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Preparatory Study and Impact Assessment support study on tyres

1. Executive Summary

This report assesses the environmental and economic impacts of the average produor tyre

the EU marketThe objective of this study is &valuate theenvironmental performancef tyres

through Life Cycle Assessment (LCAd&mtify hotspot emissionsicross thdifecycle of the

product.The analysis coversf f (G KS adF 3Sa &omraw matii@sRidg@isitionds A FSO
and transport, to production facilities,product manufacturing, distribution, use phase and

finally, end-of-life. TheLife Cycle Cos{& CCjJe.g., purchase, operation, maintenana#)tyres

have also beenevaluated and together with theresults deriving from theLINE R dzO il Q&
environmentalperformance they have enableahe identification of the design optionsfor

Ecodesign requirementa Task @f the MEErP methodology

The assessment is basedtbe MEErP methodolognd the LCAesults are presented following

the Product Environmental Footprint (PEF) impact assessment method, as outlined in
Commission Recommendation (EU) 2021/2am€ further aligned with the 2025 JRC guidance
Developing a method for the assessment of-tfele environmental impacts of products, and
integration in or relation with the Methodology for the Ecodesign of Eneetpted Products

As for the LCC, the Ecoreport tool was ufmdthe assessment of the economic impadts.
terms of data sourcinghe background datavasderived from the Ecoinvent databasenhile
foreground data wasainlyobtained fromstakeholdes, scientific literature andlask 14 of the
MEErP Preparatory study.

The use phase of a tyhas been identified as the emission hotspegarding the climate change
impactsthroughout the entirelifetime of a tyre andfor all the base cases considered in this
study. This is followed by thelimate changét YLJt O da RSNAGAYy3I FNRY (GKS NI
which represents the second contributor tioe total climate changenpacts.Results have been
providedfor all PEF impact categoriasd are alsopresentedas PEF Single Scoveherethe
impacts of all PEF categories have been combined into one dimensionless naftdyer
normalisation and weighting ofeach PEF impact categor$ensitivity analyses have been
conductedon different parameters to gain insights om what extentLJ: NJ Y Sari&idd Q
affectthe environmental and economic impacfBhe key outcomes of this analysier to the
crucial role that the rolling resistance coefficient of a tyre playsfluencingthe use phase
impacts.This is because higher the rolling resistance coefficiéhtt @ .le.f traz@orse it is)
the higher the energy consumption of a tyreesuling in an increaseof the fuel use which
affectsboth the climate changand PEF single scdmpacts of the usastage Another analysis
showshow the changes in theeference service lifRSLpf a tyre €xpressecasKm) can also
influence theuse phase impacisince more fuel is usashen a tyre has a higher R&lor this
reason and snce the base cases feature differdRELstesults are reported not only for the
total lifetime of the tyre, but also per Kariven to allow for comparison across base cases.

Finally,the results regarding the LC&halysishighlightthat the fuel costs represent the top
contributorin terms of economic impacts for all base cas®ben considering the totainnual
costs per Km driveBBC3showsthe highest impact
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2. MEErPTask5 ¢ Environment

2.1. Objectives of MEErP Task

This study aims to provide an objective assessment of the environmental Life Cycle Assessment
(LCA) and Life Cycle Costs (LCC) fairdse The foundation of this analysis is the establishment

of aBaseCase (BC), a conceptual representation of the average product or product category for
the EU market. The BC is essential for conducting environmental and cost assessments
efficiently, given practical constraints such as data availability, time, and budget. The results of
this study will serve as a baseline for evaluating design options for Ecodesign requirements in
Task 6 of the MEErP. Additionally, the BC approach will be critically assessed in MEErP Task 7 for
its applicability across different market segments through scenarios.

2.1.1. Environmental analysis

2.1.1.1. Goal definition

Thegoal of theassessmernisto quantify the environmental impactsf a BC product throughout

its lifecycle. This includes the entire process from the extraction of raw materials to the disposal
of components at the endf-life (cradle to grave)ln this studyunder the Ecodesign for
Sustainable Products Regulation (ESER)PEF methodlogy has beenused as guidance
assess the life cycle impactstbé tyre.

The key method employed for this assessment is LCA, which entails:

9 Life cycle inventory development: Detailing all incoming and outgoing material and energy
flows for each lifecycle stagedesign and manufacturing, transportation, usage, and-end
of-life processing through the life cycle inventory per BC.

1 Impact aggregation: Aggregating these flows over the product's lifetime to compute total
environmental impacts. This computation uses a functional unit that aligns with the
product's performance in its intended application.

1 Environmental indicators: The study emplo25 predefined environmental indicators
established for all Ecodesign studies under the MEErP review, with detailed descriptions
providedin Section2.4.1

1 Using BCs in.CA Quantifying the environmental impacts offers the advantage of a
comprehensive understanding of the resources consumed and the environmental side
effects caused by a product. However, its inherent challenge lies in accounting for the
variability in life cycles across products in a market. To address this, BCs approximate the
‘average' product and serve as a basis for extrapolating the environmental impacts across
the entire market for the product category under review.

12
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The EcoReport tool (ERT) is commonly used for environmental impact assessment in preparatory
studies; however, its suitability for this product category is limitdddellingof the usestage
impacts in ERT is based on energy and utiidgsumption andtherefore does not capture
nuances specific toyres. Consequently, LCA modelling and result calculations in this study are
based on the Product Environmental Footprint (PEF) methodology, as outlined in Commission
Recommendation (EU) 2021/2279 and further aligned with the 2B&5 guidance Developing a
method for the assessment of l#®ycle environmental impacts of products, and integration in

or relation with the Methodology for the Ecodesign of Energiated Product¢Gonzalez Torres,

Maria et al., 2025)

The Commission Recommendation is used as the main guidance for modelling decisions, as no
Product Environmental Footprint Category Rules (PEFCR) are available for this product category.
For poduct-specific aspects, this approach is supported by Version 3.05 of the Product Category
Rules (PCR) for preparing an Environmental Product Declaration (EPD) for the product category
Tires(UL Solutions, 2025Yhis PCR is particularly relevant for modelling-stage impacts,

which would otherwise be derived from the modelling rules included in a valid PER€Rse
phaserepresents theemission hotspot of the life cycle of the tydeie to the fuel consumption
needed for the vehicl@ &peration (Baron et al., 2025)hence the relevance to use éh
methodologyreported in theabovementionedPCR for this purpose.

Because of the discontinuity &fF 3.-atabase since January 2086 Ecoinventlatabag and
background dataset@Nernet et al., 2016have beerused in the PEF modelling. These are the
primarily life cycle inventory (LCI) process datasets used as secondary data to model background
(upstream/downstream) processes (materials, energy supply, transport, waste treatment, etc.).

2.1.1.2. Scope definition

As mandated by the PEF methodology, the scope of the study needs to be defined, describing
the system to be evaluated. Ehincludes thdunctional unitand system boundarydefinition.

The fundional unit isequivalent to\8netyre beingused over its lifetim@nd it applies to aBCs

All relevantBCcharacteristics are listed Bection 2.2.

The system boundary tifie studyis defined as cradio-graveandincludes the life cycle stages
raw material acquisition and psprocessing, manufacturing of the tyre, distributiohthe tyre,
use of the tyreand end of life Packagings well agnaintenance andepair stages are not
relevant for the productnd are therefore excluded from the studf.schematicoverview of
the system boundaries iustrated inFigure2-1. More details on each life cycle stage can be
found inSection2.3.

[ e - —
1

ICradleto -grave

Raw material
acquisition

Manufacturing ) Distribution Endof-life

Figure2-1: Systemboundaries of the study.
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2.1.2. Lifecyclecosts

As part of the study, th€ CTor each BC will be calculated using the structured methodology
outlined in the MEErRis it is included in the ERThe LCC analysis encompasses key cost
elements over the product's lifecycle, including product price and operational ddstk.the

LCA and LCC calculations are then scaled to the EU27 level for each BC. This broader market
based perspective allows for an evaluation of implications at scale. This dual approach ensures
the study delivers actionable insights for stakeholders, facilitates robust policy development,
and identifies opportunities to optimise both environmental and economic outcomes across the
market.

2.1.3. New considerations in environmental analysis and Life
Cycle Costs

This assessment incorporates updates introduced to the MEErP process based on the review
and the new aspects resulting from the ESPR. These updates address:

1 Lifetime Extension: Factors such as durability, reliability, reusability, upgradability,
reparability, maintenance, and refurbishment.

1 Material Efficiency: Considerations such as recycled content usage.

The ERT has been revised to integrate these elements, enabling more comprehensive
evaluations of environmental impacts and LCCs.

2.1.4. Data quality and sensitivity analysis

The study is based on data extrapolated from literatutata collected fronstakeholdes (for

the year 202%via an LCA data collection questionnaire drdk 14 of the MEErFPreparatory

study (Baron et al., 2025 literature review assessment has been previously conducted on
existing LCA studies on tyresidentify the relevant studies and assess availability of data to be
used in Task 5 of the MEEKRhile every effort has been made to ensure accuracy, variations in
realworld performance introduce an element of approximation that cannot be entirely avoided.
To maintain transparency, the quality and sources of each data point used are documented for
the BC according to the criteria indicatedTiable2-1.
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Table2-1: Data quality scoring

Stakeholder input High quality
Scientificiterature High quality
Tasks 4 MEErP Preparatory Stu(Baron et al., 2025) High Quality
Product C_Zategory Rules (PCR) for preparing an Enviro_nmental Produ Highquality
Declaration (EPD) for the product category T{kék Solutions, 2025)
Expert judgement Medium quality
Internet search Fair quality

The sensitivity analyses in MEErP Ta@eBSection 2.7) will assess the impact of assumptions
on the results, ensuring consistency and reliability.

2.1.5. Study outcomes

The LCA and L€8&lculations for the BCs abased on data collected frostakeholders (through

an LCA data collection questionnajreh data deriving fronthe literature assessment review

as mentioned irfection 2.1.4, and ondata collected fronTasks #4 report (Baron et al., 2025)
Together, the BCs serve as essential reference points for the subsequent stages of the study,
including MEErP Task 6 (Design Options) and MEErP Task 7 (Scenarios).

Acknowledging the inherent uncertainties, this study provides the most robust and reliable
estimates to date regarding the environmental impacts and LGigefvithin the EU.

2.2. Definition of Base Cases

This subsection defines and describes the BCs, building on insights from previous tasks,
stakeholder inputliterature searchand expert judgement. BCs do not represent individualreal
world products but are instead epresentation ofthe average product on the markeivhen

two or more products share similar Bills of MaterialsNB and technical parameters, they may

be grouped into a single BC.

The number of BCs that have been identifiefbig (Table2-2). The three maiBCsare aligned
to the three main tyre classes (i.€C1, C2 and C3 tyresjth the fourth BCbeing the retreded
tyre in C3.

Table2-2: Overview of Base Cases for tyres

Base Casefor Tyres

BC1:Cltyres (mssengecar tyred

BC2:C2 tyresljuses commercial vehicles and their trailegs A G K f 2 | R I

().
BC3C3tyre®» 6 dza Sa> O2YYSNODALE @OSKAOf Sa IyR
ALISSR &adeyoz2f X WaQ

LI OAGe AYR
i K

SANJI (NI
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Base Case®r Tyres

BGI: C3retreadedtyres

2.3. Productspecific inputs

In this section, the specific inputs for tREF studgre described per life cycle stage of tREs
Detailed input tables peBCarein AnnexlI ¢ Inputsfor LCALCCfor Base Cases

2.3.1. Raw material&nd transport

The life cycle phase Raw Materials is the production of all materials of the product, according to
the Bill of Materials (BoMAnnexlI ¢ Inputsfor LCALCCfor Base Cas@s

The raw materialthat contribute the most by mags the (i & NaB@uationare natural rubber,
synthetic rubber carbon black and steeDther raw materials include silicplasticsers and
other additivesand textiles For those raw materials that belong to thetegory of plastigers
and other additivessuitable proxies have bearhosen,and they eacltontribute less than 2%
to the total weight of the tyreThe list ofall datasets used is reported innex| ¢ Inputs for
LCALCCfor Base Casesurthermore for the aramid cord fabrigdhe proxy for nylon was used
although not considered quite accurate; however, the aramid cord fabric contrib®€4.% to
the total mass of the tyre, thus its impact is considered negligibléhe absence of a suitable
proxy dataset for the natural rubbethe emissbn factors from thescientificliterature were
considered for thenodelling(Cucci et al., 2025Regardinghe steeland fabricraw materias,
the wire drawing proces$o make the steel beltand the weavingprocess for the fabrig
respectivelyhave also beerincluded

Transport of the raw materialwasaccounted for based otie informationderived fromTasks
1-4 report(Baron et al., 2025)This approach applies for all raw materials exceptsidphur,
for which transportvasalready included in the background dataset usBuk transport distance
considered for the raw materials is showaelow (Table2-3).

Table2-3: Transport distancdKm)of the raw materials

Natural Rubber 2000 18000
Synthetic Rubber and

Carbon Black =000 ) N
Silica, Zinc Oxide and

Plasticsers and other - 1000 18000 Km
additives

Steel and Textiles - 1000 10000 Km
Sulphur - - - -

16



179

180

181

182
183
184
185
186
187

188

189
190
191

192

193
194
195
196
197
198
199
200
201

202
203

204

205
206

Preparatory Study and Impact Assessment support study on tyres

2.3.2. Packaging

The packaging was notodelledgiven that tyres are soldithout packaging.

2.3.3. Manufacturing and assembly

The manufacturing phase of the life cyckfers to the enegy consumption and any other
relevant utilitiesthat are used during the production and assembly of a tjileesemainly
included: electricity, heat from natural gas, steaznal and process watefhe datapoints and
dataset used areeported foreach BGn the Annex| ¢ Inputs for LCALCCfor Base CaseJhe
data for the manufacturing procesgas provided by stakeholders and collected through an LCA
data questionnaire.

2.3.4. Distribution

Regardinghe distribution this was modellethy considering the weight of thigre transported
by truck Through expert judgment, it was assumed thathie transport takes placewithin the
EU andhe distances equal t01500 Km

2.3.5. Use phase

Theuse phaseés characterised bthe emissions produced by gré and the contribution of the

tyre to the energy consumption of the vehicle in which the tyre is usgte modellingand
calculation ofil K S  @r¥itedr@ritalimpactsduring the use phaswas conducted according

to Product Category Rules (PCR) for preparing an Environmental Product Declaration (EPD) for
the product category Tiresvhich was developed and published by UL environméutL
Solutions, 2025)As mentioned irsection 2.1.1.], this PCR is particularly relevamecause it
provides a methodology tevaluate the environmental impacts of the use phase, which
representghe emission hotspot of the life cycle of the tyre due to the fuel consumption needed
F2N) 0KS @SK@Badnst@ll 2025)IS NI (G A 2y

The energy consumption related to the tyzensists ofwotypesm 0 G KS G&@NB Qa NRf f Ay
coefficient RRE) F YR HO GKS G&8NBQa I OOSE SN GAZ2Y NB&aAAD!

Energy consumption due to rolling resistance

The followingequation Equation2-1) reportedin the PCR has been used to compute the energy
consumption due to rolling resistance attributable to one tyre (MJ/tyre):
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Equation2-1: Equation for the calculation of the aergy consumptiordue to rolling
resistance

The parametershown in the equation areeportedin the table belowTable2-4) togetherwith
their description Some of these parameters weset by the PCR, while others wesbtained
from stakeholders via the LCA Data collection questionnaire.

For C3 retreaded tyres, the rolling resistance coefficient was taken to be the same as new C3
tyres. There is limited available data on the RRC for retreaded tyres as the RRC is not yet widely
tested for retreads. Datasets from the IDIADA study to support the retreading label find that the
RRC of the retread depends mostly on the use of a quality (or original) tread compound on a
high-quality casing, the retreading process itself plays a smaller role withcoo&processes
performing marginally better. The IDIADA measurements aimed primarily to understand
tolerances in the retreading process, finding a variatio2.6fN/kN from the casing, 1.4 N/kN

from the tread and 0.8 N/kN from the procegapplus + IDIADA, 2024he following other
sources were found relating to the retread RRC:

- A study by Fraunhofer UMSICHT on retreads found the RRC to be the same between
new and retreaded tyres at similar starting tread deptBmer et al., 2023)

- Indiscussions with one manufacturer which retreads their own tytegas stated that
the retread rolling resistance is usually no more than 0.3 kg/t higher than that of the
original tyre (likely to be in a B or C class). It was noted that if buyers were willing to pay
for a A rated RRC retread, then this would also be achieved but there is limited market
interest for this.

- Tests on retreaded tyres from Marangoni have also shown the retread to have the same
rolling resistance as the new ty(8annicolo, 2022)

- Freight companies which rely on retreads for their fleets would not use these if the RRC
led to major increases in fuel costs.

- Alarge part of the retreading market (~70fRetreading Label team, 2025¢longs to
large tyre manufacturers who have access to their own +ajghlity casings and the
same tread compounds from the original tyre, while retreader networks of the large
manufacturers may also apply these tread materials.

It should also be noted that retreaded tyres are in a price segment comparable to budget tyres,
which tend to have 41.5 t/kg RRC worse than a new tyre that is typically retreaded, i.e. BC3
(current legislative threshold for C3 tyres is 6.5 kg/t in UN R117 until Sept. 2028). It was therefore
decided to take a good retread with the same RRC as a new tyre of the same type, and in section
1.7.4. apply a sensitivity analysis for different rolling resistance coefficients to determine the
breakeven point where rolling resistance losses in the use phase counteract the savings from

18
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246  materials on a single retread. To enable a fair comparison in the same price segment, a further
247  sensitivity analysis of comparably priced tyres is also conducted, with shorter lifetimes and lower
248 RRC.

249 Table2-4: Parameters usedh Equation2-1 by Base Case

Rolling
Resistance
RRGew Kgl/t coefficient 8.4 6 5.3 5.3

(RRC)

Reduction of
the RRC cd
used tyre (at

0,
RRGsso % the end of its 20 20 34 34
RSL) comparec
to a new one
Relevant Tire ¢ Relevant tyre 0.39 0.49 57 57
Load load
RSl km Reference 40000 57000 253410 245920
Service Life
Standard
g m/s? acceleration 9.81 9.81 9.81 9.81
due to gravity
Efficiencyngl
A ; ety @ 0.37 0.42 0.46 0.46
vehicle
technology
Efficiency &
R - BRI G 0.9 0.9 0.9 0.9
vehicle
technology
Efficiency &3
x depending on
e ) vehicle 0 0 0 0
technology
% of driving
dmotd . cycle with 0.8 0.8 0.8 0.8
enemy torque
demand
Energy
GOmSUMEHe EVE | 1T ; 2743.8 3115.4 55970.5 54625.4
to rolling e
resistance

250 Energy consumption due to acceleration resistance

251  The following equationHguation2-2) reported in the PCR has been used to compute the energy
252  consumption due to acceleration resistance attributable to one tyre (MJ/tyre):
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Equation2-2: Equatiors for the calculation of the energy consumption due to acceleration

The acceleration resistande directly related to the inertia forcé R dzS
inertia moment)and to the cycle positivaccelerationgUL Solutions, 2025The parameters
shown in the equations above are reported in the table beldab(e2-5) together with their

description.
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Table2-5: Parameters used ifEquation2-2 by Base Case
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RSke

Weightew

TWL

Outer Radius

Seat Radius

Kg

Kg

Reference
Service Life

Weight of a
new tyre

Tyre Wear Loss

Distance from
the centreof
the rim to the
top of the tyre
tread

Distance from
the centreof
the rim to
where the tyre
is seated on
the rim

40000

8.18

1.6

0.32

0.2
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Efficiency el
A ; ElEpE2ing et 0.37 0.42 0.46 0.46
vehicle

technology

Efficiency &2
x depending on
vehicle
technology

Efficiency &3
depending on
vehicle
technology

am
1
o
o
o
o

Positive
acceleration
1 m/s? value of the 0.16 0.16 0.03 0.8
considered
cycle

Energy

consumption due  MJ/tyr
to acceleration e
resistance

- 213.6 453.6 1586.7 1596.8

After the calculation of the energy consumptions of the tyre due to the rolling resistamde
acceleration resistancethese were converted into fuel amour(Table 2-6) that is then
combustedby theengire by factoring intte lower heating valu€Table2-7) based on the type
of fuel. ForBC1 the petrol E1(blendwas choserby expert judgment, as it is considered the
most common in Europand forBC2, BC3 arBiC4 diesel fuel was selected.

Table2-6: Calculated fiel (Kg) per tyre by Base Catwt undergoes combustion

Petrol blend E10 Kg tielityre

Diesel Kg fuelityre - 83.4 1344.8 1313.6

Table2-7: Lower heating valus used for the conversion of the energy consumptitm fuel
amount.

MJ/Kg (The Engineering
il ToolBox (2003))

MJ/Kg (The Engineering
Ethanol 26.7 ToolBox (2003))
Diesel 42.8 MJ/Kg (Wernet et al., 2016)

The emissiorfactors used to calculate the emissiodsriving from the combustion of the
different types of fuelswere taken fromthe European Environment Agen@r pollutant
emission inventory guideboofrom Table3-5 to Table 314) (Leonidas Ntziachristos, Zissis
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283 Samaras, 2025Finally, theimpacts resulting from theupply of thefuelswere alsoadded to
284 the Use phasealculationsthe datasets that were selected areported inAnnexI ¢ Inputs for
285 LCALCClor Base Cases

286 2.3.6. Maintenance and repair

287  Theenvironmentalimpacts of the maintenance and rep&iave notbeen includedas they have
288 been deemed negligibl@hsisbecauseahe energyconsumptiorandany other utilitesused for
289 the maintenance and repair stag@se minimal, therefore their impactsare assumed to be
290 negligible.

291 2.3.7. Endof-life

292 TheEndof-Life (EoL¥tageof the studyconsists of the treatment of thend-of-life tyres (ELTS)
293 andthe waste flows occurring at thiyre manufacturing stage. This chaptdscribeshe EoL

294  scenarios of this study as wellth® EoL impact assessmenith the application of the Circular
295 Footprint Formula (CFFRs required by the PEF methodology defined i@ommission

296 Recommendation (EU) 2021/227®uropean Commission, 2021b)

297 2.3.7.1. Endof-life scenarios

298 TheEolLstageof the productconsists of five treatment paths as identifiadd described in detail
299 in Tasls 1-4 report (section 7.6.2(Baron et al., 2025)These treatment pathgorm the EoL
300 scenario used ithe impactcalculationsof this stage, ashown inTable2-8. Annex Il ¢ Endof-
301 life and Circular Footprint Formulaputs for LCAncludesthe LCAnodelinput data for thefive
302 treatment paths.

303 Table2-8. Overview of the enebf-life treatment scenario

Endof-life treatment scenario SHETCEC))

Mechanical recycling (granulation) 40.2%
Fuel substitutiorin cement kiln 48.8%
Pyrolysis 7.2%
Devulcanisation 0.5%
Civil engineering/backfilling/public works 3.3%

304 Mechanical recycling entails the shredding of ELTs and the separation of the rubber fraction
305 from steel and textileomponents The final product of mechanical recyclinggsycledrubber

306 granulate which can be used in multiple applications suclspsts and leisure surfacing,

307 artificial turf systems andndustrial rubber and plastics compoundings described in section

308 7.6.1.3 of the Task-4 report Baron et al., 2026The recycled rubbaybtainedfrom mechanical

309 recycling is of lower quality than thergin rubberBased on the pricdifferencebetweenvirgin
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synthetic rubberand recycled rubber granulatea quality ratio of 9%has been determined
(Braithwaite et al., 2021; Imarc Group, 2025)

ELTs can also be used as fuel input in cement, kitmsre they replaceart ofthe fossil fuel mix
usedin the EU cement productiofhis fuel mixonsists 063% petroleum coke, 24% hard coal,
11% lignite and 2%atural gafCEMBUREAU, 202B) the present studyit is assumethat the
whole tyre is fed to the cement kiln épplied, and the steadontent s considered tsubstitute
iron used as an additive in cement productiéiurthermore, @ ELTcalorific valueof 28 MJ/kg
isused(Maga et al., 2023)

The treatment of ELThrough pyrolysis consists of twmain steps:granulation and separation
of therubber fractionviamechanical recyclingollowed bythe thermochemical decomposition
of organic materials at elevated temperatures under oxydeficient conditionsn a pyrolysis
plant, where pyrolysis gas, pyrolysis coke and pyrolysis oil are prodBgealysis coke is further
processedinto carbon blackagglomeratesAll three pyrolysigproductscan replacevaluable
materials and have potential applicatigras described in section 7.6.1.6 of the Tagkréport
(Baron et al., 2026

Similarly to pyrolysisjevulcansation entailsthe separation of ground rubber viamechanich
recycling followed by theprocessof breaking thesulphurcrosslinks in vulcanised rubber to
restore its plasticitydevulcarsation). The process output, devulcased rubber, can replace
virgin rubber inapplications such ag/re manufacturing conveyor belts and moulded goods
production, as described section 7.6.1.4 of the Task4lreport Baron et al., 2026

Finally, ELTsan be usedn backfilling, civil engineering applicatigrasd public workswhere
whole tyresserveas erosion barriershreakwaters and similar structureslin this scenario no
prior treatmentis applied,and it is assumed thahe whole tyre behaves as inert material

For all EoL scenarios, default transpot distance of 100km has been assumed for the
transportation of tyres to the EoLtreatment facilities based on the PEF methodology.

2.3.7.2. Circular Footprint Formula

The EoL stage impactdalculated with theCFEFan approach developed within the European

I 2YYA&daArz2yQa t N2RdzOG 9y @A NRuopedSyQbrmniissicd 22821 d)INR v
According to this approach, depending on the balance between supply and demand of the
recycled material in the European market, the burdens of recycling are divided between the
primary and secondarjife cycle® ¢ KA & ol f+FyO0OS Aa SELINBaaSR oe
allocates burdensnd creditsfrom recycling and virgin material production between the two

life cycles.

All impacts associated withaterialrecycling as well agreditsfor avoidingthe use of primary
materials heat and electricityin the secondary life cyclare includedn the study for botHEoL
tyresandtyre manufacturing waste flowsSpecifically, credstare assignedor the avoidance of
virgin raw materialslue to tyre recycling These creditare linkedto the output flows of each

! This means that 1kg of recycled rubber granulate is considered to perform equivalently to 0.09 kg of
virgin rubber in terms of quality and functionality.
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recycling scenarionamely recycled rubber, recycled steel, recycledrbon black, recycled
pyrolysis gasndrecycled pyrolysis oil

For each of these outpudlows, the environmental impact of thequivalentvirgin rawmaterial
production impact is considered avoided aisdherefore credited to the systemln the case of
fuel substitution in cement kilngredits areassignedor the avoideduseof conventional fuels.
Finally,for the manufacturingwaste flows that are incineratedyedits forheat and electricity
are granted due to energy recoveryAnnex Il ¢ Endof-life and Circular Footprint Formula
inputs for LCAcontains an overview of the Cparameters applied to each scenariacluding
the datasets for the impact calculations

2.3.8. Life cycle costs

ThelLife Gycle Costs (LCQ)f eachBCare calculatedusing the ERWith the consumer purchase
price (in 2024euros,includingmarkup by retailers)installation costs, repaand maintenance
costs as well as the costs of fuel use due to rolling resistarte economic input parameters
used in the calculations asmurced fromTask 14 report(Baron et al., 2025ndthey are based
on stakeholderinput, literature reviewsand expert judgementTable2-9 provides an overview
of themain costs used peé8C

The repairand maintenance costs werassumed to be the sanfer allB&G and cover activities
such as wheel alignmertyre balancing and patching/puncture repair, as indicated inTigs
1-4 report (section 5.5.3YBaron et al., 2025Each repair activity was assumed to performed
2y O0S RdzNR y 3 [Thelngtdl&iohacostcavér $hie Ayhe $ndunting and balancing
activities, as described in the Taskd teport (section 5.5.4Baron et al., 2025 he fuel rate
used for the calculationis based on the price for Euro super&id diesehbs collected in May
2025. Finally, it is assumed that thehanges in manufacturing costs as wellEd. costs are
reflectedin the purchase pricéA full list of the LCC input daim presented irAnnex| ¢ Inputs

for LCALCCfor Base Cases

Table2-9. Life cycle costing input data for all Base Cases.

Product price Eurol/tyre
Installation costs Euro/tyre 19 19 19 19
Fuel rate (Eursuper 95for BC1 and diesel for the 0.047 0.039 0.039 0.039
Euro/MJ
rest)
Repair and maintenance costs Eurol/tyre 59 59 59 59
Lifetime year 4 3 3 3
o Km 10000 19000 84470 81973
Lifetime :
driven/year

One of the parameters for the LCC is the escalation rate, which is the real (inflati@tted)
annual growth of running costs. Thaly running cosapplicable to tyres ithe costof fuel. The
escalation rate can be calculated from the extrapolated prices growth rate after correcting for
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inflation (using historical data both féwel priceand for inflation) An overview of thescalation
rate calculatiorsis provided inPAnnexl| ¢ Inputsfor LCALCCfor Base Cases

2.4, Basecaseenvironmentalimpactassessment

In this section, the life cycle assessment results for eBClare presented, followed by a
contribution analysis of the main contributors to the life cycle environmental impact for each
BC and an interpretation of these results.

