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The GSERVEHRSoject aims to boost a resoureefficient circular economy in the electrical and electronic
sector through the developmentalidation and transfer of new circular economy business models. These

models are based on systemic eomovative services that include: (1) eleasing of EEE, (2) product
customization, (3) improved WEEE management, and (4) ICT services to suppogcotbenvices.

The new circular economic business modekre implemented and tested by means of demonstrations
involving four target products: washing machines, laser printers and their toner cartridges, telecom equipment
and TV sets. The demonstrationsalve the whole life cycle of the four target products, their associated value
and supply chains, and the proposed éanovative services.

The techneeconomic, environmental and social feasibility of the target products and relategawices
were determined by means of life cycle sustainability assessment {a@SA)including environmental life
cycle assessment (LCA), life cycle costing (LCC) and social life cycle asse4std9iS different types of
scenariosvere assessed and compared foraketarget product:

1 A conventional scenario, in which the products are produced and consumed under linear economy
models.

1 The GSERVEES scenario, in which the products are produced and consumed under the new circular
economy models relying on the system@ménnovative services demonstrated in the project.

This Deliverable 8shows the life cyclassessment and material circularity indeheach target produainder
the conventional scenario, called Reference product, and under t8&€ RVEES scenario,ethiIGSERVEES
product, and their comparison.

The environmental impacts were determined using the LCA methodology according to ISO standards
(14040/14044). The assessment comprised the whole life cycle of the products, including: extraction and
processing ofaw materials, manufacturing, transport and distribution, use, maintenance (when required) and
end of life. A complete life cycle inventory was first developed for each product, inclemingy and material

uses and releases to the environment for each life cycle stage. The inventory was then converted into
environmental impacts by using the life cycle impact assessment method ReCiPe, which allowed to assess 18
midpoint impact categoriesricluding global warming) and 3 endpoint impact categories (damages to human
health, ecosystem diversity and resource availabiligditionally, theMaterial Circularity Indicator (MCI) was
determined to assess the circularity of the current products bnsiness models.

Below are shownhe mainenvironmental indicatorgalculated for the four target productsith their two
scenarios andhe relativeimprovement referred to their functional unjtand excluding use energy and use
consumables.

1) One washingycle with @ ARCELIK15037010@vashing machineas Reference product and ARCELIK
7150341600 as-SERVEES product.

Main life cycle cosindicators forone washing cycle tfie washing machine

2 3KAYy3 YIFJLYRAOI G2NJ PYAG [WSTFSNB/H 9wx9wStload
A YLINE @
3 wéh nomn nomo M P oz
|
L

Df 20l f &1 N¥YAY ]
| dzYty KSI f (K 5
902aeaisSva a
i
1

V[, M P nmved| M D nvic9 neH:
JSOA| MDHMI®| ™ P HONG® n oo
wS &2 dzNDOSa {5Hn| MOHTH| ™ P HICH n oy::
wSOe Of Aydt ONBH 3 wéjh| ™ OnuwrH)| ™ © NurHO n o g
al N& Ft / ANDdz | noHp noHp M ® T3

Deliverable 3. Environmental analysis of8ERVEES products and servic€sx
Page3 of 158



2) 1,000 printed pages with BEXMARK CX860dbeofessional multifunctional laser printer

Main life cycle cosindicators forl000 printed pages dhe multifunctional laser printer.
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3) One hour of thetelecommunications equipmenimonitoring composed byan active ALM unit (ADVA

16ALM/#1650D/AC) an80 passivesensors

Main environmentaindicatorsfor one hour othe ALM productnonitoring.

ALM product Indicator Unit Reference  GSERVEE: Relative
improvement
e Global warming kg C@q 1.37E03  9.27E04 32.6%
P;;'iiiiiiii Human health DALY  842E09  4.70E09 44.1%
Ecosystems species.yr 1.30Ell 7.57E12 42.0%
Resources USD2013 7.38E05 6.23E05 15.5%
Recycling credits,\@P kg CQq -1.14E04 -6.62E05 -42.2%
Material Circularity Indicator 0.41 0.71 73.1%
4) One watche hour of theGRUNDIG G43C 891 6/ ¢  arV selNJi
Main life cycle cosindicatorsfor one watched hour ahe TV set.
TV set Indicator Unit Reference GSERVEE: Relative
improvement
Global warming kg CO2eq 2.19E02 1.40E02 36.2%
Human health DALY 1.23E07 7.49E08 38.9%
Ecosystems species.yr 1.44E10 9.01E11 37.6%
Resources USD2013 1.64E03 1.09E03 33.6%
Recycling credits, GWP kg CQq -1.67E03  -1.11EO03 -33.2%
Material Circularity Indicator 0.37 0.56 52.1%

It should be noted that thee results cannot be used to compare the products with each other, since each
product has its own functionand functional unit intensity of use, number afsersper product unit and
lifetime, resulting inproducts completely different in terms of composition, weight, -tfecle management
and derived impacts; e.gh¢ washing machine is a consumer product used at home by a famtiile the
professionaimultifunctional laserprinter is a large business plact used by several office worke®vér 30

usersper product unij.

The main conclusion of this Deliverabl@ & that the four target productaunder the new circular economy
models relying on the systemic eamovative serdes demonstrated in therpject, and excluding electricity

and consumables during the use phasave reducedylobal warmingby 20%, human health and ecosystems
quality by 2%, resources scarcity by %and improvedtircularity by35%.
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List of a&cronyms and abbreviations

Acronym Full form

3D Three dimensions

ABS Acrylonitrilebutadienestyrene

Al Atrtificial intelligence

ALM Advanced link monitoring

B2B Businessto-business

B2C Businesgo-customer

BoM Bill of materials

CD Compact disc

CE Conformité Européenne

Ck Endpoint characterization factors

Chn Midpoint characterization factors

CMOS Complementary metabxide-semiconductor
Gr Waste fraction recycled

GSERVEES Activating circular services in the electrical alectronic sector
CSS CountrySpecific Sector

Q Waste fraction reuse

D2.2 Deliverable 2.2

DALY Disability adjusted life years

DRAM Dynamic randorraccess memory

DVD Digital versatile disc or Digital video disc
E2N Equal to new

E Efficiency of the recycling process
EcePP

ED Ecosystems damage

EEE Electric and electronic equipment

E Efficiency of the recycling process

El Environmental impacts

EOFP Ozone formation, terrestrial ecosystems, potential
EOL Endof-life

EOL RR Endof-life recycling rate

EPS Expanded polystyrene

EU European Union

FEP Freshwater eutrophication potential
FETP Freshwater ecotoxicity potential

FFP Fossil resource scarcity

Fr Recycled feedstock

FS Flat screens

FU Functionalunit

Fu Reused feedstock

GB Gigabyte

GF Glass filled

GHG Greenhouse gas

GHz Gigahertz

GLO Global

GWP Globalwarmingpotential

HDD Hard disk drive

HH Human health

HIPS Polystyrene, high impact

HOPF Ozone formation, human health, potential
HTPc Humancarcinogenic toxicity

HTPnc Human norcarcinogenic toxicity

IC Integrated circuits

ICT Information and communication technologies
10 Input output

Deliverable 3. Environmental analysis of8ERVEES products and servic€sx
Pagel6 of 158



Acronym Full form

IRP lonizing radiation potential

ISO International Organization for Standardization
IT Information technology

ITU Intermediate transfer module

L Lifetime

LCA Life cycle assessment

LCC Life cycle cost

LCCP Lexmark cartridge collection programme
LCD Liquid crystal display

LCI Life cycle inventory

LCIA Life cycle impacassessment
LCSA Life cycle sustainability assessment
LDPE Lowdensity polyethylene
LECP Lexmark equipment collection programme
LED Light emitting diode

LFI Linear flow index

LHA Large household appliances
LOP Land use

LPA Largeprofessional appliances
MCI Materials circularity index

MEP Marine eutrophication potential
METP Marine ecotoxicity potential
MLP Multifunction laser printer

ODP Stratospheric ozone depletion potential
OSR Old scrap ratio

PA Polyamide

PBT Polybutylene terephtalate

PC Polycarbonate

PCB Printed writing board

PCBA Printed circuit board assembly
PCR Product category rules

PCU Packet control unit

PET Polyethylene terephthalate
PMMA Polymethyl methacrylate

PMP Fine particulatenatter formation
PMU Power management unit

POM Polyoxymethylene

PP Polypropylene

PPO Polyphenylene oxide

PPS Polyphenylene sulphide

PR Public relations

PS Polystyrene

PSS Product Service Systems

PSU Power supply unit

PVC Polyvinylchloride

PWB Printed wiring board

QR Quick response

RA Resources scarcicity

RC Recycled content

RER Europe

RIR Recycling input rate

Row Rest of the World

SD Sensitivity dependence

SLCA Social life cycle assessment
SMD Surface mountlevice

SOP Mineral resource scarcity
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Acronym Full form

SPA Small professional appliances

TAP Terrestrial acidification

TE Telecom equipment

TETP Terrestrial ecotoxicity potential

tkm Tonneskm

TR Percentage of time replaced

TV Television

U Functional uit

UK United Kingdom

USA United States of America

\% Virgin raw material

VAT Value added tax

w Waste

Wo Waste going to landfill

Wec Waste generated in the recycling process
WCP Water consumption potential

WCR Waste collected for recycling oefurbishment
WEEE Waste of electric and electronic equipment
We Waste generated to produce the recycled content used as feedstock
WM Washing machine

WP Work package

X t NERdzOG Qa dziAf Alde
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1 Introduction

GCSERVEES is a Européet2020project that aims to boost a resoureefficient circular economy in the
electrical and electronic sector through the development, testing, validation and transfer of new circular
economic business models. Thew circularbusiness mode|developed in WPZre based orsystemic eco
innovative services that include: (1) elsasing of EEE, (2) product customization, (3) improved WEEE
management, and (4) ICT services to support the othersecaices. ICT tooisere developedin WP3asa
driver of the proposed ecmnovaive serviceskigurel shows a schematic overview of theSERVEES project
and its main innovative solutions.

The new circular economic business modelsre implemented and testedin WP4 by means of
demonstrations nvolving four target products: washing machinesjltifunctional laser printers and their
toner cartridges, telecom equipmerand TV setsThese products belong to different EEE categories that
jointly account for 77% of the WEEE collected in the EU. &@mouistrations involve the whole life cycle of
the four target products, their associated value and supply chains, and the proposéthesative services.

CIRCULAR ECONOMY
PRODUCTS & SERVICES

!

DRIVEN BY INDUSTRY 4.0

RE-USE AND
ECODESIGN CUSTOMIZATION ECO-LEASING RECYCLING
REMANUFACTURING
(" BETTER P —— . 5
LIFE-CYCLE fEND-USER NEW SLISTAIMABLE SOCIALE
ENVIROMENTAL LNEEDS 1 CONSUMETION SOLIDARITY
PERFORMANCE — PATTERNS EMPLOYMEN
— |5£¢:DNDARY
RAWMATERIALS
DEMONSTRATORS
.
= @ —
Product testing in real End-users’ acceptance
production and waste testing via living labs and
treatment plants public consultation studies

SUSTAINABLE
REGULATION PRODUCTION
GUIDELINESS

Figurel. Schematic overview of theRERVEES project.

The environmentaleconomicand socialviability of the target products and related eeerviceswere
determinedin WP5by means of lifeycle sustainability assessment tools, includemyironmental life cycle
assessment (LCA)fe cycle costing (LC@nhd ®cial lifecycle assessment {SCA) Two different types of
scenariewere assessed and compared for edahget product:

1 A onventional scenario, in which the products are produced and consumed under linear economy
models.

Deliverable 2. Environmental analysis ofSERVEES products and servic€g
Pagel9 of 158



1 TheGSERVEES scenario, in which the prisdaee produced and consumed undée new circular
economy models relying on the systemic @onovative services demonstrated in the project.

This Deliverable 8shows thdife cycleassessmerdind material circularity indesf each target product under
the conventional scenario, called Reference product, and under t8& RVEES scenario, calles8ERVEES
product, and their comparison.

1.1 Context and relationship with other WPs

GSERVEES projésstructured into 9 work packages (WHsgure2 shows theoverall structure of the project
work planaswell as the interlinkages between the different WPs.

pr—— O i

g »

P
A / v
1 ‘ WP1: Requirements for EEE circular economic models j [
- L :
- Captured stzkeholders and end users \
A circular economy requivements, bamers and i
A apparlunitins within the EEE sector :
: :
A h
E ( WP2: Development of novel circular economic business models J ! 5
P :
\ '
A Developea EEE cirmulanty reference maae! I
' and four assoriated EEE product-specific :
. circular econcmy business models [
: '
§ - i 3
- A WP3: Communication channels and ICT tools i ]
- : : g
'
i Developed sirular economy enabling bigiectional information exchange - g
E 7 throughout the EEE value and supply chains e Y
5 - -
s E ¥ k h J [ @
' WPS: Optimization and validation of the [ E
! [ | WP4: Demonstrations circular economic business models and | | E
A v ECO-SEIVICES ‘
H Implemented ang festen of G- H g
' SERVEES ¢ v acanomy \ g
. busmess madels across four large! .
A EEE products - r :
6 )
[} )
A H
' h
: :
1 b
A '
H '
HE v A 4 .
H '
' L WPT: Exploitation of results ] i
i i
% Py
_ M esssssssssssssssssensrEEE e Es A e ST EE R AT SRR AR R AR AR AT -/

Figure2. WP structure of the-SERVEES project.

