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Executive summary

InOctober2019, Volvo Cars launched one of the most ambitious climate action plans
intheautomotiveindustry. Itaimstoreducethelifecycle CarbonFootprintperaverage
vehicleby 40 percentbetween2018and 2025, asafirststeptowardsbecominga
climate neutralcompany by 2040. The plan represents concrete actionsinline withthe
ParisAgreement!of2015, whichseekstolimitglobaltemperatureriseto 1.5degrees
Celsius above pre-industrial levels. Volvo Cars also committed to communicating
improvements from concrete short-term actionsin a trustworthy way, including the
disclosure of the Carbon Footprint of all new models, starting with the XC40 Recharge

- a battery electric vehicle (BEV).

This report covers the Carbon Footprints of the fully
electric XC40 Recharge and an XC40 with aninternal
combustionengine (ICE)forcomparison. The Carbon
Footprintspresentedinthisreportincludes emissions
from upstream supplier activities, manufacturing and
logistics, the use phase of the vehicle and the end-of-
life phase. The functional unitchosenis“The use of a
specific Volvo vehicle driving 200,000 km”.

The work was carried outduring 2020 in collaboration
with Polestar.

The Carbon Footprints presented inthisreportare
basedon a Life Cycle Assessment (LCA), performed
according to the ISO LCA standards?.

In addition, the “Product Life Cycle Accounting and
Reporting Standard” published by the Greenhouse
Gas Protocol has been used as guidance in
methodological choices. Given the great number of
variables and possible methodological choicesin LCA
studies, these standards generally provide few strict
requirementstobefollowed. Instead they mostly

Lhttps://unfccc.int/process-and-meetings/the-paris-agreement/what-is-the-paris-agreement

21S0 14044:2006 Environmental management — Life cycle assessment — Requirements and guidelines” and ISO 14040:2006
“Environmental management - Life cycle assessment - Principles and framework”

3https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
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provide guidelinesforthepractitioner. Forthisreason,
careshouldbetakenwhencomparingtheseresults

withresultsfromothervehicle manufacturers’Carbon
Footprints. In general, assumptions have been made in
aconservativeway, in orderto notunderestimate the

impact from unknown data.

TheLCAandtheunderlyingmethodology willbe
used as the metric forassessing the Carbon Footprint
of Volvo Cars’ vehicles. The assessment will be
performedregularly andserveasaframeworkfor
measuring greenhouse gas (GHG) reduction related
activities*. Themethodology willbe continuously
developed and used to compile future Carbon
Footprints for Volvo Cars vehicles.

Accordingtothe methodology described in this
reportthe Carbon Footprintofa XC40ICEis58
tonnes CO,e, whereas the footprint for the XC40
Recharge is between 27-54 tonnes CO,e. The
reasonforthevariationinthe XC40Rechargeresultis
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becausedifferentelectricity mixeswithvaryingcarbon
intensityintheuse phasehavebeenanalysed. Thesize
ofthevariationillustratestheimpactofthechoiceof
electricity mixontheresult. Figureishows adetailed
breakdown of the Carbon Footprint for the XC40
Rechargeand XC40ICE, with differentelectricity
mixesintheusephaseusedforthe XC40Recharge.

Astheproductionofthe XC40Recharge’sLi-ion
battery has arelatively large Carbon Footprintand
significantimpact on the total Carbon Footprint of a
vehicle, aseparate Carbon Footprintstudy hasbeen
performed in collaboration with Volvo Cars’battery
modulesuppliers. The CarbonFootprintfromtherest
ofthe BEV battery packisincludedinthecategory
“Materials production and refining”.

The two main differences in the Carbon Footprint
betweenthe XC40Recharge and the XC40ICE
appearinthe categories“materials productionand
refining” (includingtheLi-ionbattery modules)and

27
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XC40
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Figure i. Carbon Footprint for XC40 ICE and XC40 Recharge, with different electricity-mixes in the use phase used for
the XC40 Recharge. Results are shown in tonne CO ,-equivalents per functional unit (200 000 km lifetime range).

4 GHGemissions, e.g. carbon dioxide (CO,), nitrous oxide (N,0) and methane (CH,) are measured in tonnes CO,e, where e stands forequivalents.
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“usephase”. TheemissionsfromMaterials production
andrefiningoftheICEareroughly 40 percentless
than for the BEV.

Under“Materials production and refining” thefive
maincontributorsforthe XC40ICE arealuminum
(34 percent), steelandiron (34 percent), electronics
(13 percent), polymers (11 percent)and fluidsand
undefined (4 per cent) - see Figure 7 in the main
reportformoredetails. Forthe XC40Rechargethe
main contributors to the Carbon Footprint of the
material production (including Li-ion battery modules)
arealuminum (30 percent), Li-ion battery modules
(28 percent), steelandiron (18 percent), electronics
(9 percent)andpolymers (7 percent) —see Figure 8
in the main report for more details.

It should be noted that the Carbon Footprint
measurementwasperformedtorepresentaglobally
sourced version of the models. Other methodological

choicesthathavealargeimpactontheresultare
choice of allocation method regarding scrap, and
choice ofdatasetsforsteelandaluminium production.

Totaluse phasegreenhouse gas (GHG) emissions
fromthe XC40 Rechargevary greatly dependingon
the carbonintensity ofthe electricity used. Itshould
benotedthataBEV sold onamarketwithcarbon-
intensive electricity production canbecharged
with electricity fromrenewableenergy. Thiswould
decreasethe Carbon Footprintsubstantially.
Furthermore, theresultsassumeaconstantcarbon
intensity throughout the vehicle lifetime.

Figure ii below shows the total GHG emissions,
depending on kilometres driven, from the XC40
Recharge (with different electricity mixesin the use
phaseinthediagram),andthe XC40ICE (ICEinthe
diagram). Wherethelinescross, the Carbon Footprint
of the BEV becomes less than that of the ICE.
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Figure ii. Total cumulated amount of GHG emissions, depending on total kilometres driven, from XC40 ICE (ICE in the diagram, dashed
line) and XC40 Recharge (with different electricity mixes in the use phase). Where the lines cross, break-even between the two vehicles
occurs. The functional unit for the LCA is “The use of a specific Volvo vehicle driving 200 000 km”. All life cycle phases except use phase are

summarized and set as the starting point for each line at zero distance.
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Table ibelow shows the number of kilometres needed
tobedriveninordertoreachbreak-evenforthe XC40
Rechargewithdifferentelectricity mixesintheuse
phase compared to the XC40 ICE.

This report contains a general description of the

specificinputdata (Chapter3) and results concerning
the Carbon Footprint connected tothe XC40ICE
and XC40 Recharge (Chapter4). Italso contains a
discussion and interpretation of results (Chapter 5)
and the main conclusions (Chapter 6).

LCA methodology (Chapter 1), adescription of the
methodological choices (Chapter2)aswellassome

Break-even (Km

XC40 Recharge, Global Electricity Mix/XC40 ICE 146 000
XC40 Recharge, EU28 Electricity Mix/XC40 ICE 84 000
XC40 Recharge, Wind Electricity/XC40 ICE 47 000

Table i. Number of kilometres driven at break-even between XC40 ICE (petrol) and XC40
Recharge with different electricity mixes in the use phase

Key Findings

* The XC40 Recharge hasalowertotal Carbon Footprint than the XC40 ICE for all the
analysed electricity mixes.

+ TheCarbon Footprintofa XC40ICEis 58tonnesCO,e, whilethefootprintforthe XC40
Rechargeis 27-54 tonnes CO,e. The reason for the variation in the XC40 Recharge resultis
dueto different electricity mixes with varying carbon intensity in the use phase.

* Whenconsidering GHG emissions from the materials production and refining phase,
producing an XC40 Recharge and its battery pack resultsin roughly 70 per cent more
carbon emissions than producing an XC40 ICE.

+ Theproductionofthe XC40RechargeLi-ion battery hasarelativelylarge Carbon Footprint
and constitutes 10-30 per cent of the total Carbon Footprint, depending on the
electricitymix in the use phase.

+ Choiceofmethodology, forexampleinclusion of carbonemissionsforscrap, hasa
significantimpacton the total Carbon Footprint. Care should be taken when comparing
results from this report with results from other vehicle manufacturers’ Carbon Footprints.
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Terms and definitions

BEV

Battery electricvehicle. ABEVisatype of electric
vehiclethatexclusively useschemicalenergystoredin
rechargeablebattery packs, withnosecondarysource
of propulsion.

Characterization

A calculation procedure in LCA where all emissions
contributing to a certain impact category, e.g.
greenhouse gases (GHGs) that contribute to global
warming, arecharacterizedintoasingle‘currency’.
Forglobalwarming, the carbonfootprintisoften
expressed as mass unit of CO,e, where e is short for
equivalents.

Cradle-to-gate
Acradle-to-gateassessmentincludespartsofthe
product’s life cycle, i.e. from the cradle to the factory
gate. Itincludes primary production of materialsand
the production of the studied product, butitexcludes
the use and end-of-life stages of the product. A
supplier can provide a component, part or sub-
assembly cradle-to-gate LCA to an OEM, for the OEM
toinclude in the LCA of the OEM’s product.

Cradle-to-grave

A cradle-to-grave assessment, compared to a cradle-
to-gate assessment, alsoincludes the use and end-
of-life stages of the product, i.e. itcovers the full life
cycle of the product.

Dataset (LCI or LCIA dataset)

Adataset containing life cycle information of a

specified productorotherreference (e.g., site,
process), covering descriptive metadata and
quantitative life cycle inventory and/or life cycle

impact assessment data, respectively. ¢

End of life

End of life means theend of a product’slife cycle.
Traditionallyitincludeswastecollectionand waste
treatment, e.g. reuse, recycling, incineration, land-fill etc.

Functional unit
Quantified performance of a product system for
use as a reference unit.

