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The GSERVERSoject aims to boost a resoureefficient circular eonomy in the electrical and electronic
sector through the development, validation and transfer of new circular economy business models. These

models are based on systemic eomovative servies that include: (1) ecteasing of EEE, (2) product
customizaion, (3) improved WEEE management, and (4) ICT services to support otlsemréces.

The new circular economic business models are being implemented and tested by means of demonstrations
involving four target products: washing machines, laser printedstarir toner cartridges, telecom equipment

and TV sets. The demonstrations involve the whole life cycle of the four target products, their associated value
and supply chains, and the proposecb-innovative services.

The techneeconomic, environmental ansbcial feasibility of the target products and related eawvices will

be determined by means of life cycle sustainability assessment tools, including environmental life cycle
assessment (LGAlife cycle costing (LCC) and social life cycle assessme@iAjFwo different types of
scenario will be assessed and compared for each target product:

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

1 The GSERVEES scenario, in which the products are produmcedoasumed under the new circular
economy models relying on the systemic é@goovative services demonstrated in the project.

This Deliverable 5.1 shows the life cycle sustainability assessoieaach target product under the
conventional scenario. It @hudes the environmental, economic and social impacts of each target product,
which were calculated using LCA, LCC an@A respectively.

The eavironmental impactswere determined using the CA methodology according tt50 standards
(14040'14044. The asessmentcomprisedthe whole life cycle of the productsncluding extraction and
processing of raw materials, manufacturing, transport and distribution,mastenancgwhen required) and

end of life. Acomplete life cycle inventonyas first developedor each product, includingnergy and material

uses and releases to the environment for each life cycle stage. The inventory was then converted into
environmental impacts by using the lifecdy impact assessment method ReCiPe, which 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 Ciralarity Indicator (MChvas
determinedto assess the circulayitof the current products and business models.

In parallel to the environmentalssessmenthe economicevaluationof the four target productsvascarried

out. The LCC methodologiasused toassess all economic costs associated with the complete life afythe
products, including internal cost (related to product manufacturing, use and end of life), as well as
environmental externalitiesThe costs ofenvironmentalexternalitieswere calculated bynonetary valuation

of the endpoint environmental impastEbtained with the LCA

Finally, the social impacts for the four target produsere calculated usinthe SLCA methodologyA cradle
to-gate assessment was appligdeaning that the scope of the social assessment covered from the extraction
and procesing of raw materials to the delivery of the finished product at the factory datparticular, the
method and the indicators of the Social Hotspot Databaeee used It allows to calculate social impacts for
26 social subcategoriesgrouped into 5 categries. The SHDB offers a weighted aggregation model that
converts theimpactvalues of the socialubcategoriesnto aggregate impact values for each socitiegory
which in turn can be aggregatedto a single global socidbotprint for the products(the socalled Social
Hotspot Index or SHI).

Below are shownhe mainenvironmental, economic and socigddicators calculated for the four target
products including:
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1) Awashing machinfARCELIK 9123 \Wkhich has 9 kg capaciiynd resulsin 24,750 kg of clilhes washed
during its 12.5year lifetime (assuming 220 waiag cycles/year)

Main sustainabilityindicatorsfor the washing machinender conventional scenaribgseling

Washing machine Method & Indicators Amount Unit

LCA Global warming 2,344 kg CQeq
Human health 3.33E02 DALY
Ecosystems 1.76E04 species.yr
Resairces 97.6 USD2013
Recycling credits, Global warming -32 kg CQeq
Recycling credits, Human health -1.06E04 DALY
Recycling credits, Ecosystems -2.07E07 species.yr
Recychg credits, Resources -2.4 uUsSD2013
Material Circularity Indicator (MCI) 0.25 -

LCC LYGdSNyLrt O2ada ¢ 2,235 €
9EGSNYIE SygANRy 5,794 €
¢c2GFt O2ada oeo0 8,029 €

. = -— SLCA Labour Rights & Decent Work (Pt) 663 Pt
— —_— Health & Safety (Pt 795 Pt
Human Rights (Pt) 461 Pt

Governance (Pt) 1,046 Pt

Community (Pt) 388 Pt

Total¢ Social Hotspot Index (Pt) 3,352 Pt

2) A professional multifunctional laser printer LEXMARK CX860Qdthich results in 390,000 pages printed
during its Byearlifetime (assuming a standard business usage of 260 days/year and 300 pages per day)

Main sustainabilityindicatorsfor the multifunctionallaser printer mder conventional scenaribdseling

Multifunctional laser printer Method & Indicators Amount Unit

LCA Globalwarming 2,535 kg CQeq
Human health 9.99E-03 DALY
Ecosystems 4.11E05 species.yr
Resawrces 2391 USD2013
Recycling credits, Global warming -129 kg CQeq
Recycling credits, Human health -4.95E-04 DALY
Recycling credits, Bsystems -9.29E-07 species.yr
Recycling credits, Resources -10.7 USD2013
Material Circularity Indicator (MCI) 0.%4 -

LCcC LYGSNyrt O2ada ¢ 25537 €
O9EGSNYIE SYyOGANRYy 1,741 €
¢2d0Ff O2ada o6ev 27278 €

SLCA Labour Rights & Decent Work (Pt) 16,652 Pt
Health & Safety (Pt) 23,401 Pt
Human Rights (Pt) 11,978 Pt
Governance (Pt) 28,937 Pt
Communiy (Pt) 9,725 Pt
Total¢ Social Hotspot Index (Pt) 90,693 Pt
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3) A telecommunicatiors equipment composed byan active ALM unit (ADVA 16ALM/#1650D/AC) and
fourteen passive fibreoptic sensors whichtogether offer continuous monitoring throughout its-gear
lifetime (i.e.,365 days/year and 24/tay)

Main sustainabilityindicatorsfor the ALM producunder conventional scenaribdseling

ALM product Method & Indicators Amount Unit

LCA Global warming 406 kg CQeq
Human health 9.11E03 DALY
Ecosgtens 4.92E05 species.yr
Resairces 18.0 USD2013
Recycling credits, Global warming -7 kg CQeq
Recycling credits, Human health -2.94E05 DALY
Recycling credits, Ecosystems -7.41E08 species.yr
Recycling credits, Resources -0.7 uUsSD2013
Material Circularity Indicator (MCI) 0.40 -

LCC LYGdSNyLrt O2aida ¢ 16,457 €
9EGSNYIE SygANRy 680 €
¢2d0rf O2ada o6ev 17,137 €

SLCA Labour Rights & Decent Work (Pt) 5,369 Pt
Health & Safety (Pt) 7,802 Pt
Human Rights (Pt) 3,982 Pt
Governance (Pt) 8,028 Pt
Community (Pt) 2,959 Pt
Total¢ Social Hotspot Index (Pt) 28,140 Pt

4) ATV set GRUNDIG G43C 8955A8 KA OK A-AV that provides 18, %84 halirs of viewing during its
8-year lifetime (assuming an average use of 337 days/year and 4 h/day).

Main sustainabilityindicatorsfor the TV setunder conventional scenaribgseling

TV set Method & Indicators Amount Unit

LCA Global warming 472 kg CQeq
Human health 7.87E03 DALY
Ecosystems 3.87E05 species.yr
Resawrces 275 USD2013
Recycling creditsGlobalwarming -17.9 kg CQeq
Recycling credits, Human health -7.80E-05 DALY
Recycling credits, Ecosystems -1.4E07 species.yr
Recycling credits, Resources -1.8 uUsD2013
Material Circularity Indicator (MCI) 0.32 -

LCC LYdSNyrt Oz2ada ¢ 449 €
EXi SNY It SYy@ANRYY 1,324 €
¢2dFt O2adta o6ev 1,773 €

SLCA Labour Rights & Decent Work (Pt) 1,277 Pt
Health & Safety (Pt) 1,698 Pt
Human Rights (Pt) 897 Pt
Governance (Pt) 2,167 Pt
Community (Pt) 727 Pt
Total¢ SociaHotspotindex (Pt) 6,766 Pt

It should benoted that these results cannot baised tocomparethe productswith each other, sinceach
product has its own functionand functional unit intensity of use, number afsersper product unit and
lifetime, resuting in poducts completely different in tens of composition, weight, lifeycle management
and derived impacts; e.ghé¢ washingnachine is a consumer product used at home by a famihile the
professionaimultifunctional laserprinter is a large busiess prodict used by several office workefever 30
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usersper product unij. Theseresultswill therefore constitute the sustainaibity baseline against which to
compare the improvements implemented and tested in th6 ERVEES project t@ri@ase the cinglarity of
eachproduct.
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SErVEES

1 Introduction

GCSERVEES is a Européet2020project that aims to boost a resece-efficient circular economy in the
electrical andelectronic sector through the develapent, testing, validation and transfer of new circular
economic bginess models. Thaw circularbusiness mode|gdeveloped in WP3re based on systemic eco
innovatve services that include: (1) ed¢®asing of EEE, )(9roduct customization, (3) improve@EEE
management, and (4) ICT services to support the othersendces. ICT tools are being developedVP3as

a driver of the proposed ectnnovative serviceskigurel shows a schematic overview of theSERVEE
project and its main innovative solutions.

The new circular ecamic business models are being implemented and testedVP4by means of
demonstrations imolving faur target products: washing machineswltifunctional laser printers and their
toner cartidges, telecom equipmenand TV setsThese products belong to fiifent EEE categories that
jointly account for 77% of the WEEE collected in the EU. Tim@mgrations involve the whole life cycle of
the four target products, their associated value an@@y chains, and the proposed egmovative services.

CIRCULAR ECONOMY
PRODUCTS & SERVICES

DRIVEN BY INDUSTRY 4.0

RE-USEAND
I [ZAT -LEA |
ECODESIGN CUSTOMIZATION ECO-LEASING REMANUFACTURING RECYCLING

BETTER

LIFE-CYCLE END-USER NEW SUSTAINABLE SOCIAL&
ENVIROMENTAL NEEDS CONSUMPTION SOLIDARTTY
PATTERNS EMPLOYMEN

PERFORMANCE

SECONDARY
RAWMATERIALS

DEMONSTRATORS
o] m:
~ - @ —
Product testing in real End-users’ acceptance
production and waste testing via living labs and
treatment plants public consultation studies

SUSTAINABLE
PRODUCTION
GUIDELINESS

STANDARS &
ECO-LABELLING

REGULATION ICT TOOLS

Figurel. Schematic overview of theSERVEES project.

The environmenta] economicand socialviability of the target products and related ee®rvices will be
determinedin WP5by means of lifeycle sustainability assessment tools, inaigdenvironmental life cycle
assessment (LCA)fe cycle costing (LC@pd social life cycle assement (SLCA) Two different types of
scenario will be assessed and compared for g¢agdet product:

1 A onventional scenario, in which the products are gwoed and consumed under linear economy
models.
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1 TheGSERVEES scenariowimich the products are pduced and consumed undéne new circular
economy models relying on the systemic @enovative services demonstrated in the project.

This Deliverable 5.5hows the life cycle sustainability assessment of each target product uhder
conventionalscenard. It includes the environmental, economic and social impactfseach product which
were calculated using LCA, LCC adC8, respectively.

1.1 Context and reitionship with other WPs

GSERVEES projésstructured into 9 work packages (WHsigure2 shows theoverall structure of the project
work planaswell as the inerlinkages between the different WPs.

pr—— semmmn
-
#

P Fy ‘I
1 ‘ WP1: Requirements for EEE circular economic models j [
- A '
- Captured stzkeholders and end users \
A circular economy requivements, bamers and i
A apparlunitins within the EEE sector :
- E
N [}
E ( WP2: Development of novel circular economic business models J ! 5
B :
A Developea EEE cirmulanty reference maae! I
' and faur assoriate i it :
. 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
[ : A
s E ¥ k J h J [ @
' WPS: Optimization and validation of the [ E
! [ | WP4: Demonstrations circular economic business models and | | E
A v ECO-SEIVICES ‘ g
E Validzted technical econamiz and . 8
' enviroamental performance of the )
i demaniiraled fve EEE pradyc!s :
: ! [.stpelald[udy. - r :
: 1
H
H WPEG: Key enablers for replicability and transferability v
: :
: Venked ro :
v transferabi [
. solutions at EU Leve! ¥ Y .
A '
' L WPT: Exploitation of results ] i
i i
% Py
—_— g e o 0 A P P P A A A T —

Figure2. WP structure of the-SERVEES project.

This Deliverable 5.1 is part of WP5,08B main objetive isto validate the new circular business models by
verifying their techneeconomicenvironmental and social feasibility. The relatsbip of WP5 (anBeliverable
5.1 in particular) with the othepreviousWPs is explained below.

WP1. Requirements fahe new circular economic models

Stakeholder consultation was initially conducted toritfy the awareness, opportunities, challenges and
enablersto implement the circular economipusiness model@ the electrical and electronic sectofhese
comprisedtechnical, business & management, legislative, economic, social, supply chain and intptemnme
aects(discussed ieliverable 1.2)

WP2. Definition ohew circular economic business models

A circular business reference model for the electrical ardtadnic sector (REEIRCMODE) was developed
based ora comprehensive literature reviewhe findings of thestakeholder consultatiofconducted in WP1)
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and requirements from industry partners ithe EEE value chain$he reference model comprises five
interlinked layergpresented inDeliverable 2.1)(1) Business Strategy, (2) Circular Ecdndusiness Model
Canvas, (3) Challenges and Opportunities, (4P&idies relevant to thelectrical &electronic sectorand (5)
Circularity Indicators.

The REIRCMODE was designed to be relevant to all EEE products and its layered structure provides
framework encompassing all possible circular economy optiomssatategic level as well as each say a

LINE RdzOG Qa fAFTS Oe&O0f S 4TS ansufey that AlDNRidRsiatkeinkidlly aXailaddd Bhern Yy R
implementing the REEIRCMOD® meet the requirements of any specific EEE product, providiagriost
appropriate actions that wilklad to the optimum produespecific circular economic busirgesiodel.

The REEIRCMODE was further customised and tailored to the four specific pso@ugeted in the project,
resulting in four oriented produespedfic circularity models:

T WASHCIRCMODIer washing machines produced by ARCEHlrB&ented inDeliverable 2.2)

1 PRINTCIRCMODE for printer products produced by LEXM&RIKding laser prirdrs and toner
cartridges(presented inDeliverable 2.3

T ALMCIRCMDDE for telecom equipment produced bp¥A(presented irDeliverable 2.4)
1 TVCIRCMODE for TV setslalisplays produced by ARCHpHésented inDeliverable 2.5)

The four productspecificcircular economic business models are therefore equally basedeocharacteristics
of the REFCIRCMODE. Edohisinessnodel, howeverrelates tothe specificities bthe specifigoroduct, since
each one was developed usittte information provided by theorresponding producer and other actors in
its associated valuehain.

WP3. Communication channels and Ito®ls

GSERVEES is also dealing with the developmentTofolils for bidirectional communication and secure
informationexchange throughout the Evalue chains to support the new circular ecoronsiness modsl
These tools are based on blockchain and #ermowledge technology, enabling the communication abo
individual products without the need for full disclosure mfiormation, but with trustand accountability.

New ICT services will thus be provided angpsuted by information transfer through the EEE value chains
including EEE producers and their siypghainsend users and WEEE managétsese services will rebn QR
codes (requiring prduct labelling) providing access tend users via their smartpines while WEEE managers
canuse QR code scanners. Functionalitiél$ includeproduct lifecycle tacking and feedback to producers,
as well asnteractive user mnuals, repair manuals, wanty tracking or consumables management.

The ICT tools areurrently being developed in sprints with industry partners tlaag testing them to validate
and optimi® their features and functionalities. They are being structured in such a way that anptEEE
can be added to the ICT platform.

WP4. Demonstrations dhe circular economic business models and seovices

The practical ulity of the productspecificcircular economic business modéteveloped in WP2jes in the
possibility of posing ahreviewing a series of circular economy options and evaluatiag thccording to their
viability and timeframes for implementatio(shott, medium or long term)Thisexercisewasalready carried
out by each EEE producer@SERVEES (ARCELIK, LEXMARYDYA] leading to the selection of a set of
circular economy actiws that can be reasonably appligal their demo productswithin the timescaleof the
project (i.e.,in the short term).

The actions selected for each target product are now being implemetiiemlgh the demonstrations
(presented inDeliverable4.1). Theseactions are summarized iFablel, including someactions sipported by

the ICT tools developed in the project (in WRBaddition, other circular eonomy actions considered feasible
over a longer timescale (i.enedium and long term) will be explored by EEE producers for possible progression
outside the confins of the project.
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Tablel. Demonstratios conducted in the-SERMES project.

Demo product Life-cycle
(producer) stage

Washing machines  Design &

(ARCEL)K production

Use
End of life

e ———
Printer productsincl
laser prlnte_rs and Design &
toner cartridges roduction
(LEXMARK) P

Use
— End of life
Design &
production

Telecom equipment
(ADVA)
Use
e

End oflife
Design &

ducti
TVsets ARCEL)K ~ Proctetion

Use
End of life

Circular econmy action Action description

Ecodesign of the wahing Alncrease recycled plastic content in selected parts
machine AICT to provide certifation

Increase circularity in
production process
Develop a renting model
for B2B market

APerform LCA tdetect improvement areas in productio

ADemastration with focus oncorporate customers

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

Expand and improve customisation
repair & refurbishment A Study potential for refurbishment centres Europe
operations AProvide repair/refurbishmeritisasemblyprocedures

AICT to provide secure supply chain communication
Improve recycling preess AICT to improve reverse logistics falEproducts
of the washing machine AICT to provide information for recyclers
ADetermine potentiafor ecodesign of printers
Ecodesign of the printer AReduce amount of packaging
Alncreaseecyclable materials in printers
Il_rj]cheJ\as; glrgull\leg);m t?e Alncrease the nmber of printers/cartridges recovered
Almprowe repair operations
AExplore the competitiveness of 3D printing &pare
plastic parts
Alncrease the number of collected cartridges and

Improve data collection
and management

Improve the LCCP optimise classification
Almplement ICT tools for improvement in logistics
Improve repair& Alncrease the number of refurbished ptéers and spare

refurbishmentoperations parts recovered

Improve therecycling of AEnsure data secity
printers and cartridges  AProvide data to recyclers

Ecedesignof ALM ADesign for longevity
system ADesign for recycling
Improvecwcu_larlty n APerform LCA tdetect improvement areas in productio
ALM production

AReusable packaging

Improvements in IOQ'St'CSAEnh.smcing own ADVA ICT tool for logistics

Explorefeasibility of ADemonstration of leasing/reing with selected
renting/shared use/PSS  stakeholder
Improve repair and AProvide regclers with information about materials

refurbishment operations ASupport from ICT tools

Almprove the proportion of componentpartsand/or
materials recovered

AcCost analysis

A30%recycled plastic content in Thack cover

AReusable packaging for corporate customers

Improve recycling of the
ALM system

Eccdesign of the TV set

Increase circularity in
production process
Develop a renting model
for B2B market

APerform LCA to deteatriprovement areas iproduction

ADemonstration with focusn corporate customers

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

Expand and improve customisdion
repair and refurbishment A Study potential for refurbishment centres in Europe
operations AProvide repair/refurbishment/disassemblyqredures

AICT to provide secure supply chain communication
Improve recyclingrocess AICT to improve reverse logistics for EoL products
of the TV set AICTto provide information for recyclers
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WP5. Optimization and validation of the circular economic lmesss models and eeservices

The main objective of this WP is to validate thevneirculareconomic business models by verifying their
sustainabilityin thedemonstrations of the four EEE products. The evaluation of the proposed solutions is being
conductal by applying life cycle sustainability assessntents over the demonstrationto measue their
performance in relation to the three pillars of sustairapi(Figure3):

1 Environmental viability, measured with life cycle assessrnieCA, performed in Task 5.1).
1 Economic viability, measured with life cycle costing (lpé@ormed in Task 5.2).

1 Socialiability, measured with socidfé cycle assessment-(E£A, performed in Task 5.3).

Task 5.2
Economic analysis

(Lco)

Task 5.1
Environmental analysis
(LCA)

Task 5.3

Social analysis
(S-LCA)

Task 5.4
Socio-cultural
acceptance analysis

Figure3. Life cycleustainability assessmeapproach appliedn the GSERVEES project.

Two different typesf scenario will be assessed armimpared for each target product:

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

1 The GSERVEES scenario, in which the products are produced and consumed under tiveuiaw c
economy models relying dhe eccinnovative services demnmstrated in the projec{in WP4)

This Deliverable 5.1 shows the life cycle sustainability assessoieaach target product under the
conventional scenario. It includes the environmentalpeomic and social impacts of éaproduct, which
were calculatedusing LCA, LCC antlGA, respectively. In a later phase of the project, the impacts of-the C
SERVEEscenario will be assessed and compared to those for the conventional scenario (céraggiadlin
order to calculate thesustainability benefits that cape achieved with the solutions developed in the project.

1.2 Structure of the Deliverable

Deliverable 51 contains the following sections:
1 Introduction to GSERVEES project with tnwerview ofWF5 and itsrelationship with previous WPs.
1 Definition of the Gohand Scope of the Deliverable.