2.4.1. Environmental impact assessment method

The environmental impacts of tHBG were calculated usingCA modelling software SimaPro
(version10.20.0) and the data inputs presented in the previous section iandhnex| ¢ Inputs

for LCALCCfor Base CasesThe results are presentefibllowing the PEF impact assessment
method, as outlined in Commission Recommendation (EU) 2021/2Bdfbpean Commission,
2021b) Twentyfive environmental impact categoriegre includedwhich are:

=

Acidification, in mol H-equivalent

Climate change, total, in kg &€quivalent

Climate changeBiogenic, in kg Gequivalent

Climate changeFossil, in kg Gequivalent

Climate change Land use and LU change, in kg-€quivalent
Ecotoxicity, freshwater, in CTUe

Ecotoxicity, freshwaterinorganics, in CTUe
Ecotoxicity, freshwaterorganics, in CTUe

Particulate matter, in disease incidence
Eutrophication, marine, in kg-8quivalent
Eutrophication, freshwater, in kgd€quivalent
Eutrophication, terrestrial, in mol#&quivalent

Human toxicity, cancer, in CTUh

Human toxicity, cancetinorganicsin CTUh

Human toxicity, cancerorganicsin CTUh

Human toxicity, norcarcer, in CTUh

Human toxicity, norcancer- organics, in CTUh

Human toxicity, norcancer- inorganics, in CTUh
lonising radiation, human health, in kBqg U23%uivalent

Land use, in pt

=A =4 =4 =4 4 -4 4 4 4 -4 -4 -4 -4 A4 A 4 -4 -4 -4 4

Ozone depletion, in kg CAQ-equivalent
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9 Photochemical ozone formatioim kgNMVOGequivalent
1 Resource use, fossils, in MJ
1 Resource use, minerals and metals, in kg&ldvalent

1 Water use, in mwater-equivalent of deprived water
The LCA results are reported for each impact category and each life cycle stage:

I Raw materials
1 Manufacturing
9 Distribution
1 Packaging
 Use
1 Maintenance and repair

1 Endof-life (impacts and credits)
For simplification of the graphd, K S & dzo O G4 $32 NA Sa 920R (i2kESA QWYL TR YAl'Y
G2EAOAGE ST OF yOSND -0 WrRefdmwadfdanyics dnd iBdkg@rics Rade nof 2 v
beenincluded.A detailed breakdown of the resully life cycle stageis provided inPAnnex li¢
Results of LCA/LCC per Base Case

2.4.2. PEF Single Score

To ensure a balanced assessment, the evaluaticheofull range of environmental impacis
necessary Therefore, in thigask on BCimpactassessment, as well as in the followiagks

where the proposed design options are assessed and compared, a harrow focus on only one or
two categories would introduce bias into the comparison and overlook taftieacross the
remaining impact categories.

To address this, the PEF singt®re methodology is applied, transforming the impact category
results into a single, normadid, weighted indicator. By aggregating climate change, toxicity,
eutrophication, land use, and other life cycle impacts into one s&@anddesign alternatives
can be ranked according to their overall environmental performance.

The PEF single score is calculated as follows:

I L O (O
0 0100t MO Q OL——.
v "'0Q

| =calculated impact for PEF impact category (e.g. Climate chawigification, etc).
WF=Weighing factor for PEF impact category
NF=Normalisation factor PEF impact category

Equation2-3. Equation for the PEF Single score calculation.
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The weighting factor reflects the relative importance of the impact category, and the
normalisation factor anchors each impact to a peapita baseline. The most recent set of
weighing and normadation factors was released in 2023 by the Joint Research CEIRE@)
(European Commission. Joint Research Centre., 2028¢h builds on the original factors in
Annex | of theCommission Recommendation (EU) 2021/2ZFuropean Commission, 2021b)
on the use of the Environmental Footprint method$ie factors used for calculating the single
score is included ifiable2-10 below.

Table2-10: PEF Single score normalisation factor and weighing factor per PEF impact category.

Climate change hi Slj ok LISNE 2y  7.55E+03 21.06%
Ozone depletion kg CF€1 eq./person 5.23E02 6.31%
Human toxicity, cancer CTUh/person 1.73E05 2.13%
Human toxicity, norcancer CTUh/person 1.29E04 1.84%
Particulate matter disease incidences/person 5.95E04 8.96%
lonising radiation kBg U235 eq./person 4.22E+03 5.01%
Photochemical ozone formation kg NMVOC eq./person 4.09E+01 4.78%
Acidification mol Hpeq./person 5.56E+01 6.20%
Eutrophication, terrestrial mol N eq./person 1.77E+02 3.71%
Eutrophication, freshwater kg P eq./person 1.61E+00 2.80%
Eutrophication, marine kg N eq./person 1.95E+01 2.96%
Ecotoxicity, freshwater CTUe/person 5.67E+04 1.92%
Land use pt/person 8.19E+05 7.94%
Water use m3 water eqof deprived water/person 1.15E+04 8.51%
Resource use, minerals and mete kg Sb eq./person 6.36E02 7.55%
2.4.3. Results overview LCA

Table2-11 and Table 2-12 contain an overview of the impact of tyres ftre total life cycle
impact and per kilometre driven respectivelycan be observed from the results thRC3 and
BC4have the highest impadcross all impact categorigd/hen comparing the twaBC3has a
higher overall impact (PEF single scdhan BC4 both forresults expressed per total lifetime
and per kilometre drivenThis is because thguantity of the raw materials used BC4and its
reference service lifetime are lower than those of BC3

For all BCshe rav materialsinput data is reported ilAnnex| ¢ Inputs for LCALCCfor Base
Casesandthe reference service lifetime is shownTable2-4.

Table2-11. Total life cycle impact per tyre Base Castotal lifetime.

Acidification mol H+ eq 9.18601 1.49E+00 3.25E+01 3.07E-01
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Climate change kg CQeq 3.04E+02 3.93E+02 5.70E+03 5.41E03
Climate changeBiogenic kg CQeq 431E02 5.96E02 4.32E01 3.21E01
Climate changeFossil kg CQeq 3.03E+02 3.93E+02 5.70E+03 5.41E-03
Climate changelLand use and LU chan¢ kg CQeq 4.34E02 6.50E02 4.83E01 2.73E01
Ecotoxicity, freshwater CTUe 4.13E+02 7.66E+02 4.27E+03 2.67E-03
Ecotoxicity, freshwaterinorganics CTUe 3.06E+02 4.54E+02 3.28E+03 2.21E-03
Ecotoxicity, freshwaterorganics CTUe 1.10E+02 3.16E+02 1.01E+03 4.73E02
Particulate matter disease inc. 1.16E05 2.04E05 1.96E04 1.79E04
Eutrophication, marine kg N eq 2.08E01 5.81E01 1.49E+01 1.43E-01
Eutrophication, freshwater kg P eq 1.08E02 1.72E02 1.23E01 5.36E02
Eutrophication, terrestrial mol N eq 2.95E+00 6.27E+00 1.63E+02 1.56E-02
Human toxicity, cancer CTUh 3.38E08 6.67E08 3.92E07 2.71EQ07
Human toxicity, cancerinorganics CTUh 117208 1.30E08 1.37E07 1.11EO07
Human toxicity, cancerorganics CTUh 2.01E08 4.96E08 2.24E07 1.47E07
Human toxicity, norcancer CTUh 2.38E06 2.99E06 2.23E05 3.02E05
Human toxicity, norcancer- inorganics CTUh 8.75E07 @ 1.24E06 1.13E05 8.30E06
Human toxicity, nofcancer- organics CTUh 1.30E06 1.37E06 8.05E06 2.07E05
lonising radiation kBq U235eq 4.47E+00 6.87E+00 4.44E+01 2.71E-01
Land use Pt 4.03E+03 7.61E+03 5.92E+04 2.66E+04
Ozone depletion kg CFClleq 1.46E05 2.36E05 1.46E04 1.19E04
Photochemical ozone formation kg NMVOC ec 1.67E+00 2.25E+00 4.83E+01 4.68E-01
Resource use, fossils MJ 4.19E+03 5.35E+03 7.42E+04 6.97B-04
Resource use, minerals and metals kg Sb eq 3.68E04 4.42E04 2.68E03 1.11E03
Water use m3 depriv. 1.61E+01 2.13E+01 1.40E+02 7.37E01
Total PEF Single Score 2.13E02 3.00E02 4.52E01 4.22E01

459  Table2-12 Total life cycle impact per tyre Base Casper kilometre driven.

Acidification mol H+ eq 2.30E05 2.61E05 1.28E04 1.25E04
Climate change kg CQeq 7.59E03 6.90E03 2.25E02 2.20E02
Climate change kg CQeq 1.08E06 1.05E06 1.70E06 1.31E06
Biogenic

Climate changeFossil kg CQeq 7.59E03 6.90E03 2.25E02 2.20E02
Climate changelLand kg CQeq 1.09E06 1.14E06 1.90E06 1.11E06
use and LU change

Ecotoxicity, freshwater CTUe 1.03E02 1.34E02 1.68E02 1.09E02
Ecotoxicity, freshwater =~ CTUe 7.64E03 7.96E03 1.29E02 8.98E03
inorganics
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Ecotoxicity, freshwater CTUe 2.74E03 5.54E03 4.00E03 1.92E03

organics

Particulate matter disease inc. 2.90E10 3.57E10 7.75E10 7.29E10

Eutrophication, marine kg N eq 5.21E06 1.02E05 5.88E05 5.79E05

Eutrophication, kg P eq 2.70E07 3.02E07 4.84E07 2.18E07

freshwater

Eutrophication, mol N eq 7.37E05 1.10E04 6.43E04 6.34E04

terrestrial

Human toxicity, cancer  CTUh 8.46E13 1.17E12 1.55E12 1.10E12

Human toxicity, cancer ~ CTUh 2.92E13 2.29E13 5.40E13 451E13

inorganics

Human toxicity, cancer CTUh 5.01E13 8.69E13 8.84E13 5.97E13

organics

Human toxicity, non CTUh 5.94E11 5.25E11 8.79E11 1.23E10

cancer

Human toxicity, non CTUh 2.19E11 2.18E11 4.46E11 3.37E11

cancer- inorganics

Human toxicity, non CTUh 3.26E11 2.40E11 3.18E11 8.43E11

cancer- organics

lonising radiation kBg U235 1.12F04 1.21E04 1.75E04 1.10E04

€q

Land use Pt 1.01E01 1.34E01 2.33E01 1.08E01

Ozone depletion kg CFC11 ec 3.64E10 4.14E10 5.74E10 4.82E10

Photochemical ozone kg NMVOC 4.17E05 3.95E05 1.90E04 1.90E04

formation eq

Resource use, fossils MJ 1.05E01 9.38E02 2.93E01 2.83E01

Resource use, minerals kg Sb eq 9.19E09 7.75E09 1.06E08 4.49E09

and metals

Water use m3 depriv. 4.02E04 3.74E04 5.53E04 2.99E04

Total PEF Single Score - 5.32E07 5.26E07 1.78E06 1.71E06
460 2.4.4. Contribution analysis pdsaseCase

461 This section contains a detailed analysis on the contribution of each life cycle stage to the life
462 cycle impact peBC Furthermore, a contribution analysis is performed in the two highest
463  contribution life cycle stages, hamely use stage and raw materials productioBCoer

464 Theusepha< life cycle stageepresents theemission hotspoticross 8 BCsThis is due to the
465  energy consumptionelated toli K S { @ NB QtancelN@hicHeprgsehtsidiveen 8Y% and
466 97% of the total energy consumpti@ctross the BC3 herefore, the rolling resistance plays a
467 primaryrole& | FF SO0 A yfHel drisBnptidrBviore detai® énithe role of the rolling
468 resistanceare given in th&ensitivity Analysisection
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469 2.4.4.1. BC1:.C1 tyres

470 The detailed resultdy life cycle stagefor BC1 tyres are presented Annex IlI¢ Results of
471 LCA/LCC per Base Cabethis chapter the contribution analyses of the full results and of the
472  two highest contributing life cycle stages are presented in detail.

473  Mostof the lifetime impact of C1 tyres is derived from the use phase and the raw materials input

474  (to different degrees for the various impacttegorie$ (Figure2-2). Use phase is the top

475  contributor to nine impact indicators §6 to 90%), including €limate change (90%),

476  Photochemical ozone formati€i89%) and'‘Resource, fossi¥86%) This is mainly attributed

477  to fuel extraction and use and emissions associateitl tRaw materialextraction stage ishe

478 highest contributor tanineimpact categoriessuch asland us€94%) \Resource use, minerals

479 andmetal82%f I Y R W26K%. Shistadsie St@ibuted to the impaaissociated with

480 different raw materialsC2 NJ 0 KS A YLI Ol OI G $dBgNast cobtriitgrisa A y I NI
481 the manufacturing stage40%), mainly due tahe nuclear electricity fractiof the European

482  averageelectricity consumptiommix usedduring the production of the tyre.

483 Inthe EoL modelling, credits for avoided raw materials and energy consumption due to recycling

484  of tyres are included, as calculated with t8&FFor BC, the credits contribute negatively (i.e.

485 f26SNAY3I (GKS AYLI OGO YIAyfeée F2N wodziNRLIKAOKGAZ2
486 consequence of avoided fossil fuel use and extraction of raw materials. Most of the credits come

487 from the dominant EoL tyre treatment scenarios, namely mechanical recycling and fuel

488  substitutionin cement kilns, as explainedTiable2-8.

Contribution analysis (%) of PEF Impact Categofe®r
total lifetime across life cycle stages
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Figure2-2: Life cycle stage contribution analysis, BC1.

In the use phase, thbiggest contributorto most PEF impact categoriesthe syply of the
petrol fuel(67% tol100%) This is however not the case for limate Chandg@mpact category,
wherethe emissions deriving from the combustion of petrepresent75% of the téal impact
(Figure2-3).

Contribution analysis (%) of PEF Impact Categofe®r
total lifetime for the Use phase
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Figure2-3: Contribution analysiof the Use phasgBC1

In the Raw material®@ & dzLJLJ & f ByhtReticQubt@mhes thé lighestImpadn the
Elimate Chand@impact category(26%)across all the raw materialsThis isbecauseit
contributes the mosby masdo the total weight of the tyre(ca 25%) Synthetic rubber ishen
followed by carbon blac&nd natural rubberwhich contribute tol5%and 11% respectivelp
the total Elimate Chandg@mpacts.

2.4.4.2. BC2C2 tyres

The detailed resultby life cycle stagefr BC2 tyres are presented Annex ll¢ Results of
LCA/LCC per Base Cabkethischapter the contribution analyses of the full results and of the
two highest contributing life cycle stages are presented in detail.

Most of the lifetime impact of C2 tyres is derived from the use phase and the raw materials input
(to different degrees for the various impact categori¢Bjgure 2-4). Use phase is the top
contributor to nine impact indicators §1% to 86%), including€limate chang@ (86%),
Photochemical ozone formati@¥86%) andW 9 dzii NB LIK A OF { A 2 .yThis isinsaMiNE & G NR I §
attributed to fuel extraction and use and emissions associated to it. Raw materials extraction
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stage is the highest contributor teine impact categories, such dand us€96%), Resource

use, minerals anthetal4€)X83%) andEcotoxicity freshwate)78%). This can be attributed to

the impact associated with different raw materia®2 NJ 4§ KS A YLI OG0 OF §S32NE Wl
the highest contributor is the manufacturing stage8%4), mainly due to the nuclear electricity

fraction of theEuropean averagelectricity consumption mix used during the production of the

tyre.

For BQ ONBRAGA O2y(iNAROGdziS yS3IFIGADStEE OADPSD f 26SNA
FNBEAKgFGSND YR WldzYly G2EAOAGEeT OFyOSND Fa |
extraction of raw materials. Most of the credits come from the dominant EoL tyre treatment

scenarios, namely mechanical recycling and &uddstitutionin cement kilns, as explained in
Table2-8.

Contribution analysis (%) of PEF Impact Categofde®r
total lifetime across life cycle stages
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Figure2-4: Life cycle stage contribution analysis, BC

In the use phase, the biggest contributor to most PEF impact categories is the supplgliesthe
(56% to 1006) This is however not the cager the Climate/ K I yirBpd® category, where
the emissions deriving from the combustiortloé fuelrepresent B% of the total impacfFigure
2-5).
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Contribution analysis (%) of PEF Impact Categofe®r
total lifetime for the Use phase
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Figure2-5: Contribution analysis of the Use phase, BC2

In thelife cycle stag@ ¥ G KS NI 6 Y| [irSieFsanie vayo G Byfedsyntétia 2 v
rubber has the highest impact in th€limateChang€lmpact category (2%) across all the raw
materials. This is because it contributes the most by mass to the total weight of the tyre (.ca
23%). Synthetic rubber is then followed by carbon black and natural rubber, which contribute to
16% and 2% respectively to the tota€limateChang€lmpacts.

2.4.43. BC3C3 tyres

The detailed resultby life cycle stagefr BC3 tyres are presentéd Annex ll¢ Results of
LCA/LCC per Base Cabethis chapter the contribution analyses of the full results and of the
two highest contributing life cycle stages are presented in detail.

As shown irFigure2-6, most of the lifetime impact of C3 tyres is derived from the use phase
and the raw materials input (to different degrees for the various imgategorie$. The se
phase is the top contributor teixteenimpact indicators 46% to 97%), including'€limate
change&)X96%), Acidificatiorf95%),and Photochemical ozone formatio®1%). This is mainly
attributed to fuel extraction and use and emissions associated to it. Raw materials extraction
stage is the highest contributor tihree impact categories, such dganduse}93%),'Resource

use, minerals anghetal66%y I YR W2 | (.3 calzdh& adtriboted 15 the impact
associated with different raw materials.

QyuNJ\odzuS ySALGABStEe 6APSDP f25SNR
YR WidzYly G2EAOAGES OFyOSND +a |
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549  extraction of raw materials. Most of the credits come from the dominant EoL tyre treatment
550 scenarios, namely mechanical recycling and fuddstitutionin cement kilns, as explained in
551 Table2-8.
Contribution analysis (%) of PEF Impact Categofe®r
total lifetime across life cycle stages
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552
553 Figure2-6: Life cycle stage contribution analysis, BC3
554  Inthe use phase, the biggest contributor to most PEF impact categories is the supply of the diesel
555  (51% to 1006) This is however not the cager the €limate/ K | yirApAdRcategory, where
556 the emissions deriving from the combustion of the fuel represent 79% of the total in(figctre
557  2-7).
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Contribution analysis (%) of PEF Impact Categoe®r
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Figure2-7: Contribution analysis of the Use phasBC3
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highest impact in théZlimateChang€impact category (2%) across all the raw materials. This

Y G4SN I f ubliRe CA atrll L3fyrés, nbitdradl rBbbed Ba® theés

is because it contributes the most by mass to the total weight of the tyre32e6). Natural

rubberQ a

A YareTollBvied bythose ofcarbon black andyntheticrubber, which contribute

to 21% and X% respectively to the tota€limateChang€lmpacts.

24.4.4.

BC4:C3Retreaded tyres

The detailed resultby life cycle stagder C3 retreadedyres are presenteth Annex lic Results

of LCA/LCC per Base Cdsethischapter the contribution analyses of the full results and of the

two highest contributing life cycle stages are presented in detail.

Most of the lifetime impact of the retreaded C3 tyres is derived from the use pliréger€2-8).
Use phase is the top contributor @l impact indtators(69% to 100%with the exception of
Wand UseQ where the highest contributor is the raw materials ind86%). This is mainly
attributed to fuel extraction and useand emissions associated to Furthermore, retreaded
tyresrequiresignificantlyless raw material input compared tdher BG.

For B@, credits contribute negatively (i.e. lowering the impact) mainly f&utrophication,

T NEB & K ard @ 3IND v

(i 2 EA @3\ ai dorsequihcy GBiNGd fossil fuel usand

extraction of raw materialsMost of the credits come fronthe dominant Eoltyre treatment

scenarios, namely mechanical recycling &mel substitutionin cement kilns, as explained in

Table2-8.
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Contribution analysis (%) of PEF Impact Categofe®r
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579
580 Figure2-8: Life cycle stage contribution analysis, 8C
581 In the use phase, the biggest contributor to most PEF impact categories is the supply of the
582 petrol fuel 61% to 100%). This is however not the case for@ienateChang€mpact category,
583  where the emissions deriving from the combustion of petrol repres&ab of the total impact
584  (Figure2-9).
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Contribution analysis (%) of PEF Impact CategoOesr
total lifetime for the Use phase
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585

586 Figure2-9: Contribution analysis of the Use phase for 8C

587 Ly GKS wlk ¢ YI (SN I datur@rudberzhasiheshigliest inpact&@litnge a i 3S =
588 Chang€impact category32%) The same trend is observed in most impact categoiiéss is

589 becausethe material contributes the most by mass to the total weight of the tyre (4#46).

590 NaturalrubberQ a A “redhe® fblEbwed bythose ofcarbon black andyntheticrubber, which

591 contribute t031% and25% respectively to the tota€limateChang€lmpacts.

592 2.4.5. Results breakdown by life cycle stages excluding the Use
593 Phase

594  Section2.4.4identified the Use Phase as the highest contributidife cycle stagéo the overall

595  environmental impatfor most impact categorieSpecificallyfor €limateChangeQ = dz&d S LIKI a S
596 contributesby 86- 99% to the total environmental impactogainfurther insight in the roleof

597 theremaininglife cycle stageghe Climate Change impact per stagexcluding the Use Phase

598 is presented irFigure2-10.

37



599

600
601

602
603
604
605
606
607

608

609
610

611
612

613

Preparatory Study and Impact Assessment support study on tyres

L =
N A O
o O O

100
80
60

: | I 1
20
0 . - I o __ B
O ]

-20
-40

Climate Change (kg CO2 eq.)

BC1: C1 tyres BC2: C2 tyres BC3: C3tyres  BC4: C3 retreaded tyres

® Raw materialsm Raw Materials Transpoms Manufacturing m Distribution m EoL total

Figure2-10. Results breakdowrior all Base Casegpegr life cycle stage; excludirg the Use
Phase (absolute values).

Asshownin the graph, raw materiabxtractionhasthe second highesimpactacrossall BCs
followed bytyre manufacturing. FO€1 and C#&res, raw material transport is the third most
contributing stagefollowed by tyre distributionln contrast for C3 and retreaded C3 tyrdgre
distribution is the third most conibuting stage followed by raw material transpofinally, the
EoL stagdasthe lowest(negativg impact across alBCs This result is driven by the credits
allocated to each system by the CFF because of recycling practices.

2.4.6. EoLresultsper kg

To gain further insight into the environmental impact of the EoL scenarios, results petykg
have been calculated and are preseniad able2-13 and Figure2-11 below.

Table2-13: Total LCA resultéor each tyre EoL scenario, calculated per kg tgr®EF single
score.

Mechanical . el T Devulca Civil
Recycling FyRiEE SUZSHLHEn nisation engineering
cement kiln
PEF Single -1.2E05 -5.8E05 -4.5E05 -1.1E04 9.4E07
Score
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LCA total impact per kg EoL tyre
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614

615  Figure2-11: Total LCAresultsof each tyre EoL scenarioalculatedper kg or tyreq PEF single
616 score

617  All Eolscenariosnvolvingrecycling or reuse of ELTs, namely mechanical recycling, pyrolysis, fuel
618 substitution in cement kilns andevulcanisation show an overalinegative environmental

619 impact due to the credits assigndtirough the CFFcalculations The more negative the

620 environmental impagtthe more environmentally prefable the scenario.Thisindicatesthat

621 these treatment scenariogeneraterecycled materials or energy that canbstitute for their

622 virgin equivalend on the market thereby avoidingthe impacts associated with primary

623 production Theseavoided impactare accounted forascreditsunderthe CFF.

624  Devulcanisatiorshows thdowest impaciof all EoL scenarios followed by pyrolyssment kiln
625 fuel substtution and finally mechanical recycling. This ranking is directly relatéioetoature
626  of virgin rawmaterialsor energythat aresubstituted by thé recycledequivalentfrom EoL tyre
627 treatment, and the quality of the recycled product

628 Devulcarsed rubbercan substitute virginubberat a high ratethe latter isa materialassociated
629  with significantenvironmental impad. Pyrolysisproducts can substitutearbon black, pyrolysis
630 fuel oil and pyrolysis fuel gashich generally havieower environmental impastthan natural
631 rubber. Both recycling processes have minimal losses.

632 In the case ofuel substitutionin cement kilns ELTsubstitute a mix of fossil fuelsThe credits
633 assigned to this scenario are determathby the impactsf the avoidedfossil fuelsandarelower
634 thanthoseassigned to the aforementione@cyclingscenarios.

635 Finally,recycled rubbegranulatefrom mechanical recyclingansubstitute a limited shareof
636  virginsynthetic rubber due tdts lower quality. Thereforethe credit assigned to this scenario is
637 comparativelysmaller.

638 The use of ELTs in civil engineering applications is the onlscEoério that has impact with a
639 positive value. This is because no treatment of the ELcbnsidered in this scenariand

640 thereforeno credits assignedsthe tyres are assumed to behawas inert material. The minimal
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impact observedin the resultsis primarilyattributed to the transportation of the ELTs to the
application site.

2.4.7. Estimation of impacts for C1 and C2 retreaded tyres

To have an indicationfdhe differencein the potential impactsbetweenBC1 andh retreaded
Cltyre and between BC2 amaretreaded C2tyre, the following approach was take@ata for
retreadedC1 and C8/res was extrapolatettom the datgpointsobtained from stakeholdergia
the LCA Data collection questionnaice retreaded C3 tyresvhichrepresentin this studythe
fourth BC.

This data extrapolation was perined to estimate the BoM of the new treads for the energy
consumption during the manufacturing the proceskis was back calculatdolhsed on the
utilities information providedor BC1 and BCEinally, the transport of the raw materialgas
recalculated based on the weight of the new tread. Tl produc & ¢ &rid 3he
parametergrelated to both use phasg.g., RRC, lifetimand endof-life have beerassumed to
be the same as thseof the baseline BC1 and BC2.

In a similar way to the results obtained for C3 and C3 Retreaded (sgeson2.4.3), the PEF
single score resultshowed a higher impactfor BC1 and BC2ompared to theirretreaded
counterparts This is the case fdyoth results expressed per total lifetime and per kilometre
driven(Table2-14). This is because the quantity of the raw materials us&iliand Cgtreaded
tyres islower than that of BA and BC2, respteely.

Table2-14: PEF single score results for both total lifetime and per Km dritenC1 and C2
retreaded tyres

PEF Single Scofotal PEF Single Scofmtal lifetime per
lifetime) Km driven)
BC1 3.02E02 7.55E07
C1 Retreaded 2.70E02 6.74E07
Difference(%) 10.6% 10.73%
B2 4.15E02 7.30E07
Q Retreaded 3.58E02 6.27E07
Difference (%) 13.9% 14.12%
2.4.8. Assessmendf MicroplasticQ SYA aaAz2ya

te&NBa KIFIgFS o06SSy O2yaARSNBR 2yS 2F (KS YIAyY
environment(BaensckBaltruschat et al., 2021; Giechaskiel et al., 2024; Kole et al., .ZDA@)

wear occurs during driving because of the friction of the tyre with the road surface. The
microplastics generated from tyres reaches various environmental matrices: the majority ends

up in soils (455%), another considerable proportion reaches the aquatic environment (25

40
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668 55%), and finally a smaller fraction is released into the &2 Table2-15) (Giechaskiel et al.,
669  2024)contributingto particulate matter emissions from road transport

670 Table2-15: Estimates (%) of microplastics released from tyres across environmentdlices

Environmental compartment % microplastics to the environment

Soil 45-75
urface water 25-55
Air 2-5

671 The release and impacts of microplastics into the environment are not yet accounted for in the
672 LCAmethodology the inclusion of the impacts deriving fromicroplastican the EF methods

673 currently under revisioiGonzalez Torres, Maria et al., 202=)r these impacts to bestimated

674 in this study, the approach reported in the Product Environmental Footprint Category Rules
675 (PEFCR) framework for synthetic turf surfaces used for sport or landscape applications was
676 evaluated(Georgios Pallas et al., 2023his assessment estimates the potential impacts of
677 microplastics to freshwater ecotoxicity after calculating the amount of microplastics released
678 into the environment (expressed as Kg per functional unit).

679 For this purpose, the tyre wear loss (TWL) was considered, and which was provided by

680 stakeholders through the LCA Data Questionndieble2-16). According to the PCR used in this

681 addzRe FT2NJ GKS OFf OdzZ  iA2ya 2 F(Sedien2.3.5,hdBMNE SYAaa.
682 A a RS TteyddRt ofitige tradld expected to be lost due to the friction between the tire and

683 road surfac@(UL Solutions, 2025)The tyre wear emissions to air were also provided by

684 stakeholders, and which were estimated through calculations outlined in the PCR for the two

685 categories of particulate matter Piy(particles thathave a diameter ofnaximum10 microns or

686 lesg and PM: (particles that do not exceed a diameter of 2.5 migpfUL Solutions, 2025)

687 (Table2-16). The amount of microplastics lost to the environment was therefore calculated by

688 deducting the PN fraction from the TWLTable2-16).

689 Table2-16: Parametersand values used for the calculation of the quantity of microplastics
690 released to the aquatic environment across BCs

RV BC1 BC2 BC3 BC4
(Kgtyre) | (Kgtyre) | (Kgtyre) | (Kdtyre)

Tyre Wear Loss (TWL) 12.3 12.3
Tyre Wear Emissions R 0.06 0.08 0.49 0.49
Tyre Wear Emissions BM 0.02 0.02 0.15 0.15
MoophSemeGTESMITEN G im ;e us
Microplastics to the aquatic environment 0.61 0.73 4.72 4.72

691 Finally, the percentage of microplastics estimated to be relédsavaterways(Giechaskiel et

692 al., 2024)was used to derive the quantity of microplastics that reach the aquatic compartment

693 FNRBY (KS YAONRBLI FadAoaQ frov ayds/mainhf tBréugh rumof (GKS Sy
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(Table2-16). Given thathe percentage range of microplastics released to the aquatic matrix
was obtained from the scientific literature, the midpoint of that range (28%%,Table2-15)
was used for thealculation.