GaBi

GaBiis a LCA modelling software, provided by
Sphera, and hasbeenusedforthe modellingin
this study.”

GHG

Green house gases. Greenhouse gases aregases that
contributestoglobalwarming, e.g.carbondioxide
(CO,), methane(CH,), nitrousoxide/laughinggas
(N,0), butalsofreons/CFCs. Greenhouse gasesare
often quantifed as mass unit of CO,e, whereeis
short for equivalents. See characterization for further
description.

ICE

Internal combustion engine. Sometimes used as a
category whenreferring to a vehicle running with an
ICE. AnICE vehicle usesexclusively chemical energy
storedinafuel, withnosecondary sourceof propulsion.

Impact category

Class representing environmental aspects of concern
to which life cycle inventory analysis results may be
assigned.

6"The Shonan guidelines; https://www.lifecycleinitiative.org/wp-content/uploads/2012/12/2011%20-%?20Global%20Guidance%?20Principles.pdf

?GaBi, Sphera, http://www.gabi-software.com/sweden/index/


http://www.lifecycleinitiative.org/wp-content/uploads/2012/12/2011%20-%20Global%20Guidance%20Principles.pdf
http://www.gabi-software.com/sweden/index/
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Life cycle

Consecutiveandinterlinked stagesofaproduct
system, from raw material acquisition or generation
from natural resources to final disposal.

Life Cycle Assessment LCA
Compilationandevaluation oftheinputs, outputsand
the potentialenvironmentalimpacts ofa product
system throughout its life cycle.

LCA modelling software

LCA modelling software, e.g. GaBi, is used to
perform LCA. It is used for modelling, managing
internal databases, contains databases from database
providers, calculate LCA results etc.

Life Cycle Inventory analysis LCI

Phase of life cycle assessment involving the
compilationand quantification ofinputsand outputs
for a product throughout its life cycle.

Life Cycle Impact Assessment LCIA

Phase of life cycle assessment aiming to understand
and evaluate the magnitude and significance of the
potentialenvironmentalimpactsforaproductsystem
throughout the life cycle of the product.

Life cycle interpretation

Phase of life cycle assessmentin which the findings
of either the inventory analysis or the impact
assessment,orboth, areevaluatedinrelationto
the defined goaland scopein ordertoreach
conclusions and recommendations.

Process

Setofinterrelated orinteracting activitiesthat
transforms inputs into outputs. Processes can be
dividedinto categories, depending onthe outputof

the process, e.g. material, energy, transport or other
service.

Raw material
Primary orsecondary materialthatis usedtoproduce
a product.

Simple cut-off

The simple cut-off is a method for modeling
recycling. Itimpliesthateach productisassigned the
environmentalburdensofthe processesinthelife
cycleofthatproduct. Itmeansthatusingrecycled
material comes with the burdens from the collection
andrecycling ofthe material, which oftenareless
thanforproduction of primary material. At the same
time nocreditsaregivenforrecyclingorcreating
recycled material. Itisalso calledtherecycled content
approach and the 100/0 method.

System boundary
Set of criteria specifying which unit processes are part
of a product system.

Waste
Substances orobjects which the holderintends oris
required to dispose of.
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.General description

of LifeCycle Assessment
(LCA)

1.1 Principles of LCA

The Life Cycle Assessment methodology (LCA) is used
todetermine whichimpacts a product oraservice has
ontheenvironment, and The European Commission
hasconcludedthatLife Cycle Assessmentsprovide
the best framework for assessing the potential
environmental impacts of products currently
available.®The methodology was developed because
therewasaneedto considerthewholelife cycle of
a product when examining environmental impacts,
instead of justlooking into one processatatime. A
perilwithfocussingononly oneprocessatatime
isthatadecreaseinenvironmentalimpactinone
areacanleadtoincreased environmentalimpact

in another. To prevent this phenomenon, known

as sub-optimization, an LCA aimstoincludeall
processes from cradle to grave. However, an LCAis
alwaysastudyoftheenvironmentalimpactsfromthe
processesinside thesystemboundary, definedinthe

goaland scope ofthe LCA. Therefore, itisimportant
torememberthatallenvironmentalimpacts, froma
productorservice, can never be considered.

In Figure 1the different stages of LCA are
shown. First, thegoaland scope ofthe LCA
shouldbedefined. Thesystemboundaries must
be clearly stated, sinceithas adirectimpacton
theresultofthe LCA. Whenthegoalandscope
are defined the inventory analysis can start. This
iswhere data regarding all processes inside the
systemboundariesaregathered; thesedatacanbe
presentedinareportand are then called LCI (Life
Cyclelnventory).Inaddition,inanLCAthedata
fromtheinventory analysis are further processed
inthe impactassessment phase, where different
emissions (e.g. CO,, SO,, NO, etc.) are sorted into

differentcategoriesdependingonwhatenvironmental

impactthey contribute to. These categories can
beforexample, globalwarming, acidificationand

8 Communication on Integrated Product Policy (COM (2003)302)
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Impact
Assessment

Inventory
Analysis

Goal and
Scope
Definition

Interpretation

Figure 1. Illustration of the general phases of a life-cycle assessment, as described by ISO 14040

eutrophication. Through the impact assessment the
total environmentalimpact of the studied system
canbequantified. LCAis aniterative process where
e.g.interpretationoftheresultsmightleadtoa
need torevisitgoal and scope definition, inventory
analysisorimpactassessment, inordertocreatea
finalassessmentthatinthe bestway addressesthe
question that one wants to answer.

Afourth step may also beincluded in LCA, called
weighting. In this step, results
are further aggregated. The
different environmental impacts
areweighed againsteach other
based on e.g. political goals,
economical goals or the critical
load of different substances
in the environment. The LCA
methodology undertaken for this
study does notinclude weighting as only oneimpact
category (climate change) is studied.

12 LCA standards

The methodology developed forthis study estimates
the Carbon Footprints for Volvo Cars vehicle models
XC40ICE (petrol)and XC40Recharge (BEV). The
only impact category is“global warming potential”.
The methodology canbe furtherdevelopedtoinclude
other environmental impacts, if needed.

These standards differ from
other standards commonly used
by the vehicle industry, e.qg. for
testingorcertificationofthe
products, since they contain
very few strict requirements

The methodology followsthe standards setby ISO
14044:2006“Environmental management — Life
cycleassessment—Requirementsandguidelines”
and ISO 14040:2006 “Environmental management -
Life cycle assessment - Principles and framework"2.
These standards differ from other standards thatare
commonlyusedbythevehicleindustry, e.g. fortesting
orcertification of the products, sincethey containvery
fewstrictrequirements. Instead they mostly provide
guidelines for LCA including:
definition of the goal and
scope of the LCA, the life
cycle inventory analysis (LCI)
phase, thelifecycleimpact
assessment (LCIA) phase,
thelifecycleinterpretation
phase, reporting and critical
review ofthe LCA, limitations
oftheLCA, relationshipbetweenthe LCAphases
and conditionsforuse of value choices and optional
elements. Thestandardsarevalidfor LCAsofall
productandservices,anddonotprovidedetailenough
to make LCAs of vehicles from different OEMs
comparable.

In addition to ISO 14044 the standard on “Product
Life Cycle Accounting and Reporting Standard”
published by the Greenhouse gas protocol® has been
used forguidance in methodological choices.
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2.Methodology

21 The products

VolvoCarsvehiclescanbecategorizedas:
o ICE-Internal Combustion Engine

¢ mHEV - mild Hybrid Electric Vehicle

¢ PHEV -Plug-in Hybrid Electric Vehicle
* BEV - Battery Electric Vehicle

XC40 Recharge | 2170 350

XC40 ICE 1690

Table 1. Studied vehicles and their corresponding weight in kg

The methodology in this study was developed when
performing LCAs ofthevehiclesXC40ICE (petrol)
and XC40Recharge, whichonly coversthevehicle
types ICE and BEV. However, the methodology can
also be used to perform Carbon Footprints for PHEVs
and mHEVs.

The studied vehicles are presented in Table 1.
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22 Way of working overview

Figure 2 provides a high-level overview of how the
work to obtain the Carbon Footprints of the vehicles s
carriedout. Therearefourmainwaysthatdataneeded
forthefinal LCAisretrieved. Theimportto GaBi(see
Terms and definitions) is made in a specific mapping
tool, provided by Sphera, called GaBi-DFX°. Theinput
to GaBi comes from;

IMDS' (International Material Data System)
datasheets which contains information on
material compositions of the components

TheLCAdatabasesecoinvent!!3.6and
GaBi LCAdatabases'?

DatafromoperationsrunbyVolvoCars,
such as factories and logistics

LCAofbattery modules, performed by
ourbattery supplierswith VolvoCarsand
Polestar guidance and support

LCA databases

Databases containing LCA
dataonalargevariety of
materials, production, logistics
andenergyfromcradleto
material, e.g. wrought
aluminium, copperwire etc.
Thisisreferredtoasgeneric,
average or literature

IMDS-material
library
IMDS materialdataper
component representing
aspecificvehicle.
The~10000incoming
materials are aggregated
into~70materials.

Internal data
Avarietyofinternaldata
suchasemissionsfrom

logistics and
manufacturing per average
vehicle, energy & fuel
consumption etc.

Battery module

The battery module
suppliershave,basedon
methodological guidelines
from Volvo Cars, performed
supplier specific LCAs and
provided the results to

Figure 2. Overview of LCA “way of working”

°GaBi DfX, http://www.gabi-software.com/international/software/gabi-dfx/

10 IMDS, www.mdsystem.com
tecoinvent, www.ecoinvent.org

12 GaBi LCA databases, http://www.gabi-software.com/databases/gabi-databases/


http://www.gabi-software.com/international/software/gabi-dfx/
http://www.mdsystem.com/
http://www.ecoinvent.org/
http://www.gabi-software.com/databases/gabi-databases/
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23 Methodologytodefinevehicle
material composition

The Bill of Materials (BoM) is an important input to the
LCAandconsistsofthepartsusedinthevehicleand
theirrespective weights and materials composition.
The partnumbervehicle BoM is extracted from Volvo
Productdatamanagementsystem KDP. However, this
BoM cannot be used as direct input to the LCA-model
in GaBibut mustbedevelopedand aggregatedin
several steps into a suitable material BoM.