1 General overview of the Methodology followed for the whole life eyslistainability assessment (with
a common approach for the four products assessed), epamsing lifecycle inventory, LCA (including
MCI), LCC andL£A.

Summary of the MaiRResults obtained for each target product.

FourAnnexegone for each target pragtct) containingthe full sustainability assessment studies (LCA,
LCC and-BCA) and theidetailed resits.
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2 Goal andscope

The present study aimed to calaté the environmental, economic and social impacts of four different EEE
products usedor demonstrdionsin the GSERVEES projethe target products investigated include:

1 Washing machine

1 Multifunctional laser printe(including its toner cartridges)
i Tekcom equipment

1 TVset

These products and their main characteristics are described below.

2.1 Washing mehine

The washing machinselected for demonstrations ARCELIK 9123 WF, which has 9 kgodst, energy
efficiency class A" and connectivity features. lk & Y I y dzF I O { dzNiBkey) dng’ cudehty BoMR O |
worldwide. ARCELIK selected this model for its smart home technology, whicls tillowsers toaccess the
HomeWhiz app from theismariphones or tablets and control themart featuresof the product (switch

on/off, program selection, user instructioretc.).By using connected produc8RCELIKill have a chance to

collect data and learn customensage habitsin order i 2 A YLINR FS Odza i 2 YSNBEQ St
maintenance and repair services to extd product life.The selectedwashing machine ha8% recycled
materiasand ARCELI&ms to increase it furthan the project improving theproductcircularity.More details

on the current washing machine selected for derawation are shown ifTable2.

The functional unit cosidered in thepresentstudy is onevashing machine ARCELIK 9123 WWiich results
in 24,750 kg of clothes washed during its 1g2ear lifetime (assuming 220 wafag cycles/year).

Table2. Technical specifications of the demo waghimachine.

MODEL ARCELIK 9123 WF
Image
— =
Product number 7150370100
Colour White
Size 840 mm x 600 mm x 610 mm
Weight 75 (£4) kg
Capacity 9.0 kg
Max. spinspeed 1,200 rpm
Fascia Grundg
Dynamic group Large
Number of programs 16
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Features HomeWhiz, ProSmart (Brushless Motor withyEar guarantee)Wi-Fiand BLE,
Steam Function, Anticrease+

Energy class A (-30%)

Electricity consumption per year 148 kWh

Water consumption per year 10,318 L

Country of origin Turkey

2.2 Multifunctional hser pinter

LEXMARKlentified and selecteda number oflaserprinter models to include in the demonstratipsuch as
the following modelsCX860dteX950de, MS81and CX50. All of them are multifunctinal laser printers that
were selected due to their suitability for refurbishment operations.

The laser printer selected as the reference for the life cycle sustainability assessment was the LEXMARK
CX860dte. It is a netwotleady, professionalmulti-function device with standard -8ided printing and
scanning, a 1.6 GHz quadre processor and 2GB of standard memory that prints at gDigpm black and

colour. The printer fuses different colours to a medium (such as paperjette hard copy images from
electronic or hard copy originals. The printer product delivered to the customer consists of the printer, a power
cord, printed setup instructions, a CD/DVD that includes the User Guide and Printer Drivers and an initial set
of product supplies. The printés delivered in packaging that can be recycled locally and is not needed for
product operation. Product supplies include toner cartridges, imaging kits and the fusing mechanism. The
power supply is internal to the product aride imaging kit and fusing nebarism are installed at the factory.

Only the toner cartridges must be installed by the custoriore details on the currennultifunctionallaser

printer selected for the sustainability assessment are showrainie3.

The functional unit considered inehpresentstudy is onemultifunctionallaser printer LEXMARK CX860dte,
which results ir890,000 pages printed during itsyear lifetime (assuming standad businesaisageof 260
days/year and300pages per day)t should be noted that this product is a shaq@ihting and copying device
that is used by a pool of business users.

Table3. Technical specifications of the de2@nultifunctionallaser printer.

MODH LEXMARK CX860dte
Image

Product number 42K0071

Print technology Colour Laser

Functions Colour copying, colour faxing, colour printing, colour scanning, colour netwo
scanning

Display Lexmark eTasklO-inch (25 cm) class colour touch screen
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Sizel Packaged size 1162 x 559 x& mm / 1380 x 762 x 830 mm

Weight / Packaged weight 1313 kg / 1574 kg

Print speed (up to) Black: 60 ppm / Colour: 60 ppm (pages per minute)
Recommended monthly page | 5,000- 50,000 pages

volume

Laser artridgesyield (up to) 55,00C@page Black and Gair (CMYK) Ultra High Yield Cartridges

22,000page Colour (CMY) Extra High Yield Cartridges

33,0008page Black Extra High Yield Cartridge

17,000page Colour (CMY) High Yi€lartridges

8,000page Black and Colour (CMYK) Cagetd

Photoconductor estimategtield | 175,000 pages, based on 3 average lettersize pages per print job and ~ 5%
(up to) coverage

Developer unit(s) estimated yiel| 300,000 pages, based on Beaage letter/Adsize pages per print job and ~ 5%
(up to) coveaage

Cartridge(s) Shipping thi 8,000page Black Return Program Toner Cartridge

Product 17,000page Colar (CMY) High Yield Return Program Toner Cartridges

Electricity consumption 0.391kWH1,000 pagefENERGY STAR Certified)

Average power 0.3 W (Hiberate Mode), 3.3 W (Sleep Modd)25 W (Ready Mode), 870 W
(Printing), 650 W (Copying), 115 W (Scanning)

Country of origin China

2.3 Telecom equipment

Thetelecommunicatios equipmentselectedby ADVAfor demonstration belongs to theALM line (Advanced
LinkMonitoring) for optical netwoks,which isa relatively new and still upraising product litesplits into an
(electrically) active unit and passive fibpptic sensors fofibre monitoring taskdike reaktime information on

fibre integrity, fast and esy localization of user traffiand remote passive fire detection in sites accessed with

a fibre. The novelty in the ALM product line makes it suitable for the demonstration purposes since it makes
it simpler to introduce changes on the product line. Tvaoiants of the active ALM umsitwereconsidered for

the demonstration namelyl6ALM and 64ALMn addition, two different configurations were considered for

the passive sensor$heALM productelected as the reference for the life cycle sustainabiliseasment was

the ADVALGALM/#B50D/AC while the twosensorconfigurationswere included in tk assessmentMore

details on the current ALM product selected for the sustainability assessment are shdabléd.

The functional unit considerecdhithe presentstudy is oneALM product, including the active unit (ADVA
16ALM/#1650D/AC) and fourteen passive fiopgic sensors, which offeccontinuous monitoring throughout
its 8-year lifetime (i.e.365 days/year and 24/thay).

Table4. Technical specifications of the demo telecom product.

MODEL ADVA 16ALM/#1650D/AC
Image

Product number 104370984102

Description Advanced Link Monitor (ALM), 16 ports with LC/APC connectors, AC po
Colour Grey

Size 44 x 215 x 213 mm

Weight / Packaged weight <2 kd 11.6kg

Power typical / maximum 10 W/ 13 W

Country of origin Germany
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2.4 TVset

The TV seselected for demonstratiois GRUNDIG G43C 89155A ¢ K A OK A -AV nhodehwitlE engrgy | NJi
efficieng class Aand connectivity fatures. This product is manufactureddnS { A (ViRkeyg and currently

on sale in Turkey and the EARCELIK selected thismodes OF dza S Al KlFa O2y @SyASyi
customers targeted in the demonstiion. The selected TV has enclosuredastand made of halogefiee

plastics, vhile the back covelis made of plastics with aroun8D% recycleccontent More details on the
current TV seselected for demonstration are shownTable5.

Thefunctional unit considered ithe presentd (il dzZR& A & 2GRBNDHICOGA3CI821 54, Fidich provides
10,784 hour®f viewing during its §ear lifetime (assuming an average use of 337 days/year and 4)h/day
Table5. Technical spafications of the demadV set

MODEL GRUNDIG G43C 891 5A
Image

Product(EANNumber 8690842398605

Description 43" /108 cm, UHD (3.840 x 2.160), 50 Hz, HEVC/H.265, Smart

Colour Black

Size 625 x 231 x 976 mm

Weight/ Packaged weight 9.2kg/12.04

Features Picture featuresPicture Noise ReductioLTI , DCTI, DNR, Digital Comb
Hlter (3D)

Colour system: Multisystem
USB supported files: .mp3, .m4a, .aac, .jpg, .jpe, .omp, .png, .mov, .mpg
.mpe, .vob, .dat, .trp, .ts, .avi, .mp4, .mkv, .div

Enegy class A

Electricity consmption per year 53.3kWh

Average power 0.15 W (Staneby), 38.8 W (Nominal)
Country of origin Turkey
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3 Life cycle assessment

The avironmental impacts of the four producttargeted in the project were calculatedsing LCA
methodologyaccordingo ISOstandards(14040 14044). LCA is nethodology 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 itnpact of those energy andaterial 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:oex@acti
processing of raw matéls; manufacturing, transpo#nd distribution; use, reise and maintenance; and end

of life.

According to ISO standards, LCA consists of four pkfaigesed4): (1) goal and scope dgfition, (2) inventory
analyss, (3) impact assessment an(#l) interpretation. LCA software (SimaPro) was used to tackle the
development of these phases more effectively.

Goal and scope
definition ol

b

A

h 4

Inventory
analysis Interpretation

Y

Iy

Y

Impact >
assessment <+

Figured. Framework of the LORAethodology.

The goal andscope definition determines th 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 regqements, and study limgtions. The inventory analysisvolves
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 Thelanpact assessment
translates the LCI data into potentiahvironmental 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 lel@f impact must be evaluad according to predefined asssment methods
(characterization). Impact assessment may also include other additional steps (normalization, grouping and
weighting) to facilitate the interpretation phase, but these are not mandataccording to ISO stanks.

Finally, the interpretabn 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 Fe cycle inventory was theeconducted for each target pduct by collecting primary data from
the industry partners producing thefdRCELIK, LEXMARK and AOWa)environmental studies focused on
greenhouse gases emissions, resources consumption, wasegad®n associated withhie life cycle of each
product, etc. Additionally, the studies included the determination oflaterial Circularity Indicatdr(MCI)
that assesss the circularity of the current products and business mod8slow are described the main
methodological aspects considered for the developmerthefLCA studies in the projec
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3.1 Life cyclenventory

The LCI for the EEE products is divided herein intaufaaturing ¢radleto-gate), use and endf life. It was
based on primargata supplied by th&EE producers (ARCELIK, LEXMARK and RO\Istasts taken from

the Ecoinvent dtabasé (available for SimaPro softwarend literature datawere used to model the
inventories of the materials, pragsses, energy and transport operations included in the LCI of the products.
WEE management antteatment were modelledbasedon the methodology and datasets provided by the
WEEE LQ@roject® (which are alscavailable forSimaPro softwane The specific datasetased for each
input/output included in the LCI of each HitBduct arelisted inthe Annexes

3.1.1 Manufacturing

Manufacturing include raw material extraction and processingnanufacturing ofcomponentsand their
assemblyto produce the finished EEE product, as wellt@nsport of raw materials and componentsCl for
the manufacturing of the target products were based on data provided by indpattypers while EEoinvent
databasewasusedto modelthe related materials, processes, ergy and transporfused as inputs/outpts
in the LCL)Some electronic components were, however, modelled using literature d&ia.cktailedLCl for
each productand the linked inputs/outputsire shownin the Annexes. Belowre explained the assumptions
made for the inventorynodeling of specific éectronic componentsnamely printed wiring boardstegrated
circuits and electronic component®ntainingprecious metals.

Printed wiring boards

Printed wirirg boards (PWBare amongthe EEEcomponents withthe highestenvironmental impact and
greatest uncertainty Recent studieshave shown that existind-Clsfor PWB ¢ither from Ecoinventor GeBi
database} which are defined just bythe number of layerand surface finishare likely to either under or
overestimatethe environmentalimpact (depending on thepecific PWBeing asessed)For example, on a
per-area basis for conventional PWB, the impact fd-layerboard is around 20% less. Ndteat the data
usedfor the LCbf PWBIn Ecoinvertand Gabidatabases were collected the earlyyears of the 2% century
and later extrapolated to th@resent day TheiNEMI Phase 3 Edmpact Estimator Ryject® will update these
inventories

TheGHGemissionof PWBincreasewith the number of layers, litthe increasdeveldepends on the type of
layersadded. The environmental impact$or PWBwere obtainedin this study usinghe inventory available in
Ecoinventdatabase for &-layer PWB forsurface mounting and Pb freavhich was used asraference For
PWBcontaining a differenhumber of layers, the & shown inFigure5 wasapplied

& + Board Finish 1 o ©
e o Board Finish 2 0.’
o o »
"6’ o *

oL o O $ .

c o .

-E e R

(=] o & * »

o o #

o O .
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# Layers

Figure5. Qobal Warming Potential (GWPjJor manufacturing of PWBepending on the number tfyers®
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Integrated circuits

Silicon die process is aRry energyintensive procesthat affects significantly the environmental impacts
integrated circuits (IGaccounting foraround70-90% of the total impactgFigure6). The amount of energy
required by this procesds defined by the diesection processed and the node technoldggFigure 7).
Environmental impacts pearea were improved from CMOS 350 nm to CMOS 180 From thisnode
technology,the environmental impacts pegirea started to increase, although the impacts per IC were still
improving due to the density benefits. There is nowdevice that the final benefit of scaling was lost in the
28 nm feature sizeThis is mirrored in the spika environmental impacts after 45 nm.

100

B GWP100, Pb-based balls, 11 kg

0O Eco-indicator'99(H), Pb based balls,
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Figure6. Environmental importance of syiarts of alC (etal BGA560 microchip.’
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Figure7. Energy demand and Global Warmingtéhtial (GWP) for manufacturing of IC (CM©S).

Silicon die processing distinguishbetween wafer fabrication for memory and for logic devices. The
equipment and processassedfor both are in principle the same, but the logic wafer must go througts¢he
processes more frequenthpynamic randorraccess memoryd(RAN wafer fabrication needs approximately
250 process steps, whiléogic wafer fabricatiomneeds 360 process steps. €hbasic unit processeare
photolithographic patterning, etching, doping, piesition of various materialsnetallization, wafer cleaning,
polishing and furnace operationshe equatiorbelowis used to model the environmental impaasfthe IG
consideringhe electricity consumed in the silicon die process, the silicon die aredhe rest of the IC.

00 00 00 00 (1)

Table6 shows dectricity consumption for silicon die process for each technology nedechwas obtained

from Boyl® for logic IC and Schntidt d.1° for memory ICIt wasassumedhat IC aremanufacturel in China

and the convention of 10.7 MJ of primary energy per kWh electrivitg used.The same electricity
consumption was assumed for a given dieaare@rdless of the numbeof layerscontainedin the IC:
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Table6. Electricity consumption failicondie processing per asaunit.

IC device Technolay nocke Electricity(MJ/Simm?)
Logié 350 0.160

130 0.084

90 0.087

65 0.091

45 0.106
DRAM? - 0.035

The die area is obtained from the IC area using empirical relation for each housing type as usBd in Ga
database’ This approach is sufficient for small chips. However, for larger chips it is convenient to obtain the
die areafrom technicaldata shees. f these are not availablel8mm? die per gram of packaged chian be
assumed-! This relation is significantly larger thémse used irEcoinventdatabase(5.5 mm?die pergram

for logic chips and 10./Am? die per gam formemory chipd The lower estimates in Ecoinvesdtabaseare
apparentlydue to erroneous assumptiorts

The tecmology node for each package typeas obtained from G&i database> The inventories othe
electricity(for silicondie processiny silicon for electroits and rest of materials for the IC package weken
from the Ecoinventdatabase.

Other electronic components

Energy consumption for transistors, capacitors and other electronic components is lower tharHowkver,

the presence of some precious metals, especially gold, highly increases the environbpuedéad in most
impact categoriese.g, the overall impats of the transistors SMD SOT23 vary from 0.48 times up to 167 times
to that of a referencetransistor, primarily depending on the gold conteltThus, theinventoriesavailable

from Ecoinventdatabase? were usedfor theseelectroniccomponentsexcept for thosecontainingprecious
metals which wee modelledusing daa from technical data sheets

3.1.2 Use

Use include product distribution(to retailers or final customers)product operationincluding electricity
consumptionand other consumable@.g.,water and detergents for washing machinéser cartridgesand

paper for printers) transport of consumables angtoduct maintenance(if required. LCI for the use of the
target products were based on data provided by industry partners and completed with data from Ecoinvent
database and literaturé®**® The detailed LCI for each product and the linked inputs/outputs are shown in the
Annexes. Below are explained the assumptioradenfa the inventory modelling oproduct distributon,
electricity consumption and maintenance

Distribution

Product distributionwvas modelled using data provided by industry partners, which included the ehaates
by countryfor each target productand thetransportmodes used to deliver them to eaclestination country.

Electricity consumption

Environmental impacts caused électricity consumptiomuring the usef the productsvere calculatedising
the European electricity mixs referenceTwo dfferent electricity mix scenarios weressessed

1 Afirst scenario where thghareof electricity sources is constant along g@ductlifetime.

1 A second scenario where theghare of electricity sources varies along thpeoduct lifetime. The
evolution ofthe Euiopeanelectricitymixwastaken fomthe IRENA databagéwhich providefigures
for the years2016 and 205@Figure8), whilethe electricitymix for ntermediateyears wasnodelled
by linear interpolation.
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Breakdown of electricity generation, by source (TWh/yr)
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Figure8. Evolution of theEuropean electrity mix.*6

The energy transition processsessedi the second scenarigonstanty increase the share ofrenewable
sourcesin the Europearelectricity mix Thisscenariowill thereforeresult in aconsiderably decreasef the
environmental impactsaused by the use of the product duringlifstime (compared to the impacts of the
scenario where the current electricity mix is assumed for the entire product lifetikeean exampldsigure9
showsthe decease in the estimate@obal WarmingPotential of the modelled European electricity rover
20 years.

Global warming (kg CO, eq/kWh)
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Figure9. Global WarmindPotential forlow-voltage electricityproduction for the period 2018035 according to the
Euopeanelectricitymix evolution

Maintenance

Maintenancewasincludedin the LCA scope only ftlie multifunctional laser printer since it was the only
product for whichdatawere available frormthe correspondingndustry partner. Neverthelessmaintenance

for the other products is less frequent and the derived impacts were considered as insignificant compared to
the impacs of the other life cyclephases
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3.1.3 Endof life

End of lifeincludes the waste management operations applied to the targetdegiticts orce 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. LCI for theoéhfe of the target products \as modelled
basedon the methodology and datasets provided by WEEEgGject? The detailed LCI for each product and

the linked inputs/outputs are shown in the Annex&elow are explained thenethodology followed and
assumptions made for the inventory modellingesfd-of-life operations

Waste collection

Waste collection data proged by theindustry partnerswere usedwhenavailable Otherwise statistical data
for the EU27 were used.Specifically, waste collectiorratesfor the EU27 were obtained from data pulihed
by Eurostat’ for the year 201{Table7).

Table7. EEEproducts and theiwastesin the EU27 for the year2017. SourceEurostat!’

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%
Smallhousetold appliances 785442 375561 47.8%
IT and telecommunications equipment 884,347 523425 59.2%
Consumer equipment and photovoltaic panels 641,395 539970 84.2%
Lightingequipment 515662 64,318 12.5%
Electrical and electronic tools 478984 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%

Table8 shows the waste coltgion rates assumed for the EEE products targeted in the project.vEthge
collection rategfrom Table7) were considered for tbseproductsfor which specificollection ratesvere not
available.

Table8. WEEEo llection rates for target products in theSERVEES project.

Product Product WEEE category according Collection WEEHRCI
category to Directive 2012/19/EU rate category
ARCELIK 9123 WF Washing Large household appliance 46.3% Large houskold elec.
machine equip.non cold (LHA)
LEXMARICX86dte Multifunctional 1T and telecommunications 66.7% Large professional
laser pinter equipment elec.equip. (LPA)
ADVA 16ALM/#1650D/AC ALM IT and telecommunications 59.2% Smallprofessional
equipment elec. Egip. SPA)
GRUNDIG G43C 891 5A TV set Consumer equipment and 84.2% Flat screengFS)

photovoltaic panels

Waste treatment

LClof WEEEnanagementvasobtained fromthe WEEE LCI projetivhose inventory datasets am@vailable

for SimaPraoftware. It provides inventorylata forthe managemenof WEEEollected with specific datasets

for different WEEE categories (WEEECI categaes in Table 8) according to theirtake-back scheme
frameworks Theend-of-life managenent s/stem for a material/ WEEE stream pair covers all transport and
treatment operations between the collecticof the WEEE stream and the range of final destinations reached
by the materiaFigurel0).
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Figurel0. System boundésfor the LCI of WEERanagemeng

WEEE managemeis thus divided into the following phases

1 Upstream logisticsThis phase includes WEHRfnsport from collection pointsto waste transfer
stationswhere the WVEEE udergoesaccumulationand it is latertransfered to rank 1 treatment
operaors; asmallportion of theWEEEollected may also be transported directly from the collection
points to rank 1 treatment operats.