To translate the release of microplastics in the aquatic environment into their potential impacts
from a freshwaterecotoxicity perspective, the PEFCR for synthetic turf was considered, as
mentioned previously. This PEFCR is based on a method develoffedlibyi et al., 2023yho

used the USEtd¥ framework to calculate a simplified charactation factor for the freshwater
ecotoxicity impact category. The USEtbframework has found consensus across the LCA
community to assess toxicologica&inpacts, and it is recommended by the European

I 2YYA&AaA2Y QF20130T/EW, YO 3)Threeltypad 8f charactestion factors were
calculated by(Salieri et al., 2021)ased on the microplastic degradation rate (i.e., fast, mean
and no degradation) expressed as PAFay/Kg microplastic emitted. PAF refers to the
WLRGSYGALFE FFFSOGSR T MNKiktionioh speiesaffestdd hyOekposura to (i K S
the substance. In the PEFCR for synthetic turfs, the charsatieri factor with a mean
degradation rate was used and this was also the type of charsatiem factor considered in

this study.

The impact assessment results of microplastics to the freshwater ecotoxicity impact category
(PAF.mday/functional unit) were calculated and are presented able2-17.

Table2-17: Impact assessment results of microplastics to freshwater ecotoxicity across BCs

Freshwater ecotoxicity

(PAF.iAday/tyre) 1971.6 2353.6 15156.7 15156.7

The impact assessmetuat the freshwater ecotoxicity impadf microplasticglerivingexclusively
from extrusion spikes present in new tyres is atemsidered.Extrusion spikesn tyres, also
known as vent spews, are a result of the manufacturing processlantt contribute to the
tyre performanceThe impact assessment was calculated for C1 and C3 tyres.

Thelossof the extrusion spikes for C1 and C3 tyesswell as thequantity of microplastics
released into the aquatic environmeate reported inTable2-18.

Table2-18: Parameters and values used for the calculationtbé quantity of microplastics
deriving from extrusion spikes1 C1 and C3 tyrdhat are released to the aquatic environment

Lossof extrusion spikes in tyres 0.005 0.0113
Extrusion spikeEmissions PN 0.0002 0.0005
Extrusion spikeEmissions Pk 0.00007 0.0001
l\/_IlcropIastlcs_reIeased to the environment minus the 1\ 0.005 0.0108
airborne fraction

Microplastics to the aquatic environment 0.002 0.004
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The impact assessment results of micropladtiom extrusion spikes in C1 and C3 tyteshe
freshwater ecotoxicity impact category (PAEgy/functional unit) were calculated and are
presentedin Table2-19.

Table2-19: Impact assessment results of microplastics from extrusion spikeS1 and C3 tyres
to freshwater ecotoxicity

Impact assessment for Extrusion Spikes BC1 BC3

Freshwater ecotoxicity (PAFm™ay/tyre) 6.7 13.9

2.5. BaseCaselife cyclecosts for consumer

In this section, the life cycle costs for ed®Bare presented, followed by a contribution analysis
per BCof the main contributors to the life cycle costs.

2.5.1. Results overview LCC

The life cycle costs of ea@Cwere calculated with theeonsumerpurchase price, installation
costs, repairand maintenance costs as well as thests of fuel use due to rolling resistance
(Table2-20; perBCin Annex li¢ Results of LCA/LCC per Base (.a8ee total costs per year are
calculated in the ERT by dividing the product price and repair/maintenance cost hifgtinee

of the tyre and discounting thduel costs to their net present value (based on present worth
factor) to obtain the total costs per year.

Table2-20: total life cycle costs per base case.

T (I W 0 2N 7

Consumer purchase price

Installation costs EUR 19 19 19 19

Fuel costglue to rolling resistance EUR/year 32 43 698 682

Repairand maintenance costs EUR 59 59 59 59

Total costyper year) EUR/year 69 106 864 829

Total costs (pekilometre driven/year) EUR/km 0.0069 0.0066 0.0102 0.0101
driven

It can be observed from the data that depending on tyee category EU consumers are
ALISYRAY 3 7adde @D the purchase of the product. Each time a consumer makes
a buying decision, the decision is not just on the purchase price but on thditetajcle costs

of the product, includinduelO2 a4 RA&A02dzy i SR G2 (KS3INEg/ Sl
Euro/year). The fuel costs representnly the fuel consumptionattributable to tyre use,
specifically due toolling resistance.
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BC3tyreshave thehighest annuallife cycle costsf the fourB&, both for the results expressed
per year and per km driven per yedrhisis mainly due to the size of thgre, which influences
both the consumer purchase price afitd fuel use.

When comparindghe results forBC1 andBC2 tyreson a yearly basj8C2 tyreshowhigher costs
than BC1 tyresHowever whencostsare expresseger kilometre driventhe opposite trend is
observed.Thisdifference isexplained by thevariation in lifetime between the twdBG (see
Table2-9). SpecificallyBCl tyres have a longer lifetimim yearsbut are associated with fewer
kilometresdriven per yeacompared toBC2 tyresAs a resultBC1 tyres are used less intensively
on an annual basis, which explains the lower yearly costs despite their longer lifetime.

AlthoughBC3 andBC4 have similaitechnicalcharacteristics, it can be observed that the total
cost per km driveris slightly higher foBC4 This can be explained Ilsynall differences in the
purchase priceand thekilometres driven per year (se€able2-9).

2.5.2. Contribution analysis LCC

A contribution analysis was performed to analyse the main contributors to the total costs per
year perBC For this, theconsumer purchaserice, repair/maintenance cos and installation
costswere divided by the lifetime to obtain the cosper year. Thefuel costs are already
provided per yeabythe ERT.

2.5.2.1. BC1.C1 tyres

The main contribution to the costs p&1ltyre (on an annual basis) is tHeel costs (46%),
followed bythe purchase price (26%) and the repair/maintenance costs (2ERf)re2-12).

Thus, each time a consumer makes a buying decision, the decision is ot guptirchase price
of € 71, but on the total life cycle costs of the produitcluding fuel costsliscounted to their

ySi LINBaSyid @FtdsST 6KAOK Aa 2y I GSNIF3IS € oH
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LCC Contribution
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m Fuel costs due to rolling resistancem Repair and maintenance costs
766
767 Figure2-12: Contribution analysis (per yeag C1 tyres.
768 2.5.2.2. BC2:C2 tyres

769 The main contribution to the costs p&2tyre (on an annual basis) is the fuel cost&%4,

770 followed by the purchase pric&8%%) and the repair/maintenance costs¢o) Figure2-13).

771 Thus, each time a consumer makes a buying decision, the decision is not just on a purchase price
772 2 T 11% but on the total life cycle costs of the product, including fuel costs discounted to their
773 y S LINBaSyd O f dz43pemy&ak OK A& 2y | @SN IS «¢

LCC Contribution
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o
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m Fuel costs due to rolling resistana@Repair and maintenance costs
774
775 Figure2-13: Contribution analysis (per yea C2 tyres.
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2.5.2.3. BC3.C3 tyres

The main contribution to the costs peB@/re (on an annual basis) iy farthe fuel costs §0

%) This result is expected due to t&ze of the tyreThe consumepurchase pric&ontributes

by 16%to the total annual costs, while theepair/maintenance costand installation costare

the least dominant(Figure2-14). Thus, each time a consumer makes a buying decision, the
RSOA&AZ2Y Aad y2i0 2d19 buoy the totdl JdeNyolE tostsof thdpdoddS, 2 F ¢
mainlyF dzSf 02380348 RA&AO02dzy (SR (2 KSA6RIpsfgear. LINB A Sy i

LCC Contribution

100% —
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50%
40%
30%
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0%

m Consumer purchase price Installation costs

Contribution (%)

Fuel costs due to rolling resistanaRepair and maintenance costs

Figure2-14: Contribution analysis (per year) C3 tyres.

2.5.2.4. BGl: C3 Retreaded tyres

Similarly to C3 tyreshe main contribution to the costs peetreadedC3 tyre (on an annual
basis) is the fuel costs 4%). The consumer purchase price contributes 5% %o the total
annual costs, while the repair/maintenance costs and installation costs are the least dominant
(Figure2-15). Thus, each time a consumer makes a buying decision, the decision is not just on a
LIdzZNDOK I & S 3B3NButCod the tétal kfe cycle costs of the product, mainly fuel costs

RAaO2dzy iSR (12 GKSANI ySi LoBXpersesri Ot dzS> 6KAOK A
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LCC Contribution
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Figure2-15: Contribution analysis (per year) RetreadedCs3 tyres.

2.6. EU Totals

In this section, the environmental and costs impacts on EU total level are presented. For this,
the per product impacare multiplied by the number of units in stock in the @dble2-11)

Table2-11 calculated from the annual sales values) to obtain the impact of all new products of
the BCin the reference year in the EU and the impact of the total stock oBiGe

Table2-21. Total EU stock numbers (as calculated in the ERT) f@aaikCases.

EU Stock (calculated in ERT] Latest annual sales
BC1 306

min. Units 1,158
BC2 min. Units 85 29
BC3 min. Units 52 166
BG4 min. Units 7.9 2
2.6.1. Life cycle assessment

Table2-22 provides @ overview otthe environmental impacbf the EU stockor allB&. It can
be observed that Clyreshave the highest environmental impact #e EU level. This result is
explained by the larger annual sales oft@&scompared toall otherBG, which consequently,
leads togreaterstock accumulation.
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805 The EU stock @3 tyres hsthe second highest environmentahpactamong tie fourBG. This
806 is due tathe significantly higheifetime environmental impacof C3 tyres compared to C2 tyres
807  Furthermore, although retreaded C3 tyres ha&milar environmental impact to C3 tyres, their
808 stock is signifiaatly lower, resulting in asignificantly reducedverall impact at the stock level.
809 Finally C2 tyres have the least impaattthe EU stock level.

810 Table2-22: Total life cycle impacof the entire EU stoclper tyre Base Case

Acidification mol H+ eq 1.06E+09 1.26E+08 1.69E+09 2.42E+08
Climate change kg CQeq 3.52E+11 3.34E+10 2.96E+11 4.27E+10
Climate changeBiogenic kg CQeq 4.99E+07 5.06E+06 2.24E+07 2.53E+06
Climate changeFossil kg CQeq 3.51E+11 3.34E+10 2.96E+11 4.27E+10
Climate changeLand use and LU chanc kg CQeq 5.03E+07 5.52E+06 2.51E+07 2.16E+06
Ecotoxicity, freshwater CTUe 4 79E+11 6.51E+10 2.22E+11 2.11E+10
Ecotoxicity, freshwaterinorganics CTUe 3.54E+11 3.86E+10 1.70E+11 1.74E+10
Ecotoxicity, freshwaterorganics CTUe 1.27E+11 2.68E+10 5.26E+10 3.73E+09
Particulate matter disease inc. 1.34E+04 1.73E+03 1.02E+04 1.41E+03
Eutrophication, marine kg N eq 2.41E+08 4.93E+07 7.74E+08 1.12E+08
Eutrophication, freshwater kg P eq 1.25E+07 1.46E+06 6.36E+06 4.23E+05
Eutrophication, terrestrial mol N eq 3.41E+09 5.32E+08 8.47E+09 1.23E+09
Human toxicity, cancer CTUh 3.92E+01 5.67E+00 2.04E+01 2.14E+00
Human toxicity, cancerinorganics CTUh 1.35E+01 1.11E+00 7.11E+00 8.75E01

Human toxicity, cancerorganics CTUh 2.32E+01 4.21E+00 1.16E+01 1.16E+00
Human toxicity, nofcancer CTUh 2.75E+03 2.54E+02 1.16E+03 2.39E+02
Human toxicity, nofcancer- inorganics CTUh 1.01E+03 1.05E+02 5.87E+02 6.55E+01
Human toxicity, nofcancer- organics CTUh 1.51E+03 1.16E+02 4.18E+02 1.64E+02
lonising radiation kBq U235eq 5.18E+09 5.84E+08 2.31E+09 2.14E+08
Land use Pt 4.66E+12 6.47E+11 3.07E+12 2.10E+11
Ozone depletion kg CFClleq 1.69E+04 2.00E+03 7.56E+03 9.36E+02
Photochemical ozone formation kg NMVOC ec 1.99E+09 1.91E+08 2.54E+09 3.69E+08
Resource use, fossils MJ 485E+12 4.54E+11 3.85E+12 5.50E+11
Resource use, minerals and metals kg Sb eq 4.26E+05 3.75E+04 1.39E+05 8.72E+03
Water use m3 depriv. 1.86E+10 1.81E+09 7.28E+09 5.81E+08

811 2.6.2. Life cycle costs

812 Table2-23shows the total annual expenditure for all EU consumersZBUn the purchase and
813 operation of alBCtyres. In terms of annual expenditure, the 2W@fuel costsrelated to rolling
814 resistance of tyresange betweer,000million Euro (C2) andi0,13Imillion Euro (@).
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Thefuel costs of alBG are higher than their purchase costs. The results are dependent on the
specificcharacteristics and lifetimef eachtyre, and the costs are discounted to their net
present value. Specifically, ttigel costs per year entaB2 to 86% of the total annual EQ7
expenditurefor C3 and retreaded C3 tyres, while thguivalent share of C1 and @24 ®band

42% respectivelyOn the other hand, purchase costs enfd&lto 15% of the total annual E&7
expenditurefor C3 and retreaded C3 tyres, while the equivalent share of C1 an@Z®i40%
respectively Thisobservation is related to the high fuel use@3 and C3 retreaded tyres.

Table2-23: total annual expenditure in the EA27.

TP TR W 0 (0 2N

Consumer purchase price min. EUR/year 21,717 3,251 6,956

Installation costs min. EUR/year 5,731 550 311 39

Fuel (Euresuper 95) costdue to min. EUR/year 40,131 4,000 39,453 5,856

rolling resistance

Repairand maintenance costs min. EUR/year 18,636 1,810 1,107 168

Total costyper year) min. EUR/year 86,215 9,612 47,826 6,808
2.7. Sensitivity Analysis

In this section, the sensitivity of the LCA and LCC results is checked with several sensitivity
analyses Both sensitivity of results to the input data and sensitivity of some datasets was
included.The aim of these sensitivity analyses is to check the robustness of the baseline model,
as well as to understand what impacts different supply chain or material conditions have on the
environmental performance of tyres. These sensitivity analyses will be further utilised in Task 7
to model fleet impacts across years as e.g. the budget proportion of C3 tyres increases in the
market vs retreading, or to understand how impacts change as the vehicle fleet becomes more
electric.An overview on the motivations for each sensitivity analysis carried out is given below,
before presenting the results of each sensitivity analysis in the following sections.

S1: Natural rubber including Land Use Change emissions

When selectingemissionfactors for natural rubber, the study team was required to decide
between deforestation free rubber and deforestation causing rubber. Since the EU DR shall
require all rubber to come from deforestation free sources, the baseline model assumes that
natural rubber does not contribute to deforestation. This first sensitivity analysis therefore
applies the different emission factors to understand the changes that may occur from
deforestationcausing rubber in the supply chain of tyres, should EU DR not be reliably
implemented.

S2: Uncontrolled disposal burning for BC1 and BC3

In Task §Baron et al., 2025}t was found that significant proportions of tyres (up to a third) are

exported from the EU (+UK) for-use and also as shredded ELT to countries which have limited
formal waste management infrastructure for handling these wastes. In particular, numerous
investigations have shown that a large proportion of these exports enter highly polluting
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846 rudimentary pyrolysis processes which do not apply appropriate health, safety or environmental

847 controls in India, for example. Since no environmental factors for this pyrolysis exist, an open
848  burning factor was applied to 10% and 20% assumed exports to better understand these impacts
849 at End of Life. It is expected that the Waste Shipment Regulation (and similar interventions in
850 the UK) reduce these exports, once implemented.

851 S3: Use phase modelling with EVs for BC1

852 The EU vehicle fleet is expected to transition to electric vehicles (EV) in the coming decades, with
853 90% of EU vehicle sales set as the goal for 2035. The baseline model is based upon Internal
854  Combustion Engine (ICE) fuel use, which leads to dominant environmental impacts occurring in
855 the use phase. As the fleet becomes more electric and the EU grid becomes more renewable,
856 the use phase impacts of tyres caused from vehicle fuel use will reduce due to efficiency
857 improvements and reduced emissions intensity. This scenario considers the impacts of 100% EV
858 use on the currenEuropeargrid mix and with 100% renewable energy to enable modelling of
859 the use phase impacts over time in Task 7.

860 S4: Alternative rolling resistance coefficient for BC4

861 Given that the use phase dominates the environmental impacts of C3 tyres, it is of high

862 importance that retreaded tyres do not lead to substantially higher rolling resistances during the

863 use phase. This sensitivity analysis therefore compares the impacts of different RRC values for

864 retreaded tyres vs. a retread with the same RRC value as a new C3 tyre to determine when a

865 NBUNBIRQa NRffAy3d NBaAiAadlyoS tSFRa G2 | oNBF | ¢

866 Sb5: Budget tyres for BC1 and BC3

867 Retreads do not compete on price with new premium tyres, but with budget tyres. A retread
868 may have worse rolling resistance than a new premiunty@3 but have a superior RRC and

869 longer lifetime than a budget tyre at the same price point. To enable a comparison with a budget
870 tyre at this price point, a sensitivity analysis of the base cases was therefore conducted using
871 shorter lifetimes and rolling resistance in the lowest label class.

872 S6: Retreading: comparison of scenarios

873  The final sensitivity analysis compares a combination of prior sensitivity analyses over the course

874 2T | NBUONBIRSR (GeNBQa FdzZft tAFSGIAYS OSNBRdza GKS
875 and the same number of new C3 tyres to reach this lifetime. This enables a calculation of total

876 waste avoided, raw materials saved and per km impacts between the altered Base Cases.

877 2.7.1. S1¢ Natural rubberincluding Land Use Change emissions

878  Across all four BCHe emission factos for natural rubber thawvere consideed did not include
879 the emissions deriving frorthe directland use (e.gland transformation and preparation for
880 rubber plantatior). Thaefore, it was decided to condu@ sensitivity analysiby usingemission
881 factors of natural rubber that includensteadthe land use change emissiots assesghe
882 difference in the impactsThe emission factonssed for the sensitivity analydigve been taken
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from the same scientifiiterature sourcgCucci et al., 2028pnsideredor the emission factors
used for the baseline scenasof all four BCs.

The PEF single score results of the analysis show that the inclusion of the emissions deriving
from the land use change results in an increasé.186,1.5%,0.76 and B%for BC1, BC2, BC3
and BC4respectively Table2-24).

Table 2-24: PEF single score resulisrossall BCsfor the sensitivity scenariaegarding the
inclusion of land use change emissions in natural rubber

Baseline 2.13E02 3.00E02 4.52E01 4.22E01
Sensitivity 2.15E02 3.04E02 4.55E01 4.23E01
Difference(%) 1.1% 1.5% 0.7% 0.3%

If we consider thé®’EFRClimate Change Totahpact category alondhe difference between the
baseline and the sensitivity scenari@ders to an increase 8%, 4%, 2% and 1f4r BC1, BC2,
BC3 andBC4 respectivelyTable2-25).

Table 2-25: Climate Change, Total impact category resuisrossall BCs for the sensitivity
scenarioregarding the inclusion of land use change emissions in natural rubber

Climate Change Total

Baseline 3.04E+02 3.93E+02 5.70E+03 5.41E+03
Sensitivity 3.12E+02 4.09E+02 5.82E+03 5.46E+03
Difference(%) 3% 4% 2% 1%

2.7.2. S2¢ Uncontrolled disposal burninfigr BC1 and BC3

The second sensitivity analysis was performed by testing two scenarios for BC1 and BC3, where
10% and 20% of the ELTs produced in Euaopexported outside of th&U and treatedhrough

an outdatedpyrolysis proceswith no health and safety measur@aron et al., 2025Y0 model

these scenarigsthe uncontrolled disposal burninglataset was selectedh the Ecoinvent
database.The remaining proportiorof ELTghat are treated within Europ€90% and80%,
respectively)vas modelledy considering theamebreakdown of waste treatmerdgtreamsas
reported inTable2-8.

Thetotal lifetime PEF single score results fbese scenarios for both BC1 and BC3 are reported
in the table below Table2-26). The sensitivity analysis shoas increase by 0.6%nd 11% for

the 10% and 20% export scenario, respectively, ford@@ipared to the baseline scenariand

an increaseby 02% and M% for the 10% and 20% export scenario, respectively, for BC3
compared to the baseline scenario
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Table2-26: PEF single scofull lifetime) resultsfor the two export scenarios tested10% and
20%)for the uncontrolled disposal burningor BC1 and BC3

PEF Single Scorf BC1(10% open BCL (20% open | B@ (10% open | BQ (20% open
¢ Full life time burning) burning) burning) burning)

Baseline 2.13E02 2.13E02 4.52E01 4.515E01
Sensitivity 2.14E02 2.15E02 4.525E01 4.53E01
Difference(%) 0.6% 1.1% 0.2% 0.4%

To further assess the impact of the sensitivi closer look was taken at the implications of open
burning to the EoL stage specificallable2-27 shows an increase 180.7%6 andl21.3% for the

10% and 20% export scenario, respectively, for BC1 compared to the baseline scenario; and an
increase by58.1% and116.1% for the 10% and 20% export scenario, respectively, for BC3
compared to the baseline scenario.

Table2-27. PEF single scor@&olL stagejesults for the two export scenarios tested (10% and
20%) for the uncontrolled disposal burning for BC1 and BC3

PEF Single Scorqd BC1(10% open BQ (20% open BQ@ (10% open BQ (20% open
EoL burning) burning) burning) burning)

Baseline -1.98E04 -1.98E04 -1.64E03 -1.64E03

Sensitivity -7.78E05 4.22E05 -6.88E04 2.65E04

Difference(%) 60.7% 121.3% 58.1% 116.1%
2.7.3. S3¢ Use phase modelling with E¥s BC1

The third sensitivity analysisasimplemented toinvestigate how the use of electric vehicles
(EVs)nstead of internal combustion engin@€E) would influence the impacts in these phase
of BC1This sensitivitysrelevant given that the use phase represethis main emissiomotspot

of the life cycle of a tyréas shown irsection2.4.3) mainlydue tothe emissions derivinfom
the combustiorof fuel in ICE

The resultof the sensitivity analysifor the Climate Change impacts show a decrease by 41%
from the baseline scenari@able2-28). The reason of the decrease is due to a lower amount of
fuel being combusted because of the lower energy consumption due to acceleration and rolling
resistance.The supply of electricity in the use phase was modeHedording to PCRUL
Solutions, 2025and by selecting an electricity grid mix datasEurthermore, the contribution

of the raw materials to the total Climate Change impact incre&sas 7% to 12%while the use
phasecontribution decreases frori0% to 83%.

Table2-28: Climate Change, Total impact category results for BC1 for the sensitivity analysis
regarding the use of EVs instead of ICE

Climate Change, Total (Kg CO2 eq.) BC1

Baseline 3.04E+02
Sensitivity 1.80E+02
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Climate Change, Total (Kg CO2 eq.) BC1

Difference(%) -41%

932 When considering th€EFsingle scoréTable2-29), the results show an opposite trenaith a
933 slight increase (2.3%) of the impactsEVs compared to IEH he reason of this increasedse
934 tothe impacts otwo PEF impact categories (i.e., Eutrophication freshwaiter Resource use,
935 minerals and metals)whichare higherfor the EVs compared to the baseline scenaThese
936 impacts are higher becausetbi presence of energy sources of fossil origins intt&ekground
937 processusedto model the electricig, which rdlects the currentmix of electricity sourcem
938 Europe, asepresented in the Ecoinvent database

939 Table 2-29: PEF single score resulfer the sensitivity analysis regarding the use of EVs
940 (electricity grid mix)instead ofICE for BC1

PEF Single Score BC1

Baseline 2.12E02
Sensitivity(electricity grid mix) 2.18E02
Difference(%) 2.3%

941 In lightof these resultsanother sensitivity analysis was conducted by replacing the electricity
942  grid mix with electricity deriving from 100% renewable sources (i.80% wind and 50%
943 photovoltaic energs). The PEF single score resshowed a decrease by1% from thePEF
944  single scorémpactof the baselinescenario(Table2-30).

945 Table 2-30: PEF single score results for the sensitivity analygigarding the use of EVs
946 (renewable energy source) instead of I&E BC1

PEF Single Score BC1

Baseline 2.12E02
Sensitivity(renewable energy source) 1.03&02
Difference(%) -51%
947 2.7.4. S4¢ Alternative rolling resistance coefficient for BC4

948 In this sensitivity analysigcreasing rolling resistance coefficients (RR@sBC4have been
949 used toinvestigatehow this parameter influences thenvironmentalimpactsof the tyre in the
950 use phase. In the tables below, the PEF single score resulittoithe total lifetime (Table
951  2-31) and the use phase on(fable2-32) have been reported

952 In both cases, an increase of the impastebservedn the results for the sensitivity scenario as
953 the RRC increases. This shows that the RRC playgnidicant role in determining the
954  environmental impacts of a tyr&herefore, the worse is the RRC of a tym (the higher is its
955 value), thehigheris itsenergy consumption due to acceleration and rolling resistaacel the
956 higher is the fuel use. As a restuhis leads to an increase tife environmentalimpact.
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Table2-31: PEF single score resulisrossthe full lifetime of BC4for the sensitivity analysis
with different rolling resistance coefficients

PEF Single BC4

BC4 (RRC=5.4 BCA (RRC=54 oo oo | BCA (RRC=54 BC4 (RRC=6.

N/KN)

Score(total
lifetime) N/KN)

Baseline (RRC =

5.3N/kN) 4.22E01 4.22E01 4.22E01 4.22E01 4.22E01
Sensitivity 4.29E01 4.37E01 4.44E01 4.59E01 4.96E01
Difference(%) 2% 4% 5% 9% 18%

An increasén the RRC value by 0.1Kfshows an increase of the PEF single score results for
both the total lifetime and use phad® 2%. The highest RRC valué.8fN/kN led to an increase
in theimpacts by 8%.

Table2-32: PEF single score results for the use phas@6#for the sensitivity analysis with
different rolling resistance coefficients

PEFSingle | 54 (Rrc=54 BC4 (RRC=54 BC4 (RRC=54 BCa (RRC=5.4 BC4 (RRC=6.

N/KN) N/KN) N/KN) N/KN)

Score(use
phase)

Baseline (RRC :

5.3 N/kN) 4.11E01 4.11E01 4.11E01 4.11E01 4.11E01

Sensitivity 4.19E01 4.26E01 4.33E01 4.48E01 4.86E01

Difference (%) 2% 4% 5% 9% 18%
2.7.5. S5¢ Budget tyredor BCland BC3

Another sensitivity analysis was performfm BC1 and BCi® evaluate the difference in the
environmental impacts betweeaachBCand three variants of budget tyre$he budget tyres
are reflected indifferent RRC and lifetime values compared to the origh@l

2.7.5.1. BudgetCltyres

For BC1the three budget tyres differed fronthe originalBCin terms of RRQse., 8.5 N/kN, 9
N/KN and 10 N/kN)whilelifetime (i.e., 25000 Kywas kept the same for the three budget tyres

The PEF single score results are showralne2-33. To allow comparison they aexpressed
per Km driventherefore they reflect the fuel useper Km.As the RRC value increasemre
fuel is being useger Km because of the higher energy consumption dueoditng and
acceleration resistancédt can be observed thahe budget tyre with the highest RRi2., 10
N/kN) shows an increase in tHeEF single score impagisr Km driverup to 27%
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Table2-33: PEF single score results per Km driventfog sensitivity analysis of three variants of
budget tyrescompared to the baselin@C1

PEF Single Scor@er | B (RRC85 N/KN, | BQ (RRC& N/N, | B (RRC20 N/KN,
Km driven) 25000 Kn) 25000 Kr) 25000 K

Baseline (RRC = 8.4 N/kl 5.32E07 5.32E07 5.32E07
lifetime = 40000 Km)

Sensitivity 6.04E07 6.28E07 6.74E07
Difference(%) 14% 18% 27%

Finally, a LCC sensitivity analysis was also conductedsess the differences in fuel costs
between the baseline BC1 and the three types of budget tyfas results showed an increase
in the fuel costs (EUR/yeah)y 4%, 10% and 21% in the three budget tyr€able 2-34),
compared to the baseline scenario BC1.

Table2-34: LCC sensitivity analysis of fuel costs for tifeee variants of budget tyres compared to the
baseline BC1

LCC, fuel costs BA (RRC85 NI/kN,| BA (RRC8 N/kN, | B (RRC%0 N/KN,
(EUR/year) 25000 K 25000 K 25000 K

Baseline (RRC = 8.4 N/kN

lifetime = 40000 Km) 3.16E+01 3.16E+01 3.16E+01

Sensitivity 3.29E+01 3.47E+01 3.82E+01

Difference(%) 4% 10% 21%
2.7.5.2. Budget C3 tyres

For B@, the three budget tyres differed from the originBCin terms of RRCs (i.& N/kN, 6.5
N/KN and7 N/kN), while lifetime (i.e.130000 Km) was kept the same for the three budget tyres.