The materialinformation, exceptforthelLi-ion
battery modules, comes from datasheetsinIMDS. A
complete vehicleinIMDS consists of about 10 000
differentmaterials. Tomake thenumberof materials
manageablein GaBi, they areaggregatedtoabout 70
Volvo Carsdefined material categoriesinaVolvo Cars
developed materials library, Volvo IMDS ML.

The partnumber BoMfrom KDPisuploaded to
Volvo Cars IMDS in-house system iPoint Compliance
Agent (iPCA). IniPCA a materials BoM is generated
that is imported into Volvo IMDS ML where all
materials are mappedintotheVolvoCarsdefined
material categories.

Inordertohaveaneffectiveand systematic
approach, thismappingisautomated. Therulesto
categorise the materials are determined by IMDS
material category, materialnameand substance
content. Itisalso possibleto manually allocate
materialsintheVolvoIMDS ML, however, thisis
done asrestrictively as possible. Forthese LCAs,
Volvo IMDS ML release 5 is used with the material
categories listed in Table 2. For the complete list of
material categories, see “Appendix 2— complete list of
Volvo Cars Material Library material categories”.

The BoM from Volvo IMDS ML must then be
furtherformattedin orderto beimported into GaBi.
Aformattingtoolisusedtoapplytheformatrequired
by GaBi and this step is also automated.

The import to GaBiis made in a specific mapping tool,
providedbySphera, called GaBi-DFX. Inthemapping,
each material is connected to aspecific Life Cycle
Inventory datasetand, ifrelevant, amanufacturing
process dataset.

Forthe Li-ionbattery modules, supplierspecific
Carbon Footprint data was used instead of IMDS
data.TheproductionoftheLi-ion battery modules
haveahighimpactontheresultandconsistsof
complex manufacturing steps. Also, the variety
andaccuracy ofdatasetsavailableislimitedfor
Li-ion batteries.

Steel 5
Aluminium 1
Magnesium 1
Copper 2
Zinc 1
Lead, battery 1

Neodymium magnets 1

Polymers About 40*
Natural materials 3
Ceramics & Glass 3
Electronics 1

Fluids 10
Undefined 1

* Including filled/unfilled

Table 2. Volvo Cars defined material categories in
Volvo IMDS ML release 5
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24 Goal and scope definition
Thegoal ofthemethodology inthis studyistobeable
toevaluatetheCarbonFootprintofspecificvehicle
models. More specifically, the goal has been to develop
amethodologythatcanbeusedtoproduceCarbon
Footprintsoncomplete vehiclestobecommunicated
internally and externally. Anothergoalistobeableto
use the complete vehicle Carbon Footprints to examine
the effects of changesin e.g. material composition,
efficiency of the vehicle or Volvo manufacturing, or
changesin the energy systems.

This methodology follows an attributional approach
and is developed considering exclusively the
environmental impact global warming potential (GWP)
and on the detail level of a complete vehicle.

241 System boundaries

The performed studyisalifecycleassessment (LCA)
for greenhouse-gas emissions only: a so-called Carbon
Footprint.

Regarding the tail-pipe emissionsfromthe ICE
vehicles, only carbon dioxide emissions are included
whereas methane and nitrous oxide emissions (CH,
and N,O) are excluded. CH, and N,O contribute a

minor fraction of total tailpipe GHG emissions froma
petrolvehicleand exclusionofthese emissionsis not
considered to influence the conclusions of this study.

Thestudyincludesthevehiclelife cyclefromcradle-
to-grave, startingatextractingandrefiningofraw
materialsandendsattheend-of-life ofthevehicle, see
Figure 3. Majorassumptions, uncertaintiesand cut-offs
are described under ”2.4.5 Assumptions
and Limitations”.

The emissions from the life cycles of infra-structure
havebeenincluded whenithasbeenavailableinthe
LCAdatabases.Noactivedatacollectionormodelling
ofinfra-structure has been carried outin this study.

Genericdata, as opposed to supplier specificdata,
hasbeenusedformostoftheupstreamprocesses,
suchasraw materials production and manufacturing
processes. Thus, there are steps in some of the
manufacturing value chains, specific to vehicle
components, thatmightnotbeincluded. Itislikely
thatthese processesareassembly processesatVolvo
carsTier 1suppliers. Althoughthe contributionto the
total Carbon Footprintfromthese processes are likely
to be very small.

Energy and natural resources

System Boundary

Materials Inbound
production transports
and refining Manufacturing
¢ Extractionof raw materials « Manufacturingin
from earthcrust Volvo Cars factories
¢ Refining of raw materials
into partsbought Tra nsport
by Volvo Cars fromTier1l
supplier
tofactory

Outbound
transports

Transport

from

End-of-Life
* Dismantling
of thecar
+ Waste management
of thecar

Use Phase

e Useofthecardriving
200 000 km

Volvo Cars

factory todealer

GHG-emissions

Figure 3. Schematic description of the studied system and its different life cycle phases

14 Analysis of GaBi data for passenger car, EURO 6
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Thestudyis madewithaglobalapproach, which
means that the generic datasets used for raw
materials productionand refiningare notspecific for
anyregion. As faras possible global averages have
been applied.

242  Function, functionalunitandreferenceflows
Thefunctionalunitdefines precisely whatisbeing

studied.Itdefinesand quantifiesthe mainfunction of
the product under study, provides a reference to which
theinputsandoutputscanberelated, andisthebasis
for comparing/analysing alternative goods or services.

The functional unit of this study is:
* TheuseofaspecificVolvovehicle
driving 200 000 km
The results are being presented as kg CO,-equivalents
per functionalunit.

243 Allocations
100% oftotalemissionsfromscrap hasbeenallocated
tothevehicles. Thatmeansthatforexamplethe
produced amountofsteeland aluminumincludedin
the CarbonFootprintcalculationdoesnotonlyinclude
the amount of material in the vehicle, but also the scrap
produced inthe whole manufacturing chain.
Morespecifically, themethodology usesthe cut-
offapproach, whichis the recommended method
according tothe EPD'*system. This method follows
the “polluters pay principle” meaning that if there are
several product systems sharing the same material, the
productcausingthewasteshallcarry environmental
impact. This means that the system boundary is
specifiedtooccuratthe pointof“lowest marketvalue”.
However, ifthe material does not go to a new product
system, thefinaldisposalisincludedwithinthelife
cycle of the vehicle.

244 System expansion

No system expansion has been applied in this study
i.e.nocreditshavebeengivenfore.g. materialsbeing
recycled and offsetting other material production, or for
energy generated in waste incineration offsetting other
energy production.

245 Assumptions andLimitations

In general, assumptions have been made in a
conservative fashion following the precautionary
principle, in order to not underestimate the impact from
unknowndata. Additional processeshavebeenadded
tothemodelwhenjudged needed to moreaccurately
represent actual emissions.

The inventory does not include:
* Volvo Cars processessuch asbusinesstravels,
R&D-activitiesorotherindirectemissions

¢ Volvo Cars infrastructure e.g. the production
and maintenance of buildings, inventories or
otherequipmentusedintheproduction

¢ Construction and maintenance of roads in the
use phase

¢ Emissionsfromtiresandroadwearinthe
use phase

¢ Maintenance of the vehiclesinthe use phase

This study does not investigate changes, i.e. itis not
consequential'®, nor take rebound effects into
consideration.

CarbonFootprintsdevelopedusingthismethodology
should not be broken down to lower levels, e.g.
system or component level, without reassuring that an
acceptablelevelofdetailisalsoreachedonthestudied
sub-system.

5https://www.environdec.com/The-International-EPD-System/General-Programme-Instructions/
16 Consequential LCA, https://consequential-lca.org/clca/why-and-when/
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3.Life cycle
inventory
analysis (LCI)

Inthischapterallinputdataand methodologicalchoices

concerning the inventory is presented.

31 Material productionandrefining
Materialproductionandrefining (seeFigure3)are
based on aBoM containing material composition and
material weight. The BoM used for modelling in GaBi
isspecifically developedforLCA-modellingin GaBi
and reports the composition of the vehicle based on
about 70 material categories. The total weight of the
vehicleisdivided intothese material categories.

InGaBi,eachmaterialhasbeencoupledwithone
or several datasets (containing LCI-data) representing
theproductionandrefining ofthematerialineach
specific material category. See Appendix 1
— Chosen datasets.

Material production and refining are modelled
using datasets from GaBi Professional database and
ecoinvent 3.6 database, system model cut-off. The
datasetshavebeenchosenaccordingtotheVolvo
Cars methodology forchoosing genericdatasets. For
someraw materialstherewerenodatasetsforthe
exact materials and have been approximated by using
datasets for similar materials.

Thematerialcontentcorrespondingtotheentire
weight of the vehicleisincluded inthe LCA, but forthe
different vehicles a small amount of materials have been
categorized as undefined material in Volvo IMDS ML.

XC40 ICE 1.5%

XC40 Recharge 2.0%

Table 3. Share of undefined material in the different vehicles

Table 3shows the share of undefined material of the
totalvehicleweight(including battery modules) for
each vehicle. Since the undefined category seems

to contain mostly undefined polymers, a dataset for
Polyamide (Nylon6)hasbeenusedasapproximation.
This assumption is based on the factthat Polyamide is
the polymer with the highest Carbon Footprint, out of
the polymer data used in the LCA.
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Allfilled polymers havebeenassumedto contain 81%
polymer, 11%glassfibreand 8% talcrepresentingan
average of filled polymersas reported in IMDS.