1 Rank 1 treatment operatorsThese operatos areresponsible forthe first WEEE treatment phase,
including decontaminationThis phase results in various fractionsnaterials withdifferent levels of
complexity Indeed, these fractionsrarely consist of a single material (e.gP) or a single ateria
category €.g.,plastics) but theycorrespondo:

0 A set of materials inwhich one category is dominang.@., ferrous metals) but other
materials/components RWB inductors, etc.) separatefrom the main category arestill
presentasimpurities

0 Agenune mixture of various material categories (mixture of meftalastics, fluff, shredding
residue, etc.).

1 Transport between rank 1 and rank 2 operatolise various fractionsf materialsproduced by rank
1 treatment operators are transported to ra@kreatment operators. For a giveéactionfrom agiven
rank 1 operator, several rank 2 operators may be involved.

1 Rank 2 operatordDepending on the case, rank 2 operators may consist of:

0 Treatment geratorsrelated tofinal destinations reached by theaterials (incineratiorwith

energy recovery, thermal destruction, storage and recycling for some fractions with low levels
of impurities)
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o0 Intermediate treatment operators (sorting of plastics, sorting of fine metals/plastics,
shredding/sorting of compresss, dc.).

o0 Accumulatiortrading operators (tkat may play an important role in ensurigsteadysupply
to subsequent handlers).

I Transport and intermediate operators between rank 2 treatment operators and final destinations
According to the nature of th@perations carried out by rank 2 operators, further transport and
treatment phases may be required before reaching the final destinations.

1 FEinal destinationsThe final destinations consisif operators formaterial recovery (steelworks,
aluminium refinery, copper/precious meta refinery, plastic reycing, inert material recovery in
construction sector, etc.), energy recovery, incineragomwl landfill disposal.

Recycling

WEEE LE&providesinventory data for waste treatment in thefinal desinations according to two different
accounting methods:

T With benefits The impacts associated with thdreatment operations appliedto the
material/component in the final destinatioare consideed, as well ashe benefitsassociated with
the materid and/or energyrecoveredwhich are cantedas environmental creditsecause thewvoid
the productionof primary raw materials or energy)

1 Without benefits Only the impacts associated with thieeatment operationsn the final destinations
are consideed, whereasthe benefits provided by the material and/or energgcoveryare excluded
This is the recycled content methgaalso referred as cubff method (Figurell).

Material Acquisition &

Pre-processing

Waste J

Masterfall
Qutput
Virgin
Material
Input
-
Recycled
Material
Input
Recycled
—>  Material

Qutput

—pp Movement of material through the life cycle
) ! Recycle Facility
[ Attributable life process (outside PCR

scope)

Figurell. Exampleof the cutoff method

According to ISO 1404#he cutoff method mustbe applied for recyclingperations at the Eol\Waste by
products are materials with no economic valuweder EoL conditions and, consequently, there isnterest
in collecting them wthout economic compensationHence, producers usually have to pay foaste
management of their EoL products. This is the case for WEEE. The environmental burdens due to waste
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management and treatment ari@ this caseallocated completely to the wastproducingactivity (ife cycle of
EEBproduct). Anyproduct(or non-wasteby-product) obtained from thewaste treatmentare outside the LCA
scope when applying theut-off method and daesnot give a environmentalkredit to thewaste-producing
activity. The mwint of cut-off is therefore the end of the waste treatmeniith the mderials and/or energy
recovered being excluded from the system boundatfes.

However, n the present studyimpacts due tovastecollection, transport, intermediatand finaltreatment
operations wee considered as indicated kgurelO. Environmental benefitdue torecyclingwere not added
to the totallife-cycle environmentaimpact of the EEE products but thesere providedas recycling credits.
Recycling creditsvere obtained agshe differencein environmental impactdetween the twoaccounting
methods for recycling in WEEE3(G#., wih and without benefits):

61 QQTOENODOT 0an d®o i 2

On the other hand, recyclable {products are materials with no or little economic value that caarve as the
input or resource for aacycling activity. There is therefore an interest in their collectiorhis is the case of
the paper consuradin thelaserprinters once it becoras wasteln this case, the point of cuiff is at the end
of the activity producing the recyclable materiathile ransport to therecycling facilitys the beginning of
the supply chain for the secondary ufee., waste treatment of paper or other redgble byproducts is
outside the LCA scope of the EEE products

Landfill disposal

WEEE not collected for treatment was assumed to be landfilled. Waste landfilled was characterized as plastics,
aluminiumand nert materials. Inventory datasets for lantifilisposal of these materials were taken from
Ecoinvent database.

3.2 Life gscleimpactassessment

The impact assessmentaw conducted in this study by applying the impact assessment method R&iBe
which is incorporated within the LCA softwa@enaProThe updated ReCiPe2(1provides a statef-the-art
impact assessment method tmnvert LCI to a number of harmonised impact scores on midpoint and endpoint
level Figurel?).

Eighteen impactategories can be assessed at the midpoint level, including: global warming, ozone depletion,
ionizing radiation, phaichemical oxidant formation (human health and terrestrial ecosystems), particulate
matter formation, terrestrial acidification, freshwategutrophication, marine eutrophication, terrestrial
ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, humanidity (carcinogenic and necarcinogenic),

land use, mineral resource scarcity, fossil resource scarcity, and water consumption. Indutaitpot
collected in the LCI (i.e., resources and environmental releases) are translated into environmental impact
saores for these midpoint categories by means of thecatied characterization factorg4ble9).

These midpoint impact categories are further converted and aggregated into three endpoint categories:
damage to human health, damage ecosystem diversity and damage to resource availabiliaple 10).
Endpoint impacts are directly derived from the midpoint impacts by means of endpoint characterization
factors (C§) that varies depending on the cultural perspee used fothe assessment (egalitarian, hierarchist

or individualist). Environmental impacts were assessed in this study according to hierarchist perspective,
which is based on scientific consensus with regards to time horizon and other issues (ataptgiacity,
technology development, and so forth).
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Figurel2. Impact categories covered in the ReCiPe2016 method

Table9. Midpoint impact categories and egkd characterization factors and uniis theReCiPe2016 method.

Impact category Characterization factor (Gfy Unit

Global warming
Ozone depletion
lonizing radiation

Global warming potential (GWP)
Ozonedepletion potential (ODP)
lonizing radiation potential (IRP

kg CO2 to air
kg CFa1l to air
kBqg Ce60 to air

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

Terrestrial acidification
Freshwaterutrophication
Human toxicity: cancer

Human toxicity: norcancer
Terrestrial ecotoxicity
Freshwater ecotoxicity

Marine ecotoxicity

Land use

Water use

Mineral resource scarcity

Fossil resource scarcity

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

Photochemical oxidant formation potential: kg NOXx to air
humans (HOFP)

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

Human toxicity potential (HTE
Terrestrial ecotoxicity pential (TETP)
Freshwater ecotoxity potential (FETP)
Marine ecotoxicity potential (METP)
Land occupation poteidl (LOP) m2xyr annual crop land
Water consumption potential (WCP) m3 water consumed
Surplus ore potential (SOP) kg Cu

Fossil fuel potentia(FFP) kg oil

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 rarine water

Tablel0. Endpoint impact categories and related characterization factorsuaitd in the ReCiPe2016 method.

Impact category Area of protection Impact indicator / Unit

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

Disaility-adjusted loss of life years / DAL
Timeintegrated species loss / specigs
Surplus cost / Dollar (USD2013)
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3.3 MaterialQrcularityIndicator

The Material Circularity thicator* (MCI) methodologyvas used inGSERVEHRS assess theircularity of the
target products and business modelader the conventional scenari@he MCI is thus provided herein as an
additional environmental impact category of th€Astudies

The MCI for @roduct measures the extent to which linedow has leen minimised and restorative flow
maximised for its component materials, and how long and intensively it is used compared to a similarindustry
average productThe MCI gives a value between 0 andhkere higher values indicate a higher circuiariny

product that is manufactured using only virgin feedstock and ends up in landfill at the end of its use phase can
0S O2yaARSNBR | TFdzZ ftée WEAYySIND LINE Rz (tain® mo/vikgin T n 0
feedstock, is completely colieed forrecycling or component reuse, and where the recycling efficiency is 100%
Oy 6S O2yaARSNBR | TFdZ fe& WOANDdzZ N LINPRdzOG o6al L
two extremes andhe MCI measures the level of circularity hetrange0 to 1.

The MCI is essentially constructed from a combination of three product characteristics: the mass V of virgin
raw material used in manufacture, the mass W of unrecoverable waste that is aftdbatthe product, and

a utility factorXthat accountsfor the length and intensity of the product's use. The associated material flows

are summarised ifrigurel3. The dashed lines indicate that tineethodology des not require a closed loop

(i.e., recycleddedstock and reused components do not have to be sourced from the same product but can be
sourced on the open market).

Waste from recycling process

0 P O
Waste from

Recycled Material recycling
feedstock collected for process

Lifetime and func- N
tional units compared recycling
to industry average
(utility) considered

Virgin during use
feedstock .I 9
—_—
Manufacture Material going to

landfill/energy

recovery
Reused Components
Components collected for reuse

o R
|

@
0"

Manufacture

( __________

o

Figurel3. Diagrammatiaepresentation of material flows used MiCI methodology.
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Virgin feedstock

The mass ¥f virgin raw material is calculated as follows:

w 00p O O (3)
whereM is the mass of the finished produckif the fraction of feedstock derived from recyckalrces and
Fuis the fraction from reused sources.

Unrecoverablevaste

The mass W of unrecoverabhaste that is attributed to the product is calculated as follows:

© o @
C

0

where W is the amount of waste going to landfill or energy recoveryjsthe amount of waste generated in
the recycling proess and Wis the amount of waste generated to produce any recycled content used as
feedstock (as represented Figurel3).

These amounts of unrecoverable waste are calculated as follows:

) 0DOp 6 O (5)
w 02p O B (6)
, . _p ©O 00

o 0O—5— 7

where Gis the fraction of the mass of the product being collected for recycling at the endusgtphase, &

is the fraction of the mass of the product going intoneponent reuse E: is the efficiency of the recycling
process for the product at the end of its use phasel E-is the efficiency of the recycling process used to
produce the recycledeedstock.

Linearflow index

Thelinearflow index (LFlineasures the proportion of material flowing in a linear fashion; i.e., sourced from

virgin materials and ending up as unrecoverable waste. The index takes a value between 1 and 0, where 1 is a

completly linear flow and 0 a completely restorative flow. Tingex is derived as follows:

5 00 w0 w
v N 8
W

Utility
The utility X has two components: one accounting for the length of the product's use (tiete L) and

another for the intensity of use (functional unit§. These two components are combined to form the utility
was follows:

A Y QTY 9
o = v 9)

Increasing the lifetime L when the industryesage kL, remains fixed leads to an increase in X and,
correspondingly, to an incese (and thus an improvement) in the product's MCI. Conversely, if the industry
average increases (e.g., because most producers start producing more durable or repawdbles) while
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functional units(U/Us,).

In most caseseither lifetimes or functional units, but not botlaye usedto calculate X. If lifetimes are use
exclusively, this means assuming thltJ,, = 1. Iffunctional units are used exclusively, this means assuming
that L/Lav= 1. h some casedjoth lifetimes and functional unitsan be usegbut it is important to make sure
that any given effect isnly considered oncgeither as an impact on lifetimes on intensity of usebut not
both.

Material Circularity Indicator

The MClof a product is defined by considering the Linear Flow Irafeke product(LFl)and a factor F(X),
built as a function of thetility X thatdetermines the influence of the produstutility on its MCI. It is defined
as this positiveralue

060l A@h 60 (10)
where MClis obtainedas follows:
06"0 p 0 AL (11
where F(X) takes the form:
oo (12)

3.3.1 Input data for MCI

Data input into theMCl model for each target producivas based onprimary data supplied by the EEE
producers (ARCELIK, LEXMARK and ADDMA)e he information was not known, generic industry data or
best approximationsvere used instead, as describ&elow.

Recycled feedstock

The recycledeedstock (R) in the target poducts was first determineth order to subsequently estimate the

mass of virgi raw materialVV). The recycled feedstock for the different materials composing the produass
determinedusing market data from industry databases and literatiwo diffeent indicators were used to
guantify the recycled feedstock, namely recyclinguit rate (RIR) and recycled content (RC). dikgnction
between RIR and RC is subject to different interpretations about which flows should be used as a basis for
calculation although he selection is often driven by the availability of data rathentbs the principl€* Both

terms are sometimes useiiterchangeably and sometimes na.g., for metalsRCis usedat the finished
productleveland RIRs usedat the metal productiorevelincluding metal produced by semianufacturers).

The RIR can be calculatedfalows:

Q Q

-Y" .Yﬁ 13
@) 00 13

wherea is the flow of primary metal into the anthropogenietalcycle, i is the flow of collected and separated
old scrapandk is the flow of collected and separated new scrap (Sgerel4).
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Figurel4. Material flows used in the definition ofietal recycling rateg®

Table11 shows the values used in the pesg studyto determinethe recycled feedstockn the target
products. It distinguishes recycled content (either RIR or R@)dalifferent materials and, whether available,
specific values are provided according to the country or region where the mlaisesaurced.

Tablell Input data used for recycled feedstdciction (FR) for target products in th&&SERVERS$0ject.

Material Indicator Global China Other B USA  Other Japan Turkey
Asia America

SteefS (electric arc furnace RIR 279 104 637 40.9 67.8 32.6 245  67.8

Aluminum?’ (secondary) RIR 214 165 195 26.9 67.1 18.4 100

Copper RIR 35% 442° 5280

Flat gass RC 6°1-113%2

Papef?® RIR 50.3 72.6 54.0 38

Tin RR 13

Tinin alloys RIR 313

Gold RC 25.0°°

Silver RC 13.96

Palladium RC 25.3%

Platinum RC 25.87

Plastics RC 11.8%

Lead RIR 54.0°°

Unrecoverablevaste

The amount of waste collected for recycling or reuse wasrasduo be the same as the waste collection rate
defined for each target product ihable8, while the amouhW, of waste going to landfill or energy recovery
was deducted directly from the waste collection rate.

The amount W of waste generated in the recycling process was taken from the inventory data in WEEE LCI
project?® Datasets provided in the inventories were analysed to determine the efficiency of the recycling
process (g for each materidWEEEStream pair.

The amount Wof waste generated to produce the recycled content used as feedstoslobained from the
average efficiency of the recycling proc€g9 for each materiglwhich was assumed to &% for plastics
and90% forall other materias (netals glassand others).

Utility
The industry average lifetime and intensity of use used to determine the utility X of the target products were
based on literature and average market dafable12 shows the values used indlpresent study for industry
average lifetime and functional units for the target products.
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SErVEES

Tablel2. Industry average lifetime andntensity of usdor target products in the SERVEES project

Product category Average industry ligétime Average industry intensity of use
(Lav, in years) (Uay, functional units)

Washing machine 12.55 280 cycles/yedpP

Multifunctional laser printer 52t 50 ppnt3

ALM 8 365 days/year, 24 h/day

TV set 813 622 4h/day; turned off 4 weeks/yeat
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4 Life cycle cosig

In parallel to theLCA an economic evaluation of the four target productswas carried out. The LCC
methodologyalso follows a life cycle approach, but isasses the economic costs of the products instead of
the environmental impacts as in LCA. Thus, W&€lsed to assess all economic costs assediatith the
wholelife cycle of the products, includirmpth internaland external costs~gurel5).

LCC
I

[ I I I i

v v v L2 L 2
A isiti .. . . .

S !on Distribution Use Maintenance End-of-Life Internal
Production
costs
Pre-acquisition costs Post-acquisition costs

Environmental Externalities
ReCiPe method

Figurel5. Scope of the LCC in th’& RVEES project.

Calculation of internal costs was mainly based on operational and econlataicollectedfrom the industry
partners producing th&EE producttARCELIK, LEARK and ADVA)dditionally, theexternal costs related

to environmental externalities were calculated by applying monetisation factors to the environmental impacts
obtained from the LCA studieBelow are described the main methodological aspects constiéor the
development of the LCstudies in the project.

4.1 Internal costs

Theeconomicassessmenof the target productsncludes thénternal costsfor: (i) acquisition of raw materials
and componentsjncludingtheir transport to the product manufacturinglant; (ii) manufacturingof the
product (iii) product distribution to retailers or final custome(®/) use, (v) maintenand@ required)and (V)
end of life. Most of the data required for the calculation tfese internal costsvere providedby industry
partners. bwever, some datavere gathered from literature, such as thearket prices for the electricity,
water and other consumables consumed by the produletisng ther use.

According to the cost structure proposdtie internal costavere groupedinto three categories

1 Manufacturing, which includegi) costs for acquisition and transport of raw materials and
components (ii) costs for all manufacturing processes required to produce the finished pr@ohact
(iif) costs for product distribution

1 Use, which includegiv) costs for producbperation (incl. electricity, water and other consumables)
and (v) maintenance costs.

1 Endof life, which includegvi) costs related to WEEE management
4.1.1 Manufacturing

The sales prictor eachtarget productwasassumed hereinto includeall the internal costgor manufacturing
(including all investment and operating costs related ta raateriak/components, productmanufacturing
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and distribution as well as additional costs related to product development like R&B)cS8ales price also
includesthe net revenues for the EEE producansl it represents the acquisition or purchase cost for the final
customer.The sales priceised in the LCC studiés eachtarget productwastaken from thewebsite of the
productmanuacturers orretailers

4.1.2 Use

Thiscost categoryncludes the costfor operating the product and thecosts for theimaintenance All the

target products demand electricity for operatiauringtheir lifetime. In addition, someroducts need other
additional consumables angpare parts for their operation and maintenandee waslingmachineconsumes
water and detergentwhilethe printer needs papetasercartridges, photoconductors, calodevelopemnits

and fuser kits. Detailed informatioon the amouns of electricity and other consumables demandedtbg

target product and their linkedcosts areavailable in theAnnexes together with the complete cost

breakdownfor each product

Electricity

According to other LCC studi®g?the cost of the eletricity consumedwas calculated athe electricity price

paid by the astomess to operate the EERroducts during their entire lifetimelndustry partners provided

primary data on the product lifetime, power afmt electricity consumption (per unit of timer operaion).

The Europeanverageprice forelectricity for the year 2019 was used herein to estimate the cost of electricity
consumption during product use. ThEuropean averageelectricity price vas taken from Eurostat,
distinguishingbetween price fo househdd customers(0.216 € k {1 2 KX Ay Of dzR A gpaiedifdr E S &
washing machine and TV sat)d prices fonon-householdcustomers(n ®mMmMT € k 1 2 K Z appliedd f dzR A
for professional multifunctiondiser printer and ALNroduct). Thecostsfor electricty consumption fothe

following yearg(after 2019) were estimated assumingB@%increase in theelectricity pricefor the period
20182030, according to estimates blyet European Commissidh

Water

Similarly, thewater price paid by the ustomersto operate thewashing machines during their lifetime wa
calculated hereinAccording to Eurostathe average Europegrrice forwater for the year2018 was 0.0016
clitre, O2YAARSNAY I | vy inBdbitayedr Sind 22 fwater qomsumepkomatio of 180000
litres/inhabitantyear. The sameost for waterconsumption wasassumed for thdollowing yeas, giverthat
price variations in the last 5 years have been negligiBIECELIK provided primary data on the lifetime and
water consumption of the washing machine used for demonstration in the project.