This Deliverable 8.is part of WP5, whse main objectivés to validate the new circular business models by
verifying theirtotal costs (internal and external cotsThe relationship of WP%and Deliverable 2.in
particular) with the othepreviousWPs is explained below.

WP1. Requirements for the new circular economic models

Stakeholder consultation was initially conducted to identify #Hwareness, opportunities, challenges and
enablersto implement the circular economigusiness model@ the electrical and electronic sectofhese
comprisedtechnical, business & management, legislative, economic, social, supply chain and implementation
aects(discussed ieliverable 1.2)

WP2. Definition of new circular economic business models
A circular business reference model for the electrical and electronic sectof(QIREFMODE) was developed
based ora comprehensive literature review, the findings of #takeholder consultatiofconducted in WP1)
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and requirements from industry partners the EEE value chainghe reference model comprises five
interlinked layerqpresented inDeliverable 2.1)(1) Business Strategy, (2) Circular Economic Business Model
Canvas, (3) Challenges and Opportunities, (4) EU Policies relevanttedtizal &electronic sectorand (5)
Circularity Indicators.

The REEIRCMODE was designed to be relevant to all EEE products and its layered structure provides a
framework encompassing all possible circular economy options at a strategic level as well as eaochatag
LINP RdzOG Qa tAFS Oe0fS 6RSaA3ays LINRPRAzOGAZ2Y S dzaS | yR
implementing the REEIRCMODE to meet the requirements of any specific EEE product, providing the most
appropriate actions that leagt to the optimum productspecific circular economic business model.

The REEIRCMODE was further customised and tailored to the four specific products targeted in the project,
resulting in four oriented produespecific circularity models:

T WASHCIRCMODE farashing machines produced by ARCHuksented inDeliverable 2.2)

1 PRINTCIRCMODE for printer products produced by LEXMiRIKding laser printers and toner
cartridges(presented inDeliverable 2.3

T ALMCIRCMODE for telecom equipment produced by AP¥Sented irDeliverable 2.4)
1 TVCIRCMODE for TV sets and displays produced by AR &ddKted inDeliverable 2.5)

The four productspecific circular economic business models are therefore equally based on the characteristics
of the REFCIRCMODE. Edohisinessnodel, howeverrelates tothe specificities ofhe specifigoroduct, since

each one was developed usittte information provided by the corresponding producer and other actors in

its associated value chain.

WP3. Communication channels and Ito®ls

GSERVEES is also dealing with the development of ICT toolsdicediibnal communication and secure
informationexchange throughout the EEE value chains to support the new circular emingimess models.
These tools are based on blockchain and Zerowledge technology, enabling the communication about
individual products without the need for full disclosure mfiormation, but with trust and accountability.

New ICT servicegerethus be provided and supported by information transfer through the EEE value chains
including EEE producers and their supply cha&ingd,users and WEEE managé@isse servicaeserereliedon

QR codes (requiring product labellingyoviding access tend users via their smartphonewhile WEEE
managerscan use QR code scanners. Functionalifieduded product lifecycle tracking and feedback to
producers, as well asinteractive user manuals, repair manuals, warranty tracking or consumables
management.

The ICT toolweredeveloped in sprints with industry partners thastedthem to validate and optimise their
features and functionalities. Theyere structured in sub a way that any type of EEE can be added to the ICT
platform.

WP4. Demonstrations of the circular economic business models angseooces

The practical utility of th@roductspecific circular economic business modesveloped in WP2jes in the
possbility of posing and reviewing a series of circular economy options and evaluating them according to their
viability and timeframes for implementatio{short, medium or long term)rhis exercisaascarried out by

each EEE producer t"SSERVEES (ARCHLEXMARK and ADYAading to the selection of a set of circular
economy actions that can be reasonably appliedheir demo productswithin the timescaleof the project

(i.e., in the short term).

The actionsnitially selected for each target produ¢asfor the WP2 and related deliverables D2.2, D2.3, D2.4

and D2.5)wereimplemented through the demonstratiols2 NJ G4 KS W5 Sa A 3y (preséhted NP R dz
in Deliverable4.1). Thesepotential actionsfor increasing circularitfrom WP2are summarized imablel,

including somections supported by the ICT tools developed in the project (in WiPa&jdition, other circular
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economy actions considered feasible over a longer timescale (i.e., medium and longvene@xplored by
EEE producers for possible progression outside the confines of the project.

Tablel. Demonstrationcircular economyctionsto beconductedalongthe GSERVEES projéat Washing Machines

Demo product Life-cycle

(producer) stage Circular economy action Action description

ALY ONBI 88 NBOe Ot SR LX) I ada
components
Ecodesign of thewashing AUse novel formula to increase recycled PET content i
Design & machine GKS ¢lFaKAy3d YIOKAySaQ id
production AUse QR codes to provide information about materials
andO2 YLJ ye Qa OANDdzt I NA (&
IncreaSt_e EITEU EIy T APerform LCA to detect improvement areas in product
production process

ADemastration with focus on corporate customers

AobtanF SSRol O1 FNRBY 4l aKAY:
via questionnaires

ADevelop new corporate B2B sales channels in Europ:
renting washing machines

ADevelop a washing machine rental business model

At 3aSaa GKS FSlFraAroAtArde 2

Washing machines leasing/renting options

(ARCEL)K ATarget low income customers for the sale or rent of
NEFdzZNBAAKSR ¢l akKAy3d YI OK
house shares, etc.)

AcCollect end of life products from B2Bstomers,
refurbish them and provide refurbished products to B;
customers as a new business line

AEnable collection of endfuseg  a KAy 3 YI C
from customers with a partner in Europe

AExplore the use of 3D printing for spare parts and/or
customistion

AReuse motors and electrical cards from returned
washing machines as spare parts in Turkey

ADevelop dismantling and repair training programmes

Al NBIFGS 6 NBySaa Ay NBf I
circularity among B2B consumers via the help of QR
codes serted in products, which include examples of
I NeeSE A1 Qa 06S5ad LINI OGAaAOSa

AExpand partnerships with Arcelik dealers and retailer:
Sttt NBYlFydzZFl OGdzZNBR . H/

AtaS I vw O2RS 2y 4l aKAy:
track their service call rate

Alnitiate a take back collection system for end of use
washing machines in Europe with a partner

ADevelop circular enof-life recovery strategies for
collected washing machines outside Turkey

Develop a renting model

e for B2B market

Expand and improve
repair& refurbishment
operations

End of life

Improve recycling
procesgrecoveringof the
washing machine
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Table2. Demonstration circular economy actions to be conducted along-8IERY/EES project for Laser Printers.

Demo product Life-cycle

Circular economy action Action description
(producer) stage

Aldentify levers to reduce dismantling and refurbishing
cost by setting various operating models

AProvideinformation about printers to LEXMARK
recycling partners

AUse materials that recyclers can easily and profitably
recycle

AUse ICT to support information sharing across the su
chain related to recycled content

ADevise an ecdesign strategy for printers ding
dismantling activities

Ecoedesign of the printer

Design &
production

AExpand LCCP and/merge with LECP program (colls

and refurbishing whole printers and key components)

Increase circularity in theA Assess options to reuse material from EOL/WEEE pri

Printer productsincl LINX y G SNDa t ALearn fromrecyclers what materials can be recyc

laser printers and better or more profitably to use more of them instead
toner cartridges low-recycle value or efficiency materials

(LEXMARK) AReduce the number of unnecessary and incorrect

shipments

Asalvagevorking and repairable parts from
collected/return printers and use on E2N (Equal to Ne
printers

Alncrease the flow of returned endif-life printers by
reducing the associated time and cost

AExplore the competitiveness of 3D printing for spare

— Improve data collection plastic pars
p— Use P AEngage with key customer to understand their needs
and management . . :
and requirements as it relates to refurbished products

AActive lobbying at EU and/or national level for wider
acceptance and promotion of circular business mode
AActive media/PR campaign on refurbisheihfers
APromote refurbished printers
AUse QR code to inform customers about options to
return their unused products to the manufacturer
Alnvestigate economics of more CE suitable materials
coming from enebf-life cartridges or printers
AExpand LCCP and/merge with LECP program (collec
Improve the LCCP and refurbishing whole printers and key components)
Almplement ICT tools for improvement in logistics
End of life
Improve the recycling of
printers and cartridges

AMaintain highest levels afata security by ensuring tha
customers' documents are erased from refurbished
(E2N) printers

Deliverable 3. Environmental analysis of8ERVEES products and servic€sx
Page?23 of 158



Table3. Demonstration circular economy actions to be conducted along-8ERY/EES project for ALM product.

Demo product Life-cycle
(producer) stage

Design &
production

Telecom equipment
(ADVA) Use

= A‘_: )

= .::::;:-’?
—— - gEFEEREE

End of life

Circular economy action Action description

ADesign for longevity, in particular better maintainabilit
ADesign for better recycling, in particulalated to

plastics
Ecoedesign of ALM Almprove energy efficiency in the use phase by at leas
system 20%

ADevise an ecdesign approach in production and Desi
for Recycling
AReduce costs of manual disassembly for recycling

Improve cwcqlarlty n APerform LCA tdetect improvement areas in productio

ALM production

Almplement ecedesign strategies across the life cycle
ALM products and the subsequent reduction of energ
use

Aln-depth PS@nalysis considering lifetime and other IC
product

Alntroduce options for leasing, renting or sharing
products

AExpand the scope of PSS (moving toward vendor
ownership)

AMove towards a rental model for B2B customers

ADemonstration ofeasing/renting with selected
stakeholder

Acarry out a feasibility analysis of Al for predictive
maintenance

Al aaSaa O02YLRySyiGaqQ NBdza ¢

AProvide an analysis of paexchange options as part of
repair and maintenance

AAssign components to most efficient recycling pathwe

AProvide an analysis of how recycling needs to be
changed to become more efficient

ADefine which level of material data is suitable for
recyclers

Almprove the proportion of componentpartsand/or
materials recovered

AReduce volume of packaging and develop pléstie
packaging

Improvements in
performance

Explore feasibility of
renting/shared use/PSS

Improve repair and
refurbishment operations

Improve recycling of the
ALM system
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Table4. Demonstration circular economy actions to be conducted alonG-8ERVEES project for ALM product.

Demo product
(producer)

TV setsARCEL)K

Life-cycle
stage

Design &

production

Use

End of life

Circular economy action Action description

Alncrease recycled plastic content in TV components

Alncrease thalurability of LED panel and mainboard

AUse QR codes to provide information about materials
FYR O2YLI yeQa OANDdz I NR

Ecodesign of the TV set

Increasg el [ APerform LCA to detect improvement areas in product

production process

ADemonstration with focus on corporate customers

AUse 3D printing for TV components

AObtain feedback from TV B2B customers via
questionnaires and living labs

ADevelop new corporate B2B sales channels in Europ:
renting TVs

ADevelop a TV rent business model for Smart Boards
Digital Signage products

AAssess the feasibility of TV renting options

AcCollecting and remanufacturing end of usesets

AEnable traceability of remanufactured TV parts

ADevelop dismantling and repair training programmes

ACreate awareness among TV B2B consumers via the
of QR codes inserted in products

AExpand partnerships with ARCELIK TV dealers and
retailers to sell emanufactured B2C TVs

ATarget lowincome customers for the sale or rent of
refurbished TVs (students, pensioners, house shares
etc.)

Alnitiate a take back collection system in Europe with &
partner

ADecreasgackaging waste

Improve recycling proces Alncrease circularity of TV waste plastics

of the TV set ADevelop circular enof-life recovery strategies for end

of use TVs outside Turkey

Develop a renting model
for B2B market

Expand and improve
repair and refurbishment
operations

WP5. Optimization and validation of the circular economic business models and&epaces

The main objective of this WIRasto validate the new circular economic business models by verifying their
sustainabilityin the demonstrations of the four EEE products. The evaluation of the proposed soltisns
conducted by applying life cycle sustdiildy assessmentools over the demonstrations to measure their
performance in relation to the three pillars of sustainabil®jgure3):

1 Environmental viability, mesaured with life cycle assessment (LCA, performed in Task 5.1).

1 Economic viability, measured with life cycle costing (LCC, performed in Task 5.2).

1 Social viability, measured with social life cycle assessmer€4S performed in Task 5.3).
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Task 5.2
Fconomic analysis
{LCC)

Task 5.1
Environmental analysis
(LCA)

Task 5.3

Social analysis
(5 LCA)

Task 5.4

Socio-cultural
acceptance analysis

Figure3. Life cycle sustainability assessmapproach appliednh the GSERVEES project.
Two different types of scenargowere assessed and compared for each target prodiectvalidate the
sustainability of the new circular business models

1 Aconventional scenario, in which the products are produced and consumed under linear economy
models.

1 The GSERVEES scenario, in which the products are produced and consumed under the new circular
economy models relying on the eaanovative servicedemonstrated in the projecfin WP4)

A preliminary LCSA was included in D5.1. However, during the development eSHBRWEES project and in
accordance with the definition of the circular models, some changes were introduced in some parts of the
linear product in order to achieve a more representative comparison.