The PEF single score results are showFalne2-35. To allow comparison they are expressed

per Km driven, therefore they reflect the fuel used per Km. As the RRC value increases, more
fuel is being used per Km because of the higher energy consumption due to rolling and
acceleration resistance. It can be observed that the budget tyre with the highest RRT (i.e.,
N/kN) shows an increase in the PEF single score impacts per Km driveB79f.to

Table2-35. PEF single score results per Km driven for the sensitivity analysis of three variants of
budget tyres compared to the baseline BC

PEF Single Scoper BQ (RRC6 N/KN, BQ3 (RRC6.5N/KN, BQG (RRCZEN/KN,
Km driven) 130000 Kn) 130000 Km) 130000 Kn)
Baseline (RRC = 5.3 N/kI 1.78E06 1.78E06 1.78E06

lifetime = 253410 Km)

Sensitivity 2.14E06 2.29E06 2.44E06
Difference(%) 20% 29% 37%
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994  Finally, a LCC sensitivity analysis was also conducted to assess the differences in fuel costs
995 between the baseline BEand the three types of budget tyres. The results showed an increase
996 in the fuel(diesel)costs (EUR/year) Wyr%,27% and36% in the three budget tyred éble2-36),

997 compared to the baseline scenarioBC

998 Table2-36. LCC sensitivity analysis of fu@iesel)costs for the three variants of budget tyres
999 compared to the baseline B

LCC, fueldiesel)costs | BG (RRC=6 N/kN, BG3 (RRC=6.5 N/kN, | BB (RRC=7 N/kN,
(EUR/year) 130000 Km) 130000 Km) 130000 Km)

Baseline (RRC = 5.3 N/kN 8.64E-02 8.64E+02 8.64E+02

lifetime = 253410 Km)

Sensitivity 9.97E+02 1.06E-03 1.13E+03

Difference(%) 17% 27% 36%
1000 2.7.6. S6¢ Retreadingcomparison of scenarios
1001 2.7.6.1. Environmental aalysis

1002 This analysis was undertakiemcompareand evaluatehe total environmentalimpactsof one
1003 lifecycle of B3 which undergoes two retreadin@C4)ifecyclesyersus those oBC3as well as
1004 C3 budget tyred-or the purposes of comparisatme total lifetime (Km) oone lifecycle of BC3
1005 with two lifecycles oBCA4was considered as referent@back calculate theotal numberof B3
1006 tyres and C3 budget tyrebadt are neededd reach thetotal lifetime of BC3 that undergoes two
1007 retreading cycleg¢Table2-37).

1008 Table2-37. Overview of total number of BC3 and C3 budget tyres neededeach the total [fetime of
1009 BC3 undergoing two retreading cycles.

Number of Ifecycleof tyres Lifetime (Km) Total number of tyres

1x BC3 + 2x BC4 745250 3
BC3 253410 294
C3 budget tyre 130000 5.73

1010 Thetotal impacts(in terms of climate change and PEF single score repeltsgference lifetime
1011 (i.e., 745250 Km) have be¢merefore calculated for thehree scenarios described aboaad
1012 they areprovidedin the table below Table 2-38). Regarding C3 budget tyres, the impacts
1013 consideredeferred tobudget tyreswith a RRC equal to 6.5 N/kBke€tion2.7.5.2).
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1014 Table2-38. Climate change, Total and PEF single score impacts per reference lifatnass the three
1015 scenarios investigated.

Impacts per reference
lifetime (745250 Km) IxBAB + 2x BC4 2.94xBQA3 5.73xC3 budget tyres

Climate changeTotal (Kg 1.66E+04 1.68E+04 2.10E+04
CO2 eq.)
PEF single score 1.30E+00 1.33E+00 1.71E+00

1016 For the samdifetime considered, e results show that wheBC3 tyres are usedhere is an

1017 increase in the climate change, total and PEF single score impgcts2% and 2.2%,
1018 respectively,compared towhen a BC3 tyre that undergoesvo retreadingis used.When C3

1019 budget tyres are usedhere is an increase in the climate change, total and PEF single score
1020 impacts by 27% and 31.4%, respectively, compared to when a BC3 tyre that undergoes two
1021 retreading is used

1022 Finally the savingd%)in terms of raw materials acquisiticend waste producedhrough the
1023 retreading process werestimatedandthey arereported inTable2-39. These estimates show
1024 thatwhen a BC3 tyre that undergoes two retreading is ysedund 43%ess raw materialare
1025 neededand 54%esswaste is producedompared towhen 2.94BC3tyres areusedover the
1026 same reference lifetimeWhenthe comparison is made witG3 budget tyresaround71% less
1027 raw materials are needed artb%lesswaste is produceevhen BC3hat undergoes ré&eading
1028 twiceis considered

1029 Table2-39. Estimated saving&s)of raw materials and waste productioffor the retreading scenario.

Estimated savings | 1xB@ + 2x BC4 versus 2.94x | 1xB@ + 2x BC4 versus.73x C3 budget
for retreading B3 tyres

Raw materials 43% 71%

acquisition

Waste produced 54% 76%
1030 2.7.6.2. Economic analysis

1031 The life cycle cost®r the three scenarios discussedsection2.7.6.1were also evaluatednd
1032 calculatedin the ERRs described isection2.5.1 The results are shown ifable2-40 and the
1033 total reference lifetimehas been kept the same across the three scenaasreviously done
1034 for the calculation of the environmental impacte¢tion2.7.6.1), to allow for comparison. The
1035 reference lifetime is expressed yearsto estimate thetotal annual costs

1036 Table2-40. Total lifecycle costs pescenario investigated.

Product aspect Ul 1x BC3 + 2§ 2.94x BC3 5.73x C3 budgef
BC4 tyres
EUR

1146 1068 1146
Consumer purchase price
EUR/year 127 119 127
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Product aspect Unit 1x BC3 + 23§ 2.94x BC3 5.73x C3 budgef
BC4 tyres
EUR 56 66

107
Installation costs

EUR/year 6 7 12
Fuel costs EUR/year 6185 6282 7947

EUR 176 173 337
Repairand maintenance costs

EUR/year 20 19 37
Total costyper year) EUR/year 7563 7588 9537
Lifetime (years) Year 9 9 9

Theanalysis shows thdbtal costs per yeawhen using a BC3 tyre which is retreaded twice are
closeto the costs of using 2.94 BC3 tyrekwever, when considering C3 budget tyfesthe
same reference lifetime, thannualcostsincreaseby around 26%.

2.8. Preliminary conclusions TaSk

TheLCAindicatesthat the use phaseaepresents the emission hotspot of thiéecycleof a tyre.
It has the highest environmental impaftr climate changeacrossBCs followed by the raw
Y I S NeRtriactich StageThe impacts of the use phaseainly derive from the emissions
originating from the fuel combustiorelated to one tyre(between 7%6 and 79% of the total
impacts); while the remaining impaatsiginate from fuel extraction

The heaviest tyres BC3 andBC4) show thehighestabsoluteclimate changeémpacts forfuel
consumption However,when comparing impacts acro&Cs it is importantto consider the
results per Km driven, given th#tie reference service life (expressed as Kimnges across
BCsThe total PEF single score impgots Kmfor the total lifetime ofBCdis slightly lowerda.
4%)than B@; the reason idecause despite having similar weightthe RSbf BA isslightly
higher than that of BG4esulingin more fuel being used ovéits lifetime.

A sensitivity analysisvas conducted to investigatdhow variations in the rolling resistance
coefficient affect theampacts of the use phasé&he resultshow a direct correlation between
the increase of theolling resistance coefficientalue and the fuel consumption of a tyre
Therefore, the rolling resistance coefficient plays a key role in determininghidmegeof impact
in the usephase.

As for the contribution analysisf PEF impact categorid®/ life cycle stagethe use phase

represents the top contributoacross BCerO | (1 S 32 NA/SfAA VM IdiDEK! OBRIRWI I OF (W 2 y ¢
Wt K2G2O0KSYAOIE 212y S Tahdowwo dziANR/LOCA OH-widteasrzN OISS NINER3
material extraction stagis instead the highest contributto W[ | YR dza SQ> WYwS a2 dzZNDS
YR YSGIf & @udWoORii 8§ NA @3 Saegorics NBaAKg | i SND

The EoL scenario considered in this study consists of a combination of treatment processes,
including mechanical recycling, fuel substitution in cement kilns, pyrolysis and degatani
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as well as use in civil engineering applications. The CFF was applied to account for the associated
burdens and credits to these scenarios.

The results indicate an overall negative EoL impact across most PEF impact categories, reflecting
environmental benefits from material and energy recovery. Mechanical recycling and fuel
substitution in cement kilns are the main contributors to these results. However, the inclusion

of uncontrolled disposal through burning (sensitivity scenario S2) leads to an increase in the total
EoL impact. When comparing individual treatment options on a per kilogram basis,
devulcansation and pyrolysis show the lowest impacts, followed by fuel substitution in cement
kilns, mechanical recycling, and civil engineering applications. These results are driven by the
substitution of virgin materials and energy, leading to avoided production impacts.

The LCC analydisis showrthat BC3 has the highest annual life cycle costs of the four BCs, both
for the results expressed per year and per km driven per year. This is mainly due to the size of
the tyre, which influences both the consumer purchase price anflisuse.Specifically, e

fuel costs whichrefer only to the fuel consumption attributable to tyre use, specifically due to
rolling resistancerepresent the top contributor in terms of economic impacts foiBlls

An LCGensitivity analysien three types of budget tyres that differed from the corresponding
baselinein terms of both rolling resistance coefficients and RSLalsxs performedo assess
the differences in fuel cost3hese analysesere conducted for botiBCland BC3The results
showed an increase in the fuel costs (EUR/year) in the three budget tyres compaeti BC1
and BC3as the rolling resistance coefficient increased

Anothersensitivity analyisinvestigatel how the use of electric vehicles (EVs) instead of internal
combustion engines (ICEs) would influence the impacts in the use phase offigCdlimate
change impactshowed a reductiorby around40%when an EV is usetiowever, when the

total lifetime PEF single score was calculated, the impact for the EVs was slightly higher than
that of the ICEs. This increase is related to the higher impacts of two PEF impact categories (i.e.,
Eutrophication freshwater and Resource use, minerals and metals), compared to BC1. These
impacts are higher because of the presence of energy sources of fossil origins in the background
process used to model the electricity, which reflects the current mix of electricity sources in
Europe, as represented in the Ecoinvent database. For this reason, in a-dpllanalysis, a
renewable energy dataset was selected to replace the electricity mix dataset previously used.
The use of renewable energy led to a decrease by 51% of the PEF single score impact of BC1.

An analysis on the comparison afretreading scenario witthat of BC3 and C3 budget tyres
across the same reference lifetiniee., multiple lifecycles) was investigated. The results showed

that, for the same lifetime considered, when BC3 tyres are used, there is an increase in the
climate change and PEF single score impacts by 1.2% and 2.2%, respectively, compared to when
a BC3 tyre that undergoes two retread#ig used. When C3 budget tyres are used, there is an
increase in the climate change and PEF single score impacts by 27% and 31.4%, respectively,
compared to when a BC3 tyre that undergoes two retreasliagised.

CAylffesr GKS AYLI OGa 2F YAONRLI I adA0aQ SYA&aarz
yet accounted for in the LCA methodology and their inclusion in the EF method is currently under
revision. The potential impacts of microplastics to freshwater ecotoxicity were estimated after
calculating the amount of microplastics released into the environment. For this purpose, the
approach reported in the PEFCR framework for synthetic turf surfaces used for sport or
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1108 landscape applications was evaluated. This is based on the USEs&mmework to calculate a
1109 simplified charactegation factor for the freshwater ecotoxicity impact category, and which is
1110 NBO2YYSYRSR o0& (GKS 9dz2NRPLISIFY /2YYA&adaA2yQa t9C A\
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1111 3. Annexes

1112 3.1. Annexl ¢ Inputsfor LCALCCfor Base Cases

1113 Thebackgroundiatasetsvere sourced fronthe Ecoinventlatabase (v. 3.1 )Vernet et al., 2016)As for the source of the foregroumthta, this is alsspecified
1114 and reported in the tables belovtogether with the data quality assessmeas explained isection2.1.4.

1115 3.1.1. BC1: C1 tyres

1116 Table3-1: Bill of Materials (®M) and datasets usedfor BC1

Scientific kierature (Cucci et al.,

Natural rubber 2025) High quality
. Synthetic rubber {RER}| synthetic rubber . . .

Synthetic rubber 2.03 production | Cutoff, S Stakeholder input High quality
. Activated silica {GLO}| activated silica . . .

Silica 1.08 production | Cutoff, S Stakeholder input High quality

Carbon black 1.41 (Cerizam RS (SO} e2ioe [PEER et Stakeholder input High quality

Cutoff, S
Zinc oxide 0.12 AT MY Al LI LTI R Stakeholder input High quality

off, S
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Sulfur 0. Sulfur {GLO}| market for sulfur | Cuatff, S Stakeholder input High quality
Stearic acid 0.06 SIDEE EIEN) (GO SR A s ien | Stakeholder input High quality
Cutoff, S
Benzo[thia]diazoleompound {RER}|
Benzothiazolessulfonamides 0.09 benzo[thia]diazolecompound production | Cut ~ Stakeholder input High quality
off, S
P-phenylene diamine {GLO}}phenylene
Amines and plasticers (6PPD, DPG, diamine production | Cubff, S; Dipropylene . . .
BENPAT, DMBC) 0.17 glycol monomethyl ether {RER}| dipropylene SELEel ] (! el Gy
glycol monomethyl ether production | Cuff, S
Base oil {Europe without Switzerland}| base oi
Oils 0.25 production, petroleum refinery operation | Cut  Stakeholder input High quality

off, S

Petroleum slack wax {Europe without
Waxes 0.08 Switzerland}| petroleum slack wax production, Stakeholder input High quality
petroleum refinery operation | Cubff, S

Bisphenol A, powder {RER}| bisphenol A

Alkylphenols (PTOP, PTBP . . i i i
ylphenols (PTOP, ) 0.01 production, powder | Cubff, S Stakeholder input High quality
Phenolic resins, including resorcinol, 0.02 Phenolic resin {RER}| phenolic resin productio Stakeholder input High it
HMT . | Cut-off, S akeholder inpu igh quality
. Cobalt acetate {GLO}| cobalt production | Cut
Cobaltorganicsalts 0.02 { H P ! Stakeholder input High quality

off, S
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Steel, lowalloyed {RER}| steel production,
converter, lowalloyed | Cutoff, S Wire
drawing, steel {RER}| wire drawing, steel | Cut
off, S

Steel belts 0.66 Stakeholder input High quality

Steel, lowalloyed {RER}| steel production,
converter, lowalloyed | Cutoff, S; Wire
drawing, steel {RER}| wire drawing, steel | Cut
off, S

Bead wire 0.33 Stakeholder input High quality

Fibre, polyester {RoW}| polyester fibre
production, finished | Cubff, S Weaving,
synthetic fibre {GLO}| weaving of synthetic
fibre, for industrial use | Cubff, S

Polyester cord fabric 0.18 Stakeholder input High quality

Fibre, viscose {GLO}| fibre production, viscose
Cutoff, § Weaving, synthetic fibre {GLO}|
weaving of synthetic fibre, for industrial use |
Cutoff, S

Rayon cord fabric 0.09 Stakeholder input High quality

Nylon 6 {RER}| nylon 6 production | Coff, S
Nylon cord fabric 0.09 Weaving, synthetic fibre {GLO}| weaving of Stakeholder input High quality
synthetic fibre, for industrial use | Cuff, S

Nylon 6 {RER}| nylon 6 production | Coff, S
Aramid cord fabric 0.001 Weaving, synthetic fibre {GLO}| weaving of Stakeholder input High quality
synthetic fibre, for industrial use | Cuff, S

1117
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1118 Table3-2: Manufacturing input data and datasets used for BC1

. . Dat lit
Manufacturing inputs Unit Value Datasets Reference ata quality
assessment
Electricity cosumption KWhityre 8.0 Market group for e(ltFa{cEtrF;(;lty, medium voltage Stakeholder input High quality
. Heat production, natural gas, at industrial ~ Stakeholder input High quality
Heat consumption from natural gas MJ/tyre 24.3 furnace >100KW (Europe without Switzerlan
. . Heat production, light fuel oil, at industrial ~ Stakeholder input High quality
slaigiiel TS 0.2 furnace 1MW (Europe without Switzerland)
Petrol MJltyre 001 Market for petro.l, unleaded, burned in Stakeholder input High quality
machinery (GLO)
Steam MJltyre 115 Market for h(_eat, from steam, in chemical  Stakeholder input High quality
industry (RER)
Heat production, at hard coal industrial Stakeholder input High quality
e TS 6.0 furnace 210MW (Europe without Switzerland
. Diesel, burned in dies@llectric generating  Stakeholder input High quality
Diesel MJ/tyre 0.3 set, 10MW (GLO)
Process water Kgltyre 16.6 Market for tap yvater (Europe without Stakeholder input High quality
Switzerland)
Heat production, propane, at industrial Stakeholder input High quality
ISR i o furnace >100kW (RoW)
Solvent Kaltyre 0.005 Market for hexane (GLO) Stakeholder input High quality

1119
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Petrol

Table3-4. LCC input data points for BC1

Average expected initial life time
Weibull shape parameter (b)
Latest Annual sales (2024)
Assumed purchase price

EU sales and trade

Number of priority parts for repair and upgrade
Installation/acquisition costs
Fuel rate

Fuel consumption per km
Number of kilometers per year
Repair & maintenance costs

Discount rate (interest minus inflation)

Escalation rate (project annual growth of running costs)

1.9
3057
71.05
2.91E+08
1
18.75
0.047
0.074
10000
59
3.0%
-0.73%

Table3-3: Dataset used to model the impacts deriving from the extraction and productiorpefrol.

Petrol, unleaded {RER}| market for petrol, unleaded |-Gfft S

years
min. units/year
Euro/unit

units

Euro/ unit
Euro/MJ
MJ/km
km/year

Euro/ unit

%

%

(Baron et al., 2025)
(Wu, n.d.)

(Baron et al., 2025)
(Baron et al., 2025)
(Baron et al., 2025)

(Baron et al., 2025)
(Baron et al., 2025)
Calculated
Calculated

(Baron et al., 2025)
(Gama Caldas et al., 2024)

Calculated, sesection3.1.5
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Scientific literature
Internet search
Stakeholder input
Expert judgement
Stakeholder input
Expert judgement
Expert judgement

Expert judgement

Expert judgement

Scientific literature

High quality
Fair quality
High quality
Medium quality
High quality
Medium quality
Medium quality
Medium quality

Medium quality
High quality
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Table3-5. Annual sales values for years 192824 for BC1

Annual
Value Unit
sales

2024
2023
2022
2021
2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004

305.658873
284.644637
285.206419
280.061841
258.427734
321.004812
333.192070
311.567190
301.374095
289.727292
291.786505
276.896281
278.730823
361.766309
333.064943
264.501954
283.620684
320.911134
323.899346
300.318050
307.193016

min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.
min.

min.

n. units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year
units/year

units/year
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Asng;;l:\l Value Reference
2003 295.821324 min. units/year PRODCOM data
2002 300.318050 min. units/year
2001 300.318050 min. units/year
2000 300.318050 min. units/year
1999 300.318050 min. unitsear
1998 300.318050 min. units/year Average value for years 202024
1997 300.318050 min. units/year
1996 300.318050 min. units/year
1995 300.318050 min. units/year
199 300.318050 min. units/year
1124
1125 3.1.2. BC2: C2 tyres

1126 Table3-6. Bill of Materials (®M) and datasets usedfor BC2

Value

Raw Materials (Kdtyre) Dataset Reference Data quality assessment

Natural rubber 2.73 - gglzesr;tlflc Ll (el s el High quality

Synthetic rubber {RER}| synthetic rubber productior

Synthetic rubber 3.08 | Cut-off, S

Stakeholder input High quality
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REVAVY EIEES

Silica

Carbon black

Zinc oxide

Sulfur

Benzothiazolessulfonamides

Amines and plasticers (6PPD, DPG,
BENPAT, DMBC)

Alkylphenols (PTOP, PTBP)

Phenolic resins, including resorcinol,
HMT

Steel belts

Bead wire

Polyester cord fabric

Value
(Kgtyre)

0.88
2.59
0.25

0.16

0.305

0.305

0.393

0.393

1.185

0.508

0.439

Dataset

Activated silica {GLO}| activated silica production |
Cutoff, S

Carbon black {GLO}| carbon black production |-Cut
off, S

Zinc oxide {RERY}| zinc oxide production | ©fft S

Sulfur {GLO}| market for sulfur | Cuaff, S

Benzo[thiddiazolecompound {RER}|
benzo[thia]diazolecompound production | Cubff, S

P-phenylene diamine {GLO}}phenylene diamine
production | Cutoff, S; Dipropylene glycol
monomethyl ether {RER}| dipropylene glycol
monomethyl ether production | Cubff, S

Bisphenol A, powder {RER}| bisphenol A productiot
powder | Cutoff, S

Phenolic resin {RER}| phenoalic resin production |-C
off, S

Steel, lowalloyed {RER}| steel production, converte|
low-alloyed | Cutoff, S; Wire drawing, steel {RER}|
wire drawing, steel | Cubff, S

Steel, lowalloyed {RER}| steel production, converte|
low-alloyed | Cutoff, S; Wire drawing, steel {RER}|
wire drawing, steel | Cubff, S

Fibre, polyester {RoW}| polyester fibre production,
finished | Cutoff, S; Weaving, synthetic fibre {GLO}|
weaving of synthetic fibre, for industrial use | Goff,
S

68

Reference

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Stakeholder input

Data quality assessment

High quality

High quality

High quality

High quality

High quality

High quality

High quality

High quality

High quality

High quality

High quality
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Raw Materials VIS Dataset Reference Data quality assessment
(Kgtyre)

Rayon cord fabric 0.219 Fibre, viscose {GLO}| fibre production, viscose [-Cu Stakeholder input High quality
off, S; Weaving, synthetic fibre {GLO}| weaving of
synthetic fibre for industrial use | Cubff, S

Nylon cord fabric 0.219 Nylon 6 {RER}| nylon 6 production | Coftf, S; Stakeholder input High quality
Weaving, synthetic fibre {GLO}| weaving of syntheti
fibre, for industrial use | Cubff, S

1127

1128 Table3-7. Manufacturing input data and datasets used for BC2

N D) li
assessment

Electricity cosumption kWhityre . Market group for electricity, medium voltage (RER) itsl:f el High quality
Heat consumption from natural MJltyre 20.1 Hegt production, natural gas, at industrial furnace >100kW (Europe without _Stakeholder High quality
gas Switzerland) input
Light fuel oil MJltyre 03 Hegt production, light fuel oil, at industrial furnace 1MW (Europe without _Stakeholder High quality
Switzerland) input
. . Stakeholder . .
Petrol MJ/tyre 0.01 Market for petrol, unleaded, burned in machinery (GLO) input High quality
Steam MJ/tyre 18.9 Market for heat, from steam, in chemical industry (RER) ;t[?:te el High quality
Coal MJltyre 9.9 Hegt production, at hard coal industrial furnacd QMW (Europe without $takeholder High quality
Switzerland) input
Diesel MJ/tyre 0.5 Diesel, burned in dies&lectric generating set, 10MW (GLO) ;t;ll:teholder High quality
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. . Dat lit
Manufacturing inputs Unit Datasets Reference ata quality
assessment
q q Stakeholder . .
Process water Kgltyre 77.0 Market for tap water (Europe without Switzerland) input High quality
. . . Stakeholder . .
Propane MJ/tyre 0.1 Heat production, propane, at industrial furnace >100kW (RoW) input High quality
Solvent Kgltyre 0.04 Market for hexane (GLO) ;tsllf Teltey High quality

1129

1130 Table3-8. Dataset used to model the impacts deriving from the extraction and productiordizEfsel

Diesel Diesel {Europe without Switzerland}| market for diesel | @ff; S

1131 Table3-9. LCC input data points for BRC

Average expected initial life time years (Baron et al., 2025) Scientific literature ~ High quality
Weibull shape parameter (b) 1.9 - (Wu, n.d.) Internet search Fair quality
Latest Annual sales (2024) 29.3 min. units/lyear  (Baron et al., 2025) Stakeholder input High quality
Assumed purchase price 110.83 Euro/unit (Baron et al., 2025) Expert judgement Medium quality
EU sales and trade 3.58E+07 units (Baron et al., 2025) Stakeholder input High quality
Number of priority parts for repair and upgrade 1 - Expert judgement Medium quality
Installation/acquisition costs 18.75 Euro/ unit (Baron et al., 2025) Expert judgement Medium quality
Fuel rate 0.039 Euro/MJ (Baron et al., 2025) Expert judgement Medium quality
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Fuel consumption per km 0.063 MJ/km Calculated

Number of kilometers per year 19000 km/year Calculated

Repair & maintenance costs 59 Euro/ unit (Baron et al., 2025) Expertjudgement Medium quality
Discount rate (interest minus inflation) 3.0% % (Gama Caldas et al., 2024) Scientific literature ~ High quality
Escalation rate (project annual growth of running costs) -1.29%% % Calculated, sesection3.1.5

1132 Table3-10. Annual sales values for years 192024 for BC2

Annual sales Value Unit Reference

2024 29.337152 n. units/year
2023 26.780937 min. units/year
2022 29.976883 min. units/year Stakeholder input
2021 29.325975 min. units/year
2020 23.529388 min. units/year
2019 30.338955 min. units/year
2018 31.330393 min. units/year
2017 30.975961 min. units/year
2016 29.774079 min. units/year
2015 28.873640 min. units/year PRODCOM data
2014 27.350539 min. units/year
2013 25.287594 min. units/year
2012 27.442243 min. units/year
2011 30.856137 min. units/year
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Annual sales Value Unit Reference

2010 30.296996 n. units/year

2009 26.546396 min. units/year

2008 34.009724 min. units/year

2007 37.762347 min. units/year

2006 36.574321 min. units/year

2005 29.808929 min. units/year Average value for years 202024
2004 34.645759 min. units/year PRODCOM data

2003 33.896154 min. units/year PRODCOM data

2002 29.808929 min. units/year

2001 29.808929 min. units/year

2000 29.808929 min. units/year

1999 29.808929 min. units/year

1998 29.808929 min. units/year Average value for years 202024
1997 29.808929 min. units/year

1996 29.808929 min. units/year

1995 29.808929 min. units/year

199 29.808929 min. units/year

1133
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1134 3.1.3. BC3: C3 tyres

1135 Table3-11 Bill of Materials (M) and datasets usedor BC3

Scientific kierature (Cucci et al.,

Natural rubber 20.81 - 2025) High quality
. Synthetic rubber {RER}| synthetic rubber . . .
Synthetic rubber 9.26 production | Cutoff, S Stakeholder input High quality
. Activated silica {GLO}| activated silica . . .
Silica 2.57 production | Cutoff, S Stakeholder input High quality
Carbon black 13.04 NI 22X (SO G BEER [Tee Ve Stakeholder input High quality
Cutoff, S
Zinc oxide 1.34 i;]csomde NS B Ee R e e < Stakeholder input High quality
Sulfur 0.81 Sulfur {GLO}| market for sulfur | Cuatff, S Stakeholder input High quality
Stearic acid 0.50 SUEENS el {EIOh) Strrlils Cel RreUilel | Stakeholder input High quality
Cutoff, S
Benzo[thia]diazoleompound {RER}|
Benzothiazolessulfonamides 0.78 benzo[thiddiazolecompound production | Cut  Stakeholder input High quality
off, S
P-phenylene diamine {GLO}}phenylene
Amines and plasticers (6PPD, DPG, diamine production | Cubff, S; Dipropylene . . .
BENPAT, DMBC) 0.85 glycol monomethyl ether {RER}| dipropylene SRR Al PRI
glycol monomethyl ether production | Cff, S
Base oil {Europe without Switzerland}| base oi
QOils 0.46 production, petroleum refinery operation | Cut  Stakeholder input High quality

off, S
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Petroleum slack wax {Europe without
Waxes 0.25 Switzerland}| petroleum slack wax production, Stakeholder input High quality
petroleum refinery operation | Cubff, S

Bisphenol A, powder {RER}| bisphenol A

BP . . i i i
Alkylphenols (PTOP, PTBP) 0.06 production, powder | CUoff, S Stakeholder input High quality
Phenolic resins, including resorcinol, Phenolic resin {RER}| phenolic resin productio . . .
HMT 0.46 | Cutoff, S Stakeholder input High quality
. I L I i e . .
Cobaltorganicsalts 0.12 (C):fchb;\t acetate {GLO}| cobalt production | Cut Stakeholder input High quality
Steel, lowalloyed {RER}| steel production,
converter, lowalloyed | Cutoff, S Wire . . .
Steel belts 9.81 drawing, steel {RER}| wire drawing, steel | Cut Stakeholder input High quality
off, S
Steel, lowalloyed {RER}| steel production,
. ter, | lloyed | Cutoff, S; Wi . . .
Bead wire 3.48 converter, lowalloyed | Cuto e Stakeholder input High quality

drawing, steel {RER}| wire drawing, steel | Cut
off, S

Nylon 6 {RER}| nylon 6 production | Coff, S
Nylon cord fabric 0.02 Weaving, synthetic fibre {GLO}| weaving of Stakeholder input High quality
synthetic fibre, for industrial use | Cuff, S

1136

74



Preparatory Study and Impact Assessment support study on tyres

1137 Table3-12. Manufacturing input data and datasets used for BC3

Manufacturing inputs Unit BC3 Datasets Reference Data quality
assessment
Electricity cosumption KWhityre  63.0 Market group for electricity, medium voltage (RER) ;tsllfteholder High quality
Heat consumption from natural Heat production, natural gas, at industrial furnace >100kW (Europe withoui Stakeholder High quality
MJ/tyre 180.0 ] ;
gas Switzerland) input
Light fuel oil MJltyre 15 Hegt production, light fuel oil, at industrial furnace 1MW (Europe without Stakeholder High quality
Switzerland) input
Petrol MJltyre 0.1 Market for petrol, unleaded, burned in machinery (GLO) ;tslljteholder High quality
Steam MJltyre 89.9 Market for heat, from steam, in chemical industry (RER) ;tslljteholder High quality
Coal MJltyre 471 Hegt production, at hard coal industrial furnacd@MW (Europe without Stakeholder High quality
Switzerland) input
Diesel MJltyre 29 Diesel, burned in diesellectric generating set, 10MW (GLO) it;lj(teholder High quality
Process water Kgltyre 365.4 Market for tap water (Europe without Switzerland) ﬁts:teholder High quality
Propane MJltyre 0.7 Heat production, propane, at industrial furnace >100kW (RoW) ;tsllrteholder High quality
Solvent Kgltyre 0.04 Market for hexane (GLO) ;tsllrteholder High quality