Other ®nsumables

The cost of the specific consumads for themultifunctionallaserprinter (cartridges, photoconductors, etc.)
were directly obtained fromthe LEXMARKvebsite while the costs of other consumables like paper (used by
laser printer) or detergenfconsumed by washing machine) were basedthir current averge market
prices

4.1.3 Endof life

The costs for WEEE management was assumed herein to correspond to the EEE fees paid by producers for Eol
management of the products they put on the mark&ablel3 shows the EEE faeused as referenaepsts for

the EoL of the target EEE products. Thesee taken from thelatabase of the SEWA, member of the European
Recycling Platform
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Tablel3. Costdor WEEE managemefur target products in th&&SERVEESoject

Product WEEEategory w9/ , /[ L becer ¢
ARCELIK 9123 WF ndén®n d2FakKAy3ad YI OKA» 3.86

washing machines, dryers, dishwashers,

O0221SNRI 26ya F2NJ ol -

appliances section

LEXMARK X860dte novmmem ulifinctid@IPriny'S NR ¢ 7 15.00
Large IT and telecommunications equipment
section

ADVA 16ALM/#1650D/AC chdodn a! yOftlaarFTASR | 0.19
o Y3¢ FNRY (GKS L¢ |yl
equipment section

GRUNDIG43C 891 5A HOp OvMA &XBY SPSilia FHe YF 1.20

from the Consumer electronics section

4.2 External costs

Monetary valuation oenvironmentalimpacts wasppliedto assesshe coss of environmental externalities.
Different approaches for monetizingnvironmentaldamages exist, howev, their application to CAstill
shows somdimitations.** For example, the observegreferences approagiwhich is based on the willingness
to pay in an existingnarket,is not extensively applied in LCA. Although partial applications of the mjpirioet
method in LCA ar®ound in ReCiPe, the availability of appropriate mayixete data that can be linked directly
to the environmental impacts in LCA is a majorthtion of this methodIn generalhedoniepricing and travel
cost approachesboth based o the willingnessd pay in surrogate marketsppear to be excessively
geographicallyand temporarilyspecific for most LCA applications, and their results dfiewli to generalize
consistently. Additionally, the application of the contingemaiuation approach, basedmthe willingness to
pay in hypothetical markets or traeeff situations,has been scattered and no work exists that applies
contingent valuatiorconsistently to albreas ofprotection in LCAFinally, the experiment method and the
budget constraint methal areproposed aghe best options for monetary valuation in LEA he experiment
methodis very appropriate for use in L&Acause it focuses thmmonetaryvaluation on the tradeoff between
different impacts and matches the objective of impacts' weightifing budget constiint methodis based on
the willingness to pay for an additional Qualigjusted Life Year (QALY) in a hypothetical situation without
externalifes. It represents a relatively new contribution that finds its application in LCA to retiece
uncertainty indetermining the budget constraint, which is a key parameter and source of uncertainty in other
monetary valuation approaches.

Based on the critial review of existing approaches and methottee monetary valuatiorwas carried out
taking as a reference théudget constraint method used by Weidefhan combination with theimpact
assessment methd ReCiPe to obtain monetamaluesfor environmentalimpacts as made in otherevious
study.*¢ Tablel4 shows the monetisation factors used herein to convert the environmental imgattsilated
by means of LC@oth endpoint impacts and global warming) irégternal costslt shoud be highlighted tht
monetisation factor for global warming can showcanstderable uncertainty regardless of the estimation
method and application context§ he factor used herein for global warmiisgl30 € tonne CQ eq, which is
similar to that estimated in other studiesuch a®7.12 ¢/tonne CQ,* 94.79¢/tonne CQ,*® 101.n ¢ /tomne
CQ* or 134.74¢/tonne CQ.*° Cther studies considerhowever,very different magnitudessuch as 2.28
e/tonne CQ>%*3 or 303.¢b ¢ /tomne CQ.>

Table14. Monetisation factorsconsidered in ta GSERVEES projéet | f dz@17. Ay €

Impact category Monetization factor

Human health (HH) 101,312« k 5! [ ,

Ecosystem quality (ED) MOPHOOBbANT e€kKALISOASADE
Resource availability (RA) 0.92%¢€ Kk | 208

Globalwarming 130€ k (h@GReq
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As theresults provided by ReCiPe methack expressedn $2015 they had to beadapted toezo:7 values
considering that 1 $izis worth 1.05 $ni7and 1 $017A & 6 2 NJ.&- (EEBbany IMF dfficial data).

The cos$ of environmental externalitiesvere therefore obtained for eachlife cycle phase applying the
monetisation factors tahe LCAresults forthe global warming impact and the three endpoint impag@taman
health, ecosytems and resourcgsThe costsfor externalities used in the LCC studies, which are added to
internal costsare those obtainedthrough monetary valuation oéndpoint impacs. However, the external
costsobtained consideringlobal warmingmpactare alsoincludedhereinas additional results
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5 Socialife cycleassessment

Finally,an evaluation of thesocial impactof the four target productsvas performed by using he SLCA
methodology. In particular, the method and indicators of the Social Hotspot Database (&EiR)sed
(Figurel6). The SHDB (which is available for softwaneaBro)assessg26 socialsub-categories that can be
grouped into 5socialcategories. The SHDB offers a weighted aggregation model that converts the values of
impact for each sociasubcategorynto aggregated impact values for each social category,iwhiturn can

be aggregated until arriving at a single global social impact indicator (tbelkal Social Hotspot Index).

Information on SUPPLY *Global Input-Output model (GTAP)
CHAIN COMPOSITION

and location by country
specific sectors

*140 regions/countries
*57 sectors

Information on
economic sector
LABOUR-INTENSITY

eLabour-intensity (worker hours) for
each country specific sector

eSocial risks for each
country specific sector

5 Categories
*26 Sub-categories
¢160 indicators

Information on SOCIAL

RISKS

Figurel6. SLCA methodology applied in theSERVEES project.

Figurel6 outlines the &.CA mthodology followed herein to develop the social studies of the target products.
It includes the following steps and components

Information on supply chain composition aridcation

Knowledge on where the production activities are taking place is a majmideration for 8 CA because of

the influence of societal, political and cultudifferences on the potential social impaéts’-5°The first step

in SLCA igherefore to define the supply chain compositidsy describing how the production costs are
distributed among the supplyhain by countryspecific sectors (CSS); i.e., how costs are allocated to each
sector/country pair (e.g.Eurosspent inelectrical equipmensectorin China).

A breakdown of the total manufacturing cost by CSS was provided by industry paARSE (K XKMARK
and ADVA) for each target produaionsidering their Tier 1 level supplief$e manufacturing costs were
grouped into the following sectors several countriestifat were differentdepending on eaclproduci:
plastic and rubber materials, ferrousatals, nonferrous metals, paper products, mineral products, electronic
equipment and wooddnlyin some cases for packaging).

The SHDhcorporates a Global Inpi®utput model that provides mformation on the trade flows between
the economic sectors of ea country or region of the worlfincluding 57 sectors in 140 regions/countries)
The soacalled GTAP (Global Trade Analysis Projectieftveas used to complete the definition of the supply
chain composition for the target products by modelling how #gzenomicamounts purchased fronthe CSS
related to Tier 1 suppliers are contributed by other CSS (related to {dieersuppliers).
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Information on the economic sector labotintensity

Labourintensity, expressed in terms of workbours, plays the role of mat environmental LCA refers to as

Fy WSESYSY(GlINE Ti{2HRBNI @®IFY SNDSyai2y@ DdkiF kR R dzO
to outcomes or impacts of interesMore generally, worker hours are relevant because they represent
evidence of the intensity of work required by each CSS directly related to prodietion.

The SHDB providesaorker-hoursmode that is based on average wage payments for each sector in each of
the GTAP country/regiomhus, he SHDBvasused toidentify how many workehours are involved for each
CSSnvolvedin the supply chairof the target products, according to the economic demands from each CSS
quantified in the previous step.

Information on social risks

The SHDB also providagdarmation onsocial risks and opportunities by country and economic sector
including over 160 swal impact indicators for the CSS covered by the GTAP ni&&dehpactsubcategoies
(Figurel7) can thus be assessed aywumber of indicatorsependingonthe data cantext; sometimes only one
indicator is available and relevant and sometirseseral indicators are usddr a specific social subcategory
The interpretation of data andhe determination of risk level¢from low to very high)are mast often
performed through consideration of the range and distribution of values exhilidethe indicatorsacross
the full population of sectors and countriés®’

The labousintensity information for each CS%n beused together with the sadal risk levelsthere to
determine how many workehours are linked tdhe social risk level foa giversocial subcategoriyn each CSS

IMPACT o
CATEGORIES SUBCATEGORIES

» Freedom of Association » Wage Assessment
* Migrant Labor « Unemployment « Child Labor
 Labor Laws + Discrimination « Social Benefits

O_é  Forced Labor  Excessive Working Time « Poverty

>

=0
=0

» Indigenous Rights - Human Health Issues
* Gender Equity » High Conflicts

@ + Injuries and Fatalities

» Toxics and Hazards

D|

N
ﬁﬁﬁ » Legal System
—= » Corruption
m » Hospital Beds « Drinking Water « Children Out of School
* Sanitation « Smallholder vs Commercial Farms

Figurel7. Social categories and subcategories included in4b€/A(using SHDB).

SocialHotspot Index (SHI)

The SHDB database includes information on 160 indicators covering 26 impact subcatégoripact

categories and! stakeholder groups: workers, local communities, value chain actors and sdeigiye(7).
55,57

Deliverable 5.1Results of environmental, economic and social preliminary analyses

Page48of 154



Due to the large number of indicators and impact subcategories asédtaking into account the specific
evaluation for each country aretonomicsector, the S.CA generatea large amount of data on social impacts
that makes difficult to bas decisions onTherefore, to facilitate the understanding of the reswdtsd make
sense of the social impact information available for each @®Social Hotspot Index (SHI) was created and
it has been used in several studi@§®>°

The SHis an inpactassessment methothat combines he labair-intensity information with the social risk
levels to expressocal risks(and opportunitieg in terms of medium risk hours equivalefMrheq), by sector
and country forthe 5 social impact categoriemdthe 26 social impact subcategori@e SHis determined
by first weighing the level of risk identified for eacltisd impact subcategoryishng weighting factorshown
in Table15. This weighting augments or lower the number of workbkosirs depending on the risk level,
converting them into Mrheq. Thus, treameunit is used to calculate thémpact on each social subeafory,
so the impacts for different subcategories can be aggregatedsinigleimpactvalues for the corresponding
social categories, which in turn can be aggregated into a sgigiel social impact indicator, namely the so
called Social Hotspot Index 8HIIn the method socialsubcategoriesind categoriesre allweighted equally
when adding them together (i.e., they are all given the same relevance)

Tablel5. SHDB Impact Assessment method. Waeighfiactors used by defauit:>’

Risk level Weighting factor
Very high risk 10

High risk 5
Medium risk 1

Low risk 0.1

The expression of social impacts in Mrheq was also applied herein to aggregate the social impacts into a social
footprint given by the SHI, which was calculated using the SHDB in combination with SimaPro software
Furthermore, it was helpful to identify target areas in the supply chains to improve social conditions; i.e., social
hotspots orindividual production activitiestuntries (identified by CSShat contribute most tothe risk
(overalland/or by impact category or subcategory)
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6 Main results

This section summarises the results from the life cycle sustainability assessment of each target product. It
includes various erronmental, economic and social indicators obtained by means of the LCA, LCCGAd S
studies, respectively. The main indicators for each target product are colldtknv, while additional
indicatorsand more detailed resultare included in the respectivdnnexes.

Table16 shows theresults fora washing machinlARCELIK 9123 Which has 9 kg capaciand resulsin
24,750 kg of clihes washed during its 12¥ear lifetime (assuming 220 waiag cycles/year)

Tablel6. Main sustainabilityindicatorsfor the washing machineinder conventional scenaribgseling.

Washing machine Method & Indicators Amount Unit
LCA Global warming 2,344 kg CQeq
Human health 3.33E02 DALY
Ecosystems 1.76E04 species.yr
Resawirrces 97.6 USD2013
Recycling credits, Global warming -32 kg CQeq
Recycling credits, Human health -1.06E04 DALY
Recycling credits, Ecosystems -2.07E07 species.yr
Recychg credits, Resources 2.4 USD2013
Material Circularity Indiator (MCI) 0.25 -
LCC LYGSNyrt O2ada ¢ 2,235 €
O9EGSNYIE SYyOGANRYy 5,794 €
- ¢c2Grft O2ada oeo0 8,029 €
- - SLCA Labour Rights & Decent Work (Pt) 663 Pt
— —— Health & Safety (Bt 795 Pt
Human Rights (Pt) 461 Pt
Governance (Pt) 1,046 Pt
Community (Pt) 388 Pt
Total¢ Social Hotspot Index (Pt) 3,352 Pt

Tablel7 shows theresults for amultifunctional laser printer LEXMARK CX860gdtehich results in 390,000
pages printed during its-earlifetime (for standardbusiness usage of 26@ays/year and 300 pageer day)

Tablel7. Main sustainabilityindicatorsfor the multifunctionallaser printer mder conventional scenaribgseling.

Multifunctional laser printer Method & Indicators Amount Unit

LCA Globalwarming 2,535 kg CQeq
Human health 9.99E03 DALY
Ecosystems 4.11E05 species.yr
Resarces 2391 USD2013
Recycling credits, Global warming -129 kg CQeq
Recycling credits, Human health -4.95E04 DALY
Recycling credits, Ecosystems -9.29e07 species.yr
Recycling credits, Resources -10.7 uUsD2013
Material Circularity Indicator (MCI) 0.%4 -

LCC LYGSNyFrt O2ada ¢ 25537 €
QEGSNYIE Sy@ANRy 1,741 €
¢c2d0Ft O2ada 6ev 27278 €

SLCA Labour Rights & Decent Work (Pt) 16,652 Pt
Health & Safety (Pt) 23,401 Pt
Human Rights (Pt) 11,978 Pt
Governance (Pt) 28,937 Pt
Communiy (Pt) 9,725 Pt
Total¢ Social Hotspot Index (Pt) 90,693 Pt
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Table18 shows theresultsfor atelecommunicatiors equipment composed byan active ALM unit (ADVA
16ALM/#1650D/AC) and fourteen passive fiboptic sensors whichtogether offer continuous monitoring
throughout its 8yearlifetime (i.e.,365 days/year and 24/tlay).

Tablel8. Main sustainabilityindicatorsfor the ALM productunder conventional scenaribgseling.

ALM product Method & Indicators Amount Unit

LCA Global warming 406 kg CQeq
Human health 9.11E03 DALY
Ecosgtems 4.92E05 species.yr
Resairces 18.0 USD2013
Recycling credits, Global warming -7 kg CQeq
Recycling credits, Human health -2.94E05 DALY
Recycling crdits, Ecosystems -7.41E08 species.yr
Recycling credits, Resources -0.7 uUsSD2013
Material Circularity Indicator (MCI) 0.40 -

LCC LYGdSNyLrt O2aida ¢ 16,457 €
9EGSNYIE SygANRy 680 €
¢2d0rf O2ada o6ev 17,137 €

SLCA Labour Rights & Decent Work (Pt) 5,369 Pt
Health & Safety (Pt) 7,802 Pt
Human Rights (Pt) 3,982 Pt
Governance (Pt) 8,028 Pt
Community (Pt) 2,959 Pt
Total¢ Social Hotspot Index (Pt) 28,140 Pt

Table19 shows theresultsfor aTV set GRUNDIG G43C 8955A% KA OK  A-A&V that provides 18,%¥84 NIi
hours of viewing during its-$ear lifetime (assuming an averagesusf 337 days/year and 4 h/day).

Tablel9. Main sustainabilityindicatorsfor the TV setunder conventional scenaribdseling.

TV set Method & Indicators Amount Unit

LCA Global warming 472 kg CQeq
Human health 7.87E03 DALY
Ecosystems 3.87E05 species.yr
Resawrces 275 USD2013
Recycling creditsGlobal warming -17.9 kg CQeq
Recycling credits, Human health -7.80E-05 DALY
Recycling credits, Ecosystems -1.4E07 species.yr
Recycling credits, Resources -1.8 uUsD2013
Material Circularity Indicator (MCI) 0.32 -

LCC LYdSNyrt Oz2ada ¢ 449 €
O9EGSNYIE SYyOGANRYy 1,324 €
¢2dFt O2adta o6ev 1,773 €

SLCA Labour Rights & Decent Work (Pt) 1,277 Pt
Health & Safety (Pt) 1,698 Pt
Human Rights (Pt) 897 Pt
Governance (Pt) 2,167 Pt
Community (Pt) 727 Pt
Total¢ SociaHotspot Index (Pt) 6,766 Pt

All these indicatoraill constitute the sustainability baseline against which to compare thgravements
implemented and tested in the-SERVEES project to increase the circularity diffexent products.It should

be noted that heseresults cannot beised tocomparethe productswith each other, since each product has
its own functions and fuctional unit, intensity of use, number of users per product unit and lifetime, resulting
in products completelgifferent in terms of composition, weight, lHeycle management and derived impacts;
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e.g., he washing machine is a consumer product used anmdncoy a family while the professional
multifunctional laser printelis a large business product used by seleffice workers(over 30 users per
product unit).
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1 Introduction

ThisAnnexincludesthe comprehensive documentatiorelated to the life cycle sustainability assessment of
the currentwashing machine @i for demonstration in the 66ERVEES project. It includes more details on the
methodological aspects and assumptions done, life cycle inventory devetnpkdetailed esults for the
following studies:

9 Life cycle assessmenhcluding midpoint and endpoir@nvironmentalimpact categories and material
circularity indicator

1 Lfe cycle costingncluding internal and external cosi®lated to environmental externaliti¢s
1 Social life cycle assessmeinicluding 5 social impacitegories.

All these studies andesults constitute the sustainability baseline against which to compare the improvements
implemented and tested in the-SERVEES project to increase the circulafitiie washing machine.
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: SEMVEES
2 Goal andscope

The present studgimed to calculate the environmenrt{aeconomic and social impacts of ttvashing machine
ARCELIK 9123 W#has9 kg capacity, energy efficiency class @and connectivity features. It is manufactal
AY 41 @PNRJI 6 ¢ dzNJwbrivide. IMgr® det@ildzbid\tie yashidy machifimrestigatedare
shown inAl-Tablel.

Al-Tablel. Technical specifications of the demo washing machine.

MODEL ARELIK 9123 WF

Image

Product number 7150370100

Colour White

Size 840 mm x 600 mm x 610mMm

Weight 75 (#4) kg

Capacity 9.0 kg

Max. spin speed 1,200 rpm

Fascia Grundig

Dynamic group Large

Number of programs 16

Features HomeWhiz, ProSmart (Brushlédstor with 10-year guarantee)Wi-Fiand BLE,
Steam Function, Anticrease+

Energy class A (-30%)

Electricity consumption per year 148kWh

Water consumption per year 10,318L

Country of origin Turkey
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3 Life cycle assessment

3.1 Functionalnit and systenboundaries

The product functiorfor the washing machinis washing clothes. The functionadiuconsideredn the study

isonewashing machindRCELIK 9123 WF, which®&g capacity and it results24,750 Ig of clothes washed
during its 12.5year lifeime (assuming 220 washing cycles/ypakl-Table2 showsthe systemboundaries
consideredfor the washing machine, identifying thiée cycle phasegrocesses andther elementary flows
included aad excluledin the study.

Al-Table2. System boundaries considered for the washing machine.

Life cle phase Included Excluded
Raw material extractiorand Extraction of natural resources Infrastructure
processing Refiningandraw material production

Intermediate product manufeturing
Waste treatment and transport

Product manufacturing Energy for prodat manufacturing/assembly Infrastructure
Transport Production losses

Product distribution Transport

Product use Electricity consumption Maintenance

Water consumption

Detergent consumption
Endof life Transport

EoL treatments

Landfilling of waste fraatin not recycled
Benefitsand burdensbeyond Recyclindgenefits (included asredits)
system boundaries

3.2 Allocationand cutoff criteria

No multioutput foregrond processes were identified during data collectidnventories taken from
Ecoinvent databaewere allocatedaccording to thecut-off system modet®

The system boundary in theE phasavas drawnjust behindproductwastecollection andransportation to

the recyclingsites WEEHErom the washing machinavas classified as waste gyroduct andenvironmental
burdensassociated wittwaste treatment wee thus allocated completely to the wastproducing activityas
indicated inSection3.1.30f the main document The environmentalimpacts of the BL phase and the credits
generated byrecycling areboth interesting for the comparative assessment between the baseline product
systemand the redesignegroduct systemproposed in theGSERVEES projeBtroduct packaging was also
included in the assessment (from cradle to packaging waste collection), but packagitegteatmentwas
excluded

No available primary dataeve knowingly oniited or excluded.

3.3 Data quality

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

1 Primary datavas provided byARCELI#om the most recent BM of the product The data used for
the study isconsidered to be of the highest precision. Ecoinvent datalveasthe main secondary
datasourceusedto model theproduct system
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1

Completersswasjudged based on the completenessooith the inputd outputs per unit process and
the unit processeshemselves.

Consistency refers to motlimg choices and data sources. The goad to ensure that differences in
results occur due to actual diffemees béween product systemsvestigated and compare@nd not
due to inconsistencies imodellingchoices, data sourcesharacterisatiorfactors,etc.

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

0 Theaverageelectricity mix for Europavas considered for the use pka(as explained in
Section3.1.20f the main documenjtusing tte most recent data published (year 2019)

o Ecoinvent databaseersion usedvasupdated in2018.

o0 Integrated circuits, PWB and capacitavere modelled based onecent literature data (as
explained in Sectiof.1.10f the main d@umeny).

o Distances for distribution of ashing maching from ARCELIKactory to retailers were
obtained from Google Map% and seadistances.orff for road and water transport,
respectively.

3.4 Assumptions and limitations

Other assumptions and limitatiordier the LCA study of thwashing machinare listed below:

f

1
1
1
1

E)

1

No production lossewere considered.

Recycled content s assumed to be the worldwide averagalflell).

The road distance from ARCELIK factory to the port of Istanbul was assumed to bblaegligi
Railway distances were assumed to be similar to those by road transport.

Distances foproduct distribution within each country were assumed as 300 km, except for countries
where the port is not within their territory and Maldives (due to the smattelsions 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 (to determitne MCI).