Inmostcasesdatasetsthatinclude both production
of raw material as well as component manufacturing
ready tobe assembledinthevehicleare notavailable.
Therefore, severaldatasetsrepresentingtherefining
and production of parts have been used for most
material categories. The datasets used to represent
further refining and manufacturing of parts are
listed in Appendix 3— Summary of data-choices and
assumptions for component manufacturing.

For most database datasets representing materials
productionandrefining processesithasnotbeen
possibleto modify theelectricity, i.e. the builtin
electricity has been used.

311 Aluminium production and refining

The share of aluminium thatis castaluminium and
wroughtaluminiumhasbeenassumedtobe 59%
castaluminiumand41% wroughtaluminium. Thisis
basedonthereport™Aluminiumcontentin European
passengercars”. Allwroughtaluminium hasbeen
assumed to go through the process of making
aluminium sheets. The assumption of wrought
aluminiumbeingaluminiumsheetsisaconservative
assumption, sincesheetproductionhasahigher
amountofscrap than mostotherwrought processes.
Thecastaluminiumgoesthroughaprocessfordie
casting aluminium.

Thescrap producedinthe processesofmaking
thealuminium parts forthe vehicleisincludedinthe
CarbonFootprint, andsinceacut-offisappliedat
the point of scrap being produced in the factory, the
total footprint of producing the scrap is allocated to
the vehicle eventhoughthealuminiumscrapissent
torecyclingand usedin other products. The material
utilization rate for the manufacturing processes of
both castaluminiumandwroughtaluminium canbe
seen in Appendix 3 — Summary of data-choices and
assumptions for component manufacturing.

312 Steel production and refining

The raw material dataset used for the material
category“Unalloyed steel”hasanoutputofrolled
and galvanized steel. Amanufacturing process was
added to all steel. Which manufacturing process that
was chosen depends on whetherthe steel is stamped
by Volvo Carsornot. Hence, the steel categorised as
unalloyedsteelinthe materiallibrary hasbeendivided
intotwo sub-groups depending onthe manufacturing
processfollowingtherollingandgalvanizingofthe
steel:

1. Thesteelthatisprocessedandstampedin
Volvo Carsfactories. The Material Utilization
Degreeisaccording to Volvo Cars data.

2. Therestofthesteel, whichisdistributedin
variouscomponents of the car. The Material
Utilization Degreeisaccording to the chosen
databasedataset, i.e. literature value.

The scrap produced in the processes of making the
steel parts forthe car, independent of processes,
isincluded in the Carbon Footprint, and the same
cut-offasforaluminiumisapplied. Thematerial
utilization rate for the manufacturing processes of
steel processed at Volvo Cars and steel processed
atsuppliers can be seenin Appendix 3— Summary
of data-choices and assumptions for component
manufacturing.

313 Electronics production and refining
Thematerialcategory™electronics”includesprinted
circuitboards (PCB) and the components mounted
onthem. Itdoes notinclude chassis, cables orother
partsthatare presentin electroniccomponents. All
materialsthatareusedinelectronicdevicesthatare
notPCBshavebeensortedintoothercategories,
such as copperordifferenttypes of polymers.
Forthe category“electronics”agenericdataset
from ecoinvent 3.6 has been used. This dataset
represents the production of lead-free, mounted PCBs.

7https://www.european-aluminium.eu/media/2802/aluminum-content-in-european-cars_european-aluminium_

public-summary_101019-1.pdf
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314 Plastics production and refining
Forpolymermaterialsaninjection moulding process
has been used to represent the processing of plastic
partsfroma polymerraw material. Thematerial
utilizationrateforthe manufacturing processes
of plastics can be seen in Appendix 3— Summary

of data-choices and assumptions for component
manufacturing.

3.1.5 Minor material categories, production

and refining

There are raw materials forwhich data on processing
ismissingin the LCA-databases. Inthose cases, the
materialweightwasdoubledasanestimationfor
the processing. This meansthatthe manufacturing
process is assumed to have the same Carbon
Footprintasthe production ofthe raw materialitself.
Thishasbeenappliedonlyforminormaterials(by
weight).

3.1.6 Electricity use in materialsproduction

and refining

The electricity-mix used in the manufacturing
processes in the supply chain is based on the
locations of Volvo Cars production facilities. As a
basis for calculationitis assumed thatalarge part of
the materialsin the vehicle are sourced onthe same
continentwherethe productiontakesplace. Although
thegeneral methodology forchoosing datasetstakes
on a global perspective where the sourcing region is
notconsidered, an electricity mix thatis basedonthe
number of cars produced in eachregion forone year
hasbeencompiledtobetterrepresentreality. Hence,
this electricity-mix is not specific for any vehicle
model, but specificforthe company onaglobal level.
The number of produced carsin Volvo Cars factories

in 2019 is presented in Table 4.

Based on these figures the supply chain
manufacturing processes electricity mix consists of
69% EU-28averageelectricity mix, 26% Chinese
average electricity mixand 5% US average electricity
mix. This electricity mix is only used for a few?®
partially aggregated processesinthe GaBidatabases
whereitis possible to add an electricity mix by choice.

Europe 484236 69 %
Asia 185640 26 %
Americas 35160 5%
Total 705036 100 %

Table 4. Produced Volvo vehicles in 2019

32 Battery modules

A BEV battery pack consists of a carrier, battery
management system, cooling system, busbars, cell
modules, thermalbarriers, manualservicedisconnect
andalid. Volvo Cars purchase cellmodules from CATL
andLG Chem, who, incollaborationwiththereport
authors, performed cradle to gate (up untilVolvo Cars
logistics take over) Carbon Footprint LCAs oftheir
cellmodules. The cellmodules have therefore been
removed from the BoM based on IMDS data and
modelled separately in the Complete Vehicle LCA.
Allotherpartsofthe battery packareincludedinthe
materials BoM, based on IMDS data.

18The processesthatusethespecialelectricity mixarecastironproduction, rubbervulcanizationand fiveadditional

manufacturing processes.
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33 Volvo Cars Manufacturing
and logistics

331 Logistics

For GHG emissions from transports from Tier 1
supplierstoVolvo Cars manufacturing sites (inbound
transport), the Volvo Cars total emissions from
inboundtransportsdivided by the total numberofcars
produced during the same yearhas been applied. In
the same way, emissions from transports from Volvo
Carsmanufacturing sitestothedealer(outbound
transport), havebeencompiledbasedontheVolvo
Cars total emissions from outbound transports
divided by thetotal numberofcarssold duringthe
sameyear.Networkfortransportmeasurest®hasbeen
used as basis for the calculations.

332 Volvo Carsfactories
GHGemissionsfromelectricity usage, heatusage
and use of different fuels in each of the factories was
calculated usingsite-specificinputdata. The GHG
emissions pervehiclewasthen calculated by dividing
the total GHG emissions from the factory by the total
amountofproducedvehiclesorenginesfromthat
factory during the same year.

XC40ICEand XC40Rechargeare produced
inboth Lugiaoand Ghent. Forthe XC40ICE the
emissionsfromtheVolvo Carsmanufacturing
havebeencalculatedinproportiontothe number
of cars producedin each factory during 2019. For
XC40 Recharge the emissions from the Volvo Cars
manufacturinghasbeencalculatedinproportionto
the planned production during 2020.

34 Use phase

Tobe ableto calculate the emissionsinthe use phase
ofthecar, thedistancedrivenisneededtogether
with the tailpipe emissions perdriven kilometerand
thewelltotankemissionsfromfueland electricity
production.

Thevehicledrivingdistance forVolvo vehicles has
beensetto200000km, whichisalsothefunctional
unit in this study.

The fuel and energy related GHG emissions
associated with theactualdriving ofthe vehicleare
divided into two categories:

¢ Well-to-tank (WTT) - Includesthe environmental
impact caused during production and distribution
ofthe fuelorelectricity used. Thefuelusedinthe
ICEisassumedtobegasoline blended with 5%
ethanol, production related emissions from both fuels
areincluded. Electricity productionismodelled
according to regional (global or EU28) grid mix or
as specific energy source (wind)°.

¢ Tank-to-wheel (TTW) - Includes the tailpipe
emissions during use. This is zero for XC40
Recharge and assumed to be 163 g CO,/km for the
XC40ICE (basedonanaverageofour XC40ICE
petrol vehicles).

The TTW emission data for the XC40 ICE was based
onthe WLTP driving cycle (Worldwide Harmonized
LightVehicleTestProcedureusedforcertification
of vehicles in EU). WLTP data was also used for
obtaining energy consumption figures for the XC40
Recharge. Lossesduring charging areincludedinthe
electricity use of the BEVs. The electricity use for
XC40Recharge usedinthisstudy was 240 Wh/km
(basedonanaverageofourXC40Rechargevehicles).

9 https://www.transportmeasures.org/en/

20The data on WTT emission for electricity used in BEVs comes from the GaBi professional data base and can be chosen

either as country grid mixes or for a specific energy source.
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35 End-of-life of the vehicle

351 Process description
Attheirend of life, all vehicles are assumed to be
collected and sent forend of life treatment.

Thesame methodology asdescribedinchapter
2.4.3 Allocations is applied. Focusing on the point of
lowest market value, according tothe polluter pays
principle, impliesinclusion of steps like dismantling
and pre-treatment (like shredding and specific
component pre-treatment), butitdoes notinclude
materialseparation, refiningorany creditforreusein
another productsystem.

End of life was modelled to represent global
average situations as far as possible. Handling
consists of adisassembly step to remove hazardous
componentsandcomponentsthatarecandidatesfor
specificrecycling efforts. Afterthisthe disassembled
parts are treated, and the remaining vehicle is
shredded. According to material type the resulting
fractionsgoeitherto materialrecycling, incineration
orlandfill. Figure 4givesanoverview of the entire
phase.