1138
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1139 Table3-13. Dataset used to model the impacts deriving from the extraction and productiordigsel

Diesel Diesel {Europe without Switzerland}| market for diesel | @fft S

1140 Table3-14. LCC input data points for BC

Average expected initial life time years (Baron et al., 2025) Scientific literature  High quality
Weibull shape parameter (b) 1.9 - (Wu, n.d.) Internet search Fair quality
Latest Annual sales (2024) 166 min. units/lyear  (Baron et al., 2025) Stakeholder input High quality
Assumed purchase price 419 Euro/unit (Baron et al., 2025) Expert judgement Medium quality
EU sales and trade 1.72E+07  units (Baron et al., 2025) Stakeholder input High quality
Number of priority parts for repair and upgrade 1 - Expert judgement Medium quality
Installation/acquisition costs 18.75 Euro/ unit (Baron et al., 2025) Expert judgement Medium quality
Fuel rate 0.039 Euro/MJ (Baron et al., 2025) Expert judgement Medium quality
Fuel consumption per km 0.227 MJ/km Calculated

Number of kilometers per year 84470 km/year Calculated

Repair & maintenance costs 58.75 Euro/ unit (Baron et al., 2025) Expert judgement Medium quality
Discount rate (interest minus inflation) 3.0% % (Gama Caldas et al., 2024) Scientific literature  High quality
Escalation rate (project annual growth of running costs) -1.29% % Calculated, sesection3.1.5

1141 Table3-15. Annual sales values for years 192024 for BC3

Annual sales Value Unit Reference

2024 16.586987 min. units/year Stakeholder input
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Annual sales Value Unit Reference

2023 16.860753 min. units/year
2022 19.019878 min. units/year
2021 17.974128 min. units/year
2020 15.389195 min. units/year
2019 16.225135 min. units/year
2018 16.249658 min. units/year
2017 16.122148 min. units/year
2016 15.852843 min. units/year
2015 14.962806 min. units/year
2014 13.688869 min. units/year
2013 12.992542 min. units/year
PRODCOM data
2012 12.013178 min. units/year
2011 15.781025 min. units/year
2010 13.842580 min. units/year
2009 8.418450 min. units/year
2008 13.944300 min. units/year
2007 18.365108 min. units/year
2006 15.590193 min. units/year
2005 15.256830 min. units/year Average value for years 202024
2004 15.945956 min. units/year PRODCOM data
2003 15.883343 min. units/year PRODCOM data
2002 15.256830 min. units/year Average value for years 202624
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Annual sales Value Unit Reference

2001 15.256830 n. units/year
2000 15.256830 min. units/year
1999 15.256830 min. units/year
1998 15.256830 min. units/year
1997 15.256830 min. units/year
1996 15.256830 min. units/year
1995 15.256830 min. units/year
1994 15.256830 min. units/year

1142

1143 3.1.4. BC4.C3Retreaded tyres

1144  Table3-16. Bill of Materials (M) and datasets usedor BC4

Natural rubber 8.895552 ) Sgizesr;tific lierature (Cucci et al., High quality
Synthetic rubber 4.110 sr):)n(;[zg':iigrﬁ%ﬁro{ff?ESR}l SIS (12loe; Stakeholder input High quality
Silica D2 ﬁfgg’iﬁgf}”ggﬁ%ﬂ e St Stakeholder input High quality
Carbon black B gstr_g?fn g B {ElHof] ealisa (Hae s et Ve Stakeholder input High quality
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Zinc oxide 0.492 g}ipcsomde {RERY}| zinc oxide production | Cut Stakeholder input High quality
0.248 . . .
Sulfur Sulfur {GLO}| market for sulfur | Cuatff, S Stakeholder input High quality
P-phenylene diamine {GLO}}phenylene
Amines and plasticers (6PPD, DPG, diamine production | Cubff, S; Dipropylene . . .
BENPAT, DMBC) 0.288 glycol monomethyl ether {RER}| dipropylene SELEel ] (! el Gy
glycol monomethyl ether production | Cuff, S
0.406 Base oil {Europe without Switzerland}| base oi
Oils production, petroleum refinery operation | Cut  Stakeholder input High quality
off, S
0.109 Petroleum slack wax {Europe without
Waxes Switzerland}|petroleum slack wax production,  Stakeholder input High quality
petroleum refinery operation | Cubff, S
Phenolic resins, including resorcinol, Phenolic resin {RER}| phenolic resin productio . . .
HMT 0.251 | Cut-off, S Stakeholder input High quality

1145

1146 Table3-17. Manufacturing input data and datasets used f&C4

assessment

Electricity cosumption kWh/tyre . Market group for electricity, medium voltage (RER) Staﬁt}iﬁ?lder High quality
Heat consumption from natural MJltyre 61.3 Heat production, natural gas, at industrial furnace >100kW (Europe without Stakeholder High quality

gas Switzerland) input
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. . Dat lit
Manufacturing inputs Unit Datasets Reference ata quality
assessment
Light fuel oil MJltyre 05 Hegt production, light fuel oil, at industrial furnace 1MW (Europe without Stgkeholder High quality
Switzerland) input
q g Stakeholder . .
Petrol MJ/tyre 0.02  Market for petrol, unleaded, burned in machinery (GLO) input High quality
. C Stakeholder . .
Steam MJ/tyre 29.0 Market for heat, from steam, in chemical industry (RER) input High quality
Coal MJ/tyre 15.2 Hegt production, at hard coal industrial furnacd QMW (Europe without Stgkeholder High quality
Switzerland) input
Diesel MJ/tyre 0.7 Diesel, burned in diesellectric generating set, 10MW (GLO) Stail:](;t:t)lder High quality
f q Stakeholder . .
Process water Kgltyre 118.0 Market for tap water (Europe without Switzerland) input High quality
. . . Stakeholder . .
Propane MJ/tyre 0.2 Heat production, propane, at industrial furnace >100kW (RoW) input High quality
Solvent Kgltyre 0.01  Market for hexane (GLO) Stit}iﬁ?lder High quality

1147 Table3-18. LCC input data points for BIC

Average expected initial life time years (Baron et al., 2025) Scientific literature  High quality
Weibull shape parameter (b) 1.9 - (Wu, n.d.) Internet search Fair quality
Latest Annual sales (2024) 2.06 min. units/lyear  (Baron et al., 2025) Stakeholder input High quality
Assumed purchase price 363.17 Euro/unit (Baron et al., 2025) Expert judgement Medium quality
EU sales and trade 1.04E+07 units (Baron et al., 2025) Stakeholder input High quality
Number of priority parts for repair and upgrade 1 - Expert judgement Medium quality
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Installation/acquisition costs 18.75 Euro/ unit (Baron et al., 2025) Expert judgement Medium quality
Fuel rate 0.039 Euro/MJ (Baron et al., 2025) Expert judgement Medium quality
Fuel consumption per km 0.229 MJ/km Calculated

Number of kilometers per year 819733 km/year Calculated

Repair & maintenance costs 58.75 Euro/ unit (Baron et al., 2025) Expert judgement Medium quality
Discount rate (interest minus inflation) 3.0% % (Gama Caldas et al., 2024) Scientific literature ~ High quality
Escalation rate (project annual growth of running costs) -1.29% % Calculated, sesection3.1.5

1148 Table3-19. Annual sales values for years 192024 for BC4

Annual sales Value Unit Reference

2024 2.054886 n. units/year
2023 2.315614 min. units/year
2022 2.674513 min. units/year Stakeholder input
2021 3.915020 min. units/year
2020 2.514187 min. units/year
2019 2.491969 min. units/year
2018 2.640317 min. units/year
2017 2.808763 min. units/year
2016 3.316913 min. units/year PRODCOM data
2015 3.511405 min. units/year
2014 3.432511 min. units/year
2013 3.406601 min. units/year
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Annual sales Value Unit Reference

2012 3.402334 n. units/year

2011 4.553192 min. units/year

2010 4.288878 min. units/year

2009 3.761640 min. unitsiear

2008 4.398161 min. units/year

2007 6.255013 min. units/year

2006 6.360718 min. units/year

2005 5.162643 min. units/year Average value for years 202624
2004 5.152169 min. units/year PRODCOM data

2003 5.061485 min. units/year PRODCOM data

2002 5.235425 min. units/year

2001 5.460222 min. units/year

2000 5.386323 min. units/year

1999 5.380947 min. units/year

1998 5.353632 min. units/year Average value for years 202624
1997 5.186068 min. units/year

1996 5.186068 min. units/year

1995 5.186068 min. units/year

199 5.186068 min. units/year

1149
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1158
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Table3-20: Dataset used to model the impacts deriving from the extraction and productiordigsel

Diesel Diesel {Europe without Switzerland}| market for diesel | @fft S

3.1.5. Calculation of escalation rate

The escalation rate, the real (inflatieoorrected) annual growth of running costsas calculated based on the daitaTable 3-21. The only running cost
applicable to tyres is the cost of fuel. The escalation rate can be calculated from the extrapolated prices growth rederafténg for inflation (using historical
data both for fuel price and for inflation). Data from the Weekly Oil Bulletitiected in November 2035was usedor the price of fuel (Eursuper 95and
diese) and Eurostatiata was used for the general inflation (Harmonised index of consumer prices, HICP) for the year@@L4-or all prices, E2¥ data
was taken.

Table3-21. Overview of datasets used for the escalation rate calculation.

General inflation (HICP) HICPR annual data (average index and rate of char(@ejrostat, 2025)
Fuel- Eurosuper 95 (1) Weekly Oil Bulletirr EU price without taxgata collecteduntil November 202%Weekly Oil Bulletim.d.)
Diesel Weekly Oil Bulletirr EU price without tax, data collected until November 2Q@&ekly Oil Bulletim.d.)

For the fuel the % increase in 2024 versus 2014 was calculated accordigdion3-1.
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1165
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mTat Qo'Q
.QC cn

"C)‘E (1)‘ 'm‘b, T v N T
! l ¢ T PNt Qw(ﬁ)

pmmb

Equation3-1: Calculation of % increase

Subsequently, the escalation rate was calculate@&gyation3-2.

rrrrr

Of GOabhda:

p b QE Gi Dbbn P
Equation3-2: Calculation of % escalation rate.

The escalation rate fdhe Eurosuper 95fuel has been calculated a3.73%and for diesel asl.29%.
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1167 3.2. Annex lic Results of LCA/LCC per Base Case

1168 In this Annex, the detailedCA and LQ€sultsare presented per Base Cager lifetime, per kilometre driven and for the total product stock).

1169 3.2.1. BC1: C1 tyres

1170 Table3-22 BCIc Life cycle impact peproduct over the total lifetime

PEAmpact Raw Raw Manufactu | Distributio EoL- EoL- Fuel EolL- EolL- EoL- Civil
categories materials | Materials | ring n Mechanic | usein Devulcanisation | Pyrolysis | engineerin
Transport al cement kiln g
Recycling

Acidification mol H  1.4E01 3.1E02 2.6E02 4.8E03 7.2E01 -9.0E04 -4.2E03 -7.1E05 -4.1E04  8.4E06 9.13E01

€q
Climatechange kg CQ@ 2.07E+01 3.17E+00 6.73E+00 1.37E+00 2.72E+02 -5.34E01 -9.81E01 -1.88E02 -1.43E 2.42E03 3.03E+0

eq. 01 2
Climate change kg CQ@ 1.9E02 7.5E04 5.9E03 3.2E04 1.5E02 1.3E04 -1.7E04 -2.3E05 1.5E04 5.7E07 4.10E02
- Biogenic eq.
Climate change kg CQ@ 2.1E+01 3.2E+00 6.7E+00 1.4E+00 2.7E+02  -5.3E01 -9.8E01 -1.9E02 -1.4E01  2.4E03 3.02E+0
- Fossil eq. 2
Climate change kg CQ@ 2.0E02 1.6E03 8.3E03 6.2E04 1.2E02 8.7E05 -2.3E04 -1.1E05 2.4E04 1.1E06 4.28E02
- Land use and eq.
LU change
Ecotoxicity, CTUe 2.6E+02 = 6.4E+00 1.1E+01 3.2E+00 1.4E+02 -1.6E+00 -4.9E+00 -1.5E01 -2.1E01  5.7E03 4.14E+0
freshwater 2
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PEHAmpact
categories

Ecotoxicity,
freshwater -
inorganics

Ecotoxicity,
freshwater -
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer -
inorganics

Human toxicity,
cancer -
organics

Human toxicity,
non-cancer

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N
eq.
CTUh

CTUh

CTUh

CTUh

Raw
materials

1.7E+02

9.2E+01

2.0E06

3.5E02

6.4E03

3.7E01

1.8E08

3.2E09

1.2E08

6.0E07

Raw
Materials
Transport

6.1E+00

2.3E01

2.6E07

8.5E03

3.0E04

9.4E02

5.6E10

2.9E10

2.7E10

2.4E08

Manufactu
ring

1.1E+01

1.7E01

1.3E06

4.7E03

3.0E03

4.3E02

1.1E09

4.3E10

6.4E10

3.0E08

Distributio
n

3.1E+00

9.9E02

1.3E07

1.5E03

1.5E04

1.7E02

2.2E10

9.5E11

1.3E10

1.2E08

1.2E+02

1.7E+01

7.9E06

1.6E01

3.0E03

2.4E+00

1.6E08

7.7E09

8.4E09

1.7E06

86

EolL-
Mechanic
al
Recycling

-1.6E+00

-1.1E02

-3.0E08

7.9E05

-1.7E04

-6.1E04

-8.5E10

3.7E11

-8.9E10

-1.2E09

Eol- Fuel
use in
cement kiln

-4.8E+00

-1.0E01

-5.0E08

-1.2E03

-1.8E03

-9.7E03

-5.5E10

9.6E12

-5.6E10

1.3E09

EolL-
Devulcanisation

-1.6E01

1.8E02

-1.6E09

-7.3E06

-3.7E06

-7.6E05

-6.4E12

-4.3E12

-2.2E12

-2.2E10

EoL-
Pyrolysis

-1.8E01

-3.5E02

-2.2E08

-3.3E05

7.9E05

-5.6E04

-7.8E12

-2.7TE12

-5.1E12

-3.8E10

EoL- Civil
engineerin
g

5.5E03

1.8E04

2.4E10

2.7E06

2.6E07

2.9E05

3.9E13

1.7E13

2.2E13

2.2E11

3.06E+0
2

1.10E+0
2

1.15E05

2.07E01

1.10E02

2.94E+0

0

3.42E08

1.18E08

2.03E08

2.37E06
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PEHAmpact
categories

Human toxicity,
non-cancer -
inorganics

Human toxicity,
non-cancer -
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use
fossils

Resource use
minerals and
metals

Water use

PEF Single Scor

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11

eq.
NMVO
Ceq
MJ

kg Sb
eq.

m3
depriv.

Raw
materials

3.7E07

2.4E08

1.4E+00

3.8E+03

6.1E06

1.4E01

4.4E+02

3.0E04

9.9E+00

3.0E03

Raw
Materials
Transport

2.2E08

1.5E09

3.8E02

3.4E+01

4.3E08

2.9E02

4.3E+01

7.4E06

2.0E01

3.1E04

Manufactu
ring

2.8E08

1.3E09

1.8E+00

1.2E+01

1.7e07

1.6E02

1.2E+02

7.1E06

2.7E+00

7.1E04

Distributio
n

1.2E08

7.6E10

1.7E02

1.9E+01

1.8E08

6.8E03

2.0E+01

3.8E06

1.0e01

1.2E04

4.4E07

1.3E06

1.1E+00

1.9E+02

6.2E06

1.5E+00

3.6E+03

4.8E05

2.9E+00

1.7E02

87

EolL-
Mechanic
al
Recycling

-1.2E09

-8.8E11

3.8E02

-6.5E01

-2.1E09

-6.1E04

-4.5E+00

1.4E07

-3.7E02

-3.1E05

Eol- Fuel
use in
cement kiln

1.9E09

-5.9E10

-1.6E02

-2.6E+00

-5.1E08

-6.2E03

-4.6E+01

-5.9E08

-5.9E02

-1.4E04

EolL-
Devulcanisation

-2.0E10

-2.0E11

-6.2E04

-1.0E01

-8.8E10

-1.3E04

-7.0E01

-4.6E07

-1.6E02

-2.8E06

EoL-
Pyrolysis

-2.4E10

-1.4E10

6.4E02

-2.1E01

-1.3E08

-1.4E03

-9.0E+00

-5.4E07

8.6E03

-2.0E05

EoL- Civil
engineerin
g

2.1E11

1.3E12

3.0E05

3.4E02

3.3E11

1.2E05

3.5E02

6.7E09

1.8E04

2.0E07

8.73E07

1.30E06

4.44E+0
0

4.02E+0
3

1.25E05

1.71E+0
0

4.17E+0
3

3.62E04

1.57E+0
1

2.12E02
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PEHAmpact
categories

Acidification

Climatechange

Climate change
- Biogenic

Climate change
- Fossil

Climate change
- Land use and
LU change

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater-
inorganics

Ecotoxicity,
freshwater-
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

mol H
€q

kg CQ
eq.

kg CQ
eq.

kg CQ
eq.

kg CQ
eq.
CTUe

CTUe

CTUe

disease
inc.

kg N eq

kg P eq

Raw
materials

3.4E06

5.17E04

4.7E07

5.2E04

4.9E07

6.5E03

4.3E03

2.3E03

5.0E11

8.8E07

1.6E07

Raw
Materials
Transport

7.8E07

7.91E05

1.9E08

7.9E05

4.0E08

1.6E04

1.5E04

5.7E06

6.6E12

2.1E07

7.6E09

Manufactu

ring

6.4E07

1.68E04

1.5e07

1.7E04

2.1E07

2.9E04

2.8E04

4.4E06

3.3E11

1.2E07

7.6E08

Table3-23. BC1¢ Life cycle impact per produgter km driven

Distributio

n

1.2E07

3.41E05

8.0E09

3.4E05

1.5E08

8.0E05

7.7E05

2.5E06

3.3E12

3.8E08

3.7E09

1.8E05

6.81E03

3.8E07

6.8E03

3.1E07

3.4E03

3.0E03

4.3E04

2.0E10

4.0E06

7.6E08

88

EolL-
Mechanic
al
Recycling

-2.3E08

-1.34E05

3.3E09

-1.3E05

2.2E09

-4.1E05

-4.0E05

-2.8E07

-7.6E13

2.0E09

-4.3E09

Eol- Fuel
use in
cement kiln

-1.1E07

-2.45E05

-4.3E09

-2.5E05

-5.7E09

-1.2E04

-1.2E04

-2.6E06

-1.3E12

-3.0E08

-4.5E08

EolL-
Devulcanisation

-1.8E09

-4.71E07

-5.8E10

-4.7E07

-2.7E10

-3.7E06

-4.1E06

4.6E07

-4.0E14

-1.8E10

-9.3E11

EoL-
Pyrolysis
-1.0E08
-3.57E
06
3.8E09

-3.6E06

6.1E09

-5.4E06

-4.5E06

-8.8E07

-5.6E13

-8.4E10

2.0E09

EoL- Civil
engineerin
g

2.1E10

6.04E08

1.4E11

6.0E08

2.7E11

1.4E07

1.4E07

4.4E09

5.9E15

6.8E11

6.6E12

2.3E05

7.56E03

1.0E06

7.6E03

1.1E06

1.0E02

7.7E03

2.7E03

2.9E10

5.2E06

2.8E07
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PEHAmpact
categories

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer-
inorganics

Human toxicity,
cancer-
organics

Human toxicity,
non-cancer

Human toxicity,
non-cancer-
inorganics

Human toxicity,
non-cancer-
organics

lonising
radiation

Land use

Ozone
depletion

mol N

eq.
CTUh

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

kg
CFC11
eq.

Raw
materials

9.1E06

4.4E13

8.0E14

3.1E13

1.5E11

9.4E12

6.1E13

3.5E05

9.4E02
1.5E10

Raw
Materials
Transport

2.3E06

1.4E14

7.3E15

6.7E15

6.0E13

5.6E13

3.7E14

9.4E07

8.5E04
1.1E12

Manufactu
ring

1.1E06

2.7E14

1.1E14

1.6E14

7.4E13

7.1E13

3.1E14

4.5E05

2.9E04
4.2E12

Distributio
n

4.2E07

5.5E15

2.4E15

3.1E15

3.1E13

2.9E13

1.9E14

4.2E07

4.8E04
4.6E13

6.1E05

4.0E13

1.9E13

2.1E13

4.3E11

1.1E11

3.2E11

2.8E05

4.7E03
1.6E10

89

EolL-
Mechanic
al
Recycling

-1.5E08

-2.1E14

9.2E16

-2.2E14

-3.1E14

-2.9E14

-2.2E15

9.5E07

-1.6E05
-5.2E14

Eol- Fuel
use in
cement kiln

-2.4E07

-1.4E14

2.4E16

-1.4E14

3.2E14

4.7E14

-1.5E14

-4.0E07

-6.5E05
-1.3E12

EolL-
Devulcanisation

-1.9E09

-1.6E16

-1.1E16

-5.4E17

-5.5E15

-5.0E15

-5.0E16

-1.5E08

-2.6E06
-2.2E14

EoL-
Pyrolysis

-1.4E08

-1.9E16

-6.8E17

-1.3E16

-9.5E15

-5.9E15

-3.5E15

1.6E06

-5.4E06
-3.2E13

EoL- Civil
engineerin
g

7.4E10

9.8E18

4.2E18

5.6E18

5.5E16

5.2E16

3.4E17

7.5E10

8.6E07
8.2E16

7.3E05

8.6E13

2.9E13

5.1E13

5.9E11

2.2E11

3.3E11

1.1E04

1.0e01
3.1E10
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PEHAmpact
categories

Photochemical
ozone
formation

Resource use,
fossils

Resource use,
minerals and
metals

Water use

PEF Single Scor

PERmpact
categories

Acidification

Climate change

Climate change
- Biogenic

kg
NMVO
Ceq

MJ

kg Sb
eq.

m3
depriv.

mol H
eq
kg CQ
eq.
kg CQ
eq.

Raw
materials

3.4E06

1.1E02

7.4E09

2.5E04

7.5E08

Raw
materials

1.6E+08

2.4E+10

2.2E+07

Raw
Materials
Transport

7.3E07

1.1E03

1.8E10

5.1E06

7.8E09

Raw
Materials
Transport

3.6E+07

3.7E+09

8.7E+05

Manufactu
ring

3.9E07

2.9E03

1.8E10

6.7E05

1.8E08

Manufactu

ring

3.0E+07

7.8E+09

6.8E+06

Distributio
n

1.7E07

4.9E04

9.4E11

2.5E06

2.9E09

Distributio
n

5.5E+06

1.6E+09

3.7E+05

3.8E05

9.0E02

1.2E09

7.3E05

4.3E07

Use
Phase

8.3E+08

3.2E+11

1.8E+07

90

EolL-
Mechanic
al
Recycling

-1.5E08

-1.1E04

3.4E12

-9.1E07

-7.9E10

EolL-
Mechanic
al
Recycling

-1.0E+06

-6.2E+08

1.5E+05

EolL- Fuel
use in
cement kiln

-1.5E07

-1.2E03

-1.5E12

-1.5E06

-3.6E09

EolL- Fuel
use in
cement kiln

-4.9E+06

-1.1E+09

-2.0E+05

EolL-
Devulcanisation

-3.3E09

-1.7E05

-1.1E11

-4.1E07

-6.9E11

EolL-
Devulcanisati
on

-8.2E+04

-2.2E+07

-2.7E+04

EoL-
Pyrolysis

-3.4E08

-2.2E04

-1.3E11

2.1E07

-4.9E10

EoL-
Pyrolysis

-4.7E+05

-1.7E+08

1.7E+05

EoL- Civil
engineerin
g

3.0E10

8.6E07

1.7E13

4.5E09

5.1E12

EoL- Civil

engineerin

9.7E+03

2.8E+06

6.5E+02

4.3E05

1.0e01

9.0E09

3.9E04

5.3E07

1.06E+09

3.50E+11

4.75E+07
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PERmpact Raw Raw Manufactu | Distributio EolL- EoL- Fuel EoL- EolL- EoL- Civil
categories materials | Materials | ring n Mechanic | use in Devulcanisati | Pyrolysis | engineerin

Transport al cement kiln | on o}

Recycling

Climate change kg CQ@ 24E+10 3.7E+09 7.8E+09 1.6E+09 3.2E+11  -6.2E+08 -1.1E+09 -2.2E+07 -1.7E+08 2.8E+06 3.50E+11
- Fossil eq.
Climate change kg CQ@ 2.3E+07 1.8E+06 9.6E+06 7.1E+05 1.4E+07 1.0E+05 -2.7E+05 -1.3E+04 2.8E+05 1.3E+03 4.96E+07
- Land use and eq.
LU change
Ecotoxicity, CTUe 3.0E+11  7.4E+09 1.3E+10 3.7E+09 1.6E+11 -1.9E+09 -5.7E+09 -1.7E+08 -2.5E+08 6.5E+06 4.79E+11
freshwater
Ecotoxicity, CTUe 2.0E+11 7.1E+09 1.3E+10 3.6E+09 1.4E+11 -1.9E+09 -5.6E+09 -1.9E+08 -2.1E+08 6.3E+06 3.54E+11
freshwater -
inorganics
Ecotoxicity, CTUe 1.1E+11 2.7E+08 2.0E+08 1.1E+08 2.0E+10 -1.3E+07 -1.2E+08 2.1E+07 -4.1E+07 2.0E+05 1.27E+11
freshwater -
organics
Particulate disease 2.3E+03  3.1E+02 1.5E+03 1.5E+02 9.2E+03  -3.5E+01 -5.8E+01 -1.9E+00 -2.6E+01 2.7E01 1.34E+04
matter inc.
Eutrophication, kgNeq 4.1E+07 9.8E+06 5.5E+06 1.8E+06 1.8E+08 9.1E+04  -1.4E+06 -8.4E+03 -3.9E+04 3.1E+03 2.40E+08
marine
Eutrophication, kgPeq 7.4E+06 3.5E+05 3.5E+06 1.7E+05 3.5E+06 -2.0E+05 -2.1E+06 -4.3E+03 9.1E+04  3.0E+02 1.27E+07
freshwater
Eutrophication, mol N 4.2E+08 1.1E+08 5.0E+07 1.9E+07 2.8E+09  -7.0E+05 -1.1E+07 -8.8E+04 -6.4E+05 3.4E+04 3.40E+09
terrestrial eq.
Human toxicity, CTUh 2.0E+01 6.5E01 1.2E+00 2.6E01 1.9E+01  -9.8E01 -6.4E01 -7.5E03 -9.0E03  4.5E04 3.96E+01
cancer
Human toxicity, CTUh 3.7E+00 3.4E01 4.9E01 1.1E01 8.9E+00  4.3E02 1.1E02 -5.0E03 -3.1E03  2.0E04 1.36E+01
cancer -
inorganics
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PEHAmpact
categories

Human toxicity,

cancer
organics

Human toxicity,

non-cancer

Human toxicity,

non-cancer
inorganics

Human toxicity,

non-cancer
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical

ozone
formation

Resource
fossils

Resource
minerals
metals

use

use
and

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

MJ

kg Sb
eq.

Raw
materials

1.4E+01

6.9E+02

4.3E+02

2.8E+01

1.6E+09

4.4E+12
7.0E+03

1.6E+08

5.1E+11

3.4E+05

Raw
Materials
Transport

3.1E01

2.8E+01

2.6E+01

1.7E+00

4.4E+07

3.9E+10
5.0E+01

3.4E+07

5.0E+10

8.6E+03

Manufactu
ring

7.4E01

3.4E+01

3.3E+01

1.4E+00

2.1E+09

1.3E+10
1.9E+02

1.8E+07

1.4E+11

8.2E+03

Distributio
n

1.5E01

1.4E+01

1.4E+01

8.8E01

2.0E+07

2.2E+10
2.1E+01

7.9E+06

2.3E+10

4.4E+03

9.7E+00

2.0E+03

5.1E+02

1.5E+03

1.3E+09

2.2E+11
7.2E+03

1.8E+09

4.2E+12

5.5E+04
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EolL-
Mechanic
al
Recycling

-1.0E+00

-1.4E+00

-1.3E+00

-1.0E01

4.4E+07

-7.6E+08
-2.4E+00

-7.0E+05

-5.2E+09

1.6E+02

Eol- Fuel
use in
cement kiln

-6.5E01

1.5E+00

2.2E+00

-6.8E01

-1.8E+07

-3.0E+09
-5.9E+01

-7.1E+06

-5.3E+10

-6.8E+01

EolL-
Devulcanisati
on

-2.5E03

-2.6E01

-2.3E01

-2.3E02

-7.1E+05

-1.2E+08
-1.0E+00

-1.5E+05

-8.1E+08

-5.3E+02

EoL-
Pyrolysis

-5.9E03

-4.4E01

-2.7E01

-1.6E01

7.4E+07

-2.5E+08
-1.5E+01

-1.6E+06

-1.0E+10

-6.2E+02

EoL- Civil
engineerin
g

2.6E04

2.6E02

2.4E02

1.6E03

3.5E+04

4.0E+07
3.8E02

1.4E+04

4.0E+07

7.7E+00

2.35E+01

2.75E+03

1.01E+03

1.51E+03

5.14E+09

4.66E+12
1.44E+04

1.98E+09

4.83E+12

4.19E+05
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PERmpact Raw Raw Manufactu | Distributio EolL- EoL- Fuel EoL- EolL- EoL- Civil
categories materials | Materials | ring n Mechanic | use in Devulcanisati | Pyrolysis | engineerin
Transport al cement kiln | on o}
Recycling
Water use m3 1.1E+10 2.4E+08 3.1E+09 1.2E+08 3.4E+09  -4.2E+07 -6.8E+07 -1.9E+07 1.0E+07 2.1E+05 1.81E+10
depriv.