No maintenancevas assumed during the lifetime of the product.

Waste collection ree was assumed to be the European averagddoge household appliance$gble
8).

The BL inventoriesvere assumed to be as the ones mdldd in the WEEE L@@oject

3.5 Life cycle inventory

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

3.5.1 Manufacturing

TheLClof thewashing machine manufacturing walstainedfrom the BoM provided byARCELIR he washing
machineconsists oseveral modules, whidh turn contain different components and materialthe @ckaging
used forthe washing machineas also included in produgtanufacturing A final module accounting fdhe
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scrap generateéh the manufacturing processas also included. Thdifferent modulesinventoriedand their
total amounts are listed iA1-Table3.

Al-Table3. Modules of the target washing machine.

Modules in washing machine Total amount (kg)
Packaging 1.22
Customer module 0.32
Control system 2.20
Terminal 0.24
Dynamic system 41.91
Cabinet 13.90
Isolation 0.28
Front door 3.42
Front cabinet 2.19
Accessories 1.84
Panel 1.30
Aqua system 4.01
Motor 3.50
Scrap 2.22
Total 76.32

Each module is made of different components andfaterialsthat are processed with certain manufacturing
processes to atta the final shape and properties required for the product. The inventories for the
componens, materials and manufacturing processes required to produce the washing machine wehg main
taken from the Ecoinvent database. These inventories are linked io ¢len functional unit(FU) so they
show energy consumption, resource consumption, emissietc. for different basic activities, expressed per
amount of materials extracted and/@rocessed (kg, Aor m®), for example. The environmental impacts of
the materials and components compingthe washing machine modules were thus obtained by muliigly
their amounts by thempacts calculated from the corresponding H&asets(for the ddined FU)A list of the
LCldatasets used for thenanufacturing phases given inAl-Table4.

Al-Table4. LCI déasetsof material, components and processes for washing machine manufacturing

Input Dataset name FU
RAW MATERIALS

Galvanized steel Steel, lowalloyed, hot rolle + Zinc coat (64 m2/t) 1 kg
Polyester resin, unsaturated Polyester resin, unsaturated {G}l@arket for | Cut-off, U 1kg
Acrylate, polyacrylamide Polyacrylamide {GLO}| market for | Gaff, U 1kg
Lowdensity polyethylene Polyethylene, low derity, granulate {GLO}| market for | Cdff, U 1 kg
(LDPE)

Expanded polystyrene (EPS) Polystyrenegxpandable + Polymer foaming {RER} 1 kg
ABS Acrylonitrilebutadienestyrene copolymer {GLO}| market for | Gaoff, U 1 kg
Brass Brass {GLO}| market forQutoff, U 1kg
Bronze Bronze {GLO}| market for | Cutff, U 1 kg
Blue pigment Chromium oxide, flees {GLO}| market for | Cuaff, U Blue pigment 1 kg
Float glass Flat glass, uncoated {GLO}| market faClitoff, U 1 kg
Glass fibre Glass fibre {GLO}| marketrf¢ Cut-off, U 1kg
Low carbon steel bar/sheet  Steel, lowalloyed, hot rolled {GLO}| markéor | Cut-off, U 1kg
Masterbatch 30% Blue pigment + 70% PE 1kg
PA 6.6 Nylon 66 {GLO}| market for [Cutoff, 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 fo€ut-off, U 1 kg
PC Polycarbonate {GLO}| market for | Goff, U 1kg
PC+ABS 60% PC + 40% ABS 1 kg
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Input Dataset name
PET/PBT Polyethylene terephthalate, granulate, amorphous @@Lmarket for | 1kg
Cutoff, U
Polyester film (PET) Polyethylene terephthalate, granulatamorphous {GLO}| market for | 1kg
Cutoff, U
Polyolefin Polypropylene, granulate {GLO}| market fo€[toff, U 1kg
POM Polyoxymethylene (POM)/ERV 1 1kg
PP Polypropylene, granulate {GLO}| market for | @aft, U 1 kg
PRGF20 80% PP + 20% Glagwdi 1 kg
PRGF30 70% PP + 30% Glass fibre 1kg
PRCA40 60% PP + 40% Calcite 1 kg
PRT20 PRT20Polypropylene + 20% talc 1kg
PPO Polystyrene, high impact {GLQHarket for | Cutoff, 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 | Cuafff, U 1kg
Steel music wie/Steel wire Steel, lowalloyed {GLO}| market for | Ceaff, U 1 kg
rod
Thermoplastic polywethane  Synthetic rubber {GLO}| market for | Goff, U 1 kg
elastomer
Concrete Concreteblock {GLO}| market for | Cutff, U (of project Ecoinvent 3 1 kg
allocation,cut-off by classification unit)
PVC Polyvinylchloride, bulk polymerised {GLO}| metrkor | Cut-off, U (of 1 kg
project Ecoinvent 3allocation, cutoff by classification unit)
Calcite Calcium carbonate, precipitated {RER}| market for calotanbonate, 1 kg
precipitated | Cutoff, U
Zamak Zamak 1 kg
Castiron Cast iron {GLO}| madt for | Cut-off, U 1kg
Felt cotton Cotton fibre {GLO}| market for | Cudff, U 1kg
Chipboard, particle board Particle board, for indoor use {GLO}| market foE{itoff, U 1ms
Tin coating (64 m2/t) Tin plating, pieces {RER}| processing |-Gffif U 1m?
Tin coated brass Brass + Tin plating pieces 1 kg
Paint Alkyd paint, white, withousolvent, in 60% solution state {RER}| marke 1 kg
for alkyd paint, white, withotuisolvent, in 60% solution state | Goff, U
Paint Spirit/thinner White spirit {GLO}market for | Cutoff, U 1 kg
Paint hardener Butyl acetate {RoWs}| production Cutoff, U 1kg
Lubricating oil Lubricating oil {RER}| market for lubricating o jitoff, U 1 kg
PROCESSING
Metal processing Sheet rolling, steel {GLO}| market for | Coiff, U 1 kg
Metal working, average for steel produttanufacturing {GLO}| market 1 kg
for | Cut-off, U
Metal working, average for copper product manufacturi@Q}| market 1 kg
for | Cut-off, U
Metal working, average for metal product manufacturiiRER}| 1 kg
processing | Cubff, U)
Phosphating (Zn i) 3.24 g/m2 1m2
Section bar rolling, steel {GLO}| market for |caff, U 1 kg
Plastic processing Injection moulding {GLO}| market for | Cff, U 1kg
Aluminium extrusion Section bar extrusiorgluminium {GLO}| market for Cutoff, U 1kg
Metal stamping and bending Deep drawing, steel, 10000 kN press, single stroke operation/RER U 1 kg
Steel turning Setion bar rolling, steel {GLO}| market for | Goff, U 1 kg
Mirror finishing (polishing) Pdishing {RoW}| production | Qtoff, U 1 kg
Stainless steel sheet average Metal working, average for chromium steel product manufacturing 1 kg
metal working {GLO}| markt for | Cut-off, U
Steel sheet average metal Metal working, average for stepfoductmanufacturing {GLO}| market 1kg
working for | Cut-off, U
Plastic injection moulding Injection moulding {GLO}| market for | Gaff, U 1kg

Deliverable 5.1Results of environmental, economic and social preliminary analyses

Page63 of 154



Input Dataset name

Plastic pipes extrusin Extrusion, plastic pipes {GLO}| market for | cit, U (of project 1kg
Ecoinvent 3 allocaion, cutoff by classification unit)
COMPONENTS
Capacitor, ceramic SMD type Capacitor, for surfacenounting {GLO}| market for | Cudff, U 1kg
(86 mg average weight)
Resistor, SMD type (9.8 mg Resistorsurfacemounted {GLO}| mdet for | Cutoff, U 1kg
average weight)
Connector, all types (9 g Electric connector, wire clamp {GLO}| market for | @df, U 1kg
average weight)
key switch tact (242mg) Switch, toggle type {GLO}| market for | Coff, U 1kg
6.2x6.3x1.8
Motor Electric motor, forlectric scooter {GLO}| production | Gaff, U 1kg
PCBA Printed wiring board, surface mounted, unspecified, Pb free {GLO}| 1kg
market for | Cutoff, U
PVC, Cable Cable, connector for computer, without plugs {GLO}| marfket Cut- 1kg
off, U
Resstor Resistor, surfacenounted {GLO}| market for | Cubff, U 1kg
Plug Plug, inlet and outlet, for computer cable {GLO}| market for |-Gfit U 1p
Ferrite Feriite {GLO}| market for | Cubff, U 1 kg
LCD Liquidcrystal display, unmounted {GLO}| prodian | Cut-off, U 1 kg
3.5.2 Use
Distribution

Thewashing machinés dstributedto a wide list of countrieas shown irAl1-Table5.

Al-Table5. Washing machine distribution 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 donéy road (475%), water (55%), and railway (0.9%). Tiveight of onewashing
machine (n tonnes) was multiplied by the distanceavelled througheachtransportmode(in km)to calculate
the total amountslinked toeach transport mode (in tonndam or tkm) Thevalues are shown i\1-Table6.

Al-Table6. Estimated amounts for distribution of one washing machine by transpadem

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

Total 239
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The environmenthimpactsdue to the distribution of thewashing machinesrdm the ARCELIKactory to
retailers wereobtained by multiplying themounts transportedin tkm) by theimpacts calculated from the
corresponding LCI datasets for transport modes. Thel&t@ses used for each transport mode are listed in
Al-Table7.

Al-Table7. LCI datasets of transport modes for washimagchine distribution.

Input Dataset name FU

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

Water transport Transport, freight, sea, transoceanic ship {GLO}| market fougoff, U 1 tkm

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

Productoperation

The environmentalmpactscaused by theuse of the washing machinare due to water, detergent and
electricty consumption requiredor its operation. Considering an average lifetime of 12.5 yearh wiit
averagewater consumptionof 10,318litres/year, the total water consumedby the washing machinés
128,975litres. The washing machine uses an average of@mgof detergent pemwashingcycle The average
useof the washingnachineis 220 cycldyear, thus resulting ir206.25 kgof detergent consumed during the
lifetime. Finally the average consumptioof electricityis 147.8 kWhyear, which corresponds to #otal
electricity consumptionof 1,847.5 kWHor the entire lifetime Data usedfor these etimateswere obtained
from literature.®®

The environmental impacts derived from the use of th@shing machinevere obtained by multiplyinghe
amounts of water, detergerdnd electricityconsumed by thémpacts calculated from theorresponding LCI
datasets, which are shown Ail-Table8.

Al-Table8. LCI datasets of electricity, water atetergent for washing machine operation.

Input Dataset name FU
Electricity Electricity, low wvltage, production EUR@&Pat grid/RER U, SCENARIO 2020 1 kwh
Water Tap water {RER}| market group for | Coff, U 1L
Detergent Soap {GLO}| market for Cutoff, 1 kg

3.5.3 Endof life

Waste collection

Waste collection ratdéor washing machine at the end life was assumed to be 46.3%, which is slverage
waste collectiorof large household appliancés Europefor the year 201{seeTable7 & Table8).

Waste treatment

Material lowsassociated witlihe EolLtreatment of the washing machinare classified ik\1-Table9 following
the approach and data fronthe WEEE L@roject® For each matrial flow, it stategshe massin the product
(as puton the maket), the mass collected for recycling and the mass finally recycled. All the masteials
collectedare treated following the takeback schemevailable for lage household appliancgsHA, while
waste not collectedvasassumed to be landfilled.dB materials are classified tim copper, gold, lead, silver,
platinoids, other metalsind support materials (such as plastiisres, etc.)
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Al-Table9. Wastematerial flows related to washing machine EoL.

Datasets Mass put on markt (kg) WEEE collectetkg) Mass recycledkg)
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 | @pper 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 | Leadwithin PCB 1.33E03 6.16E04 1.77E04
LHA | Oil 0.054 0.025 0.025
LHA | PA without BFR, desity < 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 0.00
LHA | PE within wire 0.028 0.013 0.000
LHA | Plainoid 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 | 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| ABSPC without BFR, deity < 1.3 0.328 0.152 0.000
LPA| Glasdibres-plastics composites 6.875 3.181 0.0
LPA| PBT without BFR, density < 1.3 0.200 0.092 0.000
LPA| PGwithout BFR, desity < 1.3 0.045 0.021 0.000
FS| Zinc 0.093 0.043 0.000
Total WEEE cuff washing machie 74.790 34.606 12.336
Recycling

The mass of each material flow that is recycled in relation to the functional unit (one washing machine) is
shownin Al-Table9. The LCI datasets used for recyclinga¢h material flow wee obtaned from WEEE LCI
project3 Theseallow to calculate the environmental impacts of recycling according to two different accounting
methods: impactswith benefits (including the impactsf recycling operations rad the benefitsfrom the
subditution of primary rawmateriak with the recycled ones) and impacts without benefits (thatincludes

the impactsof recycling operationsBoth accounting métods were applied herein to calculate both direct
environmentaimpacts of recycling and emenmental credits due to primary material substitution (calculated

as the difference between impacts with and without benefits).

Landfilldisposal

Afraction of the waste generated at the EoL of the washing machine isewjcled.It was assumed that th
waste fraction idandfilled Nonrecycled waste were classified into three differemaste material flowso
model landfill disposal, nameBluminum, inert maerial and plasticsTheamount ofthe washing machine
that isfinally landfilledclassifiedoy waste material flovis shown inAl-TablelO.

Al-Tablel0. Waste material flows related to landfill disposéivashing machine.

Wastetype Mass landfilled (kg)
Plastics 9.018
Aluminium 1.183
Inert material 29.984
Total 40.185
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The environmental impacts derived from landfiisposalwere obtained by multiplying the amount efach

waste material flowandfilled by theimpacts calculated from the corresponding LCI datasets, which are shown

in Al-Tablell.
Al-Tablell. LCI datasets of landfill disposal for washing machine EoL.
Input Dataset name FU
Landfill dsposal for aluminium waste Disposal, alumiim, 0% water, to sanitary landfill/CH U 1kg
Landfill disposal forinert waste Disposal, inert material, 0% water, to sanitary landfill/CH U 1kg
Landfill disposal for plastic waste Disposal, plastics, mixtur&5.3% water, to sanitary landfil/lCH U 1 kg

3.6 Life cycle impact assessment

Life cycle impacissessmenivas conducted using the impact assessment method ReCiPe v1.03 (as explained
in Section3.2 of the main docurent). Life cycle environmental impacts of the washing machine were thus
calculated for eighgen midpoint impact categories (including global warming and other) and three @rtdpo
impact categories (damages to human health, ecosystem diversity and resoaitability).

3.6.1 Manufacturing(cradleto-gate)

Al-Table 12 shows theenvironmental impact for the manufacturing of one washing machines( the
functional unitused in the study including the global warming impact and endpdimpacts. The totatradle

to-gateimpacts are broken down by the varion®dulescomposing he washing machine.

Al-Tablel2. Global warming and endpoint impacts for the manufactuofgne washing machingradleto-gate).

Modules in washing machine Global warming Human health Ecosystems Resources
(kg CQeq) (DALY (species.yy (USD2013
Packaging 7.13 1.36E05 3.06E08 1.06
Customer module 0.43 1.06E06 3.76E09 0.04
Control system 137.43 1.94E03 1.63E06 10.69
Terminal 763 8.00E05 9.86E08 0.64
Dynamic system 77.60 4.01E04 5.54E07 8.84
Cabinet 30.91 1.03E04 1.74E07 1.61
Isolation 0.99 3.26E06 2.91E08 0.07
Front door 8.58 2.21E05 4.44E08 1.12
Front cabinet 5.29 2.17E05 6.92E08 0.25
Accessories 5.68 1.12E05 2.70E08 0.84
Panel 16.78 6.33E05 8.91E08 1.65
Aqua system 15.77 5.62E05 8.91E08 2.20
Motor 31.82 2.16E04 2.46E07 2.43
Scrap 8.90 3.63E05 6.02E08 0.72
Total manufacturing 354.93 2.97E03 3.14E06 32.15

In addition, the contribution of eactmodule to the total impact of washing machine manufacturing for every

midpoint and endpointategory assessed is describedlFigurel andAl-Figure2, respectivelyThe results

show that the control syfyem module generates the highest impact for all endpoint categories and almost alll
midpoint categories. It is only surpassed the dynamic system module in the water footprint. The dynamic
system module is indeed the second most environmental detrimentaluigoidr all impact categories, except

for terrestrial ecotoxicity, in which the motor modukethe second most harmful module.
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Al-Figurel. Midpoint impactsfor washing machine manufacturir(gradleto-gate) by modules
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Al-Figure2. Endpoint impacts for washing machimanufacturing (cadleto-gate) by modules.
3.6.2 Use

Al-Table13 shows theglobal warming impact and endpoint impadts the use of one washing machine
during its entire lifdime, as well ashe breakdown of total impactby the different causes geneiag them,
including product distribution (by transport mode) and consumption of electricity, water and detergent. In
addition, two different scenarios are includddr electricity consumption: one where the electricity mix is
assumed to be catant over time (year 2020 used as basis for calculation) and other where the electricity mix
variationwith time is modelledfor the period 2022032 (seeFigure8 & Figure9).
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It can befound that dectricity and detergent consumed by the washing machihave by far the highest
environmental impacts fothe use phase while the contributions of product distribution and water
consumption are comparatively very limitedh addition, when comparing botkcenarios foreledricity
consumption, it is clear the impant role that the increase of renewable sources in the electricity mix can
play in thecoming years. Thecenario withvariable electriaty mix for the whole product lifetimemears a
decreasefor all impact categoes (compared to theconstantelectricity mix scenariogxceptfor terrestrial
ecotoxicity {ncreasedby 0.57%), land usércreasedoy 0.02%) and mineral resoursearcity increasedoy
0.85%). Ta impactincreasefor these categories iexplained by theamount of land occupied by remwable
energy sourcesand the raw materials needed. The impact categergh lower reduction ismarine
eutrophication (0.30%), whersahe category thateaches the highest reduction @&zone formationmpact
on human healtl{9.71%). Global waringis redwcedby 7.19%while endpoint impactare reduceds follows:
human healthdamageby 3.11%, ecosysteriversity damagdy 2.53% andesource availabilitypy 6.00%.

Al-Tablel3. Global warming and enubint impacts for the use of enwashing machine.

Life cycleprocess Global warming Human health Ecosystems Resources
(kg CQeq) (DALY (species.yy (USD2013B
Product distribution (road) 5.36 1.10E05 2.65E08 0.84
Product distribution (water) 2.17 9.78506 1.79E08 0.29
Product distribution (railway) 5.92E02 1.63E07 3.45E10 0.01
Electricity (variable mix 20202032 956.04 2.80E02 1.59E04 41.31
Electricty (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 electnix - 20202032 1,969.10 3.02E02 1.72E04 64.10
Total Use (constant electnix - 2020) 2,150.63 3.13E02 1.77E04 70.33

3.6.3 Total (cradleo-grave)

Al-Tablel4 collectsthe global warmingmpactand endpoint impacts for the whole life cycle of one washing
machine. The total craditv-grave impactdor the washing rachineare broken down by life cycle phasés.
addition, the contribution of each life cycle phasethe total environmental impacts of washing machine for
every midpoint and endpoint category assessed is showiiRigure3 and Al-Hgure4, respectively.

Al-Tablel4. Globdwarming and endpoinimpacts for the whole life cycle of one washing machine (ciadigave).

Life cyclephase Global warming Human health E®systems Resources
(kg CO2 ey (DALY (species.yy (USD2013B
Manufacturing (cradleto-gate) 354.93 2.97E03 3.14E06 32.15
Use(variable elect mix - 20202032 1,969.10 3.02E02 1.72E04 64.10
Use (constant electmix - 2020) 2,150.63 3.13E02 1.77E04 70.33
BEoL {vaste collected for recycling 18.27 3.72E05 8.73E08 1.36
BEoL {vaste landfilled 1.69 1.85E05 2.66E08 0.03
TOTAL (variable elecix) 2,343.83 3.33E02 1.76E04 97.64
TOTAL (constant eleamnix) 2,525.36 3.43E02 1.80E04 103.86
Creditsfrom recycling -32.17 -1.06E04 -2.07E07 -2.40

The use stage has the highest contribution to the totalaetgoth 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 emaint category and for some midpoint categories, such abail
warming, ionizing radiation, ozone formation, fine particulate matter formation, terrestrial acidification, fossil
resource scarcity and water consumption. éed, the electricity consumed tad nearly all the impact for

water consumption. The use détergent is also a major contributor for many impact categories, showing the
largest impact for stratospheric ozone depletion, marine eutrophication and landTirgemanufacturing of

the washingmachine also has a predominant impact for several midpoategories, such as freshwater
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eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, human toxicity (both
carcinogenic and nenarcirogenic) and mineral resource scily. Endof-life impacts are very low and are
rewardedtotally with the credits given by12.34kg of materials recycled (including gold, aluminium, steel,
copper, silver and others).