This Deliverable 3.shows thelife cycleassessmeniand circularity of each target product under the
conventional scenario, called Reference product, and under H®ERVEES scenario, calleBERVEES
product. The impacts of the-SERVEES scenario are also compared to those for the conventional scenario
also compiled here and replacing Deliverable, §lcalculate the sustainability benefits that can be achieved
with the solutions developed ithe project.

1.2 Structure of the Deliverable

Deliverable 2 contains the following sections:
1 Introduction to GCSERVEES project with tnverview of WB and its relationship with previous WPs.
T Definition of the Goal and Scope of the Deliverable.
1 Methodologyof the life cycle assessment
1

One chapter foeach target product containing a comprehensive b€ihe reference product, the-C
SERVEES product ancbmparative assessment.

I Conclusions.

Deliverable 2. Environmental analysis of@ERVEES products and servic€sx

Page?6 of 158



2 Goal andcope

The present study aimed to calculate thavironmental, economic and social impacts of four different EEE
products usedor demonstrationsn the GSERVEES projethe target products investigated include:

1 Washing machine

1 Multifunctional laser printe(including its toner cartridges)
i Telecom egipment

1 TVset

The sustainability analysis is performed on the Telecommunication equipment (TE) which central device is
calledAdvanced link monitorinALM).

These products and their main characteristics are described below.

Different ProductCategory Rulésaimed for stablishing different Environmental Product Declarations for
similar EEE products showed that the functional unit is defined by two approaches:

1. A unit of the product, or/and
2. Dedicated function of the product

¢KS FANEBRG FLIINRIFOK ¢gta 2dzaiAFTASR Ay (GKS gle GKIG
intended to cover the endiser acceptance. On the other hand, comparison among the different products
seems not straightforward when functionalitiehange. For that reason, each produeas evaluated also
against the functional unit defined for them.

This means that the assessment of each proaesconducted for a unit of the product/system. Resudte
presented then both as per unit of the produaut also as per the functional unit the product is intended for.

This Deliverable 3.shows the life cyclassessment and circularity assessmeinéach target product under
the conventional scenario, called Reference product, and under t8&€ RVEES scenario, calles8ERVEES
product, and their comparison.

The environmental impacts were determined using the LCA methodology according to ISOrdstanda
(14040/14044). The assessment comprised the whole life cycle of the products, including: extraction and
processing of raw materials, manufacturing, transport and distribution, use, maintenance (when required) and
end of life. A complete life cycle inviory was first developed for each product, includargergy and material

uses and releases to the environment for each life cycle stage. The inventory was then converted into
environmental impacts by using the life cycle impact assessment method Re@Giéte allowed to assess 18
midpoint impact categories (including global warming) and 3 endpoint impact categories (damages to human
health, ecosystem diversity and resource availabiligditionally, theMaterial Circularity Indicator (MCI) was
determinedto assess the circularity of the current products and business models.

! Several referenceike UL, Environdec &nvironment and Development Foundatisere consulted. Main PCRs are
longerin force.
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3 Life cycle assessment

The environmental impacts of the four products targeted in the project were calculated using LCA
methodology according to ISO standards (14040/1404@4 is anethodology to evaluate the environmental
burdens associated with a product or process by identifying and quantifying energy and materials used and
wastes released to the environment; to assess the impact of those energy and material uses and releases to
the environment; and to identify and evaluate opportunities to affect environmental improvements. The
assessment includes the whole life cycle of the product or process, which encompasses: extraction and
processing of raw materials; manufacturing, transgaortl distribution; use, reise and maintenance; and end

of life.

According to ISO standards, LCA consists of four phaisesd4): (1) goal and scopeefinition, (2) inventory
analysis, (3) impact assessment and (4) interpretation. LCA software (SimaPro) was used to tackle the
development of these phases more effectively.

/ /.’ \-.
Goal and scope
definition <«

Inventory

analysis Interpretation

. J
'

v

v

4

Impact >
assessment <

Figured. Framework of the LCA methodology.

The goal ad scope definition determines the guidelines to be followed during the rest of the study by
specifying the reason for conducting the study, intended use of the results, intended audience, system
boundaries, functional unit, data requirements, and studyititions. The inventory analysis involves
collecting data to create a life cycle inventory (LCI) of the inputs (energy and materials) and outputs
(environmental releases and waste) associated with each stage of the life cycle. The impact assessment
translaes the LCI data into potential environmental impacts. To this end, the impact categories under study
must be defined (categorization), the inventory data must be assigned to specific impact categories
(classification), and the level of impact must be aattd according to predefined assessment methods
(characterization). Impact assessment may also include other additional steps (normalization, grouping and
weighting) to facilitate the interpretation phase, but these are not mandatory according to 1S@astisn

Finally, the interpretation phase combines and summarizes the results from inventory analysis and impact
assessment (consistent with the defined goal and scope) in order to reach conclusions and recommendations.

A complete life cycle inventory wasan conducted for each target produeahd the two scenarioy collecting

primary data from the industry partners producing th§ ARCELIK, LEXMARK and AOW&)environmental

studies focused on greenhouse gases emissions, resources consumption, waste generation associated with
the life cycle of each product, etc. Additionally, the studies included the determinatiolatexial Circularity
Indicator (MCI) that assesses the circularity of therent products and business models. Below are described

the main methodological aspects considered for the development of the LCA studies in the project.
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3.1 Life cycle inventory

The LCI for the EEE products is divided herein into manufacturing (toagide), use and end of life. It was
based on primary data supplied by the EEE producers (ARCELIK, LEXMARK ah@xla¥asets taken from

the Ecoinvent databage(available for SimaPro software) and literature data were used to model the
inventories of the materials, processes, energy and transport operations included in the LCI of the products.
WEEE management and treatmemere modelled based on the methodology and datasets provided by the
WEEE LCI projéctwhich are also available for SimaPro software). The specific datasets used for each
input/output included in the LCI of each EEE product are listéloe Annexes.

3.1.1 Manufacturing

Manufacturing includes raw material extraction and processing, manufacturing of components and their
assembly to produce the finished EEE product, as well as transport of raw materials and components. LCI for
the manufacturingof the target products were based on data provided by industry partners, while Ecoinvent
database was used to model the related materials, processes, energy and transport (used as inputs/outputs
in the LCI). Some electronic components were, howawedelled using literature data as explained in ANNEX
Al.l

3.1.2 Use

Use includes product distribution (to retailers or final customers), product operation incledé@ugricity
consumption and other consumables (e.g., water and detergents for washing machines, toner cartridges and
paper for printers), transport of consumables and product maintenance (if required). LCI for the use of the
target products were based orath provided by industry partners and completed with data from Ecoinvent
database and literaturé&® The detailed Lidfor each product and the linked inputs/outputs are shown in the
Annexes. Below are explained the assumptions made for the inventory modelling of product distribution,
electricity consumption and maintenance.

Distribution

Product distribution wamodelled using data provided by industry partners, which included the share of sales
by country for each target products and the transport modes used to deliver them to each destination country.

Electricity consumption

Environmental impacts caused by eligity consumption during the use of the products were calculated using
the European electricity mix as reference. Two different electricity mix scenarios were assessed:

1 A first scenario where the share of electricity sources is constant along the piddtiote.

1 A second scenario where the share of electricity sources varies along the product lifetime. The
evolution of the European electricity mix was taken from the IRENA datdbasieh provides figures
for the years 2016 and 2056€igure5), while the electricity mix for intermediate years was modelled
by linear interpolation.
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Breakdown of electricity generation, by source (TWh,/yr)
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Figure5. Evolution of the European electricity rix.

The energy transition process assed in the second scenario constantly increases the share of renewable
sources in the European electricity mix. This scenario will therefore result in a considerably decrease of the
environmental impacts caused by the use of the product during its lifef@ompared to the impacts of the
scenario where the current electricity mix is assumed for the entire product lifetime). As an ex&mgples

shows the decrease in the estimated Global Warming Potential of the modelled European electricity mix over
20 years.

Global warming (kg CO, eq/kWh)
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Figure6. Global Warming Potential for lowoltage electricity production for the period 262635 according to the
European electricity mix evolution.

Maintenance

Maintenance was included in the LCA scope only fomtlodtifunctional laser printer since it was the only
product for which data were avaible from the corresponding industry partnédevertheless, maintenance

for the other products is less frequent and the derived impacts were considered as insignificant compared to
the impacts of the other life cycle phases.
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3.1.3 End of life

End of life includs the waste management operations applied to the target EEE products once they reach the
end of their useful life. These operations comprise waste collection and transport, WEEE treatment, recycling
and landfill disposal of materials and components. bCihie end of life of the target products was modelled
based on the methodology and datasets provided by WEEE LCI grofextetailed LCI for each product and

the linked inputs/outputs are shown in the Annexes. Below are explainednithiodology followed and
assumptions made for the inventory modelling of evfdife operations.

Waste collection

Waste collection data provided by the industry partners were used when available. Otherwise, statistical data
for the EU27 were used. Speafilly, waste collection rates for the EAJ were obtained from data published
by Eurostatfor the year 2017 Table5).

Table5. EEE products and their wastes in the2ZUor the year 2017. Sourdéurostat®

Product category according to Directive Products put on WEEE collected Collection
2012/19/EU the market rate
Total 8,037,753 3,700,320 46.0%
Large household appliances 4,214,649 1,950,118 46.3%
Small household appliances 785,442 375,561 47.8%
IT and telecommunications equipment 884,347 523,425 59.2%
Consumer equipment and photovoltaic panels 641,395 539,970 84.2%
Lighting equipment 515,662 64,318 12.5%
Electrical and electronic tools 478,984 124,536 26.0%
Toys, leisure and sports equipment 189,829 22,452 11.8%
Medical devices 82,434 14,944 18.1%
Monitoring and control instruments 126,944 35,320 27.8%
Automatic dispensers 63,294 15,915 25.1%

Table6 shows the waste collection rates assumed for the EEE products targeted in the project. EU average
collection rates (fronTable5) were considered for those products for which specific collection rates were not
available.

Table6. WEEE collection rates for target products in tH#HRVEES project.

Product Product WEEE categorgccording  Collection WEEE LCI
category to Directive 2012/19/EU rate category
ARCELIK 9123 WF Washing Large household appliance 46.3% Large household elec.
machine equip. non cold (LHA)
LEXMARK CX860dte Multifunctional 1T andtelecommunications 66.7% Large professional
laser printer equipment elec. equip. (LPA)
ADVA 16ALM/#1650D/AC ALM IT and telecommunications 59.2% Small professional
equipment elec. Equip. (SPA)
GRUNDIG G43C 891 5A TV set Consumer equipment and 84.2% Flat screens (FS)

photovoltaic panels

Waste treatment

LCI of WEEE management was obtained from the WEEE LCI wdjese inventory datasets are available
for SimaPro software. It provides inventory data for the management of WEEE collected egifit gfatasets
for different WEEE categories (WEEE LCI categori@sble 6) according to their takéack scheme
frameworks. The endf-life management system for aaterial/WEEE stream pair covers all transport and
treatment operations between the collection of the WEEE stream and the range of finalat&sis reached
by the material.
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Recycling waste is modelled with data of the proj#¢EEE L&las explained in ANNEXL.2 WEEE not
collected for treatment was assumed to be landfilled. Waste landfilled was characterized as plastics,
aluminium and inert materials. Inventory datasets for landfill disposal of tineaterials weretaken from
Ecoinvent databasé.

3.2 Life cycle impact assessment

The impact assessment was conducted is gtudy by applying the impact assessment method ReCiPe v1.03,
which is incorporated within the LCA software SimaPro. The updated ReCiPp@fiées a statef-the-art
impact assessment method to convert LCI to a nenadf harmonised impact scores on midpoint and endpoint
level Figure7).

Eighteen impact categories can be assessed at the midpoint level, including: global warmireggepletion,
ionizing radiation, photochemical oxidant formation (human health and terrestrial ecosystems), particulate
matter formation, terrestrial acidification, freshwater eutrophication, marine eutrophication, terrestrial
ecotoxicity, freshwater emtoxicity, marine ecotoxicity, human toxicity (carcinogenic and-ocartinogenic),

land use, mineral resource scarcity, fossil resource scarcity, and water consumption. Inputs and output
collected in the LCI (i.e., resources and environmental releasedjamsated into environmental impact
scores for these midpoint categories by means of thealted characterization factorgéble7).

These midpoint impactategories are further converted and aggregated into three endpoint categories:
damage to human health, damage to ecosystem diversity and damage to resource availahbity8j.
Endpoint impacts are directly derived from the midpoint impacts by means of endpoint characterization
factors (C§ that varies depending on the cultural perspective used for the assessment (egalitarian, hierarchist
or individualist). Environnreal impacts were assessed in this study according to hierarchist perspective,
which is based on scientific consensus with regards to time horizon and other issues (adaptation capacity,
technology development, and so forth).