Inthe disassembly stage hazardous and/or valuable
components are removed from the vehicleincluding:

¢ Batteries
¢ Fuel
* Wheels, tyres

¢ Liquids:
- coolants,
- antifreeze,
- brake fluid,
— air-conditioning gas,
- shock absorber fluid and
— windscreen wash

¢ Qils:
- engine,
- gearbox,
- transmission and
- hydraulic oils

o il filters

o catalytic converter

* Airbagsandseatbeltpretensionersremovedorsetoff

Boundary with
cut-off approach

Disassembled I Material
parts Treatment of . recycling
disassembled I
parts Combustible |
Disassembly materials . . I
Incineration
|
Shredding |
Remaining Landfill |
vehicle Non-combustible |
materials 1

Figure 4. End of life system boundaries
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Inaglobal perspective the treatment of fuels, oils
andcoolantgenerallyimpliesincineration. Thetires
areassumedtobesalvagedforrubberrecovery,
and the lead batteries for lead recovery. The
catalytic convertercontains valuable metalsandis
disassembledforfurtherrecyclingefforts. Qilfilters
areassumedtobeincinerated, asareairbagsandseat
beltpretensioners, which aredisassembled for safety
reasonsratherthanthepotentialrecyclingvalue.
The Li-ion battery isassumed to be taken out of the
vehicle and sent to recycling.

Allother parts of the vehicle are sentto shredding.
Inthis process the materialsinthevehicle are
shreddedandthendividedintofractionsdepending
ondifferent physicaland magnetic properties.
Typical fractions are

o ferrous metals (steel, castiron etc)

* non-ferrous metals (stainless steel, aluminium,
copper, etc)

* shredderlightfraction (plastics, ceramicsetc)

!

The metalfractions can besentforfurtherrefiningand
inthe end material recycling. The combustible part of
the light fraction can beincinerated forenergy, orthe
entirefractioncanendupinlandfill. Forthe purpose
ofthis study itis assumed the combustible streams of
materials areincinerated, whilethe non-combustible
materials arelandfilled.

Duetotheglobalfocus, noenergy recoveryis
included forthe incineration steps, even thoughin
someVolvoCarsmarkets, thereisindeed energy
recovery fromincineration of waste. Thissomewhat
conservativeassumptionhasbeenmadesincethere
aremany marketswithnoenergyrecovery,anddata
on how common the case with energy recovery is for
the combustible streams isunknown. Assessment
of materiallossesaftershreddingandinrefiningare
outsidethesystemboundariesset by the cut-off
approach.

| ﬂm
I

|

|
|

;Nl
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4.Results for
XC40 ICE,
XC40 Recharge

Functional unit: The use of a specific Volvo vehicle driving 200 000 km

4.1 XC40 Recharge compared

to XC40 ICE (petrol)

In Figure 5 and Table 5 the results of the XC40
Rechargeand XC40ICELCAsare presentedingraphical
and numerical terms. The choice of electricity mixin
the use phase has alargeimpact onthe total Carbon
Footprint. With a global electricity

mix, the XC40Recharge getsaslightly smaller
Carbon Footprintthan the XC40 ICE, and with the
wind powermixthereductionismorethan50%
compared to the XC40 ICE.

Anotherinteresting pointto note regarding the
Materials production and refining phase is thatthe
XC40Recharge hasapproximately 20% higher
Carbon Footprintthan the XC40ICE, mainly dueto
the higher weight of the XC40 Recharge and larger
share of aluminium and weight of electronics.

The mostsignificantaddition, however, isthe Li-ion
battery.Allinall, the carbon footprint of the materials
productionand refining category includingthe Li-ion
batteryincreasesby70%. Thisincreaseissmaller
thanthedecreasefoundintheuse phaseforallthree
electricity-mixes.

Theresults ofthe LCAs gives aninterestinginsight
intoa potentialfutureshiftof whichlifecyclephase
isthe mostdominant. When comparing the XC40
Rechargedrivenwithwind electricity tothe XC40
ICE, dominance is shifted from the use phase to the
production phase.

Volvo Carsmanufacturingand end of lifetreatment
only gives asmall contributiontothelifecycle.
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45

40 —— o —

Tonnes CO2-equivalents

@® End of Life
Use phase
@® Volvo Cars manufacturing
® Li-ion battery modules
@ Materials production and refining

XC40 XC40 XC40 XC40
ICE petrol Recharge Recharge Recharge
Global EU28 Wind

Figure 5. Carbon Footprint for XC40 ICE and XC40 Recharge, with different electricity-mixes used for the XC40
Recharge. Results are shown in tonne CO ,-equivalents per functional unit

Materials

Vehicle production Li-ion battery Volvo Cars Use phase
type and refining modules manuracturing  emissions End of Life Total
XC40
ICE Petrol 14 - 2,1 41 0,6 58
XC40

17 7 1,4 2 4
Recharge Global ! 8 0,5 5
XC40 17 7 1,4 18 0,5 45
Recharge EU28
XC40 _ 17 7 1,4 0,4 0,5 27
Recharge Wind

Table 5. Carbon Footprint for XC40 ICE and XC40 Recharge, with different electricity-mixes used for the XC40 Recharge. Results are
shown in tonne CO,-equivalents per functional unit (rounded values).
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Figure 6and Table 6 highlightthe break-even point
thatoccurs when comparingthe XC40Recharge
with the XC40 ICE. Because the XC40ICE has a
lowerCarbonFootprintintheMaterialsproduction
andrefiningphaseitstartsouthavingalowerCarbon
Footprintthanthe XC40 Recharge, butasthevehicles
aredriventhe cumulated Carbon Footprintincreases
morerapidly. Atacertaindrivingdistance, thevehicles

has alowertotal life cycle Carbon Footprint. Where
this break-even occurs depends on the difference

in Carbon Footprint of the Materials production and
refining phase, and how carbon-intense the electricity-
mixis. Forthethreeelectricity mixesintheLCAthe
break-evenoccursat47000, 84 000and 146000
km respectively. All within the assumed life cycle of
the vehicle (200 000 km).

break evenandafterthis pointthe XC40Recharge

90
b
SR
O
>
=]
o
¢
o
O
&)
@ 30
- -
s @ Global
@® Wind
EU28
0 ICE
50 100 150 200 250
Usephase (1000 km)

Figure 6. Total cumulated amount of GHG emissions, depending on total kilometres driven, from XC40 ICE (ICE in the diagram)
and XC40 Recharge (with different electricity mixes in the use phase). Where the lines cross, break-even between the two vehicles
occurs. The functional unit for the LCA is “The use of a specific Volvo vehicle driving 200 000 km”. All life cycle phases except use
phase are summarized and set as the starting point for each line at zero distance.

XC40 Recharge, Global Electricity Mix/XC40 ICE 146 000
XC40 Recharge, EU28 Electricity Mix/XC40 ICE 84 000
XC40 Recharge, Wind Electricity/XC40 ICE 47 000

Table 6. Number of kilometres driven at break-even between XC40 ICE (petrol) and XC40
Recharge with different electricity mixes
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Figure 7 and Figure 8give aninsightinto how different material groups contribute to the total Carbon
Footprintofthe Materials production and refining phase. Steeland aluminiumgive asignificantcontribution,
especially for the XC40 ICE, butalso for the XC40 Recharge. Electronics and polymers are also interesting
tonote asthey contribute around 10% each for both vehicles (although out of different totals).

Other Metals 2%

Natural Materials 1%

Tyres 1%
Fluids and Undefined 4%—\ \

Polymers
o,
Lt Aluminium
34%

Electronics
13%

‘_ Copper 1%

Figure 7. Contribution from different
material groups to the Carbon Footprint
from “Materials production and refining”
Steel and Iron for XC40 ICE

34%

NaturalMaterials 1% Tyres 1%
Other Metals 2% \ \ ‘ Copper 1%
Fluids and Undefined 3% \

M\
Polymers 7%—\

Aluminium
Electronics 30%
9% \

Steellaslg/fi)lron Figure 8. Contribution from different
material groups to the Carbon Footprint

from “Materials production and

refining, and the Li-ion battery modules”

for XC40 Recharge
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5.Discussion

ThisLCAofthe CarbonFootprintofan XC40ICEandan XC40Rechargegives
insightinto boththerelative contributionto the Carbon Footprint from different
life cycle phases (see Figure 5) as wellas the underlying causes forthe emissions.
Inturn,theseinsightscanbeusedtoguideeffortsintounderstandingand
reducing the emissions. The comparison between the XC40 Recharge and the
XC40ICEshowsthedifferences andsimilarities betweentheICE andthe
BEV technology, and the potential benefits of electrification.

Testingalternative electricity mixesforthe XC40
Rechargeintheusephaseshowsthatthechoiceof
electricity sourceintheusephaseisacrucialfactor
indetermining the total life cycle Carbon Footprint.
Asstated in Chapter4, an XC40Rechargerunon
wind powerhasonly halfthecarbonfootprintofan
XC40ICE. Forecasts forthe global electricity market
indicatethe carbonintensity of electricity production
will further decreasein all markets. Thiswould mean
there will be a continuous reduction of the BEVs
CarbonFootprintsevenifnoactivechoiceofusing
renewable energy in the use phaseis made.

The choice of electricity source in the use
phasewillalsodeterminewhichlifecyclephase
dominates the result. When considering a global
averageelectricity mix, thelife cycleimpactis split
roughly 50/50 between the Materials production
andrefining stagesandthe use phase (Table 5). In
contrast, achoiceofwind-based electricitygivesa

life cycle carbon footprint thatis significantly lower
compared todriving with EU-28 or global mixes, and
consequently the Materials production and refining
phase dominates. This will shift the focus moretothe
Materials production and refining phase and further
emphasizetheimportanceofeffortstoreducethe
Carbon Footprintin this phase. Volvo Cars’strategy
ofaimingtoreducetheCarbonFootprintfromthe
Materials production and refining phase by 25% per
averagevehiclefrom2018to2025isanambitious
starttowardsachievingnetzeroCarbonFootprint
emissions by 2040.