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

Global warming

Stratospheric ozone depletion

lonizing radiation

Ozone formation, Human health
Fine particulate matter formation
Ozone formation, Terrestrial ecosystems
Terrestrial acidification
Freshwater eutrophication
Marine eutrophication
Terrestrial ecotoxicity
Freshwater ecotoxicity

Marine ecotoxicity

Human carcinogenic toxicity
Human non-carcinogenic toxicity
Land use

Mineral resource scarcity

Fossil resource scarcity

‘l‘|“|||‘|‘|||

Water consumption

m Materials/Components B Product distribution (road) B Product distribution (water)
M Product distribution (railway) M Use (constant electrical mix - 2020) m Use (water)
M Use (detergent) m End of life

Al-Figure3. Midpoint impacts for thevashing machinécradleto-grave) by life cycle phases.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Human heait |
ccosystems |
B Materials/Components W Product distribution (road) M Product distribution (water)
H Product distribution (railway) B Use (constant electrical mix - 2020) m Use (water)
m Use (detergent) 1 End of life

Al-Hgure4. Endpoint impacts for the washing machiceadleto-grave) by life cycle phases.

3.7 Material circularity ingtator

Material flowsassociated with the washingachine were grouped into the following categories (8d€eTable

9): steel, alumifum, copper, gold, silver, lead, platinoid metals, other metals, peglass and d¢ters. The
recycledfeedstock (k) in the washing machine was estimated in order to allow for further calculation of the
virgin feedstock V) Therecycled feedstociwasbased on average recycled contéot each material category
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which wagdeterminedusing industry databases and litera¢udata(Tablell). The washing machine does not
contain reused fedstock (b= 0).

The amount of waste collected foggyclingvas assumed to be the same as the waste collection rateifge
household appliances (sdable8). It was assumed to be the same for all material categanasdedin the
washing machine (& 46.3%). It was assumed that no waste fraction is collected for reus@®jChe amount
of waste going to landfill or energy recoveky) wastherefore deducted directly from the waste collection
rate.

The efficiency of theecycling process ¢Efor each material category was calculated as the ratio between
waste collected and recyclddsing values i\1-Table9). It was then used to calculaténé amount of waste
generatedn the regcling proces§Wc). The amount of waste generated to produce the recycled content used
asfeedstock(Wr) was obtained from the average efficiency of the recycpngcess (B for each material,
which was assumed to be 75% for plastics 8@ for other materials (metals, glass amdhers).

Feedstock and wastewvere thus calculated taking into account all the above data and using formulae
described in SectioB.3of the main documentResults for feedstock dnwaste are collected i\1-Tablel5.

Al-Tablel5. Feedstock and waste for one washing machireelder 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
(k) We (kg) feedstock W
(kg)
Steel 27.600 19.6%6 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 16.730 14.756 12.985 8.989 7.333 0.658
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 74.790 63.838 52.147 40.185 22.269 1.656

MCI calculation for the washing machine was then conduddel@blel6). The average lifetime andtensity
of use forthe target washirg machinenvestigated herein we assumed to béhe same ador the industry
average produis (L/Lav = U/Uav =.I)hereforethe value of the utility function fothe washing machinaas
0.9. The linear flow index, considerifgedstock and waste resul{g\1-Tablel5), was0.83 The MClfor the
washing machinevas finaly calculated a8.25.

Al-Table16. MCI calculation for the washing machine.

Parameter Value
Actualaverage lifetime of product L (yea)s 125
Actual average lifetime of industraverage product 4 (years) 125
Average numbeiof functional units (FUs) during the use phase of product U (cycles/year) 220
Average number of FUs during the use phase of industwerage product W (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 Life cycle cosig

4.1 Internal costs

The internal costassessed for the washing machineludes the costfor:
0] Acquisition of raw materialand componentsincludingrelatedtransportoperations.
(i) Manufacturingof the product
(i) Distribution of the product taetailers or final customers.
(iv) Use, including product operation and required consumables.
(V) End of life, including0EEE management

Al-Tablel7 shows the breakdown of thmternal costs of thavashing machine by life cycle phase, namely
manufacturing (including i, ii and iii), use (iv) and end of life (v).

Retail price provided by RCELIK was assumed herein to consider manufacturing coststaihgriee covers
all the costsrelated to raw materials and components, produnanufacturingand distribution, as well as
other any other costs for product development (like R&D costs)ramtidevenues from sales.

The use phase includes tlwsts forelectricity, water and detagent consurad by the washing machine for
operation during its whole lifetime (afetailed inSection3.5.20f this AnneX. Total consumption values were
therefore estimated atl,847.5 kWh of electricity]l 28,975litres of water and 206.25kg of detergent. The
averagemarket prices for these consumables we assumed as follows (see Sectidrl.2 of the main
documentn ®HmMc e€k(12K 2F St SOUG NG andualB@dviid factBrloNI022 fomtteS & A
following years;0.0016e k f AGNB 2F & (G SNJ doOtheywhdie lifetime P R dzp ®t a & dzy
detergent.

The@ dada F2NJ 2999 YIyl3aSySyid ¢ a SadtAaYlFIdiSR I stoo dyc
the fee paid by producers for the EoL management of each washachine they put on the market.

Al-Tablel?7. Internal costs for thevhole life cycle of one washing machine (cradlgrave).

Life cycle phase Concept [ 2aY ¢20al f
Manufacturing  Retail price (incl. cosfer materials/components, manufacturing, 414.01 414.01
distribution, other product development costs and net revenue:!
Use Electricity consumption 453.93 1,816.89
Water consumption 207.79
Detergent consumption 1,155.17
End of life WEEE management fee 3.86 3.86
TOTAL Manufacturing + Use + EoL - 2,234.75

Al-Figure5 graphicaly shows the contribution of each life cycle phase to the total internal cost of the washing
machine. It can be found that these phase is the most expensiwefar, while thecontribution of endof-life
phaseis negligible.
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Al-Figureb. Contribution of each life cycle phase to the total internalsmtthe washig machine

4.2 External costs

Monetary valuation of environmental impacts was applied to asske costs of environmental externalities.
To this end, LCA results obtad for the washing machine (see Sectb@of this Annexwere combined with
monetisation factors given for different environmental impact categories (Seetion4.2 of the main
documen). External costs we estimated using two different approaches for navary valuation: (1)
monetisation of global warming impaand (2) monetisation of endpoint impacts. It should be noted that t
economic costs obtained in each easannot be added together since the giblwarming impactds well as
the other midpoint inpacts) is included in the endpoint impacts.

The results from the monetary valuation of environmental impacts are collectéd-ifiable18. These are
broken down by life cycle phases and impact categories monetized.

Al-Tablel8. External costs for the whole life cycle of one washing machine (¢cagtave).

Life cycle Impactcategory Total amount Monetisation factor Economic
phase Oz2ail
Manufacturing Human health 2.97E03 DALY MAMZOMM € 301.®
Ecosystems 3.14E06 species.yr MPHOODBANT € 38.75
Resources 32.15 USD2013 n ® g HUBD261B 29.88
Subtotal endpoint impacts - - 369.72
Global warming 354.93 ky CQeq MO €K ilByY 46.19
Use Human health 3.13E02 DALY MAMZOMM € 3171.06
Ecosystems 1.77E04 species.yr MPHO9bAT €1 217991
Resources 70.33 USD2013 n & g HUBD201B 65.37
Subtotal endpoint impacts - - 5416.34
Global warmig 2,150.63 kg Cf&q Mon €K iRy Y 279.85
End of life Human health 5.56E05 DALY MAMZOMM € 5.63
Ecosystems 1.14E07 species.yr MPHOODBANT € 1.40
Resources 1.39USD2013 n ® g HUBD2613 1.29
Subtotal endpoint impacts - - 8.33
Gldbal warming 19.96 kg Coeq MON €K 2Ae@y 2.60
TOTAL Human health 3.43E02 DALY MAMZOMM € 3477.79
Ecosystems 1.80E04 species.yr MPHO9bANT €1 2220.06
Resources 103.86 USD2013 n o g HUBD2013 96.54
Total endpoint impacts - - 579439
Total global warming 2,525.52 kg C£q MO €K gy 328.63

Al-Figure6 graphically shows the contribution of each endpoint impact to the total external costs for the
manufacturing and end of life, siachese are the life cycle phasaswvhich tre projectis expected to achieve
higher improvements.Most of the external costs are due to human health damages, while the costs of
damages to ecosystem diversity and resource availability are lower and cdolgaridh each other.
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a) Production phase: Costs of b) End-of-life phase: Costs of
environmental externalities (€) environmental externalities (€)

® Human Health ® Human Health

B Ecosystems B Ecosystems

Resources
Resources

Al-Figure6. Contribution é each endpoint impact to total external costs of manufacturing andaHde phasegor
the washing machine

4.3 Totallife cyclecosts

ConcludingAl-Table19 shows the total life cycle cost including internal and external costarlg, the cost
of environmental externalitiesand especiallthe external costfor the use stage, is the highest cost element.
In contrast, the poduct waste management irhé endof-life phase is the one with the lowest cost, both for
internal and extenal costs.

Al-Tablel9. Total costs for the whole life cycle of one washing machine (ef@adjeave).

Life cyclephase LYGSNyrt ¢ 9EGSNYI f ¢c20Ff O2:
Manufacturing 414.01 369.72 783.73

Use 1,816.89 5,416.3! 7,233.23

End of life 3.86 8.33 12.19

TOTAL 2,234.75 5,794.39 8,029.15
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5 Socialife cycle assessment

5.1 Social life cyclaventory

Primary data preided by RCELIWas used as the starting point to carry out theGA. Specifically, it provided
economic @ta describing the supply chain composition and location, identifying all the economic costs
required to produce thavashing machinend the cost beakdown by countries and economic sectokd-
Table20 shows the percentage breakdm of total production costs by countries and sectors.

Al-Table20. Production cost breakdown for teashing machinéy countries and economic sectors.

Country/Sector  Plastic  Ferrous Nor+ Paper Mineral Electronic oil Manufacturing

products metals ferrous products products  equipment process
metals

TOTAL 28591% 13461% 3.955% 0.391% 2.748% 31573% 0.031% 19.251%

Turkey 26575% 10.645%  3.955% 0.391% 1.299% 27.947% 0.031% 19.251%

Germany 0.234%

China 1.937% 0.752%

Poland 0.955%

Slovenia 0.878% 0.540%

Italy 1.449%

Taiwan 0.411% 2.100%

UK 0.650%

The sectors incluell in the assessment comprise those related to every material and/or component required
to produce thewashing machingas well as the sector linked to the manufacturing proces&&ELIfacilities

(i.e., electronic equipment sector Ffurkey. Hectronic equipmentand plastics ar¢he most complex sectsr

in the supply chaisince the related components confidm 5 and 4different countries respectivelyTurkey

is clearly the most important country in the washing machine value chiaice 90% of the tal production
costsisspent there

The SHDB method and datasets were then used to calculate the sodaltinfigr each sector in each country
(as explained in Sectidhof the main document). The Social Hots @919 Category Method with Weights
(which is available for SimaPro software) was used. The social impavesddrom thewashing machinevere
obtained by allocating the pradttion costs (in USD) to the corresponding social LCI datasets for every eountry
specific sector involved in thwashing machinesupply chain. The social LCI datasets used are listad-in
Table21.

Al-Table21. Social LCI datasets for the courgpecific sectors linked to theashing machine

Social Hotspot Database (SHDB) Reference Unit
Chemical, rubber, plastic products/TUR S usD
Chenical, rubber, plastic products/POL S usbD
Chemical, rubber, plastic products/TWN S usbD
Chemical, rubber, plastic products/GBR S_UK usD
Ferrous meals/TUR S usD
Ferrous metals/CHN S_China usD
Ferrous metals/SVN S usb
Metal products/TUR S usbD
Paper poducts, publishing/TUR S usD
Mineral products nec/TUR S usD
Mineral products nec/ITA S usD
Electronic equipment/TUR S usD
Electronic equipment/lEU S_Germany usb
Electronic equipment/CHN S_China usbD
Electronic equipment/SVN S usbD
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Social Hotspot Database (SHDB) Reference Unit

Electronic equipmenfTWN S usD
Oil/TUR S USsD
Manufactures nec/TUR S USD

5.2 Social life cycle impact assessment

The social footprint of thevashing machinavas calculatd by aggregating the social impacts associated with
each countryspecific sector listed iAl-Table21into a single social impacts indicator, namely tbecalled
Social Hotspot Index (SHALTable22 shows the SHI obtained for thevashing machineas well as its
breakdown into the different social impacategories that contribute to the total social footprint.

Al-Table22. Social impacts of thwashing machindy impactcategay.

Social category Total impact (Pt)
Labour Rights & Decent Work 662.99
Health & Safety 794.55
Human Ribts 460.75
Governance 1,045.95
Community 387.92
TOTAL: SHI 3,352.16

Al-Figure7 shows graphically the contribution ofieh social impact category to the total social footprint of
the washing machinelt can be found that the gatest social impacts are due to Governanod &lealth &
Safety issues, while social impacts affecting Community have the lowest contribution.

B Labor Rights & Decent Work
Health & Safety

B Human Rights

B Governance

B Community

Al-Figure?7. Percentage of impact categories in the social life cycle assessonémd fvashing machine
5.2.1 Social impacts by economic sectors

Al-Figure8 shows the economic shard each productive sectonithe washing machinesupply chain. The
economic sector with the highest contribution (i.e., that in whicl tompany spent more money to produce
the washing machingis the electronic equipment sectoy followed by theplastics sctor and theEEE
manufacturing process (performed inRRCELIR&cilities). In contrasiil andpaper products are the economic
sectois where expenditures are lowest.
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Al-Figure8. Production cost breakdown for tieashing machindy economic secter

The social impacts were assessed for every economic sédtdrable23 shows tle impacts for eah social
category obtained for each sector involved in twashing machinesupply chain, whileA1-Figure9 shows
graphically the contribution by each sector to thedabimpact in each social category. The ressiftsw that
the electronic equipment sector, which is related to the electronic componasésl in thewashing machine
comprises most of the impacbf every social categoyyanging between 4256 and 8%of total social impact
depending on the social categorThe impact contribution of theelectronic equipment sectois high
compared toits economic share in total production costs, which is aro@8#8ls meaning that the social risk
levels in this sector arbigh compared with other sectors in the washing maehsupply chainThe social
impacts of theplastic products, ferrous metals amdanufacturing process conducted ARCELIfacilities
(Turkey alsohave relevant contributios to social impactsdowever,it should be noted that the impact
contribution ofthese sectors are aligned witheir economic shargin total production costsso their social

risk levels are acceptable. Qiaperand mineralproducts have negligible social impacts when compared to

the other economic sectors composing tivashing makine supply chain.

Al-Table23. Social impacts of the@ashing machinéy economic sectors.

Economic sector Labour Rights Health & Human Rights  Governance Community
& Decent Work Safety

Plastic products 112.71 120.03 88.31 191.47 74.08
Ferrous metals 82.12 108.06 61.11 141.99 49.25
Non-ferrous metals 22.18 27.28 15.43 35.73 12.70
Paper products 1.85 2.01 1.28 2.92 1.14
Mineral products 7.65 10.62 5.89 12.46 4.79
Electronic equipment 296.39 382.93 185.18 429.80 157.70
oil 0.09 0.15 0.07 0.18 0.07
Manufacturing 140.01 143.46 103.48 231.42 88.20
TOTAL 662.99 794.55 460.75 1,045.95 387.92
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Al-Figure9. Contribution of eaclkconomic sector to the total social impaofsthe washing machinéy sociakcategory.
5.2.2 Social impacts by countries

Al-Figurel0 shows the economic share of each country in Weshing machinsupplychain. The country
with the highest contributiorby faris Turkey comprising abou®0% of the totalwashingmachineproduction
costs. It includes both the manufacturing costs ARCEL IKacilities and also the purchasing costs of various
materials and components gspeciallyplastic products, ferrous metals and electronic components) from other
companies locateéh Turkeyaswell. The expenditure in the rest of countries is very low in comparigog.,
China and Taiwan are the second and third countri¢ls thie largest contributiosto total production costs,
but these are less than 3% each.

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

B Turkey Germany H China M Poland M Slovenia W [taly M Taiwan UK

Al-FigurelO. Production cost breakdown for theashing machindy country.

The social impacts were also assessed for every countryeiwashing machinsupply chainAl-Table24
shows the impacts for each social categobtained for each country, whilkl-Figurell shows graphically
the contribution by each countrip the total impact ineach social category.

The results show thaturkeyis the country with the highest social impacts forsatial categorigsranging
between 926 an®3% of the totalwashing machinenpacts depending on the social category assesEeese
results were egected since90% of the totalwashing machingroduction coss take place there, either in
ARCELIK factory m the facilities of other Turkish companies supplying materials or coems. ARCELIK
should therefore prioritise opportunities and measures tegher its Turkishsuppliers(especially those in
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electronic equipment sectoitp apply social improvement$ére, which could in turn derive in a decrease of
the social footprint of he washing machine

Chinaalso shows relevant contributions to total salcimpacts, although these are much lower than those
from Turkey Despite China and Taiwan have sim#ihales intotal production costs, the social impacts in
Chinaare between 2 and times greater than in TaiwanThis reveals that social risk levelstlire Chinese
productive sectors supplyinBRCELIlére high, so they can be identified as social hotspotshefwashing
machine ARCELIEouldalsoinvestigate opportunities and measesfor social improvements there

Al-Table24. Social impacts of th&ashing machinéy country.

Economic sector Labour Rights Health & Human Rights  Governance Community
& Decent Work Safay

Turkey 614.48 726.56 422.81 968.02 360.70
Germany 0.49 0.89 0.38 0.62 0.24
China 30.35 43.09 22.30 54.51 1779
Poland 211 3.49 1.72 2.92 0.94
Slovenia 3.04 7.53 1.89 3.49 1.61
Italy 2.14 3.42 1.89 3.12 1.33
Taiwan 9.37 8.15 9.06 12.01 4.52
UK 1.01 1.42 0.69 1.27 0.79
TOTAL 662.99 794.55 460.75 1,045.95 387.92

Community

uman rights -
Health & sarery

Labor Rights
& Decent Work
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Turkey Germany M China M Poland M Slovenia W ltaly W Taiwan UK

Al-Figurell. Mntribution of each country to the total social impaofshe washing machinéy social category.
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1 Introduction

This Annex includes the comprehensive documentation related to the life cycle suBligynrassessment of
the current professional multifunctionalaser printerused for demonstration in the -SERVEES project. It
includes more detils on the methodologidaaspects and assumptions done, life cycle inventory developed
and detailed resultsorr the following studies:

1 Life cycle assessment, including midpoint and endpoint environmental impact categories and material
circularity indicator

1 Life cycle costing, @uding internal and external costs (related to environmental externalities).
1 Socialife cycle assessment, including 5 social impact categories.

All these studies and results constitute the sustainability baseline against whiolmjgare the improvements
implemented and tested in the-SERVEES project to increase the circularity ofmhbb#ifunctional laser
printer.
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2 Goal and scope

The present study aimed to calculate the environmental, economic and social impactsrofiltifenctional
laser printerLEXMRK CX860dtdt is aprofessionamulti-function device with standard-gided printirg and
scanning that prints at up to 60 ppm black and colttis manufactured itChinaand currently sold in th&U

market The printer product dlivered to the customer consists of the printer, a power cord, printed setup
instructions, a CD/DVD with Us@uide& Printer Drivers and an initial set of product supplies, such as toner

cartridges, imaging kits and the fusing mecisam The imaging kandthe fuser are installed at the factory,
while the toner cartridges must be installed by the custonhore details on thenultifunctionallaser printer
investigated are shown iA2-Tablel.

A2-Tablel. Technical specifications of the demaltifunctionallaser printer.

MODEL

LEXMARK CX860dte

Image

Prodiwct number 42K0071

Print technology Colour Laser

Functions Colour copying, colour faxing, colour printing, colour scanning, colour netwo
scanniry

Display Lexmark eTask 1€nch (25 cm) class colour touch screen

Size / Packaged size

1162 x 559 x 588 mmil380 x 762 x 830 mm

Weight / Packaged weight

131.3 kg / 157.4 kg

Print speed (up to)

Black: 60 ppm / Colour: 60 ppm (pages per minute)

Recomnended monthly page
volume

5,000- 50,000 pages

Laser cartridges yield (up to)

55,00@page Black and ColouCiMYK) Ultra High Yield Cartridges
22,000page Colour (CMY) Extra High Yield Cartridges
33,00C8page Black Extra High Yield Cartridge

17,000page Calur (CMY) High Yield Cartridges

8,000page Black and Colour (CMYK) Cartridges

Photoconductor estimated yield
(up to)

175,000 pages, based @naverage letter/Akize pages per print job and ~ 5%
coverage

Developer unit(s) estimated yiel
(up to)

300,000pages, based on 3 average letterf8i4e pages per print job and ~ 5%
coverage

Cartridge(s) Shipping with
Product

8,000page Black Return Ryoam Toner Cartridge
17,00@page Colour (CMY) High Yield Return Program Toner Cartridges

Electricity consumption

0.391 kWh/1,000 pages (ENERGY STAR Certified)

Average power

0.3 W (Hibernate Mode), 3.3 W (Sleep Mode), ¥2%Ready Mode), 870 W
(Printing), 650 W (Copying), 115 W (Scanning)

Country of origin

China
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3 Life cycle assessment

3.1 Functional unit and system bodawies

Themainproduct function for themultifunctionallaser printeristo createhard copy images from at&onic

or hard copy originals by fusing different colours to a medium like paper. The functional unit considered in this
study isone multifunctional laser printer LEXMARBX860dte whichhas a maximum printing speed of 60
pages pr minuteand resultdn 390,000pages printed during its-ear lifetime (assumingstandard business
usageof 260 days/year an@800pages per day).