Damage Endpoint area
Midpoint impact category pathways of protection

| Particulate matter !b; ——
| Trop. ozone formation (hum) respiratory
- = disease
lonizing radiation Damage to
Increase in human
Stratos. ozone depletion various types of health
Human toxicity (cancer) cancer |
Human toxicity (non-cancer) Increase in other
dis I
Global warming
W Increase in
ater use malnutrition
Freshwater ecotoxicity
Damage to
Freshwater eutrophication freshwator
Trop. ozone (eco) e | Damage to |
s | Damage to ecosystems
Terrestrial ecotoxicity AL | RS2 NS
Terrestrial acidification ‘Lspecie'
Land use/transformation Damage to
l Marine ecotoxicity Mm ke soovie
ITlinoral resources | Increased :’::?:.w
-7
| Fossil resources i» o m availability

Figure?7. Impact categories covered in the ReCiPe2016 method.
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Table7. Midpoint impact categories and related characterization factors and units in the ReCiPe2016 method.

Impact category

Characterization factor (Gfy

Unit

Global warming
Ozone depletion
lonizing radiation

Global warming potential (GWP)
Ozone depletion potential (ODP)
lonizing radiation potential (IRP)

kg CO2 to air
kg CFa1 to air
kBqg Ce60 to air

Fine particulate matter formation
Photochemical oxidant formation:
ecosystem quality
Photochemical oxidant fornten:
human health

Terrestrial acidification
Freshwater eutrophication
Human toxicity: cancer

Human toxicity: norcancer
Terrestrial ecotoxicity
Freshwater ecotoxicity

Marine ecotoxicity

Particulate matter formation potential (PMFP kg PM2.5 to air
Photochemical oxidant formation potential: kg NOx to air
ecosystems (EOFP)

Photo-chemical oxidant formation potential: kg NOx to air
humans (HOFP)

Terrestrial acidification potential (TAP)
Freshwater eutrophication potential (FEP)
Human toxicity potential (HEP

Human toxicity potential (HTE

Terrestrial ecotoxicity potential (TETP
Freshwater ecotoxicity potential (FETP)
Marine ecotoxicity potential (METP)

kg SO2 to air

kg P to fresh water

kg 1,4DCB to urban air

kg 1,4DCB to urban air

kg 1,4DCB to industrial soi
kg 1,4DCB to fresh waters
kg 1,4DCB to marine wate

Land use

Water use

Mineral resource scarcity
Fossil resource scarcity

Land occupation potentigLOP)

Water consumption potential (WCP)

Surplus ore potential (SOP)
Fossil fuel potential (FFP)

m2xyr annual crop land
m3 water consumed

kg Cu

kg oil

Table8. Endpoint impact categories and related characterization factors and units in the ReCiPe2016 method.

Impact category
Damage to human health (HH) Human health
Damage to ecosystem quality (ED) Natural environment
Damage to resource availability (RA)  Resource scarcity

Area of protection Impact indicator / Unit
Disabilityadjusted loss of life years / DAL
Timeintegrated species loss / species.yr

Surplus cost / Dollar (USD2013)

3.3 Material Circularity Indicator

The Material Circularity Indicatb(MCI) methodology was used iRSERVEES to assess the circularity of the
target products and business models under the conventional scenario. The MCI is thus provided herein as an
additional environmental impact category of the LCédgts.

The MCI for a product measures the extent to which linear flow has been minimised and restorative flow
maximised for its component materials, and how long and intensively it is used compared to a similarindustry
average product. The MCI gives aueabetween 0 and 1 where higher values indicate a higher circularity. Any
product that is manufactured using only virgin feedstock and ends up in landfill at the end of its use phase can
0S O2yaAiARSNBR | TFdzZ t & WtAySI Ny prdtlet Rrde@dntaigsand Lirgilt 1 0
feedstock, is completely collected for recycling or component reuse, and where the recycling efficiency is 100%
Oy 06S O2yaARSNBR | TFdzZ t & WOANDdZ I N LINRPRdzOse 6a/ L
two extremes and the MCI measures the level of circularity in the range OAariore detailed explanation

of the modelling of the MCl is in the ANNAX3
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4 Washing machine

The washing machinselected for demonstratioras the Reference produds GRUNDING -S8ERVEES
(7150370109 which has 9 kg capacity, energy efficiency class a@nd connectivity features. It is
Y| ydzF I O dzNB RTurkeyj and kuwgréntN®sélin Eubope (especially Spain) and Turk@RCELIK
selected this model for its smart home technology, which adlthve users to access the HomeWhiz app from
their smarfphones or tablets and control the smart featuretthe product (switch ofoff, program selection,
user instructionsetc.).By using connected producRCELIKada chance to collect data and learn customer
usage habitso A YLINR @S Odza i 2 Y Soif#r MairfeBani® Nt fpad Servitey & extend product
life. More details on the current washing machine selected for demonstration are showabie9.

Table9. Technical specifications of the demo washing machine.

MODEL ARCELIK 9123 WF
Image
—e -
Product number 7150370100
Colour White
Size 840 mm x 600 mm x 610 mm
Weight 75 (#4) kg
Capacity 9.0 kg
Max. spin speed 1,200rpm
Fascia Grundig
Dynamic group Large
Number of programs 16
Features HomeWhiz, ProSmart (Brushless Motor withyHar guarantee)Wi-Fiand BLE,
Steam Function, Anticrease+
Energy class A" (-30%)
Electricity consumption per yeal 148 kWh
Water consumption per year 10,318 L
Country of origin Turkey

The activities conducted in the LCSA were derived from the WABBMODE sharrm actions validated in
WP2. The table below presents the WASIRCMODE canvas stdmponents and theivalidated shorterm
CE actions, as presented in Table 24 in D2.2, and the selected strategies implemented in VEERY¥EES
product (Product number 7150341600).
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Tablel0. Validated shorterm WASHCIRCMODE Canvas Key Circulacsaoiponents and their associated Circular Economy Actions
relevant for the LCSA.

WASHCIRCMODE Canvas WASHCIRCMODE validated LCSA implemented
SubComponent short-term Circular Economy
Actions
WASH_C1.1 Diversify circular ~ WASH_A1.1.Increase recycled EcoPP inner cover and detergent box
activities plastic content in washing group

YI OKAySQa 02YLRY
WASH_C1.2 Embrace edesign WASH_A1.2.1 Use novel formula  Recycled PET TUB
to ensure productgircularity to increase recycled PE®ntent in
across lifecycleages GKS ¢lFakKAy3 YI OK
make it more durable
WASH_C2.3 Introduce and/or WASH_A2.3.2 Use QR codes to
expand the use of ICT to foster provide information about

circular economy grakKAy3a YIFOKAYSQ

O2YLJ) ya@ity OAND
WASH_A1.3.1 Enhance the Blowing agent inner cover Mass reduction in tub, inner cover and
integration of circular strategies and detergent box group detergent box group

into the production process

4.1 Scope

4.1.1 Functional unit and systeboundaries

The product function for the wagig machine is washing clothashich has 9 kg capacijtgnd it results in

24,750 kg of clothes washed during its 12ear lifetime (assuming 220 washing cycles/year). The assessment
was initially performed foone product and at the end converted to the functional uifidble11 shows the

system boundaries considered for the washing machine, identifying the life cycle phases, processes and other
elementary flows included and excluded in the study.

Tablell. System boundaries considered for the washing machine

Life cycle phase Included Excluded
Raw material extraction and Extraction of natural resources Infrastructure
processing Refining and raw material production

Intermediate producimanufacturing
Waste treatment and transport

Product manufacturing Energy for product manufacturing/assembl' Infrastructure
Transport Production losses

Product distribution Transport

Product use Electricity consumption Maintenance
Water consumption
Detergent consumption

End of life Transport

EoL treatments

Landfilling of waste fraction not recycled
Benefits and burdens beyond  Recycling benefits (included as credits)
system boundaries
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4.1.2 Allocation and cubff criteria

No multiroutput foreground processes were identified during data collection. Inventories taken from
Ecoinvent database were allocated according to theaffisystem modet?

The system boundary in the EoL phase was drawn just behind product waste collection and transportation to
the recycling sites. WEEE from the washing machine wassifitd as waste gyroduct and environmental
burdens associated with waste treatment were thus allocated completely to the wasticing activity (as
indicated in Sectio3.1.3. The environmental impacts of the EoL phase and the credits generated by recycling
are both interesting for the comparative assessment between the baseline product system and the redesigned
product system proposed in the-SERVEES project. Product packaging was also included in the assessment
(from cradle to packaging waste collection), but packaging waste treatment was excluded.

No available primary data were knowingly omitted or excluded.

4.1.3 Data quality

The data used to créathe inventory model is as precise, complete, consistent and representative as possible
with regard to the goal and scope of the study.

1 Primary data was provided by ARCELIK from the most recent BoM of the product. The data used for
the study is considerkto be of the highest precision. Ecoinvent database was the main secondary
data source used to model the product system.

1 Completeness was judged based on the completeness of both the inputs/outputs per unit process and
the unit processethemselves.

1 Consstency refers to modelling choices and data sources. The goal was to ensure that differences in
results occur due to actual differences between product systems investigated and compared, and not
due to inconsistencies in modelling choices, data sourcesacterisation factors, etc.

1 Representativeness expresses the degree to which the data matches the geographical, temporal and
technological requirements:

0 The average electricity mix for Europe was considered for the use phase (as explained in
Section3.1.2) using the most recent data published (year 20719).

o Ecoinvent database version used was updated in 2018.

o Integrated circuits, PWB and capacitors were modelled based on recent literature data (as
explained in Seion 3.1.10f the main document).

o Distances for distribution of washing machines from ARCELIK factory to retailers were
obtained from Google Maps and seadistances.oréf for road and water transport,
respectively.

4.1.4 Assumptions and limitations

Other assumptions and limitations for the LCA study of the washing machine are listed below:
91 No production losses were csidered.
1 Recycled content was assumed to be the worldwide averagblé148).
1 The road distance from ARCELIK factory to the port of Istanbul was assumeetlipéle.
1

Railway distances were assumed to be similar to those by road transport.
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1 Distances for product distribution within each country were assumed as 300 km, except for countries
where the port is not within their territory and Maldives (duettee small dimensions of its islands).

Retailers were assumed to be located in the centre of each country.

The average lifetime and intensity of use of the target washing machine were assumed to be similar
to industry-average values taken from literature(tetermine the MCI).

No maintenance was assumed during the lifetime of the product.

Waste collection rate was assumed to be the European average for large household appliabtes (
6).

1 The EoL inventories were assumed to be as the ones modelled in the WEEE LCfproject.

4.2 Referencdife cycle inventory

This section describes the LCI developed for the target washing machine, including inputs/outputs inventoried
for each lifecycle phase and the data sources used for their inventory modelling.

4.2.1 Manufacturing

The LCI of the washing machine manufacturing wlatained from the BoM provided by ARCELIK. The washing
machine consists of several modules, which in turn contain different components and materials. The packaging
used for the washing machine was also included in product manufacturing. A final modolmtieg for the

scrap generated in the manufacturing process was also included. The different modules inveatutidteir

total amounts are listed iffeble 12.

Table 12. Modules of theReference WM

Modules in washing machine Total amount (kg)
Packaging 1.22
Customer module 0.32
Control system 2.20
Terminal 0.24
Dynamic system 43.01
Cabinet 13.90
Isolation 0.28
Front door 3.42
Front cabinet 2.19
Accessories 1.84
Panel 1.30
Aqua system 3.99
Motor 3.50
Scrap 2.22
Total 77.41

Each module is made of different components and/or materials that are processed with certain manufacturing
processes to attain the final shape amdoperties required for the product. The inventories for the
components, materials and manufacturing processes required to produce the washing machine were mainly
taken from the Ecoinvent database. These inventories are linked to their own functiongFuhijtso they

show energy consumption, resource consumption, emissions, etc. for different basic activities, expressed per
amount of materials extracted and/or processed (kg,ann?), for example. The environmental impacts of

the materials and components composing the washing machine modules were thus obtained by multiplying
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their amounts by the impacts calculated from the corresponding LCI datasets (for the defined FU). Adist of th
LCI datasets used for the manufacturing phase is givéabiel3.

Tablel3. LCI datasets of material, components and processeRdfarece WMmanufacturing.