Thechoiceofelectricity sourceinthe Materials
productionandrefiningphasealsohasanimpact
onthetotal Carbon Footprint, e.g. some metal
productionprocesseslikeelectricalfurnacearevery
energy intensive. However, changing electricity has
notyetbeentestedduetothefactthatmanyofthe

background data-sets are aggregated into ‘black box’
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datasets, wheremodifyingtheelectricity production
is notpossible.

Whenconsideringthe Materials productionand
refining phase and comparing the result of the XC40
Rechargetotheresultsofthe XC401ICE, the XC40
Recharge has a higherCarbon Footprint. Thisis
mainly duetothe addition ofthe Li-Ion battery. This
increase in emissions is compensated for by alower
CarbonFootprintinthe use phase, resultingin atotal
lower Carbon Footprint. Further improvements in
the Materials production and
refining phase will result in
anevenfurtherreducedtotal
Carbon Footprint.

TheBEVdrivelinetechnology
is still young compared to
the ICE driveline implying a
relatively higherpotential of
improvements. Recentstudies
haveshownageneraldecrease
inCarbonfootprintofbattery
production over recent years,
anditisa probable expectation
thatitwill continue decreasing
inthefuture. Other material-relatedimprovements
arealsoprobableandbeneficial,andsincetheICEs
and BEVs share many bulk materials (aluminum, steel,
plastics)andelectroniccomponentstheeffects of
theseimprovements will result morein a lowertotal
Carbon Footprint of both vehicles, and less in an
increase of the difference between them.

Production of steeland aluminum has a relatively
large contribution to the total Carbon Footprint,
accounting for roughly 20% of the total Carbon
Footprintwhen aglobal energy mixis used inthe use
phase.ThelLi-ionbattery modulesaccountforalmost
15% and electronics and plastics for almost 5%
each. Thus, efforts to reduce the impact from these
materials, forexamplewith increased use ofrecycled
contentand morerenewableenergyintheproduction,
is also an important part of reducing the Carbon
Footprint.

Volvo Cars’strategy of
aimingtoreducethe Carbon
Footprintfromthe Materials

production and refining

phaseby 25% peraverage
vehicle from 2018 to 2025
isanambitious starttowards
achieving net zero Carbon
Footprint emissions by 2040.

Aslongasthe XC40 Rechargehasa higher Carbon
Footprintfrom the Materials production and refining
phase than the XC40 ICE, the question of break-even
will remain. At what distance will GHG emissions from
Materials production and refining be outweighed by
loweremissionsintheuse phase? Thisstudy shows
abreak-even pointofalmost 50 000 km for the
wind powered XC40 Recharge, significantly below the
driving distance of 200 000 km used as the functional
unit. Whenconsideringaglobalaverageelectricity
mix the break-even point
is at about 146 000 km for
XC40 Recharge, also below
the 200 000 km. After the
break-even points the global
warming related benefits of
the XC40Recharge compared
tothe XC40 ICE continueto
increaseovertherestofthe
life cycle. This means thatthe
longerthelifetime, the lower
the Carbon Footprint of the
XC40Rechargecomparedto
the XC401ICE.

The choice of allocation method resultsin all GHG
emissions from producing scrap being allocated to
thevehicles. Italsoresultsinall GHG emissions from
wasteintheendoflifetreatmentbeingallocatedto
thevehicles, evenifthematerialisbeingrecycled.
Thisinturnresultsinarelatively highCarbonFootprint
oftheVolvo Carsvehiclescomparedtosome other
studieswhere production of materialendingup as
scrap in the manufacturing is excluded®. Furthermore,
themetal productiondatasetsthathavebeenused
areaveragedata, andfurtherinvestigationisneeded
to assess to what extent this data differs from Volvo
Carsactualsupplynetwork. Thereareindications
thatVolvoCarssuppliersperformsignificantly better
thanthe average global production in some cases,
whichisanotherindicationthattheresultsmaybe
overestimated. Thisisin line with the conservative
approach, i.e. to rather over-estimate rather than
under-estimate the Carbon Footprints.

21E.g. GREET calculation modell, https://greet.es.anl.gov/
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6.Conclusions

Inthis study Carbon Footprints of XC40 ICE and XC40 Recharge have
beencalculated, includingalllifecyclephases, i.e. Materialsproduction
and refining, Manufacturing, Use phase and End of life (see Figure 5).

Life Cycle Analysis (LCA), hasbeenused, which
hasbeenidentifiedbythe EUCommissionasthe

best framework for assessing the environmental
performanceofproductshasbeenused. LCAiswell
suited forassessingimprovementsin thewhole life
cycle and avoiding sub-optimization, i.e. decreasing the
environmentalimpactinonestepwhileincreasingitin
another step.

According tothemethodology described inthis
report the Carbon Footprint of an XC40 ICE and
XC40Rechargeis58tonnesCO,eand 27-54tonnes
CO,erespectively. The reason forthe variationin the
result of the XC40 Recharge is because different
electricity mixeswith varying carbonintensityin
theuse phase havebeenanalysed. Thesize ofthe
variation clearly shows the impact the choice of
electricity mix has on the end result.

The XC40Recharge, and BEVsingeneral, can
haveevenlowerCarbonFootprintsinthenearfuture
because of potentialimprovementsine.g. battery
technology, vehicle energy efficiency andinthe
energy systems.

The break-even analysis in the study, investigates
atwhatdrivingdistancethe CarbonFootprints of

the XC40 Recharge become less than the XC40 ICE
based on alternate electricity mixes. It shows that
allbreak-even pointsforthetested electricity mixes
occur withinthe used driving distance of 200 000
km. Afterthe break-even pointthe Carbon Footprint
ofthe XC40 Rechargeimproveslinearly comparedto
the XC40ICE. Thelonger the lifetime the better the
relative Carbon Footprintofthe XC40Recharge.

ItshouldbenotedthataBEV sold onamarketwith
carbonintensive electricity productionindeed can be
chargedwith electricity fromrenewableenergy, which
would decrease the Carbon Footprint substantially.
Furthermore, theresultsassumeaconstantcarbon
intensity within the alternate electricity mixes
throughoutthevehiclelifetimewhichislikely to
overestimate the total Carbon Footprint.

LCAandtheunderlyingmethodology willbeused
asthemetricsforassessingthe CarbonFootprintof
Volvo vehicles. LCAs will be performed regularly and
serveastheframework forguiding the GHG reduction
related activities, applyingaproductperspective.
The methodology, practice, data collection procedures
etc. will be continuously developed.
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Appendix 1 — Chosen datasets

Material Location Name Type Source Date used

ABS

ABS GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

ABS (filled)

ABS (filled) GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

ABS (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

ABS (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

ABS (unfilled)

ABS (unfilled) GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

AdBlue

AdBlue EU-28 Urea (46% N) agg Fertilizers Europe 2020-04-20

AdBlue EU-28 Tapwaterfromsurfacewater | agg ts 2020-04-20

Aluminium, cast(matcat)

Aluminium, cast(matcat) | GLO AluminiumingotmixIAI2015 | agg 1AI/ts 2020-04-20

Aluminium, wrought

(matcat)

Aluminium, wrought GLO AluminiumingotmixIAI2015 | agg IAI/ts 2020-04-20

(matcat)

ASA

ASA GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

ASA (filled)

ASA (filled) GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

ASA (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

ASA (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

ASA (unfilled)

ASA (unfilled) GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

Brake fluid

Brake fluid GLO Market for diethylene glycol | agg ecoinvent 3.6 2020-05-19

Cast iron (matcat)

Cast iron (matcat) DE Cast iron part (automotive) p-agg ts 2020-04-20
- open energy inputs

Catalytic coating

Catalytic coating ZA Market for platinum group agg ecoinvent 3.6 2020-06-01

metal concentrate
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Material Location Name Type Source Date used

Copper

Copper EU-28 Copper Wire Mix agg DKI/ECI 2020-04-20
(Europe 2015)

Copper alloys

Copper alloys GLO Copper mix agg ts 2020-04-20
(99,999% from electrolysis)

Copper alloys GLO Market for zinc agg ecoinvent 3.6 2020-04-20

Cotton

Cotton GLO Market for textile, agg ecoinvent 3.6 2020-04-20
woven cotton

Damper

Damper RER Polymethylmethacrylate agg PlasticsEurope 2020-04-20
sheet (PMMA)

Damper RoW Market for lime agg ecoinvent 3.6 2020-04-20

Diesel

Diesel EU-28 Diesel mix at filling station agg ts 2020-04-20

E/P

E/P RoW Polyethylene production, agg ecoinvent 3.6 2020-04-20
low density, granulate

E/P (filled)

E/P (filled) RoW Polyethylene production, agg ecoinvent 3.6 2020-04-20
low density, granulate

E/P (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

E/P (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

E/P (unfilled)

E/P (unfilled) RoW Polyethylene production, agg ecoinvent 3.6 2020-04-20
low density, granulate

Electronics

Electronics GLO Market for printed wiring agg ecoinvent 3.6 2020-05-26
board, surface mounted,
unspecified, Pb containing

EPDM

EPDM DE Ethylene Propylene Diene agg ts 2020-04-20
Elastomer (EPDM)