A2-Table2 shows the system boundaries considered for thser printer identifying the life cycle phase
processes and other elementary flows included and excluded in the study.

A2-Table2. System boundaries consideredtfog laser priter.

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

Intermediate product manufacturing
Waste treatment and transport

Productmanufacturing Energy for product manufacturing/assembl' Infrastructure

Transport Production losses
Packaging

Product distribution Transport

Product use Electricity consumption Infrastructure
Paper consumption Production losses
Consumption of toner cartridgem¢luding Packaging
manufacturing andransport) Trips for maintenance

Maintenance, includingtber replacements

like imaging kit, fuser kit and toner bottles

(includingmanufacturing and transport)
End of life Transport

Eoltreatments for laser pringr

EOL treatments for replacements

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

3.2 Allocation and cubff criteria

No multroutput foreground processes were identifiedurdng data collection. Inventories taken from
Ecoinvent database were allocated according to theaffisysem model*®

The system boundary in tHeoL phase was drawn just behind product waste collection and transportation to
the recycling sites. WEEEIMdhelaser printeiwas classified as waste4pyoduct and environmental burdens
associated with waste treatment were thallocated completely tthe wasteproducing activity (as indicated

in SectiorB.1.3of the main documenjt The environmental impacts of the EoL phasd the credits generated

by recycling are both interesting for the comparative assesg between the baseline product system and
the redesigned product system proposed in th€SERVEES projeaper consumed by the laser printer was
considered as a oyclable byproduct, so the environmental burdens associated with paper waste recycling
were excluded from the system boundaries in the present study, but they must be allocated to the recycled
paper (for further secondary usesiProduct packaging was ewded from the assessment since its impact was
predicted as negligible (compared to thaftthe whole laser printer), while this exclusion will have no effect
on the comparative results (between ecant and CSERVEES scenarios).
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No available primary data we knowingly omitted or excluded.

3.3 Data quality

The data used to create the inventory medds as precise, complete, consistent and representative as possible
with regard to the goal and scope ofalstudy.

1

Primary data was provided lhEXMARKom the mostrecent BoM of the product. The data used for
the study is considered to be of the higtieprecision. Ecoinvent database was the main secondary
data source used to model the product system.

Completeness was judged based on the completeness of both thdasfgutputs per unit process and
the unit processethemselves.

Consistency refers to metling choices and data sources. The goal was to ensure that differences in
results occur due to actual diffences between product systems investigated anthpared, and not
due to inconsistencies in modelling choices, data sources, characterisatiorsfaatm

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

o0 The average electricitynix for Europe was considered for the use phase (as explained in
Section3.1.20f the main documentusing the most recent data published (year 20%9)

o Ecoinvent dataése version w=d was updated in 2018.

o Integrated circuits, PWB and capacitors were modelled based on recent literature data (as
explained in SectioB.1.10f the main document

o Distances for distribution dhser printes fron LEXMARKactory to retailers were obtained
from Google Mag® and seadistances.orf for road and watertansport, respectively.

3.4 Assumptions and limitations

Assumptions were based on thdEXMARKonfidential reportad 9t 5

{@aGSY T 2RJdctiondh y i S N

5SOAO0S&a¢ O DS NE AwhiEh imtdrmiZ based othe WLKERviTanyeint Standard that definte
Product Category Rules (PCR) for pringerd multifunction printing unitsOther assumptios and limitéions
for the LCA study of theaultifunctionallaser printerare listed below:

Manufacturing

1

1
1
1

No production losses were considered.
No packaging wasonsidered.
Recycled content was assumed to be the worldwide averagblé€l1l).

Transports for materialsomponentsrom suppliers to LEXMARK factergre assumed to be 402 km
by road transporand 11,668 by wateransport.

Manufacturing energy for assembly is pending.

Refurbished partsvere definedby LEXMARKincludirg the replacementfrequency (i.e.percentage
of times they can be reused Refurbshed partsreduce the masef primary materials/components
usedin the laser printer proportionally to the corresponding replacement frequency

Burdens for the refurbishmerdperations are pending
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Use

Total printed pages for lifetimewvere assumed a890,000 (assuming-gear lifetime and a standard
business usgeof 260 days/year an@00pages per day).

Distances for distribution of laser printers and replacements were egéichas follows2,672 km of
road transport for laser printer5,765 km of road transportand 11,&8 km of water transport for
cartridges and 2,763 km ofroadtransport for toner bottles

Hectricity consumption for printing was estimated @891 kWh/1,@0 pages éccording to standard
calculation methodlefined INENERGY STAR Program Requirerfentmaging Equipment)

Paper consumption was estintad at 3.39 kg/1,000 pagesLCl dataset for paper was taken from
Ecoinvent database.

Lifetime for toner cartidges and other parts requiring maintenance (replacement) was estimated as
follows: 41,500 adl 21,900 printed pages for ddk and colour cartridgegespectively (market
average);254,966 printed pages for imaging ;K&00,000printed pagesfor fuser kit and 115,000
printed pages fotoner bottle.

Tripsfor maintenance were not considered.

According to LEXMARK data, used toner cartridges in thestiydare evenly distributed between
recycling, remauafacturing (refilling) and landfilling (one third eachhshould be notedhat LEXMARK
has azerolandfill policy

Theweight fortoner cartridges (filled and packaged) was assumed td.Gé8 kg and 408 kg for
black and colour cartridgesespectively iharket average). LCI datasets for black and colourrtone
cartridges were taken from Ecoinvent database.

The industryaverage lifetime and intensity of use for laser printers were taken from literatiare (
determine the MCI). Lifetime was thastimated at5 years (like fotEXMARK CX860ftnd intensity
of use was50 ppm(instead of60 ppm forLEXMARK CX860}lte

Endof life
1 Rate for waste collection for refurbishment/recycling was estimated by LEXMAGRK/ % Table8).

The rest of products/materials not collected foefurbishment/recycling were assumed to be
landfilled.

The EoL inventoriefor laser printerand replacementsvere assumed to be as the ones moddlin
the WEEE LCI proje€t.

The impacts of the end of life for replacements vimduded in the generand-of-life phasefor the
product

Road distances faecycling of laser printer and replaced parts were estimated agvisll 1,207 km
for laser printer and fugekits; 2,063 km for cartridges, imaging kits and toner bottles.

3.5 Lifecycle inventory

This section describes the LCI developed for the tdegetrprinter, including inputs/outputs inventoried for
each lifecycle plase and the data sources used for thairentory modelling.
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3.5.1 Manufacturing

The LCI of thiaser printermanufacturing was obtained from the BoM provided lgXMARKT helaserprinter
consists of several modules, which in turn contain different componemismaterials. The different modules
inventoried and their total amounts are listed AP-Table3.

A2-Table3. Modules of the target laser printer.

Modules inlaser printer Total amount (kg)
Tray (Input550 sheet Asm) 2.08
21K2300 36.36
Caser 10.64
Developer 2.27
Fuser 2.34
Imagingunit 0.19
ITU (Internediate transfermodule) 2.67
Laserprinthead 2.63
PCU 3.42
Powercord 0.40
Power supply 1.82
Printer module 47.97
Scannemodule 14.55
Tonercartridge 1.26
Wastetoner bottle 1.16
Total 129.75

Each module is made of different components and/otenials that are processed with certain manufacturing
processes to attain the final shape and properties required for the product. The inventoriethe
components, materials and manwufaring processe required to produce th&aser printerwere mainly aken

from the Ecoinvent database. These inventories are linked to their own functional unit (FU), so they show
energy consumption, resource consutigm, emissions, etc. for different basiactivities, expressed per
amount of materials extraedd and/or proessed (kg), for example. The environmental impacts of the materials
and components composing tHaser printermodules were thus obtained by multying their amounts by

the impacts caldated from the corresponding LCI datasets (for thermdi FU). A ltof the LCI datasets used

for the manufacturing phase is givenA@-Table4.

A2-Tabled. LCldatasets of material, componensnd praesses folaser printermanufacturing.

Input Dataset name FU
RAW MATERIALS
ABS Acrylonitrilebutadienestyrene copolymer {GLO}| market for | Goff, U 1kg
ABS+PMMA 60% ABS + 40% PMMA 1kg
ABSGF20 80% ABS + 20 Glass fibre 1kg
AINiCo Ferronickel25% Ni {GLO}| production | Cuafff, U 1 kg
Aluminium alloy Aluminiumalloy, AIMg3 {GLO}| market for | Cuafff, U 1kg
Brass Brass {GLO}| market for | Cutff, U 1 kg
Bronze Bronze {GLO}| market for | Cudff, U 1kg
Copper Coppe{GLO}| market for | Ctroff, U 1 kg
Nickel silver 65.8% Copper + 16.7% Nickel (99.5%).5% Zinc 1kg
Glass fibre Glass fibre {GLO}| market for | Goff, U 1kg
Nylon 66 Nylon 66 {GLO}| market for | Cubff, U 1kg
PBTGF30 70% ET + 30%lass fibre 1kg
PC Polycarbomate {GLO}| market for | Cubff, U 1 kg
PC+ABS 60% PC + 40% ABS 1 kg
LCPGF40 60% Unsaturated polyester resin + 40% Glass fibre 1kg
PE, LDPE Polyethylene, low density, granulate {GLO}| market for |-Gfft U 1llkg
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Input Dataset name

PMMA Polymethyl methacrylate, bead&{O}| market for | Cubff, U 1kg
Polyester film (PET) Polyethylenderephthalate, granulate, amorphous {GLO}| market for| 1 kg
Cutoff, U
Polyester resin, unsaturated Polyester resin, unsaturated {GL®jjrket for | Cut-off, U 1kg
Polyolefin Polyprgylene, granulate {GLO}| market for | Caff, U 1kg
Polyurethane bam Polyurethane, rigid foam {RER}| market for polyurethane, rigid foam | 1 kg
Cutoff, U
POM Polyoxymethylene (POM)/ER71 1kg
PP Polypropylenegranulate {GLO}| market for | Cuff, U 1kg
PPS Polyphenylenesulphide{GLO}| market for | Cubff, U 1kg
PS Polystyrene, general purpose {GLO}| market for | -Gfft U 1kg
Expanded polystyrene (EPS) Polystyrene, expandablePolymer foaming {RER} 1kg
PS Polystyrene, general purpos&{O}| market for | Cubff, U 1kg
HIPS Polystyrene, high impact {G} market for | Cutoff, U 1 kg
PVvC Polyvinylchloride, at regional storage/RER U 1kg
Stainless steel Steel, chromium steel 18/8, hot rolled KG}| market for | Cutoff, U 1 kg
Galvanized steel Steel, lowalloyed, hot rolled + Zinc coat (64 m2/t) 1 kg
Low carbon steel bar/sheet  Steel, lowalloyed, hot rolled {GLO}| market for | Gaff, U 1 kg
Thermoplastic polyurethane Synthetic rulber {GLO}| market for | Cubff, U 1 kg
elastomer
Water Tap water {RER}| market group for | Cuif, U 1 kg
Zinc Zirc {GLO}| market for |Cutoff, U 1 kg
PROCESSING
Aluminium extrusion Section bar extrusion, aluminium {GLO}| market for | ©ift U 1 kg
Brasscasting (used for zinc a: Casting brass {GLO}| market for | Cuaiff, U 1kg
well)
Bronze casting Castingpronze {GLO}fnarket for |Cutoff, U 1 kg
Copper average metal Metal working, average for copper product manufacturing {GLO}| mar 1 kg
working for | Cutoff, U
Plastic extrusion Extusion, plastic pipes {GLO}| market for | Goff, U 1 kg
Plastic regcling 348MJ/ton 1kg
Plastic injection moulding Injection moulding {GLO}| market for | Gaff, U 1 kg
Stainless steel sheet average Metal working, average for chromiuntegl product manufacturing 1 kg
metal working {GLO}| market for | Cubff, U
Steelsheetaverage metal Metal working, average for steel product manufacturing {GLO}| marke 1 kg
working for | Cut-off, U
Steel turning Section barolling, steel {GLO}| market for | Cuff, U 1 kg
Metal stamp and bending Deep drawing, steel, 10000 kN pge single stroke operation/RER U 1 kg
Wire copper Wire drawing, copper/RER U 1 kg
COMPONENTS
Battery cell Battery cell, ion {GLO}| marketdr | Cut-off, U 1 kg
Capacitor MLC Cagacitor, forsurfacemounting {GLO}| market for | Cubff, U 1 kg
Capacitor MLC SMD precious Modelled from MLC 1210 gold 1 kg
metals
Capacitor, film type Capacitor, film type, for throughole mounting {GLO}| markéor | Cut- 1 kg
off, U
Capacitor AEllo radial THT  Capacitor, electrolyte type, < 2cm height {GLO}| mafkef Cut-off, U 1 kg
Diode power THT Diode, glass for throughhole mounting {GLO}| market for | Cff, U 1kg
Diode signal Diode, glassfor surfacemounting {GLO}| market for Cutoff, U 1kg
HDD Hard disk drive, for laptop computer {GLO}| drection | Cutoff, U 1p
(Weight: 0.118 kg)
Inductor, coil miniature Inductor, miniature radio frequency chip {GLO}| market for | @t U 1 kg
Inductor, coil multilayer chip Inductor, low value multilayer chip {GLO}| market for | Goff, U 1 kg
RingCore Coil Inductor, ring core choke type {GLO}| market for | &xit, U 1 kg
LCD Liquid crystal display, unmounted {GLO}| production | Gfft U 1kg
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Input Dataset name

LED SMD highfficiency Lightemitting diode {GLO}| market for | Cudff, U 1kg

Resistor Resistoy surfacemounted {GLO}| market for | Cubff, U 1kg

Switch module Switch,toggle type {GLO}| market for | Cuff, U 1kg

Transistor signal Transistor, surfacenounted {GLO}| markefor | Cut-off, U 1kg

PCB PSU Printed wiring board, for power suppiynit, Pb containing {GLO}| 1kg
production | Cutoff, U

PCB SMD Printed wiring board, for surface mounting, Pb containing surface {GL 1 m2

market or | Cut-off, U (1.6 mm thick Gayer PWB with HALS and $#b
mixture with a square weight of 3.26 kg)
PCB THT Printed wiring board, for throughole mounting, Plzontaining surface 1m2
{GLO}| market for | Cubff, U (1.6 mm thick 2ayer PWB with HAL®¢
SnPb mixture with a square weight 8f08 kg)

IC (modelled) IC BGA 144 (181mg) 10x10mm MPU ger{@B86 nm node) 1kg
IC BGA 144 (360mg) 13X13mm MPU geli&8@ nm node) 1 kg
IC BGA 256 (49g) 27x27 mm CMOS logic (45 nm node) 1kg
IC PLCC 2@51mg) 9x9 mm CMOS logic (250 nm node) 1 kg
IC QFP 32 (184mg) 7x7 mm CMOS logic (90 nm node) 1 kg
IC QP 240 (6.20g) 32x32x3.5 1 kg
IC SO 8 (76mg) 4.9x3.9 n@MOS logic (90 nm node) 1 kg
IC SO 20 (530mg) 12.8x7.5 mm CMOS logic (90nm node) 1 kg
IC SSOP 14 (120mg) 6.0x5.3x1.75 1 kg
IC SSOP 24 (123mg) 8.2x5.3 mm CMOS logic (65 nm node) 1 kg
IC TQFPZ3(146mg) 5x5 mm MPU generic (130 nm node) 1 kg
ICTQFP 44 (272mg) 10x10 mm MPU generic (130 nm node) 1 kg
IC TSSOP 8 (23mg) 3x3 mm DRAM (5faua) 1 kg
IC TSSOP 16 (59mg) 4.4x6r DRAM (57 nm node) 1 kg
IC TSOP 28 (232mg) 8x13.4 mm DRAM (5iaui®) 1 kg
IC TSSOP 48 (187mg) 6.1x12.5D®AM (57 nm node) 1 kg

Refurbished parts

LEXMARK also provided a list of parts suitablesforbishment, including thereplacement frequeay for each
part, expressed as the percentage of times they can beadto replace virgin partéA2-Tableb). Refurbished
parts reduce the mass of primary materials/compotseim the laser printer by 10.3% (fron29.75 kg to
116.36 kg)The mass of primary materials/components &akto these parts that was finally accounted for
the environmental impact assessnenas calculated considering the percentage of time replacell éhR
the waste collection rate for thEoL laser printers (WCR = 66.&g)ollows:

D OIRENRAOGO D Gidp w6 Vp “YYO (14)

A2-Tableb. Refurbished parts in the laser printer.

Part name BoM part number Percentage of time replaced (%)
Board 10.1" UICC 17X7101 20
Shield Controller 21K1191 30
Cover Rear left 21K2829 35
Cover Right 21K2809 35
Cover Connector access 21K2806 25
Doors Left door 21K2830 35
Rollers Transfer 21K3985 100
Tray Insert Media 21K1600, 21K1624, 21K2196 40
Other General SVC MPF tray 21K1520 35
Cover Standard bin 21K2951 35
Cover HTU attach 21K2975 35
Cover Rear upper 21K2936 30
Cover Left upper 21K2969 35
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Part name BoM part number Percentage of time replaced (%)

Cover Front column upper 21K2956 30
Doors Front 21K2801, 21K2988 60
Cover Scanner left 21K2953 40
Cover Scanner right 21K2952 40
Cover Scanner front 21K2961 40
Cover Scanner left upper 21K2967 40
Cover Scanner right upper 21K2966 40
Cover Scanner front upper 21K2965 40
CS82x SVC Maint Kit 21K3985 100
CS82x SVC Fuser 230V 21K1264, 21K1270 100
Support Scanner 21K2868, 21KHD 5

Cover FB scanner top 25B9160 10
Cover Left lower 21K8568 25
Scanner Flatbed 21K9000 10
Cover Front 21K8801 50
Cover Rear 21K8804 50
Pad ADF 15
Tray Input 21K8201 55
Scanner Complete ADF 21K8021 20
Rollers ADF pick 21K8305 100
Belt ADF feed 21K8304 100
Rollers ADEeparator 24T1274 100
Bezel 10.1 3079274 45
Cover Top door 21K8567 50
Bezel CX860 21K4211 45
Maint Kit 41X0360, 41X0359, 41X0358 100
Feeder pick 21K2309 100
Rollers Pick roller and separator 21K2309, 21K1610 100

3.5.2 Use

The envionmental impactsof the use phase are due faser printerdistribution, electricity consumption
required forits operation paper consumed for printingoner cartridges and other printer components that
need to be replaced several times duritngtprinter lifetime. The amounts related to all these environmental
burdens were estimatefbr the whole lifetime of the printebased on the assumptions explained in Section
3.40f this AnnexThe values are shown A2-Table6.

A2-Table6. Estimated amonts of inputs for the use of one laser printer.

Input No of units  Mass (kg) Distance Total Unit
consumed amount

Electricity - - - 152.49 kwWh
Paper 390,000 1,32210 - 1,322.10 kg

Black toner 9 6.27 - 6.27 kg

Colour toner 17 5.74 - 5.74 kg

Replacement of toner cartridges 26 8.18 - 26 Unit
Toner bottle 3 3.49 - 3 Unit
Imaging kit: Imaging unit 1 0.19 - 1 Unit
Imaging kit: Developer 1 2.27 - 1 Unit
Imaging kit: PCU 1 342 - 1 Unit
Fuser kit 1 2.34 - 1 Unit
Road transport, printer - 129.75 2,672 346.64 tkm
Road transport, cartridge + imaging kit fuser ki - 20.24 5,765 116.68 tkm
Road transport, toner bottle - 3.49 2,763 9.65 tkm
Water transport, toner + fuser kit imaging ki - 20.24 11,68 236.15 tkm
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Distribution

The amounts related torpduct distributionand transport of replacementsere estimated (in tonne&m or

tkm) by multiplying he weight ofthe laser printer and replacemen{& tonnes) by the distance travelled
through each tragport mode (in km)The environmental impacts due the distribution of thelaserprinters

and their componentsvere then obtained by multiplying the amounts transporteth ¢km, as shown M2
Table6) by theimpacts calculatedrbm the corresponding LCI datasets for transport modes. The LCI datasets
used for each transport mode are listedAg-Table7.

A2-Table7. LCI datasets of transport modes faser printe distribution.