Input Dataset name FU
RAW MATERIALS

Galvanized steel Steel, lowalloyed, hot rolled + Zinc coat (64 m2/t) 1kg
Polyester resin, unsaturated Polyester resin, unsaturated {GLO}| market for | @i, U 1 kg
Acrylate, polyacrylamide Polyacrylamide {GLO}| market for | Caff, U 1kg
Low-density polyethylene Polyethylene, low density, granulate {GLO}| market for | -Gfft U 1 kg
(LDPE)

Expanded polystyrene (EPS) Polystyrene, expandable + Polymer foaming {RER} 1kg
ABS Acrylonitrilebutadienestyrene copolymer {GLO}| market for | Gaoff, U 1kg
Brass Brass {GLO}| market for | Cuaiff, U 1kg
Bronze Bronze {GLO}| market for | Cuff, U 1kg
Blue pigment Chromium oxide, flakes {GLO}| market for | aif, UBlue pigment 1kg
Float glass Flat glass, uncoated {GLO}| market for | cft, U 1kg
Glass fibre Glass fibre {GLO}| market for | Goff, U 1 kg
Low carbon steel bar/sheet  Steel, lowalloyed, hot rolled {GLO}| market for | Gaff, U 1 kg
Masterbatch 30% Blue pigment + 70% PE 1 kg
PA 6.6 Nylon 66 {GLO}| market for | Cubff, U 1 kg
PA 6.6GF14 86% PA 6.6 + 14% Glass fibre 1kg
PA 6.6GF30 67% PA 6.6 + 30% Glass fibre 1kg
Paper Paper, newsprint {RER}| market for | Coff, U 1 kg
PC Polycarbonate {GLO}| market for | Goff, U 1 kg
PC+ABS 60% PC + 40% ABS 1kg
PET/PBT Polyethylene terephthalate, granulate, amorphous {GLO}| market for 1 kg

Cutoff, U
Polyester film (PET) Polyethylene terephthalate, granulate, amorphd@LO}| market for | 1kg
Cutoff, U

Polyolefin Polypropylene, granulate {GLO}| market for | @Gaft, U 1 kg
POM Polyoxymethylene (POM)/ER71 1 kg
PP Polypropylene, granulate {GLO}| market for | @ff, U 1 kg
PRGF20 80% PP + 20% Glass fibre 1kg
PRGF30 70% PP + 30% Glass fibre 1kg
PRCA40 60% PP + 40% Calcite 1kg
PRT20 PRT20 Polypropylene + 20% talc 1kg
PPO Polystyrene, high impact {GLO}| market for | éaff, U PPO 1kg

Stainless steel/Stainless stee Steel, chromium steel 18/8, hot rolled {GLO}| market for | ©fft U 1 kg
spring wire/Steel bearing

Steel/Steel sheet Steel, unalloyed {GLO}| market for | Gaff, U 1 kg

Steel music wire/Steel wire  Steel, lowalloyed {GLO}| market for | Cuaff, U 1 kg

rod

Thermoplastic polyurethane Synthetic rubber {GLO}| market for | Goff, U 1kg

elastomer

Concrete Concrete block {GLO}| market for | Gaff, U (of project Ecoinvent 3 1kg
allocation, cutoff by classification unit)

PVvC Polyvinylchloride, bulk potgerised {GLO}| market for | Cedff, U (of 1kg
project Ecoinvent 3allocation, cutoff by classification unit)

Calcite Calcium carbonate, precipitated {RER}| market for calcium carbonate 1 kg
precipitated | Cutoff, U

Zamak Zamak 1 kg

Castiron Cast iron {GLO}| market for | Cuatff, U 1 kg

Felt cotton Cotton fibre {GLO}| market for | Cutff, U 1kg

Chipboard, particle board Particle board, for indoor use {GLO}| market for | cit, U 1ms

Tin coating (64 m2/t) Tin plating, piecefRER}| processing | Cualff, U 1m?
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Input Dataset name

Tin coated brass Brass + Tin plating pieces 1kg
Paint Alkyd paint, white, without solvent, in 60% solution state {RER}| mark 1 kg
for alkyd paint, white, without solvent, in 60% solution state | ©tft U
Paint Spirit/thinner White spirit {GLO}| market for | Cubff, U 1kg
Paint hardener Butyl acetate {RoW}| production | Ctff, U 1kg
Lubricating oil Lubricating oil {RER}| market for lubricating oil | xit, U 1 kg
PROCESSING
Metal processing Sheet rolling, steel {GLO}| market for | Coff, U 1kg
Metal working, average for steel product manufacturing {GLO}| marke 1 kg
for | Cut-off, U
Metal working, average for copper product manufacturing {GLO}| mar 1 kg
for | Cut-off, U
Metal working, average for metal product manufacturing {RER}| 1kg
processing | Cubff, U)
Phosphating (Zn i) 3.24 g/m2 1m?
Section bar rolling, steel {GLO}| market for |caff, U 1kg
Plastic processing Injection moulding {GLO}| market forGutoff, U 1kg
Aluminium extrusion Section bar extrusion, aluminium {GLO}| market for | ©tft U 1 kg
Metal stamping and bending Deep drawing, steel, 10000 kN press, single stroke operation/RER U 1 kg
Steel turning Section bar rolling, ste¢GLO}| market for | Cubff, U 1 kg
Mirror finishing (polishing) Polishing {RoW}| production | Cedff, U 1 kg
Stainless steel sheet average Metal working, average for chromium steel product manufacturing 1 kg
metal working {GLO}| market for |Cutoff, U

Steel sheet average metal  Metal working, average for steel product manufacturing {GLO}| marke 1 kg
working for | Cut-off, U

Plastic injection moulding Injection moulding {GLO}| market for | Guaff, U 1 kg
Plastic pipes extrusion Extruson, plastic pipes {GLO}| market for | Gatf, U (of project 1 kg
Ecoinvent 3 allocation, cutoff by classification unit)
COMPONENTS
Capacitor, ceramic SMD type Capacitor, for surfacenounting {GLO}| market for Cutoff, U 1kg
(86 mg average weight)
Resistor, SMD type (9.8 mg Resistor, surfacenounted {GLO}| market for | Cudff, U 1kg
average weight)
Connector, all types (9 g Electric connector, wire clamp {GLO}| market for | @, U 1 kg
average weight)
key switch tact(242mg) Switch, toggle type {GLO}| market for | Cotf, U 1 kg
6.2x6.3x1.8
Motor Electric motor, for electric scooter {GLO}| production | i, U 1kg
PCBA Printed wiring board, surface mounted, unspecified, Pb free {GLO}| lkg
market for | Cutoff, U
PVC, Cu Cable Cable, connector for computer, without plugs {GLO}| market for |-Cut 1 kg
off, U
Resistor Resistor, surfacenounted {GLO}| market for | Cubff, U 1 kg
Plug Plug, inlet and outlet, for computer cable {GLO}| market for |-Gfft U 1p
Ferrite Ferrite {GLO}| market for | Cudff, U 1kg
LCD Liquid crystal display, unmounted {GLO}| production | -©fff U 1 kg
4.2.2 Use
Distribution

The washing machine is distributed to a wide list of countries as shoWhebie14.
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Tablel4. Reference WMistribution by countries.

Country Market share
Turkey 40.40%
UK 14.07%
France 6.29%
Germany 5.81%
Spain 5.48%
Italy 3.14%
Sweden 2.60%
Serbia 2.33%
Belgium 2.18%
Romania 1.71%
Austria 1.84%
Poland 1.73%
South Africa 1.45%
Rest of countries 10.95%

Product distribution is done by road (47.5%), water (51.6%), and railway (0.9%). The weight of one washing
machine (in tonnes) was multiplied by the distance travelled through each transport mode (in km) to calculate
the total amountdinked toeach transprt mode (in tonneskm or tkm). Thevalues are shown ifiablel5.

Tablel5. Estimated amounts for distribution of ofeference WNby transport mode.

Transport mode Amount (tkm)
Road 42
Water 196
Railway 1

Total 239

The environmental impacts due to the distribution of the washing machines from the ARCELIK factory to
retailers were obtained by multiplying the amounts transported (in tkm) by the impacts calculated from the
corresponding LCI datasets for transport modHse LCI datasets used for each transport mode are listed in
Tablel6.

Tablel6. LCI datasets of transport modes Reference WMistribution.

Input Dataset name FU

Road transport Transport, freight, lorry, unspecified {RER¥rket for transport, freight, lorry, 1 tkm
unspecified | Cuoff, U

Water transport Transport, freight, sea, transoceanic ship {GLO}| market for jaZfitJ 1tkm

Railway transport ~ Transport, freight train {RER}| market group for transport, freighirtfaCut-off, U 1 tkm

Productoperation

The environmental impacts caused by the use of the washing machine are due to water, detergent and
electricity consumption required for its operation. Considering an average lifetime of 12.5 years with an
average water consumption of 10,318 litres/year, the total water consumed by the washing machine is
128,975 litres. The washing machine uses an average of 75 grams of detergent per washing cycle. The average
use of the washing machine is 220 cycles/ydanstresulting in 206.25 kg of detergent consumed during the
lifetime. Finally, the average consumption of electricity is 147.8 kWh/year, which corresponds to a total
electricity consumption of 1,847.5 kWh for the entire lifetime. Data used for these dstamweere obtained

from literature®

The environmental impacts derived from the use of the washing machine were obtained by multiplying the
amounts of water, detergent and electricity consumed by the impacts calculated from the corresponding LCI
datasets, which are shown irablel?.
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Tablel7. LCI datasets of electricity, water and detergent for washing machine operation.

Input Dataset name FU
Electricity Electricity, lowvoltage, production EUROPE, at grid/RER U, SCENARIO 2020 1 kWh
Water Tap water {RER}| market group for | Coff, U 1L
Detergent Soap {GLO}| market for | Cuff, 1kg

4.2.3 End of life

Waste collection

Waste collection rate for washing machine at the end of life was assumed to be 46.3%, which is the average
waste collection of large household appliande&urope for the year 2017 (s@able5 & Tableb).

Waste treatment

Material flows associated with the EoL treatment of the washing machine are classifiatile18 following

the approach and data from the WEEE LCI prdj€ci. each material flow, it states the mass in the product

(as put on the market), the mass collected for recycling and the mass finally recycled. All the wastalsnat
collected are treated following the takeack scheme available for large household appliances (LHA), while
waste not collected was assumed to be landfilled. PCB materials are classified into copper, gold, lead, silver,
platinoids, other metals andupport materials (such as plastics, fibres, etdgte, packaging is not included

in Tablel8.
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Tablel8. Waste material flows related toneReference WNEoOL.

Datasets Mass put on market (kg) WEEE collected (kg Mass recycled (kg
LHA | ABS without BFRIensity < 1.3 2.717 1.257 0.000
LHA | Aluminium 2.202 1.019 0.916
LHA | Brass 0.039 0.018 0.000
LHA | Concrete 23.800 11.012 0.000
LHA | Copper within PCB 0.618 0.286 0.215
LHA | Copper within Wire 0.136 0.063 0.000
LHA | Copper 0.357 0.165 0.000
LHA | Glass 1.930 0.893 4.05E04
LHA | Gold within PCB 1.34E03 6.19E04 4.83E04
LHA | Lead within PCB 1.33E03 6.16E04 1.77E04
LHA | Oil 0.054 0.025 0.025
LHA | PA without BFR, density < 1.3 0.023 0.010 0.000
LHA | PCB Other base metals 0.222 0.103 0.000
LHA | PCB Support 0.646 0.299 0.000
LHA | PE within wire 0.028 0.013 0.000
LHA | Platinoid within PCB 4.65E04 2.15E04 2.843E05
LHA | PP without BFR, density < 1.3 1.830 0.847 0.408
LHA | PUR foam 0.589 0.272 0.000
LHA | PVQvithin wire 1.638 0.758 0.000
LHA | Rubber 1.812 0.839 0.000
LHA | Silver within PCB 0.006 0.003 3.80E04
LHA | Steel 27.600 12.771 10.771
LHA | Wood 1.000 0.463 0.000
LPA| ABSPC without BFR, density < 1.3 0.328 0.152 0.000
LPA| Glasgibres-plastics composites 7.972 3.689 0.000
LPA| PBT without BFR, density < 1.3 0.200 0.092 0.000
LPA| PC without BFR, density < 1.3 0.045 0.021 0.000
FS| Zinc 0.093 0.043 0.000
Total WEEE cuff washing machine 75.875 35.107 12.33
Recycling

The mass of each material flow that is recycled in relation to the functional unit (one washing machine) is
shownin Tablel18. The LCI datasets used for recycling of each material flow were obtainedVieEE LCI
project3 These allow to calculate the environmental impacts of recycling accordimgtdifferent accounting
methods: impacts with benefits (including the impacts of recycling operations and the benefits from the
substitution of primary raw materials with the recycled ones) and impacts without benefits (that only includes
the impacts ofrecycling operations). Both accounting methods were applied herein to calculate both direct
environmental impacts of recycling and environmental credits due to primary material substitution (calculated
as the difference between impacts with and without ledits).

Landfill disposal

A fraction of the waste generated at the EoL of the washing machine is not recycled. It was assumed that this
waste fraction is landfilled. Nerecycled wastewvas classified into three different waste material flows to
model landill disposal, namely aluminium, inert material and plastics. The amount of the washing machine
that is finally landfilled classified by waste material flow is showrainel9.

Tablel19. Waste material flows related to landfill disposalosfe Reference WM

Waste type Mass landfilled (kg)
Plastics 9.601
Aluminium 1.183

Inert material 29.984

Total 40.767
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The environmental impacts derived from landfill disposal were obtained by multiplying the amount of each
waste material flow landfilled by the impacts calculated from the corresponding LCI datasets, which are shown
in Table20.

Table20. LCI datasets of landfill disposal fReference WNEoL.

