompt/new scrap
— EoL scrap

0
2005 2010 2015 2020 2025
Year

2030 2035

Figure 53. Modelled mass of ferritic stainless prompt and EoL scrap on the EU market excluding scrap trade (Gen) years
2001-2035.

The flows can be further disaggregated into prompt and EoL ferritic stainless scrap, as shown in Figure
53. EoL scrap increases steadily over time, from 0.4 Mt to close to 1 Mt today reflecting the growing
stock of ferritic stainless-containing products reaching end of life, whereas prompt scrap peaks around
2017 at 0.2 Mt and then shows a gradual decline thereafter to 0.14 Mt today. The increased EoL is a
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consequence of past consumption growth now reaching EoL while the prompt mass is correlating to
declining EU-production of ferritic stainless scrap. Figure 54 and Figure 55 present the element flows
of generated and available Cr, Ni, Mo and Mn from ferritic stainless scrap. The central line represents
the mean, while the shaded area indicates the variation. Composition ranges from Table 23 are applied
as Gaussian distributions and combined with variability in the material flows.

From 2007 onwards, uncertainty in group shares is incorporated to reflect projected changes in demand
since the original data (2006). Specifically, a decrease in Group 1 (—10 percentage points) is balanced
by increases in Groups 2 and 3 (+5 percentage points each).
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Figure 54. Estimated Cr in generated (a) and available (b) ferritic stainless scrap in the EU 2001-2035.
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Figure 55. Estimated Mo, Mn and Ni in generated (a) and available (b) ferritic stainless scrap in the EU 2001-2035.
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9.5 Conclusion - Recovery potential

The study assesses the extent to which ferritic stainless scrap is available on the EU market and
assumes that, at present, it is largely embedded in the non-alloy carbon scrap fraction due to its
magnetic properties. The results indicate that substantial volumes of ferritic stainless scrap are
available, driven by increasing EoL flows. Based on its composition, this material contributes
significant Cr, which represents a potential resource for reducing FeCr alloy demand, costs, and

associated emissions.

By combining composition, EoL quantities, and transfer rates to shredded scrap (E40), the recoverable
share of ferritic stainless scrap, i.e. material that could be extracted to avoid unwanted dilution of non-
alloy carbon scrap, can be estimated. The following data were used to parameterise EU dilution and

recovery scenarios:

e Weighted average ferritic stainless composition (
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e Table 25)

e Generated EoL ferritic stainless scrap of 0.84 Mt in 2023

e Assumption that 50% of this material is either attached to non-alloy carbon steel or occurs as
free objects entering the magnetic shredded stream, while the remainder is either not recovered
or separated into dedicated ferritic stainless scrap stream

The results were validated against data from an undisclosed scrap-processing plant, where some

percent of shredder output consists of ferritic stainless scrap reporting to the non-alloy carbon
magnetic shredded fraction.
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