1175

1176 Table3-25. BC1- Life cycle costs per product and total EU expenditure

LCC new product Total annual consumer expenditure in EU27

Product items

Value Unit Value Unit
Product price 71 EUR 21,717 min. EUR/year
Installation/ acquisition costs 19 EUR 5,731 min. EUR/year
Fuel (Euresuper 95) costs 32 EUR/year 40,131 min. EUR/year
Repair & maintenance costs 59 EUR 18,636 min. EUR/year
Total 69 EUR/year 86,215 min. EUR/year

1177
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1178 3.2.2. BC2: C}res

1179 Table3-26. BCZq Life cycle impact per product over the total lifetime.

PEAmpact Raw Raw Manufac | Distribution EolL- EoL- Fuel EolLg EoL- EoL- Civil
categories materials | Materials | turing Mechanic | use in Devulcanisa | Pyrolysis engineering
Transport al cement kiln | tion
Recycling

Acidification mol H  2.5E01 5.1E02 4.3E02 7.8E03 1.1E+00 -1.6E03 -8.2E03 -1.2E04 -7.2E04 1.5E05 1.5E+00

€q
Climate kg C@ 3.8E+01 5.2E+00 1.1E+01  2.3E+00 3.4E+02 -9.4E01 -2.0E+00 -3.2E02 -2.5E01 4.2E03 393.19
change eg.
Climate kg CQ 3.0E02 1.3E03 9.7E03 5.3E04 1.8E02 2.3E04 -3.1E04 -3.9E05 2.7E04 9.9E07 6.0E02
change- eg.
Biogenic
Climate kg C@ 3.8E+01 5.2E+00 1.1E+01  2.3E+00 3.4E+02 -9.4E01 -2.0E+00 -3.2E02 -2.5E01 4.2E03 3.9E+02
change Fossil  eq.
Climate kg CQ 3.3E02 2.6E03 1.4E02 1.0E03 1.5E02 1.5E04 -4.4E04 -1.8E05 4.3E04 1.9E06 6.5E02
change-Land  eq.
use and LU
change
Ecotoxicity, CTUe 6.0E+02  1.0E+01 1.9E+01  5.3E+00 14E+02 -2.9E+00 -9.0E+00 -2.5E01 -3.8E01 9.9E03 7.7E+02
freshwater
Ecotoxicity, CTUe 3.0E+02  1.0E+01 1.9E+01 5.1E+00 1.3E+02 -2.9E+00 -8.9E+00 -2.8E01 -3.2E01 9.6E03 4.5E+02
freshwater-
inorganics
Ecotoxicity, CTUe 3.0E+02 3.8E01 3.2E01 1.6E01 15E+01  -1.9E02 -1.8E01 3.1E02 -6.2E02 3.1E04 3.2E+02
freshwater-
organics
Particulate disease 3.6E06 4.4E07 2.2E06 2.2E07 1.4E05 -5.3E08 -1.1E07 -2.7E09 -4.0E08 4.1E10 2.0E05
matter inc.
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PEHAmpact
categories

Eutrophication
, marine

Eutrophication
, freshwater

Eutrophication
, terrestrial

Human
toxicity, cancer

Human
toxicity, cancer
- inorganics

Human
toxicity, cancer
- organics

Human
toxicity, nor
cancer

Human
toxicity, nor
cancer-
inorganics

Human
toxicity, nor
cancer-
organics

lonising
radiation

kg N eq

kg P eq

mol N
eg.
CTUh

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Raw
materials

7.0E02

1.1E02

6.9E01

4.2E08

4.7E09

3.3E08

1.1E06

6.2E07

5.0E08

2.3E+00

Raw
Materials
Transport

1.4E02

5.0E04

1.5E01

9.2E10

4.8E10

4.4E10

3.9E08

3.7E08

2.4E09

6.3E02

Manufac
turing

7.8E03

5.0E03

7.2E02

1.8E09

7.0E10

1.1E09

4.9E08

4.7E08

2.1E09

3.0E+00

Distribution

2.5E03

2.4E04

2.7E02

3.6E10

1.6E10

2.1E10

2.1E08

1.9E08

1.3E09

2.8E02

4.9E01

3.5E03

5.3E+00

2.4E08

6.9E09

1.8E08

1.8E06

5.1E07

1.3E06

1.3E+00
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EolL-
Mechanic
al
Recycling

1.4E04

-3.0E04

-1.1E03

-1.5E09

6.5E11

-1.6E09

-2.2E09

-2.0E09

-1.6E10

6.7E02

Eol- Fuel
use in
cement kiln

-2.3E03

-3.1E03

-1.9E02

-1.3E09

6.1E11

-1.4E09

5.3E09

6.3E09

-1.0E09

-2.9E02

Eol¢
Devulcanisa
tion

-1.2E05

-6.3E06

-1.3E04

-1.1E11

-7.3E12

-3.7E12

-3.8E10

-3.4E10

-3.4E11

-1.0E03

EoL-
Pyrolysis

-5.9E05

1.4E04

-9.8E04

-1.4E11

-4.8E12

-8.9E12

-6.7E10

-4.2E10

-2.5E10

1.1E01

EoL- Civil
engineering

4.7E06

4.6E07

5.2E05

6.8E13

2.9E13

3.9E13

3.9E11

3.6E11

2.4E12

5.2E05

5.8E01

1.7E02

6.3E+00

6.7E08

1.3E08

5.0E08

3.0E06

1.2E06

1.4E06

6.9E+00
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PEAmpact Raw Raw Manufac | Distribution EolL- EoL- Fuel EolLg EoL- EoL- Civil
categories materials | Materials | turing Mechanic | use in Devulcanisa | Pyrolysis engineering
Transport al cement kiln | tion
Recycling

Land use Pt 7.3E+03  5.6E+01 1.9E+01  3.2E+01 2.3E+02 -1.2E+00 -4.8E+00 -1.8E01 -3.8E01 6.0E02 7.6E+03
Ozone kg 1.6E05 7.0E08 2.8E07 3.0E08 7.5E06 -3.7E09 -8.7E08 -1.5E09 -2.3E08 5.7E11 2.4E05
depletion CFC11

eq.
Photochemical kg 2.5E01 4.8E02 2.6E02 1.1E02 1.9E+00 -1.1E03 -1.1E02 -2.3E04 -2.4E03 2.1E05 2.3E+00
ozone NMVO
formation Ceq
Resource use, MJ 7.9E+02  7.1E+01 2.0E+02 3.2E+01 44E+03  -8.0E+00 -8.0E+01 -1.2E+00 -1.6E+01 6.0E02 5.3E+03
fossils
Resource use, kg Sb 3.6E04 1.2E05 1.2E05 6.2E06 4.8E05 2.4E07 8.9E08 -7.8E07 -9.5E07 1.2E08 4.4E04
minerals and eq.
metals
Water use m3 1.3E+01 3.4E01 44E+00 1.7E01 3.2E+00  -6.4E02 -1.2E01 -2.8E02 1.5E02 3.1E04 2.1E+01

depriv.
PEF Single - 5.3E03 5.1E04 1.2E03 1.9E04 2.3E02 -5.5E05 -2.6E04 -4.7E06 -3.5E05 3.6E07 3.0E02
Score

1180

1181 Table3-27. BQ ¢ Life cycle impact per produgter km driven

PERmpact Raw Raw Manufactu | Distribu- EolL- EoL- Fuel EoL- EoL- EoL- Civil
categories materials | Materials | ring tion Mechanic | use in Devulcanisat | Pyrolysis enginee
Transport Ell cement kiln | ion ring
Recycling
Acidification mol H  4.4E06 8.9E07 7.5E07 1.4E07 2.0E05 -2.8E08 -1.4E07 -2.1E09 -1.3E08 2.6E10 2.6E05
eq
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PERmpact Raw Raw Manufactu | Distribu- EolL- EoL- Fuel EoL- EolL- EoL- Civil
categories materials | Materials | ring tion Mechanic | use in Devulcanisat | Pyrolysis enginee
Transport al cement kiln | ion ring
Recycling

Climate change kg CQ@ 6.71E04  9.12E05 1.95E04 3.95E05 5.96E03  -1.65E05 -3.44E05 -5.61E07 -4.43E06 7.41E08 6.90E03

eq.
Climate change kg CQ@ 5.2E07 2.2E08 1.7E07 9.2E09 3.2E07 4.1E09 -5.4E09 -6.9E10 4.7E09 1.7E11 1.0E06
- Biogenic eq.
Climate change kg CQ@ 6.7E04 9.1E05 1.9E04 3.9E05 6.0E03 -1.7E05 -3.4E05 -5.6E07 -4.4E06 7.4E08 6.9E03
- Fossil eq.
Climate change kg CQ@ 5.8E07 4.6E08 2.4E07 1.8E08 2.6E07 2.7E09 -7.7E09 -3.2E10 7.6E09 3.4E11 1.1E06
-Land use and  eq.
LU change
Ecotoxicity, CTUe 1.1E02 1.8E04 3.3E04 9.2E05 2.5E03 -5.0E05 -1.6E04 -4.4E06 -6.6E06 1.7E07 1.3E02
freshwater
Ecotoxicity, CTUe 5.3E03 1.8E04 3.3E04 9.0E05 2.3E03 -5.0E05 -1.6E04 -4.9E06 -5.6E06 1.7E07 8.0E03
freshwater-
inorganics
Ecotoxicity, CTUe 5.3E03 6.6E06 5.5E06 2.9E06 2.6E04 -3.4E07 -3.2E06 5.5E07 -1.1E06 5.4E09 5.5E03
freshwater-
organics
Particulate disease 6.2E11 7.6E12 3.8E11 3.9E12 2.5E10 -9.4E13 -1.9E12 -4.8E14 -6.9E13 7.2E15 3.6E10
matter inc.
Eutrophication, kgNeq 1.2E06 2.5E07 1.4E07 4.4E08 8.6E06 2.4E09 -4.0E08 -2.2E10 -1.0E09 8.3E11 1.0E05
marine
Eutrophication, kgPeq 2.0E07 8.8E09 8.8E08 4.3E09 6.2E08 -5.3E09 -5.5E08 -1.1E10 2.4E09 8.0E12 3.0E07
freshwater
Eutrophication, mol N 1.2E05 2.7E06 1.3E06 4.8E07 9.4E05 -1.9E08 -3.3E07 -2.3E09 -1.7E08 9.0E10 1.1E04
terrestrial eq.
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PEHAmpact
categories

Human toxicity,
cancer

Human toxicity,
cancer-
inorganics

Human toxicity,
cancer-
organics

Humantoxicity,
non-cancer

Human toxicity,
non-cancer-
inorganics

Human toxicity,
non-cancer-
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

CTUh

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

Raw
materials

7.4E13

8.2E14

5.8E13

1.9E11

1.1E11

8.8E13

4.1E05

1.3E01
2.8E10

4.5E06

Raw
Materials
Transport

1.6E14

8.4E15

7.8E15

6.9E13

6.4E13

4.2E14

1.1E06

9.8E04
1.2E12

8.5E07

Manufactu
ring

3.1E14

1.2E14

1.9E14

8.6E13

8.2E13

3.7E14

5.2E05

3.4E04
4.9E12

4.6E07

Distribu-
tion

6.4E15

2.8E15

3.6E15

3.6E13

3.4E13

2.2E14

4.9E07

5.6E04
5.3E13

2.0E07

4.3E13

1.2E13

3.1E13

3.2E11

9.0E12

2.3E11

2.3E05

4.0E03
1.3E10

3.4E05

98

EolL-
Mechanic
al
Recycling

-2.6E14

1.1E15

-2.7E14

-3.8E14

-3.6E14

-2.7E15

1.2E06

-2.0E05
-6.4E14

-1.9E08

Eol- Fuel
use in
cement kiln

-2.4E14

1.1E15

-2.5E14

9.3E14

1.1E13

-1.8E14

-5.0E07

-8.4E05
-1.5E12

-2.0E07

EolL-
Devulcanisat
ion

-1.9E16

-1.3E16

-6.5E17

-6.6E15

-6.0E15

-5.9E16

-1.8E08

-3.1E06
-2.6E14

-4.0E09

EoL-
Pyrolysis

-2.4E16

-8.4E17

-1.6E16

-1.2E14

-7.4E15

-4.4E15

2.0E06

-6.6E06
-4.0E13

-4.2E08

EoL- Civil
enginee
ring

1.2E17

5.2E18

6.8E18

6.8E16

6.4E16

4.1E17

9.2E10

1.1E06
1.0E15

3.7E10

1.2E12

2.3E13

8.7E13

5.3E11

2.2E11

2.4E11

1.2E04

1.3E01
4.1E10

3.9E05
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PERmpact Raw Raw Manufactu | Distribu- EolL- EoL- Fuel EoL- EolL- EoL- Civil
categories materials | Materials | ring tion Mechanic | use in Devulcanisat | Pyrolysis enginee
Transport al cement kiln | ion ring
Recycling
Resource use, MJ 1.4E02 1.3E03 3.4E03 5.7E04 7.7E02 -1.4E04 -1.4E03 -2.1E05 -2.8E04 1.1E06 9.4E02
fossils
Resourceuse, kg Sb 6.4E09 2.1E10 2.1E10 1.1E10 8.5E10 4.2E12 1.6E12 -1.4E11 -1.7E11 2.0E13 7.8E09
minerals and eq.
metals
Water use m3 2.4E04 5.9E06 7.7E05 2.9E06 5.6E05 -1.1E06 -2.0E06 -4 9E07 2.7E07 5.5E09 3.7E04
depriv.
PEF Single Scor - 9.3E08 9.0E09 2.1E08 3.3E09 4.1E07 -9.7E10 -4.6E09 -8.2E11 -6.1E10 6.3E12 5.3E07

1182

1183 Table3-28 B - EU totallife cycleimpact of stock of products in the year of study

PEF Impact Raw Raw Manufactur | Distribution | Use Phase] Eol- EoL- Fuel EolLg Eol- EoL- Civil
categories materials | Materials ing Mechanic | use in Devulcanisa Pyrolysis engineering
Transport al cement kiln | tion
Recycling
Acidification mol H 2.1E+07 4.3E+06 3.6E+06 6.7E+05 9.7E+07 -1.4E+05 -6.9E+05 -1.0E+04 -6.1E+04 1.2E+03 1.26E+08
€q
Climate change kg CQ@ 3.2E+09 4.4E+08 9.4E+08 1.9E+08 2.9E+10 -8.0E+07 -1.7E+08 -2.7E+06 -2.1E+07 3.6E+05 3.34E+10
eq.
Climate change kg CQ@ 25E+06 1.1E+05 8.3E+05 4.5E+04 1.5E+06 2.0E+04 -2.6E+04 -3.3E+03 2.3E+04 8.4E+01 5.06E+06
- Biogenic eq.
Climate change kg CQ 3.2E+09 4.4E+08 9.4E+08 1.9E+08 29E+10 -8.0E+07 -1.7E+08 -2.7E+06 -2.2E+07 3.6E+05 3.34E+10
- Fossil eq.
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PEF Impact
categories

Climate change
- Land use and
LU change

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater -
inorganics

Ecotoxicity,
freshwater -
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer -
inorganics

Human toxicity,
cancer -
organics

kg CQ
eq.

CTUe

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N
eq.
CTUh

CTUh

CTUh

Raw
MEIEETS

2.8E+06

5.1E+10

2.6E+10

2.6E+10

3.0E+02

5.9E+06

9.6E+05

5.9E+07

3.6E+00

4.0E01

2.8E+00

Raw
Materials
Transport

2.2E+05

8.9E+08

8.6E+08

3.2E+07

3.7E+01

1.2E+06

4.3E+04

1.3E+07

7.8E02

4.1E02

3.8E02

Manufactur
ing

1.2E+06

1.6E+09

1.6E+09

2.7TE+07

1.9E+02
6.6E+05
4.2E+05
6.1E+06
1.5E01

6.0E02

9.0E02

Distribution

8.7E+04

4.5E+08

4.3E+08

1.4E+07

1.9E+01

2.1E+05

2.1E+04

2.3E+06

3.1E02

1.3E02

1.8E02

Use Phase

1.3E+06

1.2E+10

1.1E+10

1.3E+09

1.2E+03

4.2E+07

3.0E+05

4.5E+08

2.1E+00

5.9E01

1.5E+00

100

EolL-
Mechanic
al
Recycling

1.3E+04

-2.4E+08

-2.4E+08

-1.6E+06

-4.5E+00

1.2E+04

-2.6E+04

-9.1E+04

-1.3E01

5.5E03

-1.3E01

EoL- Fuel
use in
cement kiln

-3.7E+04

-7.7E+08

-7.5E+08

-1.6E+07

-9.1E+00

-1.9E+05

-2.7E+05

-1.6E+06

-1.1E01

5.2E03

-1.2E01

EolLcg
Devulcanisa
tion

-1.6E+03

-2.1E+07

-2.4E+07

2.7E+06

-2.3E01

-1.0E+03

-5.4E+02

-1.1E+04

-9.3E04

-6.2E04

-3.1E04

EoL-
Pyrolysis

3.7E+04

-3.2E+07

-2.7E+07

-5.3E+06

-3.4E+00

-5.0E+03

1.2E+04

-8.3E+04

-1.2E03

-4.1E04

-7.6E04

EoL- Civil
engineering

1.6E+02

8.4E+05

8.1E+05

2.6E+04

3.5E02

4.0E+02

3.9E+01

4.4E+03

5.8E05

2.5E05

3.3E05

5.52E+06

6.51E+10

3.86E+10

2.68E+10

1.73E+03

4.93E+07

1.46E+06

5.32E+08

5.67E+00

1.11E+00

4.21E+00
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PEF Impact
categories

Human toxicity,
norn-cancer

Human toxicity,
non-cancer -
inorganics

Human toxicity,
non-cancer -
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use
fossils

Resource use
minerals and
metals

Water use

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

MJ

kg Sb
eq.

m3
depriv.

Raw
MEIEETS

9.0E+01

5.3E+01

4.3E+00

2.0E+08

6.2E+11
1.3E+03

2.2E+07

6.7E+10

3.1E+04

1.1E+09

Raw
Materials
Transport

3.3E+00

3.1E+00

2.1E01

5.4E+06

4.7E+09
6.0E+00

4.1E+06

6.1E+09

1.0E+03

2.9E+07

Manufactur
ing

4.2E+00

4.0E+00

1.8E01

2.5E+08

1.6E+09
2.4E+01

2.2E+06

1.7E+10

1.0E+03

3.7E+08

Distribution

1.7E+00

1.6E+00

1.1E01

2.4E+06

2.7E+09
2.6E+00

9.6E+05

2.7E+09

5.3E+02

1.4E+07

Use Phase

1.6E+02

4.4E+01

1.1E+02

1.1E+08

1.9E+10
6.3E+02

1.6E+08

3.7E+11

4.1E+03

2.7E+08
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EolL-
Mechanic
al
Recycling

-1.9E01

-1.7E01

-1.3E02

5.7E+06

-9.8E+07
-3.1E01

-9.1E+04

-6.8E+08

2.0E+01

-5.5E+06

EoL- Fuel
use in
cement kiln

4.5E01

5.4E01

-8.6E02

-2.4E+06

-4.1E+08
-7.4E+00

-9.6E+05

-6.8E+09

7.5E+00

-9.9E+06

EolLcg
Devulcanisa
tion

-3.2E02

-2.9E02

-2.9E03

-8.9E+04

-1.5E+07
-1.3E01

-1.9E+04

-1.0E+08

-6.6E+01

-2.4E+06

EoL-
Pyrolysis

-5.7E02

-3.6E02

-2.1E02

9.6E+06

-3.2E+07
-1.9E+00

-2.0E+05

-1.3E+09

-8.1E+01

1.3E+06

EoL- Civil
engineering

3.3E03

3.1E03

2.0E04

4.4E+03

5.1E+06
4.8E03

1.8E+03

5.1E+06

9.9E01

2.7E+04

2.54E+02

1.05E+02

1.16E+02

5.84E+08

6.47E+11
2.00E+03

1.91E+08

4.54E+11

3.75E+04

1.81E+09
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1184 Table3-29. B - Life cycle costs per product and total EU expenditure

LCC new product Total annual consumer expenditure in EU27
Product items

Value Unit Value Unit
Product price 111 EUR 3,251 min. EUR/year
Installation/ acquisition costs 19 EUR 550 min. EUR/year
Fuel (Euresuper 95) costs 43 EUR/year 4,000 min. EUR/year
Repair & maintenance costs 59 EUR 1,810 min. EUR/year
Total 106 EUR/year 9,612 min. EUR/year

1185 3.2.3. BC3: C3 tyres

1186 Table3-30. BC3¢ Life cycle impact per product over the total lifetime.

PEF Impact Raw Raw Manufactu- Distribution Use Phase] Eolg EoL- Fuel EolLcg EolL- EoL- Civil
categories materials | Materials ring Mechank use in Devulcanisa | Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Acidification mol H 1.1E+00 2.6E01 2.0E01 3.7E02 3.1E01 -7.1E03 -3.9E02 -5.6E04 -3.2E03 6.6E05 3.2E+01
€q
Climate change kg CQ@ 1.5E+02 2.3E+01 5.2E-01 1.1E+01 5.5E+03 -4.2E+00 -9.8E00 -1.5E01 -1.1E+00 1.9E02 5.7E+03
eq.
Climate change kg CG 8.4E02 6.0E03 4.6E02 2.5E03 2.9E01 1.1E03 -1.4E03 -1.8E04 1.2E03 4.4E06 4.3E01
- Biogenic eq.
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PEF Impact
categories

Climate change
- Fossil

Climate change
- Land use and
LU change

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater-
inorganics

Ecotoxicity,
freshwater-
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human
toxicity, cancer

Human
toxicity, cancer
- inorganics

kg CQ
eq.

kg CQ
eq.
CTUe

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N
eq.

CTUh

CTUh

Raw
MEIEETS

1.5E+02

1.6E01

1.8E+03

1.1E+03

7.7E-02

1.8E05

3.8E01

5.3E02

4.1E+00

1.4E07

2.2E08

Raw
\WEVEELS
Transport

2.3E+01

1.2E02

4.6E-01

4.4E01

1.7E+00

1.9E06

7.1E02

2.3E03

7.9e01

4.3E09

2.3E09

Manufactu-
ring

5.2E-01

6.5E02

8.9E+01

8.8E01

1.3E+00

1.0E05

3.6E02

2.4E02

3.3E01

8.3E09

3.3E09

Distribution

1.1E+01

4.8E03

2.5E+01

2.4E+01

7.8E01

1.0E06

1.2E02

1.2E03

1.3E01

1.7E09

7.5E10

Use Phase

5.5E+03

2.4E01

2.3E+03

2.1E+03

2.4E+02

1.7E04

1.4E901

5.7E02

1.6E+02

25E07

1.1E07

103

EolLcg
Mechank
cal
Recycling

-4.2E+00

6.8E04

-1.3E+01

-1.3E+01

-8.7E02

-2.4E07

6.2E04

-1.4E03

-4.8E03

-6.7E09

2.9E10

EoL- Fuel
use in
cement kiln

-9.8E-00

-2.1E03

-4.2E+01

-4.1E+01

-8.2E01

-5.6E07

-1.1E02

-1.4E02

-9.3E02

-7.6E09

4.7E10

EolLcg
Devulcanisa
tion

-1.5E01

-8.5E05

-1.2E+00

-1.3E+00

1.4E01

-1.3E08

-5.7E05

-2.9E05

-6.0E04

-5.1E11

-3.4E11

Eol-
Pyrolysis

-1.1E+00

1.9E03

-1.7E+00

-1.4E+00

-2.8E01

-1.8E07

-2.6E04

6.2E04

-4.4E03

-6.1E11

-2.1E11

EoL- Civil
engineering

1.9802

8.6E06

4.4E02

4.3E02

1.4E03

1.9E09

2.1E05

2.1E06

2.3E04

3.1E12

1.3E12

5.7E+03

4.8E01

4.3E+03

3.3E+03

1.0E+03

2.0E04

1.5E91

12E01

1.6E+02

3.9E07

14E07
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PEF Impact
categories

Human
toxicity, cancer
- organics

Human
toxicity, nor
cancer

Human
toxicity, nor
cancer-
inorganics

Human
toxicity, nor
cancer-
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use,
fossils

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

MJ

Raw
MEIEETS

8.9E08

7.0E06

3.9E06

1.8E07

7.9E-00

5.5E+04
2.4E05

1.3E+00

2.8E+03

Raw
\WEVEELS
Transport

2.0E09

1.7E07

1.6E07

1.0E08

3.0E01

2.3E+02
3.1E07

2.4E01

3.2E+02

Manufactu-
ring

4.9E09

2.3E07

2.2E07

9.7E09

1.4E+01

9.1E-01
1.3E06

1.2E01

9.1E-02

Distribution

9.8E10

9.8E08

9.2E08

6.0E09

1.3E01

1.5E+02
1.4E07

5.3E02

1.5E+02

Use Phase

14E07

15E05

6.9E06

7.9E06

2.1E+01

3.6E+03
1.2E04

4.7E+01

7.0E+04
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EolLcg
Mechank
cal
Recycling

-7.0E09

-9.8E09

-9.1E09

-6.9E10

3.0E01

-5.1E-00
-1.6E08

-4.8E03

-3.6E+01

EoL- Fuel
use in
cement kiln

-8.1E09

3.7E08

4.1E08

-4.5E09

-1.3E01

-2.2E+01
-3.7E07

-5.2E02

-3.6E+02

EolLcg

Devulcanisa

tion

-1.7E11

-1.7E09

-1.6E09

-1.6E10

-4.9E03

-8.2E01
-6.9E09

-1.1E03

-5.5E-00

Eol-
Pyrolysis

-4.0E11

-3.0E09

-1.9E09

-1.1E09

5.0E01

-1.7E+00
-1.0E07

-1.1E02

-7.1E-01

EoL- Civil
engineering

1.7E12

1.7E10

1.6E10

1.1E11

2.3E04

2.7E01
2.6E10

9.5E05

2.7E01

2.2E07

2.2E05

1.1E05

8.0E06

4.4E+01

5.9E+04
1.5E04

4.9E+01

7.4E+04
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PEF Impact RE RE Manufactu- Distribution | Use Phase] Eolg EoL- Fuel Eolg EolL- EoL- Civil
categories MECHEISN MY ECHELS ring Mechank use in Devulcanisa | Pyrolysis engineering
Transport cal cement kiln ] tion
Recycling
Resourceuse, kg Sb 1.8E03 5.2E05 5.5E05 3.0E05 7.8E04 1.1E06 1.2E06 -3.6E06 -4.2E06 5.2E08 2.7E03
minerals and eq.
metals
Water use m3 6.5E-01 1.5E+00 2.1E+01 8.0E01 5.2E01 -2.9E01 -5.8E01 -1.3E01 6.8E02 1.4E03 1.4E+02
depriv.
PEF Single - 2.5E02 2.4E03 5.5E03 9.0E04 4.2E01 -2.5E04 -1.2E03 -2.2E05 -1.5E04 1.6E06 45E01
Score

1187

1188 Table3-31 BQ@ ¢ Life cycle impact per produgter km driven

PEF Impact Raw Raw Manufactu- Distribution | Use Phase] Eol- EoL- Fuel Eolg EolL- EoL- Civil
categories materials | Materials ring Mechanic | use in Devulcanisa Pyrolysis engineering
Transport al cement kiln | tion
Recycling
Acidification mol H 45E06 1.0E06 7.9E07 15E07 1.2E04 -2.8E08 -1.6E07 -2.2E09 -1.3E08 2.6E10 1.3E04
eq
Climate change kg CQ@ 5.81E04 9.19E05 2.05E04 4.22E05 2.16E02 -1.66E05 -3.85E05 -5.85E07 -444E06  7.50E08 2.25E02
eq.
Climate change kg CG 3.3E07 2.4E08 1.8E07 9.9E09 1.1E06 4.1E09 -5.5E09 -7.2E10 4.7E09 18E11 1.7E06
- Biogenic eq.
Climate change kg CQG 5.8E04 9.2E05 2.0E04 4.2E05 2.2E02 -1.7E05 -3.8E05 -5.8E07 -4 5E06 7.5E08 2.2E02
- Fossil eq.
Climate change kg CQ 6.4E07 49E08 2.6E07 1.9E08 9.4E07 2.7E09 -8.4E09 -34E10 7.6E09 3.4E11 1.9E06
- Land use and eq.
LU change
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PEF Impact
categories

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater -
inorganics

Ecotoxicity,
freshwater -
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer -
inorganics

Human toxicity,
cancer -
organics

Human toxicity,
non-cancer

CTUe

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N
eq.
CTUh

CTUh

CTUh

CTUh

Raw
MEIEETS

7.2E03

4.3E03

3.1E03

7.0E11

15E06

2.1E07

1.6E05

5.7E13

8.8E14

3.5E13

2.8E11

Raw
Materials
Transport

1.8E04

1.7E04

6.7E06

7.6E12

2.8E07

8.9E09

3.1E06

1.7E14

9.0E15

79E15

6.6E13

Manufactu-
ring

3.5E04

3.5E04

5.3E06

4.1E11

1.4E07

9.4E08

1.3E06

3.3E14

13E14

1.9E14

9.1E13

Distribution

9.9E05

9.6E05

3.1E06

4.1E12

4.7E08

4.6E09

5.1E07

6.8E15

29E15

39E15

3.9E13

Use Phase

9.2E03

8.3E03

9.3E04

6.5E10

5.7E05

2.2E07

6.2E04

9.8E13

4.2E13

5.6E13

5.8E11
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EolL-
Mechanic
al
Recycling

-5.1E05

-5.0E05

-3.4E07

-9.4E13

2.4E09

-54E09

-1.9E08

-2.6E14

1.1E15

-28E14

-3.8E14

EoL- Fuel
use in
cement kiln

-1.7E04

-1.6E04

-3.2E06

-2.2E12

-4.3E08

-5.5E08

-3.7E07

-3.0E14

18E15

-3.2E14

1.5E13

EolLcg
Devulcanisa
tion

-4.6E06

-5.1E06

5.7E07

-5.0E14

-2.3E10

-1.2E10

-24E09

-2.0E16

-1.3E16

-6.7E17

-6.9E15

EoL-
Pyrolysis

-6.6E06

-5.6E06

-1.1E06

-6.9E13

-1.0E09

2.5E09

-1.7E08

-2.4E16

-8.4E17

-1.6E16

-1.2E14

EoL- Civil
engineering

1.8E07

1.7e07

55E09

7.3E15

84E11

8.1E12

9.2E10

1.2E17

5.2E18

6.9E18

6.9E16

1.7E02

1.3E02

4.0E03

7.7E10

5.9E05

4.8E07

6.4E04

15E12

5.4E13

8.8E13

8.8E11
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PEF Impact
categories

Human toxicity,
non-cancer -
inorganics

Human toxicity,
non-cancer -
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use
fossils

Resource use
minerals and
metals

Water use

PEF Single Scor

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

MJ

kg Sb
eq.

m3
depriv.