Input Dataset name FU
Landfill disposal for aluminium waste Disposal, aluminium, 0% water, $anitary landfil/lCH U 1 kg
Landfill disposal for inert waste Disposal, inert material, 0% water, to sanitary landfill/CH U 1kg
Landfill disposal for plastic waste Disposal, plastics, mixture, 15.3% water, to sanitary landfil/lCH | 1 kg

4.3 Referenceife cycle impact assessment

Life cycle impact assessmemas conducted using the impact assessment method ReCiPe v1.03 (as explained
in Section3.2). Life cycle environmental impacts of the washing machine were thus calculated for eighteen
midpoint impact categories (including global warming and other) and three endpoint impact categories
(damages to human health, ecosystem diversity and resource biligjia

4.3.1 Manufacturing (cradi¢o-gate)

Table21 shows the environmental impacts for the manufacturing of one washing machine (i.e., the functional
unit used in the wdy), including the global warming impact and endpoint impacts. The total ctadiate
impacts are broken down by the various modules composing the washing machine.

Table21. Global warming and endpoint impador the manufacturing of onReference WMcradleto-gate).

Modules in washing machine Global warming Human health Ecosystems Resources
(kg CQeq) (DALY) (species.yr) (USD2013)
Packaging 7.13E+00 1.36E05 3.06E08 1.06E+00
Customer module 0.43 1.06E06 3.76E09 3.73E02
Control system 137.43 1.94E03 1.63E06 1.07E+01
Terminal 7.63 8.00E05 9.86E08 6.37E01
Dynamic system 8.12E+01 4.05E04 5.62E07 8.95E+00
Cabinet 30.91 1.03E04 1.74E07 1.61E+00
Isolation 0.99 3.26E06 2.91E08 6.66E02
Front door 9.07 2.25E05 4.41E08 1.21E+00
Front cabinet 5.29 2.17E05 6.92E08 2.53E01
Accessories 5.68 1.12E05 2.70E08 8.44E01
Panel 16.78 6.33E05 8.91E08 1.65E+00
Aqua system 16.27 5.65E05 8.84E08 2.28E+00
Motor 31.82 2.16E04 2.46E07 2.43E+00
Scrap 8.90 3.63E05 6.02E08 7.17E01
Total manufacturing 359.55 2.98E03 3.15E06 3.24E+01

In addition, the contribution of each module to the total impact of washing machine manufacturing for every
midpoint andendpoint category assessed is describeBigure8 andFigure9, respectively. The results show

that the control system module generates the highest irtptor all endpoint categories and almost all
midpoint categories. It is only surpassed the dynamic system module in the water footprint. The dynamic
system module is indeed the second most environmental detrimental module for all impact categories, except
for terrestrial ecotoxicity, in which the motor module is the second most harmful module.
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Figure9 Endpoint impact$or Reference WNinanufacturing (cradlg¢o-gate) by modules
4.3.2 Use

Table22 shows the global warming impact and endpoint impacts for the use of one washing machine during
its entire lifetime, as well as the breakdown of total impacts by the different causes generating them, including
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product distribution (by transport mode) and msumption of electricity, water and detergent. In addition,
two different scenarios are included for electricity consumption: one where the electricity mix is assumed to
be constant over time (year 2020 used as basis for calculation) and other wherestiécél mix variation

with time is modelled for the period 2022032 (sed-igure5 & Figureb).

It can be found that kectricity and detergent consumed by the washing machine have by far the highest
environmental impacts for the use phase, while the contributions of product distribution and water
consumption are comparatively very lited. In addition, when comparing both scenarios for electricity
consumption, it is clear the important role that the increase of renewable sources in the electricity mix can
play in the coming years. Tlseenario with variable electricity mix for the wilagbroduct lifetime means a
decrease for all impact categories (compared to the constant electricity mix scenario) except for terrestrial
ecotoxicity (increased by 0.57%), land use (increased by 0.02%) and mineral resource scarcity (increased by
0.85%). Thémpact increase for these categories is explained by the amount of land occupied by renewable
energy sources and the raw materials needed. The impact category with lower reduction is marine
eutrophication (0.30%), whereas the category that reaches thiedsigreduction is ozone formation impact

on human health (9.71%). Global warming is reduced by 7.19%, while endpoint impacts are reduced as follows:
human health damage by 3.11%, ecosystem diversity damage by 2.53% and resource availability by 6.00%.

Table22. Global warming and endpoint impacts for the use of one washing machine.

Life cycle process Global Human health Ecosystems Resources
warming (DALY) (species.yr) (USD2013)
(kg CQeq)
Product distribution (road) 5.46E+00 1.12E05 2.71E08 8.37E01
Product distribution (water) 2.22E+00 9.98E06 1.83E08 2.87E01
Product distribution (railway) 6.04E02 1.66E07 3.52E10 5.57E03
Electricity (variable mix 2020-2032) 956.04 2.80E02 1.59E04 41.31
Electricity(constant mix- 2020) 1,137.56 2.91E02 1.64E04 46.54
Water 45.80 4.44E04 1.97E06 2.40
Detergent 959.52 1.78E03 1.09E05 20.26
Total Use (variable elect. mix2020-2032) 1,969.10 3.02E02 1.72E04 64.10
Total Use (constant elect. mix2020) 2,150.63 3.13E02 1.77E04 70.33

4.3.3 Total (cradlego-grave)

Table23 collectsthe global warming impact and endpoint impacts for the whole life cycle of one washing
machine. The total craditv-grave impacts for the washing machine are broken down by life gfdsesin
addition, the contribution of each life cycle phase to the total environmental impacts of washing machine for
every midpoint and endpoint category assessed is shoviigurel0 and Figurell, respectively.

Table23. Global warming and endpoint impacts for the whole life cycle ofReferenc&VM (cradleto-grave).

Life cycle phase Global warming  Human health Ecosystems Resources
(kg CO2 eq) (DALY) (species.yr) (USD2013)
Manufacturing (cradleto-gate) 358.82 2.98E03 3.15E06 3.27E+01
Use (variable elect. mix20202032) 1,969.10 3.02E02 1.72E04 64.10
Use (constant elect. mix2020) 2,150.63 3.13E02 1.77E04 70.33
EoL (waste collected for recycling) 18.27 3.72E05 8.73E08 1.36
EoL (waste landfilled) 1.69 1.85E05 2.66E08 0.03
TOTAL (variable elect. mix) 2,343.83 3.33E02 1.76E04 97.64
TOTAL (constant elect. mix) 2,525.36 3.43E02 1.80E04 103.86
Credits from recycling -32.17 -1.06E04 -2.07E07 -2.40

The use stage has the highest contribution to the total impact both for global warming and for all endpoint
categories, as well as for many midpoint categories. Specifically, the electricity consumed during the use has
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the most harmful impact for every epdint category and for some midpoint categories, such as global
warming, ionizing radiation, ozone formation, fine particulate matter formation, terrestrial acidification, fossil
resource scarcity and water consumption. Indeed, the electricity consumests maarly all the impact for
water consumption. The use of detergent is also a major contributor for many impact categories, showing the
largest impact for stratospheric ozone depletion, marine eutrophication and land use. The manufacturing of
the washingmachine also has a predominant impact for several midpoint categories, such as freshwater
eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human toxicity (both
carcinogenic and nenarcinogenic) and mineral resource sudr. Endof-life impacts are very low and are
rewarded totally with the credits given dy2.34kg of materials recycled (including gold, aluminium, steel,
copper, silver and others).
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Figurel0. Midpoint impacts for theReferenc&VM (cradleto-grave) by life cycle phases
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WM (endpoint impacts)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Human health
Ecosystems

Resources

Assembly, energy
M Distribution, railway

Road and water transport
M Distribution, ship
m\Water

Materials/components
Distribution, road

H Use, energy

EEOL

Detergent

Figurell Endpoint impacts for thReference WN\cradleto-grave) by life cycle phases.

4.4 Reference raterial circularity indicator

Material flows associated with the washing machine were grouped into the following categstied;
aluminium, copper, gold, silver, lead, platinoid metals, other metals, plastics, glass and others. The recycled
feedstock (R in the washing machine was estimatedallow for further calculation of the virgin feedstock

(V). The recycled feedstock was based on average recycled content for each material category, which was
determined using industry databases and literature d@table148). The washing machine does not contain
reused feedstock (/= 0).

The amount of waste collected for recycling was assumed to be the same as the wast@oaletfor large
household appliances (s@@bleb6). It was assumed to be the same for all material categories included in the
washing machine (& 46.3%). It was assied that no waste fraction is collected for reuse£@). The amount

of waste going to landfill or energy recoveryoWas therefore deducted directly from the waste collection
rate.

The efficiency of the recycling procesg) (lBr each material categgp was calculated as the ratio between
waste collected and recycled (using value3ale148). It was then used to calculate the amount of waste
generated in the recycling processWrhe amount of waste generated to produce the recycled content used
as feedstock (& was obtainedrbm the average efficiency of the recycling proces? fi@@ each material,
which was assumed to be 75% for plastics and 90% for other materials (metals, glass as)d other

Feedstock and wastes were thus calculateasideringall the above data and usirfgrmulae described in
Al.3 Results for feedstock and waste are collectetiable24.

Table24. Feedstock and waste for one washing machine used for MCI calculation.

Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecoverable
(kg) feedstock V. waste W (kg) waste to waste from waste from
(kg) disposal W recycling parts recycled
(kg) We (kg) feedstock W
(kg)
Steel 27.600 19.646 16.272 14.830 2.000 0.884
Aluminium 2.202 1.730 1.261 1.183 0.103 0.052
Copper 1.111 0.722 0.768 0.597 0.299 0.043
Gold 1.34E03 0.001 8.06E04 7.19E04 1.36E04 3.72E05
Silver 6.34E03 0.005 4.73E03 3.41E03 2.55E03 9.79E05
Lead 1.33E03 0.001 9.75E04 7.16E04 4.39E04 7.99E05
Platinoid metals 4.65E04 0.000 3.49E04 2.50E04 1.87E04 1.31E05
Other metals 0.353 0.308 0.274 0.190 1.64E01 5.11E03
Plastic 17.814 15.712 13.841 9.572 7.838 0.701
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Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecoverable

(kg) feedstock V. waste W (kg) waste to waste from waste from
(kg) disposal W recycling parts recycled
(kg) We(kg) feedstock W
(kg)
Glass 1.930 1.814 1.490 1.037 0.893 0.013
Others 24.854 24.854 19.092 13.354 11.475 0.000
TOTAL 75.875 64.794 53.004 40.767 22.774 1.698

MCI calculation for the washing machine vitasn conducted Table25. The average lifetime and intensity of

use for the target washing machine investigated herein were assumed to be the same as for the industry
average products (L/Lav = U/Uav = 1). Therefore, the value of the utility functitrefmashing machine was

0.9. The linear flow index, considering feedstock and waste restiébl€24), was 0.83. The MCI for the
washing machinevas finally calculated as 0.25.

Table25. MCI calculation for th&®eference WM

Parameter Value
Actual average lifetime oproduct L (years) 125
Actual average lifetime of industnaverage product & (years) 125
Average number of functional units (FUs) during the use phase of product U (cycles/year) 220
Average number of FUs during the use phaserafustry-average product &l (cycles/year) 220
Utility of the product X 1.00
Utility factor F(X) 0.90
Linear Flow Index LFI 0.83
Material Circularity Indicator of the product M@l 0.25

4.5 GSERVEESIcycle inventory

4.5.1 Redesign changes

Redesign changes implemented in the LCSA as describEabia 10 are detailed inTable26. Recycled
materials are included for the inner door (64%), the detergent (@@%6) and the tub (10%), as well as mass
reduction of the tub, 1.021 kg, and some less reductions in the inner cover and the detergent box.

Table26 GSERVEES WM changes.

Reference GSERVEES
Product: 7150370100 7150341600
Lifetime 12.5 years 12.5 years
Functional units 2750 2750

Inner door: 64% recycled

Detergent box: 64% recycled
Recycled content No recycled materials Tub: 10% recycled

Reduction of 1 .09 kg in tub

Reduction of 17 g in inner cover
Mass reduction No Reduction of 21 g in Detergent box

4.5.2 Manufacturing

The LCI of the washing machine manufacturing was obtained from the BoM provided by ARCELIK. The washing
machine consists of several modules, which in turn contain different components and materials. The packaging
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used for the washing machine was also ideld in product manufacturing. A final module accounting for the
scrap generated in the manufacturing process was also included. The different mioseleoried,and their
total amounts are listed ifable27.

Table27. Modules of theGSERVEES WM.

Modules in washing machine Total amount (kg)
Packaging 122
Customer module 0.32
Control system 2.20
Terminal 0.24
Dynamic system 4191
Cabinet 13.90
Isolation 0.28
Front door 342
Front cabinet 2.19
Accessories 184
Panel 1.30
Aqua system 3.97
Motor 3.50
Scrap 2.22
Total 76.29

Each module is made of different components and/or materials thapeseessed with certain manufacturing
processes to attain the final shape and properties required for the product. The inventories for the
components, materials and manufacturing processes required to produce the washing machine were mainly
taken from the Eoinvent database. These inventories are linked to their own functional unit (FU), so they
show energy consumption, resource consumption, emissions, etc. for different basic activities, expressed per
amount of materials extracted and/or processed (kg,anm?®), for example. The environmental impacts of

the materials and components composing the washing machine modules were thus obtained by multiplying
their amounts by the impacts calculated from the corresponding LCI datasets (for the defined FU¥.tAdist o

LCI datasets used for the manufacturing phase is givéabie28.

Table28. LCI datasets of material, components and processe€s$8RVEES WM.