Epoxy

Epoxy RoW Marketforepoxy resin, liquid | agg ecoinvent 3.6 2020-04-20

EVAC

EVAC RoW Marketforethylenevinyl agg ecoinvent 3.6 2020-04-20

acetate copolymer

EVAC (filled)
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Material Location Name Type Source Date used
EVAC (filled) RoW Marketforethylenevinyl agg ecoinvent 3.6 2020-04-20
acetate copolymer
EVAC (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20
EVAC (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20
EVAC (unfilled)
EVAC (unfilled) RoW Marketforethylenevinyl agg ecoinvent 3.6 2020-04-20
acetate copolymer
Ferrite magnet
Ferrite magnet GLO Market for ferrite agg ecoinvent 3.6 2020-04-24
Filled Thermoplastics
(matcat)
Filled Thermoplastics RoW Market for nylon 6 agg ecoinvent 3.6 43941
(matcat)
Filled Thermoplastics EU-28 Talcum powder (filler) agg ts 43941
(matcat)
Filled Thermoplastics GLO Market for glass fibre agg ecoinvent 3.6 43941
(matcat)
Float glass
Float glass EU-28 Float flat glass agg ts 2020-04-20
Glycol
Glycol EU-28 Ethylene glycol agg PlasticsEurope 2020-01-01
Lead, battery
Lead, battery DE Lead (99,995%) agg ts 2020-04-20
Leather
Leather DE Cattle hide, fresh, from agg ts 2020-04-20
slaughterhouse (economic
allocation)
Leather DE Leather (varnished; 1 p-agg ts 2020-04-20
sqm/0.95 kg) - open input
cattle hide
Lubricants (matcat)
Lubricants (matcat) EU-28 Lubricants at refinery agg ts 2020-04-20
Magnesium
Magnesium CN Magnesium agg ts 2020-04-20
NdFeB
NdFeB GLO Market for permanent agg ecoinvent 3.6 2020-04-24
magnet, electric passenger
car motor
NR
NR DE Natural rubber (NR) agg ts 2020-04-20

PA
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Material Location Name Type Source Date used

PA RoW Market for nylon 6 agg ecoinvent 3.6 2020-04-20

PA (filled)

PA (filled) RoW Market for nylon 6 agg ecoinvent 3.6 2020-04-20

PA (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PA (filled) GLO Market for glass fibre agg ecoinvent3.6 2020-04-20

PA (unfilled)

PA (unfilled) RoW Market for nylon 6 agg ecoinvent3.6 2020-04-20

PBT

PBT DE Polybutylene Terephthalate agg ts 2020-04-20
Granulate (PBT) Mix

PBT (filled)

PBT (filled) DE Polybutylene Terephthalate agg ts 2020-04-20
Granulate (PBT) Mix

PBT (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PBT (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PBT (unfilled)

PBT (unfilled) DE Polybutylene Terephthalate agg ts 2020-04-20
Granulate (PBT) Mix

PC

PC GLO Market for polycarbonate agg ecoinvent 3.6 2020-04-20

PC (filled)

PC (filled) GLO Market for polycarbonate agg ecoinvent 3.6 2020-04-20

PC (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PC (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PC (unfilled)

PC (unfilled) GLO Market for polycarbonate agg ecoinvent3.6 2020-04-20

PC+ABS

PC+ABS GLO Market for polycarbonate agg ecoinvent 3.6 2020-04-20

PC+ABS GLO Market for acrylonitrile- agg ecoinvent3.6 2020-04-20
butadiene-styrene copolymer

PC+ABS (filled)

PC+ABS (filled) GLO Market for polycarbonate agg ecoinvent3.6 2020-04-20

PC+ABS (filled) GLO Market for acrylonitrile- agg ecoinvent3.6 2020-04-20
butadiene-styrene copolymer

PC+ABS (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PC+ABS (filled) GLO Market for glass fibre agg ecoinvent3.6 2020-04-20

PC+ABS (unfilled)

PC+ABS (unfilled) GLO Market for polycarbonate agg ecoinvent3.6 2020-04-20
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Material Location Name Type Source Date used

PC+ABS (unfilled) GLO Market for acrylonitrile- agg ecoinvent 3.6 2020-04-20
butadiene-styrene copolymer

PE

PE RoW Polyethylene production, low agg ecoinvent 3.6 2020-04-20
density, granulate

PE (filled)

PE (filled) RoW Polyethylene production, low agg ecoinvent 3.6 2020-04-20
density, granulate

PE (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PE (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PE (unfilled)

PE (unfilled) RoW Polyethylene production, low agg ecoinvent 3.6 2020-04-20
density, granulate

PET

PET GLO Market for polyethylene agg ecoinvent 3.6 2020-04-20
terephthalate, granulate,
amorphous

PET (filled)

PET (filled) GLO Market for polyethylene agg ecoinvent 3.6 2020-04-20
terephthalate, granulate,
amorphous

PET (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PET (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PET (unfilled)

PET (unfilled) GLO Market for polyethylene agg ecoinvent 3.6 2020-04-20
terephthalate, granulate,
amorphous

Petrol

Petrol EU-28 Gasoline mix (regular) at agg ts 2020-04-20
refinery

PMMA

PMMA RER Polymethylmethacrylate agg PlasticsEurope 2020-04-20
sheet (PMMA)

PMMA (filled)

PMMA (filled) RER Polymethylmethacrylate agg PlasticsEurope 2020-04-20
sheet (PMMA)

PMMA (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PMMA (filled) GLO market for glass fibre agg ecoinvent 3.6 2020-04-20

PMMA (unfilled)

PMMA (unfilled) RER Polymethylmethacrylate agg PlasticsEurope 2020-04-20

sheet (PMMA)

Polyurethane (matcat)
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Material Location Name Type Source Date used

Polyurethane (matcat) RoW Market for polyurethane, agg ecoinvent 3.6 2020-04-20
rigid foam

POM

POM EU-28 Polyoxymethylene (POM) agg PlasticsEurope 2020-01-01

POM (filled)

POM (filled) EU-28 Polyoxymethylene (POM) agg PlasticsEurope 2020-01-01

POM (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

POM (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

POM (unfilled)

POM (unfilled) EU-28 Polyoxymethylene (POM) agg PlasticsEurope 2020-01-01

PP

PP GLO Market for polypropylene, agg ecoinvent 3.6 2020-04-20
granulate

PP (filled)

PP (filled) GLO Market for polypropylene, agg ecoinvent 3.6 2020-04-20
granulate

PP (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PP (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PP (unfilled)

PP (unfilled) GLO Market for polypropylene, agg ecoinvent 3.6 2020-04-20
granulate

PS

PS GLO Market for polystyrene, agg ecoinvent 3.6 2020-04-20
general purpose

PS (filled)

PS (filled) GLO Market for polystyrene, agg ecoinvent 3.6 2020-04-20
general purpose

PS (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PS (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PS (unfilled)

PS (unfilled) GLO Market for polystyrene, agg ecoinvent 3.6 2020-04-20
general purpose

PVB

PVB DE Polyvinyl butyral granulate agg ts 2020-04-20
(PVB) by-product ethyl
acetate

PVB (filled)

PVB (filled) DE Polyvinyl butyral granulate agg ts 2020-04-20
(PVB) by-product ethyl
acetate

PVB (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20
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Material Location Name Type Source Date used

PVB (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PVB (unfilled)

PVB (unfilled) DE Polyvinyl butyral granulate agg ts 2020-04-20
(PVB) by-product ethyl
acetate

PVC

PVC RoW Polyvinylchloride production, agg ecoinvent 3.6 2020-04-20
suspension polymerisation

PVC (filled)

PVC (filled) RoW Polyvinylchloride production, agg ecoinvent 3.6 2020-04-20
suspension polymerisation

PVC (filled) EU-28 Talcum powder (filler) agg ts 2020-04-20

PVC (filled) GLO Market for glass fibre agg ecoinvent 3.6 2020-04-20

PVC (unfilled)

PVC (unfilled) RoW Polyvinylchloride production, agg ecoinvent 3.6 2020-04-20
suspension polymerisation

R-1234yf

R-1234yf R-123yf u-so 43943

R-134a

R-134a GLO Market for refrigerant R134a| agg ecoinvent 3.6 2020-04-20

SBR

SBR DE Styrene-butadiene rubber agg ts 2020-04-20
(S-SBR) mix

Silicone rubber

Silicone rubber DE Silicone rubber (RTV-2, agg ts 2020-04-20
condensation)

Steel, Sintered

Steel, Sintered GLO Steel hot dip galvanised agg Worldsteel 2020-04-20

Steel, Stainless,

Austenitic

Steel, Stainless, EU-28 Stainless steel cold rolled p-agg Eurofer 2020-04-20

Austenitic coil (304)

Steel, Stainless, Ferritic

Steel, Stainless, Ferritic | EU-28 Stainless steel cold rolled p-agg Eurofer 2020-04-20
coil (430)

Steel, Unalloyed

Steel, Unalloyed GLO Steel hot dip galvanised agg Worldsteel 2020-04-20

Sulphuric acid

Sulphuric acid EU-28 Sulphuric acid (96%) agg ts 2020-04-20

Thermoplastic
elastomers (matcat)
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Material Location Name Type Source Date used
Thermoplastic DE Polypropylene / Ethylene agg ts 43941
elastomers (matcat) Propylene Diene Elastomer
Granulate (PP/EPDM,
TPE-O) Mix
Thermoplastics (matcat)
Thermoplastics (matcat) | RoW Market for nylon 6 agg ecoinvent 3.6 2020-04-20
Tyre
Tyre DE Styrene-butadiene rubber agg ts 43941
(S-SBR) mix
Tyre EU-28 Water (deionised) agg ts 43941
Tyre GLO Vulcanisation of synthetic u-so ts 43831
rubber (without additives)
Undefined
Undefined RoW Market for nylon 6 agg ecoinvent 3.6 43941
Unfilled Thermoplastics
(matcat)
Unfilled Thermoplastics DE Polypropylene / Ethylene agg ts 43941
(matcat) Propylene Diene Elastomer
Granulate (PP/EPDM,
TPE-O) Mix
Washer fluid
Washer fluid DE Ethanol agg ts 2020-04-20
Wood (paper, cellulose...)
Wood (paper, cellulose...) | EU-28 Laminated veneer lumber agg ts 2020-04-20
(EN15804 A1-A3)
Zinc
Zinc GLO Special high grade zinc p-agg IZA 2020-04-20
Aluminium, manufacturing
(DE, EU-28)
DE Aluminium die-cast part u-so ts 2020-01-01
EU-28 Aluminiumsheet - openinput p-agg ts 2020-04-20
aluminium rolling ingot
DE Aluminium sheet deep u-so ts 2020-01-01
drawing
Manufacturing
(general assumption)
Manufacturing u-so 2020-05-15
(general assumption)
Manufacturing, Leather
(general assumption)
Manufacturing, leather u-so 2020-06-01