Raw
MEIEETS

15E11

7.0E13

3.1E05

2.2E01
9.5E11

4.9E06

1.1E02

6.9E09

26E04

1.0E07

Raw
Materials
Transport

6.2E13

41E14

1.2E06

9.1E04
1.2E12

9.5E07

1.2E03

2.1E10

5.8E06

9.3E09

Manufactu-
ring

8.8E13

3.8E14

5.6E05

3.6E04
5.0E12

48E07

3.6E03

2.2E10

8.2E05

22E08

Distribution

3.6E13

24E14

5.2E07

6.0E04
5.7E13

2.1E07

6.0E04

12E10

3.1E06

3.6E09

Use Phase

2.7E11

3.1E11

8.4E05

1.4E02
4.7E10

1.9E04

2.8E01

3.1E09

2.0E04

1.7E06
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EolL-
Mechanic
al
Recycling

-3.6E14

-2.7E15

1.2E06

-2.0E05
-6.4E14

-1.9E08

-1.4E04

4.2E12

-1.1E06

-9.8E10

EoL- Fuel
use in
cement kiln

16E13

-1.8E14

-5.1E07

-8.9E05
-1.5E12

-2.1E07

-1.4E03

4.9E12

-2.3E06

-4.8E09

EolLcg
Devulcanisa
tion

-6.3E15

-6.2E16

-1.9E08

-3.3E06
-2.7E14

-4.2E09

-2.2E05

-1.4E11

-5.1E07

-8.6E11

EoL-
Pyrolysis

-7.4E15

-4.4E15

2.0E06

-6.7E06
-4.0E13

-4.2E08

-2.8E04

-1.7E11

2.7E07

-6.1E10

EoL- Civil
engineering

6.4E16

42E17

9.3E10

1.1E06
1.0E15

3.8E10

1.1E06

2.1E13

5.6E09

6.3E12

4.5E11

3.2E11

1.8E04

2.3E01
5.7E10

1.9E04

2.9E01

1.1E08

5.5E04

1.8E06
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1190 Table3-32. B@A - EU totallife cycleimpact ofstock of products in the year of study

PEF Impact Raw Raw Manufactu- Distribution Use Phase] Eolc EolL- Fuel Eolg o] EoL- Civil
categories IMEICHEISN VY ECHELS ring Mechank use in Devulcanisa Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Acidification mol H  5.98-07 1.4E+07 1.0E+07 1.9E+06 1.6E+09 -3.7E05 -2.0E+06 -2.95-04 -1.7E+05 3.4E-03 1.69E+09
€q
Climate change kg CQ 7.7E-09 1.2E+09 2.7E+09 5.6E08 2.8E+11 -2.2E+08 -5.1E08 -7.7E+06 -5.8607 9.9E-05 2.96E+11
eq.
Climate change kg CG 4.4E-06 3.1E+05 2.4E+06 1.3E+05 1.5E07 5.5B-04 -7.3604 -9.4E03 6.2E-04 2.3E+02 2.24E+07
- Biogenic eq.
Climate change kg CQ 7.6E09 1.2E+09 2.7E+09 5.6E08 28E+11 -2.2E+08 -5.1E08 -7.7E+06 -5.9E-07 9.9E-05 2.96E+11
- Fossil eq.
Climate change kg CQ 8.4E06 6.4E05 3.4E-06 2.5E+05 1.2E+07 3.6E-04 -1.1E+05 -4.4E-03 1.0E+05 4.5E02 2.51E+07
-Land use and  eq.
LU change
Ecotoxicity, CTUe 9.5E10 2.4E+09 4.6E+09 1.3E+09 1.2E41 -6.76+08  -2.2E+09 -6.0E-07 -8.8E+07 2.3E+06 2.21E+11
freshwater
Ecotoxicity, CTUe 5.6E+10  2.3E+09 4.6E+09 1.3E09 1.1E41 -6.6608  -2.1E+09 -6.7E-07 -7.3607 2.2E+06 1.70E+11
freshwater-
inorganics
Ecotoxicity, CTUe 4.0E-10 8.8E07 7.0B-07 4.06-07 1.2E+10 45806  -4.2E07 7.5E-06 -1.4E+07 7.2E:04 5.26E-10
freshwater-
organics
Particulate disease 9.2E-02 9.9K01 5.48-02 5.4801 8.6E03 -1.2E+01  -2.9E+01 -6.6E01 -9.1E-00 9.6E02 1.02E+04
matter inc.
Eutrophication, kgNeq 2.0E+07 3.7E-06 1.9E+06 6.2E-05 7.5E+08  3.2E+04 -5.6E05 -3.0E+03 -1.4E+04 1.1E+03 7.74E+08
marine
Eutrophication, kgPeq 2.8E+06 1.2E+05 1.2E06 6.0E+04 29E+06 -7.1B04  -7.2E05 -1.5E+03 3.2E+04 1.1E+02 6.36E-06
freshwater
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PEF Impact
categories

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer-
inorganics

Human toxicity,
cancer-
organics

Human toxicity,
non-cancer

Human toxicity,
non-cancer-
inorganics

Human toxicity,
non-cancer-
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

mol N

eq.
CTUh

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

kg
CFC11
eq.

kg
NMVO
Ceq

Raw
MEIEETS

2.1E+08

7.5E-00

1.2E+00

4.6E-00

3.6E+02

2.0E+02

9.2E-00

4.1E-08

2.9E+12
1.2E+03

6.5807

Raw
Materials
Transport

4.1E-07

2.2E01

1.2E01

1.0e01

8.6E-00

8.1E+00

5.3E01

1.5E+07

1.2E+10
1.6E+01

1.2E+07

Manufactu-
ring

1.7E+07

4.3E01

1.7E01

2.6E01

1.2E901

1.2E+01

5.0E01

7.3E-08

4. 7809
6.6E-01

6.3E-06

Distribution

6.8E-06

9.0E02

3.9E02

5.1E02

5.1E-00

4.8E-00

3.1E01

6.9E-06

7.9809
7.5E-00

2.8E+06

Use Phase

8.2E+09

1.3E+01

5.6E+00

7.4E-00

7. 7602

3.6E+02

4.1E+02

1.1E99

1.9E41
6.2E+03

2.5E+09
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EolLc
Mechank
cal
Recycling

-2.5E+05

-3.5E01

1.5E02

-3.6E01

-5.1E01

-4.7E01

-3.6E02

1.6E+07

-2.7E+08
-8.5E01

-2.5E+05

EoL- Fuel
use in
cement kiln

-4.8E-06

-4.0E01

2.4E02

-4.2E01

1.9E+00

2.1E+00

-2.3E01

-6.7E-06

-1.2E+09
-1.9E+01

-2.7E+06

EolLcg
Devulcanisa
tion

-3.1E+04

-2.6E03

-1.7E03

-8.9E04

-9.1E02

-8.3E02

-8.1E03

-2.5E+05

-4.36-07
-3.6E01

-5.5604

EoL-
Pyrolysis

-2.3E05

-3.2E03

-1.1E03

-2.1E03

-1.6E01

-9.7E02

-5.8E02

2.6E07

-8.8E-07
-5.2E-00

-5.6E05

EoL- Civil
engineering

1.2E+04

1.6E04

6.9E05

9.1E05

9.0E03

8.5E03

5.5E04

1.2E+04

1.4E+07
1.3E02

49803

8.47E+09

2.04E+01

7.11E+00

1.16E+01

1.16E+03

5.87602

4.186-02

2.31E+09

3.07E+12
7.56E-03

2.54E+09
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PEF Impact RE RE Manufactu- Distribution | Use Phase] Eolg EoL- Fuel Eolg Eol- EoL- Civil
categories IMEICHEISN VY ECHELS ring Mechank use in Devulcanisa Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Resource use, MJ 15E+11  1.6E+10 4.7E+10 7.9509 3.7E42 -1.8E09 -1.8E40 -2.96-08 -3.7E-09 1.4E+07 3.85E+12
fossils
Resource use, kg Sb 9.1E+04 2.7E-03 29803 1.5E+03 4.1E904 5.5E01 6.4E+01 -1.9E+02 -2.2E+02 2.7E+00 1.38E+05
minerals and eq.
metals
Water use m3 3.4809 7. 7807 1.1E+09 4.1E-07 2.7E99 -1.5E07 -3.0E+07 -6.7E-06 3.5E-06 7.4E04 7.24609
depriv.

1191

1192 Table3-33. B@G - Life cycle costs per product and total EU expenditure

LCC new product Total annual consumer expenditure in EU27

Product items

Value Unit Value Unit

Product price 419 EUR 6,956 min. EUR/year
Installation/ acquisition costs 19 EUR 311 min. EUR/year
Fuel (Euresuper 95) costs 698 EUR/year 39,453 min. EUR/year
Repair & maintenance costs 59 EUR 1,107 min. EUR/year
Total 864 EUR/year 47,826 min. EUR/year

1193
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1194 3.2.4. BC4: C3 retreaded tyres

1195 Table3-34. BGl ¢ Life cycle impact per product over the total lifetime.

PEF Impact RE RE Manufactu- Distribution | Use Phase] Eolg EoL- Fuel Eolg EolL- EoL- Civil
categories materials | Materials ring Mechank use in Devulcanisa | Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Acidification mol H  3.6E01 8.8E02 6.1E02 3.8E02 3.0E+01  -1.3E02 -5.0E02 -1.0e03 -7.2E03 6.8E05 3.1E+01
€q
Climate change kg CQ@ 4.6E+01 8.8E+00 1.7E+01 1.1E+01 5.3E+03  -6.0E+00 -1.2E+01 -2.5E01 -2.3E+00 2.0E02 5.41E+03
eq.
Climate change kg CQ@ 2.0E02 2.3E03 1.3602 2.6E03 2.8E01 -9.9E04 -1.9E03 -3.1E04 9.6E04 4.6E06 3.2E01
- Biogenic eq.
Climate change kg CQ@ 4.6E+01  8.8E+00 1.7E+01 1.1E+01 5.3E+03  -6.0E+00 -1.2E+01 -2.4E01 -2.3E+00 2.0E02 5.4E+03
- Fossil eq.
Climate change kg CG 1.5E02 4.7E03 1.902 5.0E03 2.3E01 -2.2E03 -2.7E03 -1.8e04 1.803 8.9E06 2.7E01
-Land use and eq.
LU change
Ecotoxicity, CTUe 4.0E+02 1.8E+01 2.6E+01 2.6E+01 2.3E+03 -1.7E+01 -5.6E+01 -1.9E+00 -3.6E+00 4.6E02 2.7E+03
freshwater
Ecotoxicity, CTUe 1.7E+02 1.7E+01 2.5E+01 2.5E+01 2.1E+03 -1.7E+01 -5.5E+01 -2.0E+00 -3.1E+00 4.5E02 2.2E+03
freshwater-
inorganics
Ecotoxicity, CTUe 24E+02 6.4E01 4.2E01 8.0E01 2.3E+02 -1.1E01 -1.2E+00 1.3E01 -4.4E01 1.4E03 4.7E+02
freshwater-
organics
Particulate disease 6.2E06 7.6E07 9.7E06 1.1E06 1.6E04 -2.6E07 -6.5E07 -2.0E08 -2.8E07 1.9E09 1.8E04
matter inc.
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PEF Impact
categories

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer-
inorganics

Human toxicity,
cancer-
organics

Human toxicity,
non-cancer

Human toxicity,
non-cancer-
inorganics

Human toxicity,
non-cancer-
organics

lonising
radiation

Land use

kg N eq
kg P eq
mol N
eq.

CTUh

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

Raw
MEIEETS

1.4E01

1.1E02

1.5E+00

3.7E08

3.2E09

2.1E08

2.6E06

1.3E06

5.8E08

2.0E+00

2.3E+04

Raw
Materials
Transport

2.4E02

9.0E04

2.7E01

1.6E09

8.2E10

7.8E10

6.5E08

6.1E08

4.0E09

1.2E01

9.2E+01

Manufactu-
ring

1.2E02

6.9E03

1.0e01

2.2E09

8.4E10

1.4E09

6.9E08

6.6E08

3.0E09

4.0E+00

2.7E+01

Distribution

1.2E02

1.2E03

1.3E01

1.8E09

7.7E10

1.0E09

1.0E07

9.5E08

6.2E09

1.4E01

1.6E+02

Use Phase

1.4E+01

5.5E02

1.5E+02

2.4E07

1.0E07

1.4E07

2.7E05

6.7E06

2.1E05

2.1E+01

3.6E+03
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EolLc
Mechank
cal
Recycling

-6.2E04

-2.3E03

-1.4E02

-7.3E09

1.6E10

-7.4E09

-2.2E08

-2.0E08

-1.1E09

-3.3E01

-9.0E+00

EoL- Fuel
use in
cement kiln

-1.4E02

-2.0E02

-1.2E01

-7.9E09

3.1E10

-8.2E09

2.8E08

3.5E08

-6.4E09

-1.8E01

-3.0E+01

EolLcg
Devulcanisa
tion

-1.3E04

-6.1E05

-1.4E03

-8.2E11

-5.2E11

-3.0E11

-2.8E09

-2.5E09

-2.4E10

-1.8E02

-1.3E+00

Eol-
Pyrolysis

-8.7E04

5.9E04

-1.1E02

-1.7E10

-7.5E11

-9.9E11

-7.6E09

-5.7E09

-1.8E09

5.1E01

-4.0E+00

EoL- Civil
engineering

2.2E05

2.1E06

2.4E04

3.2E12

1.4E12

1.8E12

1.8E10

1.7E10

1.1E11

2.4E04

2.8E01

1.4E+01

5.4E02

1.6E+02

2.7E07

1.1E07

1.5E07

3.0E05

8.3E06

2.1E05

2.7E+01

2.7E+04
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PEF Impact
categories

Ozone
depletion

Photochemical
ozone
formation

Resource use,
fossils

Resource use,

kg
CFC11

eq.

kg
NMVO
Ceq

MJ

kg Sb
eq.

m3
depriv.

minerals and
metals
Water use
PEF Single Scor -
1196
1197

PEF Impact
categories

Acidification

Climate change

mol H
€q
kg CQ
eq.

Raw
MEIEETS

1.1E06

4.7E01

1.0E+03

2.9E04

1.6E+01

8.5E03

Raw
materials

1.5E06

1.85E04

Raw
Materials
Transport

1.2E07

8.4E02

1.2E+02

2.1E05

5.8E01

8.8E04

Raw
Materials
Transport

3.6E07

3.58E05

Manufactu-
ring

4.1E07

3.8E02

2.8E+02

1.6E05

6.5E+00

2.7E03

Manufactu-
ring

2.5E07

6.79E05

Distribution

1.5E07

5.5E02

1.6E+02

3.1E05

8.2E01

9.3E04

Table3-35. BGl ¢ Life cycle impact per produgter km driven

Distribution

1.6E07

4.50E05

Use Phase

1.2E04

4.6E+01

6.9E+04

7.6E04

5.1E+01

4.1E01

Use Phase

1.2E04

2.18E02
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EolLc
Mechank
cal
Recycling

-3.4E08

-7.7E03

-6.0E+01

-2.6E06

-5.2E01

-3.8E04

EolLg
Mechank
cal
Recycling

-5.1E08

-2.46E05

EoL- Fuel
use in
cement kiln

-5.5E07

-7.0E02

-5.1E+02

2.5E07

-7.1E01

-1.6E03

EoL- Fuel
use in
cement kiln

-2.0E07

-4.88E05

EolLcg
Devulcanisa
tion

-1.1E08

-1.7E03

-8.7E+00

-5.4E06

-2.0E01

-3.5E05

EolLg
Devulcanisa
tion

-4.1E09

-9.97E07

Eol-
Pyrolysis

-1.7E07

-1.8E02

-1.2E+02

-7.5E06

7.8E03

-2.9E04

EolL-
Pyrolysis

-2.9E08

-9.21E06

EoL- Civil
engineering

2.7E10

9.8E05

2.8E01

5.4E08

1.5E03

1.7E06

EoL- Civil

engineering

2.8E10

7.99E08

1.2E04

4.7E+01

7.0E+04

1.1E03

7.4E+01

4.2E01

1.2E04

2.20E02
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PEF Impact
categories

Climate change
- Biogenic

Climate change
- Fossil

Climate change
- Land use and
LU change

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater-
inorganics

Ecotoxicity,
freshwater-
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

kg CQ
eq.

kg CQ
eq.

kg CQ
eq.
CTUe

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N

eq.
CTUh

Raw
MEIEETS

8.3E08

1.9E04

6.2E08

1.6E03

6.8E04

9.8E04

2.5E11

5.8E07

4.5E08

6.2E06

1.5E13

Raw
Materials
Transport

9.5E09

3.6E05

1.9E08

7.3E05

7.0E05

2.6E06

3.1E12

1.0E07

3.6E09

1.1E06

6.5E15

Manufactu-
ring

5.4E08

6.8E05

7.6E08

1.0E04

1.0E04

1.7E06

4.0E11

4.8E08

2.8E08

4.2E07

9.0E15

Distribution

1.1E08

4.5E05

2.0E08

1.1E04

1.0E04

3.3E06

4.4E12

5.0E08

4.9E09

5.5E07

7.3E15

Use Phase

1.2E06

2.2E02

9.5E07

9.3E03

8.3E03

9.4E04

6.6E10

5.7E05

2.2E07

6.3E04

9.9E13
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EolLc
Mechank
cal
Recycling

-4.0E09

-2.5E05

-8.9E09

-7.1E05

-7.0E05

-4.6E07

-1.1E12

-2.5E09

-9.4E09

-5.6E08

-3.0E14

EoL- Fuel
use in
cement kiln

-7.8E09

-4.9E05

-1.1E08

-2.3E04

-2.2E04

-4.7E06

-2.6E12

-5.7E08

-8.0E08

-4.7E07

-3.2E14

EolLcg
Devulcanisa
tion

-1.3E09

-9.9E07

-7.3E10

-7.6E06

-8.1E06

5.2E07

-8.1E14

-5.4E10

-2.5E10

-5.7E09

-3.3E16

EoL-
Pyrolysis

3.9E09

-9.2E06

7.2E09

-1.5E05

-1.3E05

-1.8E06

-1.2E12

-3.5E09

2.4E09

-4.4E08

-7.1E16

EoL- Civil
engineering

1.9E11

8.0E08

3.6E11

1.9e07

1.8E07

5.8E09

7.8E15

9.0E11

8.7E12

9.7E10

1.3E17

1.3E06

2.2E02

1.1E06

1.1E02

9.0E03

1.9E03

7.3E10

5.8E05

2.2E07

6.3E04

1.1E12
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PEF Impact
categories

Human toxicity,
cancer-
inorganics

Human toxicity,
cancer-
organics

Human toxicity,
non-cancer

Human toxicity,
non-cancer-
inorganics

Human toxicity,
non-cancer-
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use,
fossils

CTUh

CTUh

CTUh

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11

eq.

kg
NMVO
Ceq

MJ

Raw
MEIEETS

1.3E14

8.6E14

1.1E11

5.4E12

2.4E13

8.1E06

9.3E02
4.6E12

1.9E06

4.2E03

Raw
Materials
Transport

3.3E15

3.2E15

2.7E13

2.5E13

1.6E14

4.8E07

3.8E04
4.8E13

3.4E07

4.9E04

Manufactu-
ring

3.4E15

5.6E15

2.8E13

2.7E13

1.2E14

1.6E05

1.1E04
1.7E12

1.5E07

1.1E03

Distribution

3.1E15

4.1E15

4.1E13

3.9E13

2.5E14

5.6E07

6.4E04
6.1E13

2.2E07

6.4E04

Use Phase

4.3E13

5.6E13

1.1E10

2.7E11

8.4E11

8.5E05

1.4E02
4.8E10

1.9E04

2.8E01
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EolLc
Mechank
cal
Recycling

6.5E16

-3.0E14

-8.8E14

-8.3E14

-4.6E15

-1.4E06

-3.6E05
-1.4E13

-3.1E08

-2.4E04

EoL- Fuel
use in
cement kiln

1.3E15

-3.3E14

1.2E13

1.4E13

-2.6E14

-7.3E07

-1.2E04
-2.2E12

-2.9E07

-2.1E03

EolLcg

Devulcanisa

tion

-2.1E16

-1.2E16

-1.1E14

-1.0E14

-9.9E16

-7.4E08

-5.3E06
-4.4E14

-6.9E09

-3.5E05

EoL-
Pyrolysis

-3.1E16

-4.0E16

-3.1E14

-2.3E14

-7.5E15

2.1E06

-1.6E05
-6.8E13

-7.3E08

-4.9E04

EoL- Civil
engineering

5.6E18

7.4E18

7.3E16

6.9E16

4.5E17

9.9E10

1.1E06
1.1E15

4.0E10

1.1E06

4.5E13

6.0E13

1.2E10

3.4E11

8.4E11

1.1E04

1.1E01
4.8E10

1.9E04

2.8E01
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PEF Impact RE RE Manufactu- Distribution | Use Phase] Eolg EoL- Fuel Eolg Eol- EoL- Civil
categories IMEICHEISN VY ECHELS ring Mechank use in Devulcanisa Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Resource use, kg Sb 1.2E09 8.4E11 6.5E11 1.2E10 3.1E09 -1.1E11 1.0E12 -2.2E11 -3.0E11 2.2E13 4.5E09
minerals and eq.
metals
Water use m3 6.7E05 2.4E06 2.7E05 3.3E06 2.1E04 -2.1E06 -2.9E06 -8.0E07 3.2E08 6.0E09 3.0E04
depriv.
PEF Single Scor - 3.4E08 3.6E09 1.1E08 3.8E09 1.7E06 -1.6E09 -6.7E09 -1.4E10 -1.2E09 6.7E12 1.7E06

1198

1199 Table3-36. BGl - EU totallife cycleimpact of stock of products in the year of study

PEF Impact Raw Raw Manufactu- Distribution Use Phase] Eolc EolL- Fuel Eolg Eol- EoL- Civil
categories materials | Materials ring Mechant use in Devulcanisa | Pyrolysis engineering
Transport cal cement kiln | tion
Recycling
Acidification mol H 2.8E+06 6.9E+05 4.8E+05 3.0E+05 2.4E+08 -9.9E+04 -4.0E+05 -8.0E+03 -5.7E+04 5.4E+02 2.42E+08
eq
Climate change kg CQ@ 3.6E+08 7.0E+07 1.3E+08 8.7E+07 42E+10 -4.8E+07 -9.5E+07 -1.9E+06 -1.8E+07 1.6E+05 4.27E+10
eq.
Climate change kg CQ@ 1.6E+05 1.8E+04 1.0E+05 2.0E+04 2.2E+06  -7.8E+03 -1.5E+04 -2.4E+03 7.6E+03 3.6E+01 2.53E+06
- Biogenic eq.
Climate change kg CQ@ 3.6E+08 7.0E+07 1.3E+08 8.7E+07 42E+10 -4.8E+07 -9.5E+07 -1.9E+06 -1.8E+07 1.6E+05 4.27E+10
- Fossil eq.
Climate change kg CQ@ 1.2E+05 3.7E+04 1.5E+05 3.9E+04 1.8E+06 -1.7E+04 -2.1E+04 -1.4E+03 1.4E+04 7.0E+01 2.16E+06
- Land use and eq.
LU change
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PEF Impact
categories

Ecotoxicity,
freshwater

Ecotoxicity,
freshwater -
inorganics

Ecotoxicity,
freshwater -
organics

Particulate
matter

Eutrophication,
marine

Eutrophication,
freshwater

Eutrophication,
terrestrial

Human toxicity,
cancer

Human toxicity,
cancer -
inorganics

Human toxicity,
cancer -
organics

Human toxicity,
non-cancer

CTUe

CTUe

CTUe

disease
inc.

kg N eq
kg P eq
mol N
eq.
CTUh

CTUh

CTUh

CTUh

Raw
MEIEETS

3.1E+09

1.3E+09

1.9E+09

4.9E+01

1.1E+06

8.7E+04

1.2E+07

3.0e01

2.5E02

1.7E01

2.1E+01

Raw
Materials
Transport

1.4E+08

1.4E+08

5.1E+06

6.0E+00

1.9E+05

7.1E+03

2.1E+06

1.3E02

6.5E03

6.1E03

5.2E01

Manufactu-
ring

2.0E+08

2.0E+08

3.3E+06

7.7E+01

9.3E+04

5.4E+04

8.1E+05

1.7E02

6.7E03

1.1E02

5.4E01

Distribution

2.0E+08

2.0E+08

6.3E+06

8.5E+00

9.8E+04

9.5E+03

1.1E+06

1.4E02

6.1E03

8.0E03

8.0E01

Use Phase

1.8E+10

1.6E+10

1.8E+09

1.3E+03

1.1E+08

4.4E+05

1.2E+09

1.9E+00

8.3E01

1.1E+00

2.2E+02
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EolLc
Mechank
cal
Recycling

-1.4E+08

-1.4E+08

-9.0E+05

-2.1E+00

-4.9E+03

-1.8E+04

-1.1E+05

-5.7E02

1.3E03

-5.9E02

-1.7E01

EoL- Fuel
use in
cement kiln

-4.4E+08

-4.4E+08

-9.1E+06

-5.1E+00

-1.1E+05

-1.6E+05

-9.2E+05

-6.2E02

2.5E03

-6.5E02

2.2E01

EolLcg
Devulcanisa
tion

-1.5E+07

-1.6E+07

1.0E+06

-1.6E01

-1.1E+03

-4.8E+02

-1.1E+04

-6.4E04

-4.1E04

-2.3E04

-2.2E02

EoL-
Pyrolysis

-2.8E+07

-2.5E+07

-3.5E+06

-2.2E+00

-6.9E+03

4.6E+03

-8.6E+04

-1.4E03

-5.9E04

-7.8E04

-6.0E02

EoL- Civil
engineering

3.6E+05

3.5E+05

1.1E+04

1.5E02

1.7E+02

1.7E+01

1.9E+03

2.5E05

1.1E05

1.4E05

1.4E03

2.11E+10

1.74E+10

3.73E+09

1.41E+03

1.12E+08

4.23E+05

1.23E+09

2.14E+00

8.75E01

1.16E+00

2.39E+02
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PEF Impact
categories

Human toxicity,
non-cancer -
inorganics

Human toxicity,
non-cancer -
organics

lonising
radiation

Land use

Ozone
depletion

Photochemical
ozone
formation

Resource use
fossils

Resource use
minerals and
metals

Water use

CTUh

CTUh

kBg U
235 eq

Pt

kg
CFC11
eq.

kg
NMVO
Ceq

MJ

kg Sb
eq.

m3
depriv.