Input Dataset name FU
RAW MATERIALS

Galvanized steel Steel, lowalloyed, hot rolled + Zinc coat (64 m2/t) 1 kg
Polyester resin, unsaturated Polyester resin, unsaturated {GLO}| market for | @df, U 1kg
Acrylate, polyacrylamide Polyacrylamide {GLO}| market for | Caff, U 1 kg
Low-density polyethylene Polyethylene, low density, granulate {GLO}| market for | -Gfft U 1kg
(LDPE)

Expanded polystyrene (EPS) Polystyrene, expandable + Polymer foaming {RER} 1 kg
ABS Acrylonitrilebutadienestyrene copolymer {GLO}| market for | Goff, U 1 kg
Brass Brass {GLO}| market for | Cuaiff, U 1 kg
Bronze Bronze {GLO}| market for | Cudff, U 1kg
Blue pigment Chromium oxide, flakes {GLO}| market for | &if, U Bluepigment 1 kg
Float glass Flat glass, uncoated {GLO}| market for | cft, U 1kg
Glass fibre Glass fibre {GLO}| market for | Goff, U 1kg
Low carbon steel bar/sheet  Steel, lowalloyed, hot rolled {GLO}| market for | Gaff, U 1kg
Masterbatch 30% Blue pigment + 70% PE 1kg
PA 6.6 Nylon 66 {GLO}| market for | Cubff, U 1kg
PA 6.6GF14 86% PA 6.6 + 14% Glass fibre 1 kg
PA 6.6GF30 67% PA 6.6 + 30% Glass fibre 1kg
Paper Paper, newsprint {RER}| market for | Coff, U 1 kg
PC Polycarbonate {GLO}| market for | Goff, U 1 kg
PC+ABS 60% PC + 40% ABS 1 kg
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Input Dataset name
PET/PBT Polyethylene terephthalate, granulate, amorphous {GLO}| market for 1 kg
Cutoff, U
Polyester film (PET) Polyethylene terephthalate, granulate, amorphoi@&LO}| market for | 1kg
Cutoff, U
Polyolefin Polypropylene, granulate {GLO}| market for | eff, U 1kg
POM Polyoxymethylene (POM)/ERV1 1kg
PP Polypropylene, granulate {GLO}| market for | Gaft, U 1 kg
PRGF20 80% PP + 20% Glass fibre 1 kg
PRGF30 70% PP + 30% Glass fibre 1kg
PRCA40 60% PP + 40% Calcite 1 kg
PRT20 PRT20 Polypropylene + 20% talc 1kg
PPO Polystyrene, high impact {GLO}| market for | éff, U PPO 1kg
Stainless steel/Stainless stee Steel, chromium steel 18/8, hot rolled {GLO}| market for | ©fft U 1kg
spring wire/Steel bearing
Steel/Steel sheet Steel, unalloyed {GLO}| market for | Gaff, U 1kg
Steel music wire/Steel wire  Steel, lowalloyed {GLO}| market for | Cuatff, U 1 kg
rod
Thermoplastic polyurethane Synthetic rubber {GLO}| market for | Goff, U 1 kg
elastomer
Concrete Concrete block {GLO}| market for | Gaff, U (of project Ecoinvent 3 1kg
allocation, cutoff by classification unit)
PVC Polyvinylchloride, bulk polymerised {GLO}| market for | ©fft U (of 1 kg
project Ecoinvent 3allocation, cutoff by classification unit)
Calcite Calcium carbonate, precipitated {RER}| market for calcium carbonate 1 kg
precipitated | Cutoff, U
Zamak Zamak 1 kg
Castiron Cast iron {GLO}| market for | Cuatff, U 1kg
Felt cotton Cotton fibre {GLO}| market for | Cudff, U 1kg
Chipboard, particle board Particle board, for indoor use {GLO}| market for | it, U 1ms3
Tin coating (64m2/t) Tin plating, pieces {RER}| processing |-Gffif U 1m?
Tin coated brass Brass + Tin plating pieces 1 kg
Paint Alkyd paint, white, without solvent, in 60% solution state {RER}| mark 1 kg
for alkyd paint, white, without solvent, in 60% solutistate | Cutoff, U
Paint Spirit/thinner White spirit {GLO}| market for | Cubff, U 1 kg
Paint hardener Butyl acetate {RoW}| production | Cudff, U 1kg
Lubricating oil Lubricating oil {RER}| market for lubricating oil | &, U 1 kg
PROCESSING
Metal processing Sheet rolling, steel {GLO}| market for | Coiff, U 1 kg
Metal working, average for steel product manufacturing {GLO}| marke 1 kg
for | Cut-off, U
Metal working, average for copper product manufacturing {GLO}| mar 1 kg
for | Cut-off, U
Metal working, average for metal product manufacturing {RER}| 1 kg
processing | Cubff, U)
Phosphating (Zn i) 3.24 g/m2 1m2
Section bar rolling, steel {GLO}| market for |caff, U 1kg
Plastic processing Injectionmoulding {GLO}| market for | Ceff, U 1kg
Aluminium extrusion Section bar extrusion, aluminium {GLO}| market for | ©tft U 1kg
Metal stamping and bending Deep drawing, steel, 10000 kN press, single stroke operation/RER U 1 kg
Steel turning Section bar rolling, steel {GLO}| market for | éff, U 1 kg
Mirror finishing (polishing) Polishing {RoW}| production | Cedff, U 1 kg
Stainless steel sheet average Metal working, average for chromium steel produeanufacturing 1 kg
metal working {GLO}| market for | Cubff, U
Steel sheet average metal ~ Metal working, average for steel product manufacturing {GLO}| marke 1 kg
working for | Cut-off, U
Plastic injection moulding Injection moulding {GLO}| market for | Gualff, U 1kg
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Input Dataset name

Plastic pipes extrusion Extrusion, plastic pipes {GLO}| market for | @it, U (of project 1kg
Ecoinvent 3 allocation, cutoff by classification unit)
COMPONENTS
Capacitor, ceramic SMD type Capacitor, fosurfacemounting {GLO}| market for | Cudff, U 1kg
(86 mg average weight)
Resistor, SMD type (9.8 mg Resistor, surfacenounted {GLO}| market for | Cudff, U 1kg
average weight)
Connector, all types (9 g Electric connector, wire clamp {GLO}| market fa€{itoff, U 1kg
average weight)
key switch tact (242mg) Switch, toggle type {GLO}| market for | Coff, U 1kg
6.2x6.3x1.8
Motor Electric motor, for electric scooter {GLO}| production | &, U 1kg
PCBA Printed wiring board, surface mountednspecified, Pb free {GLO}| 1kg
market for | Cutoff, U
PVC, Cu Cable Cable, connector for computer, without plugs {GLO}| market for |-Cut 1 kg
off, U
Resistor Resistor, surfacenounted {GLO}| market for | Cubff, U 1kg
Plug Plug, inlet andutlet, for computer cable {GLO}| market for | Gaff, U 1p
Ferrite Ferrite {GLO}| market for | Cudff, U 1 kg
LCD Liquid crystal display, unmounted {GLO}| production | -©tft U 1 kg
4.5.3 Use
Distribution

The washing machine is distributed to a wide list of countries as shoWable29.
Table29. GSERVEES Witribution by countries

Country Market share
Turkey 40.40%
UK 14.07%
France 6.29%
Germany 5.81%
Spain 5.48%
Italy 3.14%
Sweden 2.60%
Serbia 2.33%
Belgium 2.18%
Romania 1.71%
Austria 1.84%
Poland 1.73%
South Africa 1.45%
Rest of countries 10.95%

Product distribution is done by road (47.5%), water (51.6%), and railway (0.9%). The weight of one washing
machine (in tonnes) was multiplied by the distance travelled through each transport mode (in km) to calculate
the total amountdinked toeach transprt mode (in tonneskm or tkm). Thevalues are shown ifiable30.

Table30. Estimated amounts for distribution of of@SERVEES Wi transport mode

Transport mode Amount (tkm)
Road 42
Water 196
Railway 1

Total 239
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The environmental impacts due to the distribution of the washing machines from the ARCELIK factory to
retailers were obtained by multiplying the amounts transported (in tkm) by the impacts calculated from the
corresponding LCI datasets for transport modHse LCI datasets used for each transport mode are listed in
Table31.

Table31. LCI datasets of transport modes 86ERVEES Wistribution

Input Dataset name FU

Road transport Transport, freight, lorry, unspecified {RER}| market for transport, freight, lorry, 1 tkm
unspecified | Cuoff, U

Water transport Transport, freight, sea, transoceanic ship {GLO}| market for ja@itJ 1 tkm

Railway transport  Transport, freight train {RER}| market group for transport, freight train |-Gffit U 1 tkm

Productoperation

The environmental impacts caused by the use of the washing machine are due to water, detergent and
electricity consumption regjred for its operation. Considering an average lifetime of 12.5 years with an
average water consumption of 10,318 litres/year, the total water consumed by the washing machine is
128,975 litres. The washing machine uses an average of 75 grams of defggestshing cycle. The average

use of the washing machine is 220 cycles/year, thus resulting in 206.25 kg of detergent consumed during the
lifetime. Finally, the average consumption of electricity is 147.8 kWh/year, which corresponds to a total
electricity consumption of 1,847.5 kWh for the entire lifetime. Data used for these estimates were obtained
from literature®

The environmental impacts derived from the use of the washing machine were obtained by multiplying the
amounts of water, detergent and electricity consumed by the impacts calculated from the corresponding LCI
datasets, which are shown Table32.

Table32. LCI datasets of electricity, water and detergentGBERVEES Wiygeration.

Input Dataset name FU
Electricity Electriciy, low voltage, production EUROPE, at grid/RER U, SCENARIO 2020 1 kwh
Water Tap water {RER}| market group for | Coiff, U 1L
Detergent Soap {GLO}| market for | Cuff, 1 kg

4.5.4 End of life

Waste collection

Waste collection rate for washing machine at the end of life was assumed to be 46.3%, which is the average
waste collection of large household appliande&urope for the year 2017 (s@able5 & Tableb).

Waste treatment

Material flows associated with the EoL treatment of the washing machine are classifiatl@83 following

the approach and data from the WEEE LCI prdj€ct. each material flow, it states the mass in the product
(as put on the mark@t the mass collected for recycling and the mass finally recycled. All the waste materials
collected are treated following the takeack scheme available for large household appliances (LHA), while
waste not collected was assumed to be landfilled. PCB maddeare classified into copper, gold, lead, silver,
platinoids, other metals and support materials (such as plastics, fibres, etc.).
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Table33. Waste material flows related t6c<SERVEES WHRbL

Datasets Mass put on market (kg) WEEE collected (kg Mass recycled (kg)
LHA | ABS without BFR, density < 1.3 2.717 1.257 0.000
LHA | Aluminium 2.202 1.019 0.916
LHA | Brass 0.039 0.018 0.000
LHA | Concrete 23.800 11.012 0.000
LHA | Copper within PCB 0.618 0.286 0.215
LHA | Copper within Wire 0.136 0.063 0.000
LHA | Copper 0.357 0.165 0.000
LHA | Glass 1.930 0.893 4.05E04
LHA | Gold within PCB 1.34E03 6.19E04 4.83E04
LHA | Lead within PCB 1.33E03 6.16E04 1.77E04
LHA | Oil 0.054 0.025 0.025
LHA | PA withoutBFR, density < 1.3 0.023 0.010 0.000
LHA | PCB Other base metals 0.222 0.103 0.000
LHA | PCB Support 0.646 0.299 0.000
LHA | PE within wire 0.028 0.013 0.000
LHA | Platinoid within PCB 4.65E04 2.15E04 2.843E05
LHA | PP without BFR, density < 1.3 1,778 0,823 0,396
LHA | PUR foam 0.589 0.272 0.000
LHA | PVC within wire 1.638 0.758 0.000
LHA | Rubber 1.812 0.839 0.000
LHA | Silver within PCB 0.006 0.003 3.80E04
LHA | Steel 27.600 12.771 10.771
LHA | Wood 1.000 0.463 0.000
LPA| ABSPCwithout BFR, density < 1.3 0.328 0.152 0.000
LPA| Glass fibreplastics composites 6.875 3.181 0.000
LPA| PBT without BFR, density < 1.3 0.200 0.092 0.000
LPA| PC without BFR, density < 1.3 0.045 0.021 0.000
FS| Zinc 0.093 0.043 0.000
Total WEEIEut-off washing machine 74.738 34581 12.325
Recycling

The mass of each material flow that is recycled in relation to the functional unit (one washing machine) is
shownin Table33. The LCI datasets used for recycling afhe material flow were obtained froWEEE LCI
project3 These allow to calculate the environmental impacts of recycling according to two different accounting
methods: impacts with benefits (including the impacts of recycling operatiodstia@ benefits from the
substitution of primary raw materials with the recycled ones) and impacts without benefits (that only includes
the impacts of recycling operations). Both accounting methods were applied herein to calculate both direct
environmentaimpacts of recycling and environmental credits due to primary material substitution (calculated
as the difference between impacts with and without benefits).