Polymers (all categories)
manufacturing (GLO)
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Material Location Name Type Source Date used
DE Plastic injection moulding u-so ts 2019-02-01
part (unspecific)
Stainless steel
manufacturing (DE)
DE Steel sheet deep drawing u-so ts 2020-01-01
(multi-level)
Steel unalloyed,
manufacturing
(DE, VCC data)
DE Steel sheet deep drawing u-so ts 2020-01-01
(multi-level)
Steel manufacturing u-so 2020-05-11
(VCC data)

Appendix 2 - completelist of Volvo Cars Material
Library material categories

Material name Material group

Steel, Sintered

Steel and Iron

Steel, Unalloyed

Steel and Iron

Steel, Stainless, Austenitic

Steel and Iron

Steel, Stainless, Ferritic

Steel and Iron

Cast iron (matcat)

Steel and Iron

Aluminium, cast (matcat)

Aluminium

Aluminium, wrought (matcat)

Aluminium

Magnesium Other Metals
Copper Copper
Copper alloys Copper

Zinc

Other Metals

Lead, battery

Other Metals

NdFeB Other Metals
ABS (filled) Polymers
ASA (filled) Polymers
E/P (filled) Polymers
EVAC (filled) Polymers
PA (filled) Polymers
PBT (filled) Polymers

Material name Material group

PC (filled) Polymers
PC+ABS (filled) Polymers
PE (filled) Polymers
PET (filled) Polymers
PMMA (filled) Polymers
POM (filled) Polymers
PP (filled) Polymers
PVB (filled) Polymers
PVC (filled) Polymers
ABS (unfilled) Polymers
ASA (unfilled) Polymers
E/P (unfilled) Polymers
EVAC (unfilled) Polymers
PA (unfilled) Polymers
PBT (unfilled) Polymers
PC (unfilled) Polymers
PC+ABS (unfilled) Polymers
PE (unfilled) Polymers
PET (unfilled) Polymers
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Material name Material group

PMMA (unfilled) Polymers

POM (unfilled) Polymers

PP (unfilled) Polymers

PVB (unfilled) Polymers

PVC (unfilled) Polymers
Thermoplastic elastomers Polymers
(matcat)

EPDM Polymers

NR Polymers

SBR Polymers
Silicone rubber Polymers

Tyre Tyres

Epoxy Polymers
Polyurethane (matcat) Polymers
Damper Polymers

Cotton Natural Materials
Leather Natural Materials

Wood (paper, cellulose ...)

Natural Materials

Material name Material group

Ferrite magnet

Other Metals

Float glass Glass

Anode*

Cathode*

Electronics Electronics

Diesel Fluids and Undefined
Petrol Fluids and Undefined

Lubricants (matcat)

Fluids and Undefined

Brake fluid

Fluids and Undefined

Glycol

Fluids and Undefined

R-1234yf

Fluids and Undefined

R-134a

Fluids and Undefined

Sulphuric acid

Fluids and Undefined

Washer fluid

Fluids and Undefined

AdBlue

Fluids and Undefined

Separator, Li battery*

Undefined

Fluids and Undefined

Catalytic coating

Glass

*Not used in any Carbon Footprint presented in this report,

sincethe Li-ion battery is modelled separately.
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Appendix 3 - Summary of data-choices and
assumptions for component manufacturing

Material

Assumption on component

manufacturing

Comment

Material utilization rate
in additional component
manufacturing

Cast iron No extra manufacturing The chosen dataset already includes the
processes production of a finished part to be used in
automotive applications
Fluids No extra manufacturing Assumed thatfluidsdo not need further
processes refining after production ofthe raw material
(the fluiditself)
Tires No extra manufacturing Assumed that the processes after

processes

vulcanisation only has minor GHG-
emissions

Copper (wire)

No extra manufacturing
processes

Assumed that processing after
manufacturing into copper wire has
negligible emissions and waste

NdFeB magnets

No extra manufacturing
processes

The chosen dataset already includes the
productionofafinished magnettobe
used in electric motors for automotive
applications

Electronics (PCBs)

No extra manufacturing
processes

The chosen datasetalready includesthe
productionofafinished printedcircuit
board

Cast Aluminium Die-casting process 96%
Wrought Aluminium Rolling + Aluminiumsheet Assumedtorepresentdifferenttypes 62%
deep drawing of wroughtprocesses

Steel (in parts, Steel sheet deep drawing Sheetis assumed in line with the 63%

processed at conservative approach

suppliers)

Steel(stampedina Steel scrap generated at The steel scrap generated at stampingin Confidential

Volvo factory) Volvo Cars factories theVolvofactories, thatisthesteelin
workstream “vehicle structures”

Stainless steel Steel sheet deep drawing Sheetis assumed in line with the 63%
conservative approach

Polymers Injection moulding process | Assumedtorepresentdifferenttypes 98%
of processes

Other materials Raw material weight x2 Emissionsfromraw material production 50%

has been multiplied by two, to compensate
for further refining and processing
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Appendix 4 - End-of-life assumptions and method

A4.1 Transport

Transportationof materials sentto material recycling
isincluded andis assumed to be transported 1500 km
by truck.

A4.2 Disassembly

Thedisassembly stageisglobally stilla mostly
manual process. The energy consumption of this
stage was therefore disregarded. As the weight of
thedisassembled partsarelow, potentialadditional
transportofthesecomponentwasdisregarded.

A4.3 Pre-treatment
Pre-treatmentwasincludedforthefollowing
disassembled components:

¢ Lead acidbattery
o Catalytic converter (only ICE vehicles)
e Tyres

o Lithiumionbatteries (only electric vehicles)

Fortheleadacid batteries, catalyticconverterand
tyres, ecoinvent datasets were used forthe pre-
treatment stage.

The lithium-ion battery is assumed to be transported
1500 km by truck to the recycling facility.

For the remaining disassembled parts, no inventory
was made since their disassembly mainly is done as
asafety precautionand they will after thisbe handled
similarly to the rest of the vehicle. The fluids and oils
thatareincinerated likewise do not go through any
pre-treatment.

A4.4 Shredding

Inthe shredding process the vehicles are milled
tosmallerfractions. This processuseselectricity.
Inordertoestimatetheamountofenergy needed
the energy consumption perkginthe dataset
“treatment of used glider, passenger car, shredding
fromecoinvent3.6wasused. Theelectricity used
forthis process was modelled as Volvo Cars specific
electricity grid mixasdescribedin 3.1.6. Emissions of
metalstowaterandairwhereomittedbasedonthe

scope focusing on climate change.

The entire vehicle except the parts sent for specific
pre-treatmentissentthroughtheshreddingprocess.
Noadditionaltransportisincluded asshreddingis
modelled asoccurring atthe samessite asdismantling.

A4.5 Material recycling

This is the fate of the flows of metals from the
shredding, aswell asforthe materialsinthe pre-
treated components. Basedonthechoiceof cut-off
approach for end of life modelling, this stage is
outsidethe boundaries ofthelifecycleandis not
included in the inventory, except for the transportation
tothe material recycling, as mentioned above.

A4.6 Final disposal - incineration and landfill
Thedisassembledfluidsandoils,aswellasthe
combustible partoftheshredderlightfractionare
modelledtobeincinerated withoutenergy recovery.
Thechoicetonotincludeenergy recoveryrelatesto
the global scope ofthe LCA. Tomodel the incineration
ofthewaste oilsan ecoinventdataset fortreatmentof
waste oil was used.

To model the emissions from the combustion of
materialfromthe shredderadatasetforincineration
of mixed plastics where used, based onthe main
content of the flow going to this stage. The main part
oftheweightwillbefromtheplasticsinthevehicle.
The dataset chosen was a Thinkstep dataset of EU-28
incineration of mixed plastic.

Non-combustible materials, likeceramicsandglass
areasmallpartofthevehiclebutmakeupthepartof
theshredderlightfraction thatcannotbe combusted.
This flow is either landfilled or recycled as filler material,
both cases modelledwithadatasetforlandfilling of
glass/inert matter, from Thinkstep.

Transportation of materials which are separated in
the shredding processes and which are assumed to
berecycledis estimated to 1500 km by truck.

A4.7 Data collection

Thissectionprovidesanoverviewofthedatacollection
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activities relating to each life cycle stage. Fora full list processes presented in Table 8are included in the
of datasets see Appendix 2 — Chosen datasets. data collection effort.
According to the cut-off methodology, the

Disassembly stage Pre-processing stage Final disposal

Batteries Separate handling. Lead recovery from lead acid and | According to material category*
designated Li-ion battery dismantling

Fuel Incineration

Tyres Pre-treatment for tyre recycling None (sentto material recycling)

Liquids (coolants, brake Incineration

fluid etc)

Oils (engine, gearbox etc) Incineration

Qil filters Incineration

Catalytic converter Pre-treatmentto allow extraction of precious metals | None (senttomaterial recycling)

Airbagsand seatbelt Disarming of explosives. Shredding None (sentto material recycling)

pretensioners

Rest of vehicle Shredding According to material category*

*Metals to material recycling, combustible material to incineration (mainly plastics) and residue to landfill

Table 8. Processes included in the data collection effort for End of Life
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