Raw
MEIEETS

1.1E+01

4.6E01

1.6E+07

1.8E+11
9.0E+00

3.7E+06

8.2E+09

2.3E+03

1.3E+08

Raw
Materials
Transport

4.8E01

3.2E02

9.3E+05

7.3E+08
9.3E01

6.6E+05

9.5E+08

1.6E+02

4.6E+06

Manufactu-
ring

5.2E01

2.3E02

3.2E+07

2.1E+08
3.2E+00

3.0E+05

2.2E+09

1.3E+02

5.2E+07

Distribution

7.5E01

4.9E02

1.1E+06

1.2E+09
1.2E+00

4.4E+05

1.2E+09

2.4E+02

6.5E+06

Use Phase

5.3E+01

1.6E+02

1.6E+08

2.8E+10
9.3E+02

3.6E+08

5.4E+11

6.0E+03

4.0E+08
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EolLc
Mechank
cal
Recycling

-1.6E01

-8.9E03

-2.6E+06

-7.1E+07
-2.7E01

-6.0E+04

-4.7E+08

-2.1E+01

-4.1E+06

EoL- Fuel
use in
cement kiln

2.7E01

-5.1E02

-1.4E+06

-2.4E+08
-4.4E+00

-5.6E+05

-4.0E+09

2.0E+00

-5.6E+06

EolLcg
Devulcanisa
tion

-2.0E02

-1.9E03

-1.4E+05

-1.0E+07
-8.6E02

-1.3E+04

-6.9E+07

-4.3E+01

-1.5E+06

EoL-
Pyrolysis

-4.5E02

-1.5E02

4.0E+06

-3.1E+07
-1.3E+00

-1.4E+05

-9.5E+08

-5.9E+01

6.2E+04

EoL- Civil
engineering

1.3E03

8.7E05

1.9E+03

2.2E+06
2.1E03

7.8E+02

2.2E+06

4.3E01

1.2E+04

6.55E+01

1.64E+02

2.14E+08

2.10E+11
9.36E+02

3.69E+08

5.50E+11

8.72E+03

5.81E+08
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Table3-37. BGI - Life cycle costs per product and total EU expenditure

LCC new product Total annual consumer expenditure in EU27
Product items

Value Unit Value Unit
Product price 363 EUR 746 min. EUR/year
Installation/ acquisition costs 19 EUR 39 min. EURyear
Fuel (Euresuper 95) costs 682 EUR/year 5,856 min. EUR/year
Repair & maintenance costs 59 EUR 168 min. EUR/year
Total 829 EUR/year 6,808 min. EUR/year
3.3. Annex Il ¢ Endof-life and Circular Footprint Formuilaputs for LCA

The background datasepsesented in this Annewere sourced from the Ecoinvent database (v. 3(¥¢rnet et al., 2016)As for the source of the foreground
data, this is also specified and reported in the tables below, together with the data quality assessment, as expsaickeuhip. 1.4

3.3.1. Circular Footprint Formula

The Circular Footprint Formula (CRB)described inthe dzN2 LIS | y / ProdMciE&Avirchraeyit& Bootprint (PEF) methadsia calculation approdcused

to allocate environmental impacts and credits for recycled and reused materials across product life(EEyobpgean Commission, 2021dhe formula is
expressed as a combination \#fiaterial+ energy #isposalas shown in the equations belofwigure3-1). Table3-38 contains a list of all the CFF parameters
along with a short description.
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Material

(1 -Ry)Ey + Ry x (A X Erecyctea + (1 — A)Ey X QQS‘“

o)

) + (1 - A)RZ X (ErecyclingEoL - E;" x Q
P

p

Energy

(1 - B)RB X (EER — LHV x XER,heat X ESE,heat — LHV x XE[\‘k,elec X ESE,elec)

(1-R; —R3)Ep

Figure3-1: Circular Footprint FormuldEuropean Commission, 2021a)

Table3-38: List of CFF parameters and their definition.

A

B
Qsin
Qsou

Qp
R1

R2
R3

Erecycled (Erec)

allocation factor of burdens and credits between supplier and user of recycled materials

allocation factor of energy recovery processes. It applies both to burdens and credits

quality of the ingoing secondary material, i.e. the quality of the recycled material at the point of substitution.
quality of the outgoing secondary material, i.e. the quality of the recyclable material at the point of substitution
quality of the primary material, i.e. quality of the virgin material

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

the proportion of the material in the product that will be recycled (or reused) in a subsequent system. Therefore, RResrath taccount the inefficiencie
in the collection and recycling (or reuse) processes. R2 shall be measured at the outputecf/timg plant.

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

specific emissions and resources consumed (per functional unit) arising from the recycling process of the recycled (@a¢ersaid)moluding collection,
sorting and transportation process.
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ErecyclingEoL (ErecEol) specific emissions and resources consumed (per functional unit) arising from the recycling process at EoL, includetitime soiting and transportatior

processes.

Ev specific emissions and resources consumed (per functional unit) arising from the acquisition and preprocessing of viigin mate

E*y specific emissions gnd resources consumed (per functional unit) arising from the acquisition and preprocessing of virgimssat@ed to be substitute(
by recyclable materials.

EER specific emissions and resources consumed (per functional unit) arising from the energy recovery process (e.g. inciiteratiengy recovery, landfil

with energy recovery, etc.).

ESE heat and ESE elec specific emissions and resources consumed (per functional unit) that would have arisen from the specific substitutedoeneggeat and electricity

respectively
ED specific emissions and resources consumed (per functional unit) arising from the disposal of waste material at the al@yBedz® 1 Q& 9 2 [ 3
recovery
XER,heat and XER,elec the efficiency of the energy recovery process for both heat and electricity
LHV lower heating value of the material in the product used for energy recovery.
1213 3.3.2. Mechanical Recycling

1214 Table 3-39 contains the input data for the mechanical recycling prodesseach tyreBG along with the source of each data point and the data quality
1215 assessment.

1216 Table3-39: Input data for mechanical recycling EoL scenario

assessment

Inputs
ELT tyre kg 6.6 11.6 51.8 53.9 (Bianco et al., 2021; Cort Stakeholder input  High quality
market group for electricity, medium voltag  kWh 2.0 3.5 15.5 16.2 2004; Maga et al., 2023) Scientific literature  High quality

121



Preparatory Study and Impact Assessment support study on tyres

assessment

market group for tap water 0.003 0.006 0.026 0.027 Scientific literature  High quality
market for natural gas, high pressure MJ 0.45 0.79 3.55 3.69 Scientific literature  High quality
market group for heavy fuel oil MJ 0.01 0.02 0.08 0.08 Scientific literature  High quality
transport, passenger, bus, diesel, regular  MJ 1.19 2.10 9.36 9.75 Scientific literature  High quality
market for steel, lowalloyed kg 0.004 0.007 0.031 0.032 Scientific literature  High quality
Lubricating oil production kg 0.0001 0.0002 0.001 0.001 Scientific literature  High quality
Outputs

Sand and gravel kg 0.03 0.05 0.21 0.22 Scientific literature  High quality
Steel fraction kg 1.32 2.32 10.36 10.79 Scientific literature  High quality
Textile fraction kg 0.59 1.04 4.66 4.85 Scientific literature  High quality
Rubber granulate fraction kg 4.94 8.70 38.85 40.46 Scientific literature  High quality
treatment  of ~wastewater, average . 0.003 0006 0026  0.027 Scientific literature  High quality
wastewater treatment

Dust/PM kg 0.0002 0.0004 0.0018 0.0019 Scientific literature  High quality

1217

1218 Table3-40 containsthe CFF parameters valuapplied to all output flows othe mechanical recyclingrocessas modelled ifTable3-39. Table3-38 includes
1219 an overview of all CFF parametarsd theirdefinition.
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CFF parameters

R1

R2

Material for Q
Qsin/Qp
Qsout/Qp

Ev vs Ev*

B

R3
LHV * X_ER_heat
(MJ/kg)

LHV *X_ER_elec
(MJ/kg)

CFF Datasets

E v
E* v

E_recycled

Rubber granulate fraction

0.5

0%

100%

Recycled rubber
1

9%
Ev/=E*v

0%

0%

synthetic rubber

market for acrylonitrilebutadienestyrene, pellets,

recycled

N/A

Steel

0.2

21%

85%

Steel

Ev/=E*v

0%

15%

market for steel, lowalloyed
pig iron production

steel production, electric, lovalloyed

123

Table3-40: Circular Footprint Formula parameterger waste flow for the mechanical recycling EoL scenario.

Mixed waste materials

(textiles, sand and gravel)

0.5

0%

0%

N/A

N/A

0%

100%

3.58

1.78

N/A

N/A

N/A

Reference

(European Commission,
2020)

(European Commission,
2020)

(European Commission,
2020)

(Braithwaite et al., 2021,
Imarc Group, 2025)

(European Commission,
2020)

(European Commission,
2020)

Ecoinvent dataset

Ecoinvent dataset

Ecoinvent dataset
Ecoinvent dataset

Ecoinvent dataset
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Mixed waste materials

CFF parameters Rubber granulate fraction Steel : Reference
(textiles, sand and gravel)

E_recycling_eol Mechanical recycling model sorting and pressing of iron scrap N/A Ecoinvent dataset

treatment of waste steel, municipa treatment of waste textile,

o . . L . Ecoinvent dataset
incineration soiled, municipal incineration

E_ER N/A

market for heat, district or

E_SE_heat N/A N/A . . Ecoinvent dataset
industrial, natural gas

E_SE_elec N/A N/A marlfet Qe 07 ClEEHEIL, Ecoinvent dataset
medium voltage

E_D N/A N/A N/A

CFF Factors

E*_v -0.05 -0.68 0 Calculated
E_recycled 0 0.04 0 Calculated
E_recycling_eol 0.5 0.68 0 Calculated
E_ER 0 0.15 1 Calculated
E_SE_heat 0 0 -3.58 Calculated
E_SE_elec 0 0 -1.78 Calculated
E_D 0 0 0 Calculated

1221

1222 Table3-41contains all the datasets used to model the recycling impactsesttits allocated to the system boundary of the study for eA€HThe values have
1223 been calculated using the formulakigure3-1 and the values iffable3-40.
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1224  Table3-41: Circular Footprint Formulanodelinput data for mechanical recycling EoL scenario

E* v

market for acrylonitrilebutadienestyrene, pellets, recycled kg -0.23 -0.40 -1.81 -2.77
pig iron production kg -0.89 -1.58 -7.04 -7.34
E_recycled

steel production, electric, lovalloyed kg 0.06 0.10 0.44 0.45

E_recycling_eol

Mechanical recycling model kg 0.50 0.50 0.50 0.50
sorting and pressing of iron scrap kg 0.89 1.58 7.04 7.34
E_ER

treatment of waste steel, municipal incineration kg 0.20 0.35 1.55 1.62
treatment of waste textile, soiled, municipal incineration 0.62 1.09 4.87 5.07
E_SE_heat

market for heat, district or industrial, natural gas MJ -2.21 -3.90 -17.43 -18.15
E_SE_elec

market group for electricity, medium voltage kWh -0.31 -0.54 -2.41 -9.03
E D

N/A N/A N/A N/A N/A
Transport

transport, freight, lorry >32 metric ton, EURO5 tkm 0.69 1.21 5.41 7.55
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3.3.3.

Pyrolysis

Table3-42 contains the input data for thpyrolysisprocess for each tyrBG along with the source of each data point and the data quality assessment.

Table3-42: Input data forpyrolysisEoL scenaoi.

BCS

Inputs
Rubber granulate fraction
from mechanical recycling

market group for electricity,
medium voltage

market group for tap water

lubricating oil production

lubricating oil production

market group for electricity,
medium voltage

market for heat, district or
industrial, natural gas

market group for tap water

kg

kwh

kg

kg

kg

kWh

MJ

kg

4.94

4.26

2.78

0.00

0.00

2.36

6.52

1.62

8.70 38.85
7.51 33.54
4.89 21.87
0.00 0.00

0.00 0.01

4.16 18.57
11.48 51.31
2.86 12.77

BC4

40.46

34.92

22.77

0.00

0.01

19.34

53.43

13.30

Reference

(Maga et al., 2023)
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Source

Scientific
literature

Scientific
literature

Scientific
literature
Scientific
literature
Scientific
literature

Scientific
literature

Scientific
literature

Scientific
literature

Data quality

Comment
assessment

High quality

Electricity consumption for
. . pyrolysis as well as cooling

RIgn Gy demand and own consumption
of CHP unit

High quality Water demand

High quality Lubricants

High quality Oil consumption compressor
Electricity consumption

High quality (pyrolysis coke treatment to
carbon black)
Thermal energy from natural

High quality gas (pyrolysis coke treatment
carbon black)

High quality Water demand (pyrolysis coke

treatment to carbon black)
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Dataset Reference EEEIGHELY Comment
assessment
Outputs
. Scientific . .
Pyrolysis gas kg 1.05 1.85 8.25 8.59 literature High quality
Scientific . . Pyrolysis coke converted to
Carbon black kg 2.43 4.28 19.12 19.91 literature High quality carbon black
s Scientific . .
Pyrolysis oil kg 1.29 2.27 10.14 10.56 literature High quality
treatment of wastewater, Scientific
average, wastewater m3 0.00 0.00 0.00 0.00 i High quality
iterature
treatment
; Scientific . .
Pyrolysis sludge kg 0.05 0.08 0.37 0.38 literature High quality
Scientific . .
Evaporated water kg 2.78 4.89 21.87 22.77 literature High quality

Table3-43 contains the CFF parameters values appiieithe pyrolysis process, as modelledriable3-42. Table3-38includes an overview of all CFF parameters
and theirdefinition.

Table3-43: Circular Footprint Formula parameters per waste flow for tpgrolysisEoL scenario.

CFF parameters Ground tyres (from mechanical recycling)

A 0.5 (European Commission, 2020)
R1 0% (European Commission, 2020)
R2 100% (European Commission, 2020)
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CFF parameters

Material for Q
Qsin/Qp
Qsout/Qp

Ev vs Ev*

B

R3

LHV * X_ER_heat (MJ/kg)
LHV * X_ER_elec (MJ/kg)

CFF Datasets
E_v

E* v
E_recycled
E_recycling_eol
E_ER

E_SE heat
E_SE_elec

E D

CFF Factors
E* v
E_recycled
E_recycling_eol

E_ER

Ground tyres (from mechanical recycling)

Rubber
n/a
97%
Ev/=E*v
0%

0%
17.11
1.27

Mechanical recyclingnodel

Multiple products(carbon black, pyrolysis oil, pyrolysis gas)
N/A

pyrolysis model

treatment of refinery sludge, hazardous waste incineration
market for heat, district or industrial, natural gas

market group for electricity, medium voltage

N/A

-0.49

0.5
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Reference

Expertjudgement

(European Commission, 2020)

(European Commission, 2020)

Ecoinvent dataset

Ecoinvent dataset

Process model

Process model

Process model
Ecoinvent dataset
Ecoinvent dataset

Ecoinvent dataset

Calculated
Calculated
Calculated

Calculated
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CFF parameters Ground tyres (from mechanical recycling)

E_SE_heat
E_SE elec 0
ED 0

Calculated
Calculated

Calculated

1232 Table3-44 contains all the datasets used to model the recycling impacts and credits allocated to the system boundary of the shoiBfOrTde values have

1233 been calculated using the formulakigure3-1 and the values ifable3-43.

1234  Table3-44: Circular Footprint Formula model input data fqyrolysisEoL scenario.

E* v

carbon black production

pyrolysis fuel oil: unsaturated hydrocarbons production, steam cracking operation, average

pyrolysis fuel gas: unsaturated hydrocarbons production, steam cracking operation, average

E_recycled

N/A

E_recycling_eol

pyrolysis model

E_ER

treatment of refinery sludge, hazardous waste incineration
E_SE heat

market for heat, district or industrial, natural gas
E_SE_elec

market group for electricity, medium voltage
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kg
kg
kg

kg

MJ

MJ

kWh

-1.18 -2.08 -9.27 -14.23
-0.62 -1.10 -4.92 -7.55
-051 -0.90 -4.00 -6.14
N/A N/A N/A N/A
0.5 0.5 0.5 0.5
0.05 0.08 0.37 0.38
0.80 1.40 6.27 6.53
0.02 0.03 0.13 0.13
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1236
1237

1238

1239
1240
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ED

N/A N/A N/A N/A N/A

Transport

transport, freight, lorry >32 metric ton, EURO5 tkm 0.48 0.85 3.79 5.86
3.3.4. Fuel substitutiorin cement kiln

Table 3-45 contains the input data for th&dza S | & T dpfotessXoy each3y¥8E,\alGnQ with the source of each data point and the data quality
assessment.

Table3-45: Input data foruse as fuel in cement kilEoL scenario

Inputs
Endof-life tyre kg 6.58 11.59 51.80 53.94 Scientific literature High quality
Outputs
(Baron et al., 2025; Maga et al.,
Endof-life tyre used as fuel kg 5.92 9.91 42.00 @ 44.14 2023) Scientific literature High quality

Iron scrap used as additive i

cement production kg 0.66 1.69 9.80 9.80 Scientific literature High quality

Table3-46 contains the CFF parameters values applied toWdzd S | & T da®dess Aayfle3BHnCIGd¢siaf overview of all CFF parameters and their
definition.
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1241 Table3-46: Circular Footprint Formula parameters per waste flow for the use as fuel in cement kiln EoL scenario.

CFF parameters ELTs used as fuel Iron scrap used as additive in cement productio

A 0.5 (European Commission, 2020)
R1 0% 21% (European Commission, 2020)
R2 100% 85% (European Commission, 2020)
Material for Q Mixed materials Steel

Qsin/Qp n/a 1

Qsout/Qp 1 1 Expert judgement

Ev vs Ev* Ev/=E*v Ev/=E*v

B 0% 0% (European Commission, 2020)
R3 0% 15% (European Commission, 2020)
LHV * X_ER_heat (MJ/kg O 0 Ecoinvent dataset

LHV * X_ER_elec (MJ/kg O 0 Ecoinvent dataset

CFF Datasets

E v N/A market for steel, lowalloyed Ecoinvent dataset
E*_v fossil fuels mix used in cement kiln:  pig iron production Ecoinvent dataset
E_recycled N/A steel production, electric, lovalloyed Ecoinvent dataset
E_recycling_eol Use as fuel in cement kiln model sorting and pressing of iron scrap Ecoinvent dataset
E_ER N/A treatment of waste steel, municipal incineration Ecoinvent dataset
E_SE_heat N/A N/A
E_SE_elec N/A N/A
E D N/A N/A

CFF Factors
E* v -0.5 -0.68 Calculated
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CFF parameters ELTs used as fuel Iron scrap used as additive in cement productio

E_recycled 0 0.042
E_recycling_eol 0.5 0.68
E_ER 0 0.15
E_SE_heat 0 0
E_SE_elec 0 0

E D 0 0

Calculated
Calculated
Calculated
Calculated
Calculated

Calculated

1242 Table3-47 contains all the datasets used to model the recycling impacts and credits allocated to the system boundary of the shaoi\BfOrTdne values have

1243 been calculated using the formulakigure3-1 and the values iffable3-46.

1244  Table3-47: Circular Footprint Formula model input datfmr the use as fuel in cement kiln EoL scenario.

E* v

market for lignite kg
hard coal kg
petroleum coke production, petroleum refinery operation kg
natural gas and other fossil fuels (natural gas, high pressure) m3
pig iron production kg
E_recycled

steel production, electric, lovalloyed kg

E_recycling_eol
Use as fuel in cement kiln model kg

sorting and pressing of iron scrap kg
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-1.04
-0.71
-1.49
-0.05
-0.45

0.03

0.5
0.45

-1.73
-1.19
-2.50
-0.08
-1.15

0.07

0.5
1.15

-7.35
-5.04
-10.58
-0.33
-6.66

0.41

0.5
6.66

-11.08
-7.60
-15.95
-049
-6.66

0.41

0.5
6.66
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E_ER
treatment of waste steel, municipal incineration kg 0.10 0.25 1.47 1.47
E_SE_heat
N/A MJ N/A N/A N/A N/A
E_SE_elec
N/A MJ N/A N/A N/A N/A
E D
N/A N/A N/A N/A N/A
Transport
transport, freight, lorry >32 metric ton, EURO5 tkm 0.66 1.16 5.18 7.31
1245
1246 3.3.5. Devulcanisation

1247  Table3-48 contains the input data for thdevulcanisatiorprocess for each tyrBG along with the source of each data point and the data quality assessment.

1248 Table3-48: Input data fordevulcanisationEoL scenario

: Data qualit
o . o : y somment
assessment

Inputs

Rubber granulate fraction from mechanical recycling kg 4.935 8.695 38.850 40.458 ;tsll:teholder High quality
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Dataset Source BEIEL IRy Comment
assessment

oxalic acid production, ROW kg 0.017 0.031 0.137 0.143 ;t;']‘fho'der High quality
market for urea, RER kg 0.032 0.057 0.255 0.266 its‘!l‘fho'der High quality
bgse oil pr_oductlon, petroleum refinery operation, Euro) kg 0139 0244 1091 1136 _Stakeholder High quality
without Switzerland input
lubricating oil production, RER kg 0.071 0.125 0.559 0.583 ;ts:teholder High quality

. . . . Stakeholder . .
tris(2,4ditert-butylphenyl) phosphite production kg 0.036 0.063 0.280 0.291 input High quality
market group for electricity, medium voltage, RER kWh 1.974 3.478 15.540 16.183 ;t;:teholder High quality

. ) Stakeholder . . . .
market group for electricity, medium voltage, RER kWh 1.371 2.415 10.792 11.238 input High quality Supplied cooling
market for nitrogen, liquid, RER kg 0.004 0.006 0.028 0.029 i‘:’lt;'fho'der High quality
market for compressed air, 700 kPa gauge, RER m3 0.0005  0.0009  0.0039  0.0040 ;t;']‘fho'der High quality
; ; Stakeholder . .

market group for tap water, Europe without Switzerland kg 0.49 0.87 3.89 4.05 input High quality
Outputs
Devulcanied Rubber kg 4.69 8.26 36.91  38.43 ;‘sgfho'der High quality
treatment of wastewater, average, wastewater treatment m3 0.0005 0.0009 0.0039 0.0040 ;t;l;te el High quality
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assessment

Rubber waste . 0.43 1.94 2.02 ;t;']‘fho'der High quality
. . o . Stakeholder . .

VOC, volatile organic compounds, unspecified origin kg 0.003 0.005 0.024 0.025 input High quality

Carbon dioxide kg 0.002 0.004 0.017 0.018 ;t;'fho'der High quality

1249 Table3-49contains the CFF parameters values applied tathailcanisatioprocess Table3-38includes an overview of all CFF parameters and thedinition.

1250 Table3-49: Circular Footprint Formula parameters per waste flow for tdevulcanisationEoL scenario.

CFF parameters Ground tyres (from mechanical recycling)

(European Commission, 2020)

R1 0% (European Commission, 2020)
R2 100% (European Commission, 2020)
Material for Q Rubber

Qsin/Qp n/a

Qsout/Qp 0.95 Expert judgement

Ev vs Ev* Ev/=E*v

B 0% (European Commission, 2020)
R3 0% (European Commission, 2020)
LHV * X_ER_heat (MJ/kg) 6.36 Ecoinvent dataset

LHV * X_ER_elec (MJ/kg) 3.25 Ecoinvent dataset

CFF Datasets
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CFF parameters Ground tyres (from mechanical recycling)

E_v Mechanical recycling dataset Process model

E* v Multiple products Process model
E_recycled N/A

E_recycling_eol Devulcanisatiomodel Process model
E_ER treatment of waste rubber, unspecified, municipal incineration Ecoinvent dataset
E_SE heat market for heat, district or industrial, natural gas Ecoinvent dataset
E_SE_elec market group for electricity, medium voltage Ecoinvent dataset
E D N/A

CFF Factors

E*_v -0.475 Calculated
E_recycled 0 Calculated
E_recycling_eol 0.5 Calculated
E_ER 0 Calculated
E_SE_heat 0 Calculated
E_SE elec 0 Calculated
E_D 0 Calculated

1251 Table3-50contains all the datasets used to model the recycling impacts and credits allocated to the system boundary of the saoi\BforTde values have
1252 been calculated using the formulakigure3-1 and the values iffable3-49.

1253 Table3-50: Circular Footprint Formula model input data fatevulcanisationEoL scenario.

E* v
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synthetic rubber -2.23 -3.92 -17.53 -26.90

E_recycled

N/A kg N/A N/A N/A N/A

E_recycling_eol

Devulcanisatiomodel kg 0.50 0.50 0.50 0.50

E_ER

treatment of waste rubber, unspecified, municipal incineration kg 0.25 0.43 1.94 298

E_SE heat

market for heat, district or industrial, natural gas MJ 1.57 2.77 12.35 18.96

E_SE_elec

market group for electricity, medium voltage kWh 0.22 0.39 1.75 2.69

E D

N/A N/A N/A N/A N/A

Transport

transport, freight, lorry >32 metric ton, EURO5 tkm 0.49 0.87 3.89 5.96
3.3.6. Civil engineering/backfilling/public works

Table3-51 contains the input data for theivil engineering/backfilling/public worksoL scenaritor each tyreBG along with the source of each data point and
the data quality assessmerit this scenaripwaste tyres are considered inamaterial, and do notundergoanytreatment. Therefore, transpogtion to the
site is the onlyrocess considereih this model CFF is not applicable in this scenario.
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1258 Table3-51: Input data forcivil engineering/backfilling/public works EoL scenario

Dat lit
i o -- e e se i
assessment

Stakeholder

Endof-life tyre 5 11.59 51.80 input High quality
Default PEF transport scenario Scientific . .
Transport tkm 0.66 1.16 5.18 7.310 100km, lorry literature High quality
1259 3.3.7. Manufacturing waste

1260 According to the PEF methodology, CFF shall be applied to all waste flows within the system boundaries of the studymaciut#ioturing wastel.able3-52
1261 contains the CFF parameters values applied tonth@ufacturing wasteTable3-38includes an overview of all CFF parameters and their definition.

1262 Table3-52: Circular Footprint Formula parameters per waste flow for the manufacturing waste.

CFF parameters Rubber waste | Steel waste Textiles waste Other waste [not specified]

(European Commission, 2020)

R1 0% 21% 0% 0 (European Commission, 2020)
R2 0% 85% 0% 0 (European Commission, 2020)
Material for Q Rubber Steel N/A N/A

Qsin/Qp n/a 1 1 1

Qsout/Qp 100% 1 1 1 Expert judgement

Ev vs Ev* Ev/=E*v Ev/=E*v N/A N/A

B 0% 0% 0% 0 (European Commission, 2020)
R3 100% 15% 100% 1 (European Commission, 2020)
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CFF parameters Rubber waste | Steel waste Textiles waste Other waste [not specified]

LHV * X_ER_heat
(MJ/kg)

LHV * X_ER_elec
(MJ/kg)

CFF Datasets

E_v
E* v

E_recycled

E_recycling_eol

E_SE heat

E_SE elec

ED
CFF Factors

6.36

3.25

natural and
synthetic rubber

N/A

N/A

N/A

treatment of
waste rubber,
unspecified,
municipal
incineration

market for heat,
district or
industrial,
natural gas

market group for
electricity,
medium voltage

N/A

market for steel,

low-alloyed

pig iron
production

steel production,

electric, low
alloyed

sorting and
pressing of iron
scrap

treatment of
waste steel,
municipal

incineration

N/A

N/A

N/A

17.11
1.78 1.27
N/A N/A
N/A N/A
N/A N/A
N/A N/A

treatment of waste

textile, soiled, treatment of hazardous waste,
municipal hazardous waste incineration
incineration

market for heat,

district or market for heat, district or
industrial, natural industrial, natural gas
gas

market group for
electricity, medium
voltage

market group for electricity,
medium voltage

N/A N/A
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CFF parameters Rubber waste | Steel waste Textiles waste Other waste [not specified]

0.00 -0.68 0 0 Calculated
E_recycled 0 0.04 0 0 Calculated
E_recycling_eol 0.0 0.68 0 0 Calculated
E_ER 1 0.15 1 1 Calculated
E_SE_heat -6.36 0 -3.58 -17.11 Calculated
E_SE elec -3.25 0 -1.78 -1.27 Calculated
E_D 0 0 0 0 Calculated

1263

1264 Table3-53 contains all the datasets used to model the recycling impacts and credits allocated to the system boundary of the shaoi\BfOrTdne values have
1265 been calculated using the formulakigure3-1 and the values ifable3-52.

1266 Table3-53: Circular Footprint Formula model input data for the manufacturing waste.

*

E* v

pig iron production kg -0.0022 -0.0037 -0.0174 0
E_recycled

steel production, electric, lovalloyed kg 0.0001 0.0002 0.0011 0
E_recycling_eol

sorting and pressing of iron scrap kg 0.0022 0.0037 0.0174 0
E_ER

treatment of waste rubber, unspecified, municipal incineration kg 0.0025 0.0041 0.0192 0.2556
treatment of waste steel, municipal incineration kg 0.0005 0.0008 0.0038 0
treatment of waste textile, soiled, municipal incineration kg 0.0327 0.0540 0.2564 0
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CFF datasets

treatment of hazardous waste, hazardous waste incineration

E_SE_heat

market for heat, district or industrial, natural gas
market for heat, district or industrial, natural gas
market for heat, district or industrial, natural gas
E_SE elec

market group for electricity, medium voltage
market group for electricity, medium voltage
market group for electricity, medium voltage

E D

N/A

Transport

transport, freight, lorry >32 metric ton, EURO5

kg

MJ
MJ
MJ

kWh

kWh
kWh

tkm

141

0.0573

-0.0156

-0.1171

-0.9797

-0.0022

-0.0162

-0.0202

N/A

0.00957

0.0945

-0.0258

-0.1933

-1.6169

-0.0037

-0.0267

-0.0333

N/A

0.015795

0.4487

-0.1223

-0.9180

-7.6781

-0.0035

-0.1268

-0.1583

N/A

0.075005

0

-1.6253

N/A

0.0255552
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Getting in touch with the EU

In person

All over the European Union there are hundreds of Europe Direct centres. You can
find the address of the centre nearest you onlie@ropean
union.europa.eu/contaceu/meet-us_er).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union.
You can contact this service:

by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
at the following standard number: +32 22999696,
via the following formeuropearunion.europa.eu/contaceu/write-us_en

Finding information about the EU

Online

Information about the European Union in all the official languages of the EU is
available on the Europa websiteufopeanrunion.europa.ei.

EU publications

You can view or order EU publicationsateuropa.eu/en/publicationsMultiple
copies of free publications can be obtained by contacting Europe Direct or your local
documentation centreguropeariunion.europa.eu/contaceu/meet-us_en.

EU law and related documents
For access to legal information from the EU, including all EU law since 1951 in all the
official language versions, go to EU& éur-lex.europa.ei.

EU open data

The portaldata.europa.etprovides access to open datasets from the EU institutions,
bodies and agencies. These can be downloaded and reused for free, for both
commercial and nortommercial purposes. The portal also provides access to a
wealth of datasets from European countries.
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