Landfill disposal

A fraction of the waste generated at the EoL of the washing machine is not recycled. It was assumed that this
waste fraction is landfilled. Nerecycled wastewvas classified into three different waste material flows to
model landfill disposal, namely aluniim, inert material and plastics. The amount of the washing machine
that is finally landfilled classified by waste material flow is showrainle34. Compared wittReference WM
(Table19), 0.61kg of plastiarereduced from landfill disposal.

Table34. Waste material flows related to landfill disposal®SERVEES WM.

Waste type Mass landfilled (kg)
Plastics 8.99
Aluminium 1.183

Inert material 29.984
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Total 40.157

The environmental impacts derived from landfill disposal were obtained by multiplying the amount of each
waste material flow landfilled by the impacts calculated from the corresponding LCI datasets, which are shown
in Table35.

Table35. LCI datasets of landfill disposal @EERVEES WBGOL.

Input Dataset name FU
Landfill disposal for aluminium waste Disposal, aluminium, 0% water, $anitary landfil/lCH U 1kg
Landfill disposal for inert waste Disposal, inert material, 0% water, to sanitary landfill/CH U 1kg
Landfill disposal for plastic waste Disposal, plastics, mixture, 15.3% water, to sanitary landfil/lCH | 1 kg

4.6 GSERVEESIcycleassessment

4.6.1 Manufacturing (cradikto-gate)

Table36 shows the environmental impacts for the manufacturing of one washing machine (i.éunttteonal
unit used in the study), including the global warming impact and endpoint impacts. The total-rayiee
impacts are broken down by the various modules composing the washing machine.

Table36. Global warming and endpoint impacts for the manufacturing of G=RVEES Whtadleto-gate).

Modules in washing machine Global warming Human health Ecosystems Resources
(kg CQeq) (DALY) (species.yr) (USD2013)
Packaging 7.13 1.36E05 3.06E08 1.06E+00
Customer module 0.43 1.06E06 3.76E09 3.73E02
Control system 137.43 1.94E03 1.63E06 1.07E+01
Terminal 7.63 8.00E05 9.86E08 6.37E01
Dynamic system 77.60 4.01E04 5.54E07 8.84E+00
Cabinet 30.91 1.03E04 1.74E07 1.61E+00
Isolation 0.99 3.26E06 2.91E08 6.66E02
Front door 8.54 2.20E05 4.42E08 1.11E+00
Front cabinet 5.29 2.17E05 6.92E08 2.53E01
Accessories 5.68 1.12E05 2.70E08 8.44E01
Panel 16.78 6.33E05 8.91E08 1.65E+00
Agqua system 15.69 5.60E05 8.86E08 2.19E+00
Motor 31.82 2.16E04 2.46E07 2.43E+00
Scrap 8.90 3.63E05 6.02E08 7.17E01
Total manufacturing 354.82 2.97E03 3.14E06 3.21E+01

In addition, the contribution of each module to the total impact of washing machine manufacturing for every
midpoint and endpoint category assessed is descriigdrel2 and Figurel3, respectively. The results show

that the control system module generates the highest impact for all endpoint categories and almost all
midpoint categories. It is only surpassed the dynamitesy module in the water footprint. The dynamic
system module is indeed the second most environmental detrimental module for all impact categories, except
for terrestrial ecotoxicity, in which the motor module is the second most harmful module.
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Figurel2. Midpoint impacts foilGSERVEES Wivanufacturing (cradléo-gate) by modules
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Figurel3 Endpoint impacts fo&-SERVEES Wivanufacturing (cradlg¢o-gate) by modules.

4.6.2 Use

Table37 shows the global warming impact and endpoint impacts for the use of one washing machine during
its entire lifetime, as well as the breakdown of total impacts by the different causes generating them, including
product distribution (by transport mode) and msumption of electricity, water and detergent. In addition,
two different scenarios are included for electricity consumption: one where the electricity mix is assumed to
be constant over time (year 2020 used as basis for calculation) and other wherestiigcély mix variation

with time is modelled for the period 2022032 (sed-igure5 & Figureb).
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It can be found that kectricity and detergent consumed by the washing machine have by far the highest
environmental impacts for the use phase, while the contributions of product distribution and water
consumption are comparatively very lted. In addition, when comparing both scenarios for electricity
consumption, it is clear the important role that the increase of renewable sources in the electricity mix can
play in the coming years. Tlseenario with variable electricity mix for the wiagbroduct lifetime means a
decrease for all impact categories (compared to the constant electricity mix scenario) except for terrestrial
ecotoxicity (increased by 0.57%), land use (increased by 0.02%) and mineral resource scarcity (increased by
0.85%). Thémpact increase for these categories is explained by the amount of land occupied by renewable
energy sources and the raw materials needed. The impact category with lower reduction is marine
eutrophication (0.30%), whereas the category that reaches thiedsigreduction is ozone formation impact

on human health (9.71%). Global warming is reduced by 7.19%, while endpoint impacts are reduced as follows:
human health damage by 3.11%, ecosystem diversity damage by 2.53% and resource availability by 6.00%.

Table37. Global warming and endpoint impacts for the use of & &ERVEES WM

Life cycle process Global Human health Ecosystems  Resources
warming (DALY) (species.yr) (USD2013)
(kg CQeq)
Product distribution (road) 5.46 1.12E05 2.71E08 8.37E01
Product distribution (water) 2.22 9.98E06 1.83E08 2.87E01
Product distribution (railway) 6.04 1.66E07 3.52E10 5.57E03
Electricity (variable mix 20202032) 956.04 2.80E02 1.59E04 40.31
Water 45.80 4.44E04 1.97E06 2.40
Detergent 959.52 1.78E03 1.09E05 20.26
Total Use (variable elect. mix2020-2032) 234385 3.02E02 1.72E04 97.6

4.6.3 Total (cradleo-grave)

Table38 collectsthe global warming impact and endpoint impacts for the whole life cycle of one washing
machine. The total cradim-grave impacts for the washing machine are broken down by life pdsesin
addition, the contribution of each life cycle phase to the total environmental impacts of washing machine for
every midpoint and endpoint category assessed is shoviigiurel4 and Figurel5, respectively.

Table38. Global warming and endpoint impacts for the whole life cycle of@BERVEES Wktadleto-grave).

Life cycle phase Global warming Human health Ecosystems Resources
(kgCO2 eq) (DALY) (species.yr) (USD2013)
Manufacturing (cradleto-gate) 354.82 2.97E03 3.14E06 3.21E+01
Use (variable elect. mix2020-2032) 1,969.10 3.02E02 1.72E04 64.10
EoL (waste collected for recycling) 18.24 3.72E05 8.73E08 1.36
EoL (waste landfilled) 1.69 1.85E05 2.66E08 0.03
TOTAL (variable elect. mix) 2,343.8% 3.33E02 1.76E04 97.&2
Credits from recycling -32.16 -1.06E04 -2.07E07 -2.40

The use stage has the highest contribution to the total impact both for global warming and for all endpoint
categories, as well as for many midpoint categories. Specifically, the electricity consumed during the use has
the most harmful impact for every epdint category and for some midpoint categories, such as global
warming, ionizing radiation, ozone formation, fine particulate matter formation, terrestrial acidification, fossil
resource scarcity and water consumption. Indeed, the electricity consumets maarly all the impact for

water consumption. The use of detergent is also a major contributor for many impact categories, showing the
largest impact for stratospheric ozone depletion, marine eutrophication and land use. The manufacturing of
the washingmachine also has a predominant impact for several midpoint categories, such as freshwater
eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human toxicity (both
carcinogenic and noenarcinogenic) and mineral resource sagr. Endof-life impacts are very low and are
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rewarded totally with the credits given W2.33 kg of materials recycled (including gold, aluminium, steel,
copper, silver and others).
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Figurel4. Midpoint impacts for the>SERVEBSM (cradleto-grave) by life cycle phases

WM (endpointimpacts)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

I
3

Human health

Resources I
Materials/components ® Road and water transport Assembly, energy
Distribution, road | Distribution, ship m Distribution, railway
W Use, energy W Water Detergent
HEOL

Figurel5. Endpoint impacts fothe GSERVEES W(ktadleto-grave) by life cycle phases.

4.7 GSERVEESatarial circularity indicator

Material flows associated with the washing machine were grouped into the follovstegl, aluminium,
copper, gold, silver, lead, platinoid metals, other metals, plastics, glass and others. The recycled feefistock (F
in the washing machine was estimatedarder to allow for further calculation of the virgin feedstock (V). The
recycled feedstock was based on average recycled content for each material category, which was determined
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using industry databases and literature dafealfle 148). The washing machine does not contain reused
feedstock (5= 0).

The amount of waste collected for recycling was assumed to be the same as the waste collection rate for large
household apliances (sed@ableb). It was assumed to be the same for all material categories included in the
washing machine (& 46.3%). It was assumed that no waste fracti@oliected for reuse (& 0). The amount

of waste going to landfill or energy recoveryoWas therefore deducted directly from the waste collection

rate.

The efficiency of the recycling process) (6r each material category was calculated as i@ between
waste collected and recycled (using valueJable33). It was then used to calculate the amount of waste
generated in the recycling process{Wrheamount of waste generated to produce the recycled content used
as feedstock (\& was obtained from the average efficiency of the recycling procepdofEeach material,
which was assumed to be 75% for plastics and 90% for other materials (metalsnglatkeas).

Feedstock and wastes were thus calculated taking into account all the above data and using formulae
described in SectioB.3of the maindocument. Results for feedstock and waste are collectelhine39.

Table39. Feedstock and waste for oESERVEES Wided for MCI calculation

Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecoverable
(kg) feedstock V. waste W (kQ) waste to waste from waste from
(kg) disposal W recycling parts recycled
(kg) We (kg) feedstock W
(kg)
Steel 27.600 19.646 16.272 14.830 2.000 0.884
Aluminium 2.202 1.730 1.261 1.183 0.103 0.052
Copper 1.111 0.722 0.768 0.597 0.299 0.043
Gold 1.34E03 0.001 8.06E04 7.19E04 1.36E04 3.72E05
Silver 6.34E03 0.005 4,73E03 3.41E03 2.55E03 9.79E05
Lead 1.33E03 0.001 9.75E04 7.16E04 4.39E04 7.99E05
Platinoid metals 4.65E04 0.000 3.49E04 2.50E04 1.87E04 1.31E05
Other metals 0.353 0.308 0.274 0.190 1.64E01 5.11E03
Plastic 16,678 14241 13,028 8.961 7.321 0.812
Glass 1.930 1.814 1.490 1.037 0.893 0.013
Others 24.854 24.854 19.092 13.354 11.475 0.000
TOTAL 74.738 63.323 52.190 40.157 22.57 1.810

MCI calculation for the washing machine was then conducted. The average lifetime and intensity of use for
the target washing machine investigated herein were assumed to be the same as for the iralesage
products (L/Lav = U/Uav = 1). Therefore, thieigaf the utility function fothe washing machine was9. The

linear flow index, considering feedstock and waste resulable40, was 0.83. The MCI for the washing
machinewas finally calculated as 0.25.

Table40. MCI calculation for th&SERVEES WM.

Parameter Value
Actual average lifetime oproduct L (years) 125
Actual average lifetime of industraverage product 4 (years) 12.5
Average number of functional units (FUs) during the use phase of product U (cycles/year) 220
Average number of FUs during the use phaserafustry-average product bl (cycles/year) 220
Utility of the product X 1.00
Utility factor F(X) 0.90
Linear Flow Index LFI 0.83
Material Circularity Indicator of the product M@l 0.25
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4.8 Comparative life cyciessessment

Environmentaknhancement of the washing machine is performed wétycled materials for the inner door,

the detergent box and the tub, as well as mass reduction of the tub and some less reductions in the inner
cover and the detergent boxrhese improvements reduce éhenvironmental impact in almost all impact
categories to a maximum of 0.3% (Resources endpoint) and an average of 0.08% for the life cycle of the

washing machine, includindestricity, detergent and waterseeFigurel6.

These improvements are clearer if we only consider the washing machine, without taking into account

electricity, water and detergent during uskn this case, the environmental improvemeistan average of
0.2%% across all impact categori€éhe largest impact reduction occurs in the impact categoripwising
radiation (2.51% for WM only) and, in contrast, two impact categories wdsafYM with recycled materials,

water consumption andtgatospheric ozone depletiar-or the remaining impact categories, the values are

more homogeneous, within the rangeld3%.

Figurel6. WM relative environmental impact reductions.

Considering global warming impactategory, he environmental impact is reduced during component

marufacture and at the end of lifey 1.3% and 0.9%, respectively, 3edbled1 andFigurel7. However, energy

and detergent, the most impactful, remain unchanged, leaving a total reduction for the whole life cycle by

0.2%. No change is produced in tieeycling benefits.

Table41l. Comprative GWP for washing machine, including electricity and consumables during use, for one washing cycle.

Units: kg C@yq Reference CSERVEES Relativeimprovement
Manufacturing Components 0.131 0.129 1.3%
Use Distribution 0.003 0.003 0.0%
Electricity 0.348 0.348 0.0%
Water 0.017 0.017 0.0%
Detergent 0.349 0.349 0.0%
EOL Endof-life 0.007 0.007 0.9%
TOTAL 0,854 0.852 0.2%
Recycling Benefits -0.012 -0.012 0.0%
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