Input Dataset name FU

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

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

Product operation

The environmental impacts derived from the use of the laser printer were obtained by multiplying the total
amounts of electricity, paper amther consumables (collected &2-Table6) by the impacts daulated from
the corresponding LCI datasets, which are showAiiable8.

A2-Table8. LCI datasets of electricjtpaper, toner cartridges and other replacemefatslaser printeroperation.

Input Dataset name FU
Electricity Electricity, low voltage, production EUROPE, at grid/RER U, SCENARIO 2020 1 kWh
Paper Paper, wood free, coated {RER}| market for | ©tft U 1 kg
Black toner Toner, black, powder {GLO}| production | Coff, U 1 kg
Colour toner Toner, colourpowder {GLO}| production | Cubff, U 1 kg

3.5.3 End of life

The impacts of the end of life encompasses herein both the impacts of the laser printer and the impacts of the
used parts thaheed to be r@laced during the lifetime of the printeméludingtoner aartridges, imaging kits,
fuser kits and toner bottles

Waste collection

Waste collection rate folaser printerat the end of life was assumed to B6.7%,according to primary data
provided by LEXMARK.

Waste treatment

Material flows assoated with the Ed treatment of thdaser printerare classified ih2-Table9 following the
approach from the WEEE LCI projegbr each material flow, it states the mass in the product (as put on the
market), the mas collectedfor reuse and forecycling and the mass finally recycle@he waste materials
collected are treated following the. EXMARHKake-back schemg which was assumed to have similar
efficiencies and environmental burdens (and benefits) as typadee-back schenes for large professional
electrical equipment (LPA).8te not collected was assumed to be landfilled. PCB materials are classified into
copper, gold, lead, silver, platinoids, other metals and support materials (such as pfastssetc.).
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A2-Table9. Waste material flows related tiaser printereoL.

Mass ut WEEE WEEEto WEEEto Mass
Dataset on market collected reuse(kg) recycle recycled
(kg) (kg) (kg) (kg)

LPA| ABSPC without BFR, density < 1.3 1.647 1.098 0.564 0.535 0.000
LPA| ABS without BFR, density < 1.3 29.521 19.690 4.804 14.886 0.000
LPA| Aluminium 0.852 0.568 0.013 0.555 0.5%
LPA| Brass 4.06E03 2.71E03 1.12E03 1.59E03 1.10E03
LPA| Bronze 0.447 0.298 0.021 0.277 0.211
LPA| Copper wthin Wire 1.020 0.681 0.091 0.590 0.418
LPA| Copper 0.407 0.272 0.000 0.272 0.163
LPA| Glasgibres-plastics composites 8.888 5.929 0.664 5.264 0.000
LPA| PA without BFR, density < 1.3 0.211 0.141 0.001 0.140 0.000
LPA| PBT without BFRlensity < 1.3 4.861 3.242 0.527 2.716 0.000
LPA| PC without BFR, density < 1.3 1.458 0.972 0.029 0.944 0.000
LPA| PMMA 0.121 0.081 0.025 0.056 0.000
LPA| PP without BFR, density < 1.3 0.506 0.337 0.002 0.335 0.104
LPA| Copper within PCB 0.785 0.524 0.116 0.407 0.306
LPA| Gold withh PCB 1.17E03 7.78E04 5.75E05 7.20E04 5.62E04
LPA| Lead within PCB 6.96E03 4.65E03 4.89E04 4.16E03 1.19E03
LPA| PCB Other base metals 0.941 0.628 0.054 0.574 0.000
LPA| PCB Support 1.422 0.949 0.316 0.633 0.000
LPA| Platinoidwithin PCB 2.13E05 1.42E05 2.97E06 1.12E05 1.48E06
LPA| Silver within PCB 5.97E03 3.98E03 1.59E04 3.82E03 4.95E04
LPA| PS without BFR, density < 1.3 0.220 0.147 1.29E04 0.147 0.000
LPA| PUR foam 0.383 0.255 0.002 0.253 0.000
LPA| PVC withirwire 1.546 1.031 0.131 0.900 0.000
LPA| Steel 74.506 49.695 6.045 43.650 36.851
LHA | Glass 6.77E04 4.52E04 0.00E+00  4.52E04 0.00E+00
Total WEEE laseprinter 129.761 86.551 13.407 73.144 38.591

Material flows associated with the EoL treatment fhetreplaced pas generated as waste during the whole
lifetime of the printer were modelled following the same approach, as showk2ihablel0.

A2-Tablel0. Waste material flows related to EoL of regganentsfor lase printer (tones, imaging kits, fuser kits and
toner bottles).

Mass put WEEE WEEE to WEEE to Mass
Datasets on market collected reuse (kg) recycle recycled
(kg) (kg) (kg) (kg)

LPA| ABSPC without BFR, density < 1.3 0.057 0.038 0.000 0.038 0.000
LPA| ABSvithout BFR, density < 1.3 7.086 4726 2.102 2.624 0.000
LPA| Aluminium 0.071 0.048 0.000 0.048 0.046
LPA|Bronze 0.085 0.056 0.000 0.056 0.043
LPA| Copper within Wire 0.004 0.003 0.000 0.003 0.002
LPA| Copper 0.007 0.005 0.000 0.005 0.003
LPA| Glasdibres-plastics composites 0.536 0.357 0.040 0.317 0.000
LPA| PA without BFR, density < 1.3 0.008 0.006 0.000 0.006 0.000
LPA| PBT without BFR, density < 1.3 0.909 0.606 0.240 0.366 0.000
LPA| Copper within PCB 0.017 0.012 0.005 0.007 0.005
LPA| Goldwithin PCB 7.91E06 5.28E06 1.03E06 4.25E06 3.32E06
LPA| Lead within PCB 6.19E05 4.13E05 1.03E05 3.10E05 8.91E06
LPA| PCB Other base metals 0.113 0.075 0.000 0.075 0.000
LPA| PCB Support 0.015 0.010 0.003 0.007 0.000
LPA| Plathoid within PCB 44707 2.98E07 1.14E07 1.84E07 2.44E08
LPA]| Silver within PCB 1.04E04 6.92E05 2.53E05 4.39E05 5.69E06
LPA| PS without BFR, density < 1.3 0.051 0.034 0.001 0.033 0.000
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LPA| PUR foam 0.006 0.004 0.000 0.004 0.000

LPA| PVC with wire 2.262 1.509 0.336 1173 0.990
LPA| Steel 0.000 0.000 0.000 0.000 0.000
Total WEEE las@rinter replacements 11.228 7.489 2.73 4,762 1.089

A2-Tablellsummariseshe total amounts ofvaste materials linked to the EoL ttezent for one laer printer,
including both the printer itself anthe replacements consumed during its whole lifetime.

A2-Tablell. Total waste material flows related to laser printer EoL (including replacements).

Mass pu WEEE WEEEto WEEE to Mass
Input on market collected reuse (kg) recycle recycled
(kg) (kg) (kg) (kg)
Laser printer 129.761 86.551 13.407 73.144 38.591
Replacements 11.228 7.489 2.73 4.762 1.089
Total WEEE 140989 94.040 16.134 77.906 39.680

Recycling

The mas of each matéal flow that is recycled in relation to the functional unit (daser printe) is shownn
A2-Table9 and A2-Table10. The LCI datasets used for recycling of each material flow were ebitéiom
WEEE L@toject3 These allow to calculate the environmental impacts of recycling accordimegptdifferent
accounting methods: impacts with benefits (including the impacts of recycling operations and the benefits
from the subsitution of primary raw materials with the recycled ones) and impacts without benefits (that only
includes the impacts oecycling operations). Both accounting methods were applied herein to calculate both
direct environmental impacts of recycling and eowimental credis due to primary material substitution
(calculated as the difference between impacts with and without ligs)e

Landfill disposal

A fraction of the waste generated at the EoL of ldsger printeris not recycled. It was assumed that thiaste
fraction & landfilled. Norrecycled waste were classified into three different waste material flows to model
landfill disposal, namely aluminium, inert material and plastics. The amount dasiee printer including EoL
replacementsthat is finaly landfilled chssified by waste material flow is shownAgTablel?2.

A2-Tablel2 Waste material flows related to landfill disposall@$er printer(including replacements)

Waste type Mass landfilled (kg)
Plastics 19.797
Aluminium 0.307

Inert material 26.845

Total 46.949

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 cqroesling LCI datets, which are shown
in A2-Tablel3.

A2-Tablel3. LCI datasets of landfill disposal faser printerEolL.

Input Dataset name FU
Landfill disposal for aluminium waste Disposal, aluminiug0% water, to anitary landfill/CH U 1kg
Landfill disposal for inert waste Disposal, inert material, 0% water, to sanitary landfill/CH U 1 kg
Landfill disposal for plastic waste Disposal, plastics, mixture, 15.3% watersamitary landfil/CH U 1 kg

3.6 Life cycle impaassessment

Life cycle impact assessmeamas conducted using the impact assessment method ReCiPe v1.03 (as explained
in Section3.2 of the main document Life cycle environmental impacts tfe laser printerwere thus
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calculated for eighteen midpoint impact categories (including global warming and other) and three endpoint
impact categories (damages to human health, ecosystem diversity and resource availability).

3.6.1 Manufacturing(cradleto-gate)

A2-Tablel4 shows the environmental impacts for the manufacturing of éamer printer(i.e., the functional
unit used in the study)including the gloal warming impact and endpoint impacts. The total cradi@ate
impacts are bro&n down by the &rious modules composing thaser printer Recycled plastics were included
as an additional module that considers the total recycled plastic content in fee f@inter and its benefits
(expressed as negative values) resulting from tHesstution of virgin plastics.

A2-Tablel4. Global warming and endpoint impacts for the manufacturing of laser printer(cradleto-gate).

Modules inlaser printer Global warming Human health Ecosystems Resaurces

(kg CQeq) (DALY) (species.yr) (USD2013)
Tray (Input 550 sheet Asm) 7.00 1.45E05 3.03E08 0,85
21K2300 172.56 5.54E04 8.28E07 17,84
Caster 48.05 1.48E04 2.42E07 3,53
Developer 12.17 1.01E04 1.06E07 1,26
Fuser 9.33 4.49E05 5.72E08 0,72
Imaging unit 101 1.81E06 4.10609 0,17
ITU(Intermediate transfer module) 10.35 4.30E05 5.73E08 0,97
Laser printhead 14.97 5.33E05 7.87E08 1,45
PCU 15.56 5.45E05 7.97E08 1,23
Power cord 1.28 3.23E05 3.73E08 0,12
Power supply 88.69 3.85E04 5.33E07 6,04
Printer module 358.81 1.61E03 2.28E06 28,65
Scanner module 38.77 1.94E04 2.84E07 3,82
Toner cartridge 4.98 1.14E05 2.14E08 0,66
Waste toner bottle 6.59 1.31E05 2.75E08 0,85
Recycled plastic -32.30 -1.05E04 -1.35E07 -2.90
Transport of componets 24.01 9.12E05 1.75EQ07 3.26
Total manufacturing 781.84 3.24E03 4.71E06 68.53

In addition, the contribution of each module to the total impactla$er printermanufacturing for every
midpoint and endpoint category assessed is describé®iRigurel andA2-Figure 2, respectively. The results
show that theso-called printermodule generates the highest impact for mtipact categories both at the
midpoint and endpoint levellt should be noted thatthis is the healest module in the laser printer,
representing about 37% of total product weight. In addition, it includes several PWB and other electronic
components that show significant environmental impaciae are other two modules that can also be
highlighted because of theirrelevant contributions to totamanufacturing impacts, namely the 21K2300 and
the power supply.
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A2-Figurel. Midpoint impacts fotaser printermanufacturing (cradlg¢o-gate) by modules.
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A2-Figure 2. Endpoint impacts fdiaser printermanufacturing (cradlg¢o-gate) by modules.
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3.6.2 Use

A2-Tablel5shows the global warming impact @endpoint impacts for the use of ohaser printerduring its
lifetime, as well ashe breakdown of total impacts by the different causes, including product distribatich
consumption ofelectricity, paper, toner cartridgesand other components replaced several times durithg
printer lifetime. In addition, two diffeent scenarios a included for electricity consumption: one where the
electricity mix is assumed to be constant over time (year 2020 used as basis for calculatiorf)earvdhatre
the electricity mix variation with time is modelled for period 262032 (se Figure8 & Figure9).

It can be found thapaper consumed for printing has by far the highest global warming and endpoint impacts
for the use phasecontributingto total use impacts as follasv80% for dgobal warming54% for human health
damages 59% for ecosystem diversity damagesd 7% for resource availability damageBlectricity
consumption also has relevant environmental impacts, especiallyhdonan health damages §36) and
ecosystem diversity amages (3%) while its contributionis more limited for global warmings%) and
resource availability damages (2%). Finally ttmers and other replacementequired during the use phase
contribute significantly to global warming2%), human health %) and resource @ailabilitydamageg14%).

In addition, when comparing both scenarios for electricity consumptiatantbe foundhat the increase of
renewable sources in the electricity miortributes to reducehe impacts from the laser printemsserlifetime.
Thesceenario with variableslectricity mix for the whole product lifetime means a decreasegfobal warming
andall endpoint impactgcompared to the constant electricity mix scenario).

A2-Tablel5. Global warming an@ndpoint impacs for the use of onkaser printer

Life cycle process Global warming Human health Ecosystems Resources
(kg CQeq) (DALY) (species.yr) (USD2013)
Product distribution 45.32 9.28E05 2.24E07 6.94
Electricity (variable mix- 20202032) 88.69 2.37E03 1.34505 3.66
Electricity (constant mix 2020) 93.89 2.40E03 1.35E05 3.84
Paper 1,347.75 3.54E03 2.14E05 128.87
Toners 85.06 2.06E04 3.78E07 10.22
Maintenance (replacements, incl. transport 10942 3.61E-04 5.73E07 13.12
Total Use(variable elect.mix - 2020-2032) 1,676.23 6.56E-03 3.60E05 162.82
Total Use (constant elect. mix2020) 1,681.44 6.59E-03 3.61E05 162.99

3.6.3 Total (cradleo-grave)

A2-Table16 collectsthe global warming impact and endpoint imga for the wholelife cycle of ondaser
printer. The total cradldo-grave impacts for th&aser printerare broken down by life cycle pbeas.In addition,
the contribution of each life cycle phase to the total environmental impackssefr printerfor every midpoint
and endpoint category assessed is showAFigure3 and A2-Figured, respectively.

A2-Tablel6. Global warming and endpoint impacts for the whole life cyclenefl@ser printer(cradleto-grave).

Life cycle phase Global warming Human health Ecosystems Resources
(kg CO2 eq) (DALY) (species.yr) (USD2013)
Manufacturing(cradleto-gate) 781.84 3.24E03 4.71E06 68.53
Product distribution 45.32 9.28E05 2.24E07 6.4
Use (variableelect. mix- 2020-2032) 88.69 2.37E03 1.34E05 3.66
Use, paper 1,347.75 3.54E03 2.14E05 128.87
Use, toners 85.06 2.06E04 3.78E07 10.22
Maintenance (replacements, incl. transport 10942 3.61E04 5.73E07 13.12
EoL (waste treatmerjt 76.67 1.86E04 3.87E07 7.72
TOTAL (variable elect. mix) 2,534.74 9.99E-03 4.11E05 239.07
Credits from recycling -129.19 -4.95E04 -9.29E07 -10.70
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The use stage has the highest contribution to the total impact both for global warming and for pdiiend
categoriesas well as fomanymidpoint categoriesThe impacts of the use phase are mainly due to paper
consumption, although the consumption olfeetricity and replacements are also relevant to a lesser extent.
Electricity consumption indeednconpasses almost athe water consumption impactThe manufacturing
phase also has significant contributitartotal life-cycle impactsespecially for some midpoint categories, such

as ozone formation impact on terrestrial ecosystems; terrestrial, freshivatarine and humia ecotoxicities;

and mineralresource scarcityEndof-life impacts are limited compared to the impacts of other life cycle
phases and they are rewarded with the credits given by materials recycled (including gold, aluminium, steel,
copps, silver and othes).
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A2-Figure3. Midpoint impacts for theéaser printer(cradleto-grave) by life cycle phases.
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A2-Figure4. Endpoint impacts for thiaser printer(cradleto-grave) by life ycle phases.

3.7 Maternal circularity indicator

Material flows associated with thiaser printerwere grouped into the following categories (s&2Table9):
steel, aluminium, copper, gold, silver, leathtinoid metals, other metalandplastics. Theecycled feedstock

(R in thelaser printerwas estimated in order to allow for further calculation of the virgin feedstock (V). The
recycled feedstocKor plastics was based on primary data provided byMA&RK, while average recycled
content was used foother material categorigsvhich was determined using industry databases and literature
data (Tablell). Thelaser prirter alsocontairs reused feedstockoming from refurbished partavhich was
estimated for eah material categoy using primary data provided by LEXMARMKanging between 0.9% and
13.8% depending on the material category, witB%weighted averagge

Theamount of waste collected farecyclingand reusewasassumed to be the same as the wastdaxtion

rate for large household appliances (s€able8). It was assumed to be the same for all material categories
included in thdaser printerand it was distributed between recyclifig= 56.8% weighted averagm)d reuse
(&= 9.9% weightedverage}aking into accounthe waste treatment figures iA2-Table9 and A2-Tablel0.

The amount of waste going to landfill or energy recovery) (Was therefore deducted directly frorhé waste
collection rate.

The efficiency of the recycling process) (Br each material category was calculated as the ratio between
wastecollectedfor recyclingandmassrecycled (using values AR-Table9 andA2-Tablel0). It was then used

to calculate the amount of waste generated in the recycling procegs (Mie amount of waste generated to
produce the recycled content used as feedstock)Wéas obtained from the average efficiency of the recycling
process (B for each material, which was assumed to T&% for plasticand90% for metals.

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 collected2rTablel?.

MCI calculation for the laser printer (including its consumables and replacements) was then condizeted (
Tablel8). The average lifetime for the target laser printer investigated herein was assumed to be the same as
for the industryaverage products (L/Lav1). However, the intensity of use was assumed to be higher for the
target laserprinter (60 ppm aginst 50 ppm for industraverage products, resulting in U/Uav = 1.20).
Therefore, the value of the utility function fahe laser printer wa$.75. The Ihear flow index, considering
feedstock and waste result&\?-Table17), was 0.8. The MCI for the laser printavas finally calculated as

0.54.
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A2-Tablel7. Feedstock and waste for oteser printerused for MCI calculation.

Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecoverable
(kg) feedstock V. wasteW (kg)  waste to waste from waste from
(kg) disposal W recyclingparts recycled
(kg) We(kg) feedstock W
(kg)
Steel 76.768 48.261 30.284 25564 6.982 2.458
Aluminium 0.923 0.713 0.330 0.307 0.023 0.022
Copper 2.242 1.245 0.983 0.746 0.385 0.087
Gold 1.17E03 8.22E04 4.87E04 3.91E04 1.59E04 3.26E05
Silver 6.07E03 5.04E03 3.75E03 2.02E03 3.36E03 9.37E05
Lead 7.03E03 2.73E03 4.04E03 2.34E03 2.98E03 4.22E04
Platinoid metals  2.17E05 1.30E05 1.25E05 7.23E06 9.89E06 6.22E07
Other metals 1591 1.308 0.906 0.530 0.729 0.023
Plastic 59.451 41.488 36.265 19.797 30.099 2.837
TOTAL 140988 93.024 68.776 46.949 38.226 5.428

A2-Table18. MCI calculation fothe laser printer

Parameter Value
Actual average lifetime of product L (years) 5
Actual average lifetime of industraverage product 4 (years) 5
Average number of functional units (FUs) during the use phase of produgipin max) 60
Average numbeof FUs during thaise phase of industraverage product bl (ppm max) 50
Utility of the product X 1.20
Utility factor F(X) 0.75
Linear Flow Index LFI 0.61
Material Circularity Indicator of the product M@l 0.54
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4 Life cycle costing

The economic studfpr the multifunctionallaser printer LEXMARK CX860dte was performed considering both
internal and external costs and assuming two different scenarios in relation to the product use:

I Scenario X, Standard use: it is based on an average standard businesmuer that useste piinter
260 dayslyear for printin@00 pages/day, thus resulting 890,000 pages printed during theyear
lifetime.

1 Scenari® ¢ Lowintensive use: it is based on a business customer that uses the printer 260 days/year
for printing 150 pages/day, thusesuting in 195000 pages printed during theyear lifetime

These scenarios were defined according to market analysis data provided by LEXMARt€ridiecosts,
external environmental costs and total costs for each scenario amlddtandcomparedbelow.

4.1 Internal costs

The internal costs assessed for thser printerincludes the costs for:
(@ Acquisition of raw materials and components, including related transport operations.
(ii) Manufacturing of the product.
(iir) Distribution of the praluct to retailersor final customers.
(iv) Use, including product operation and required consumalfpeper and toner adridges)

(V) Maintenance including the production and transport of replacementsér bottles, imaging kits
and fuser kits)

(vi) End of life,mcluding WEEE magementfor the laser printey consumablesndreplaced parts
4.1.1 Scenario &, Standard use

A2-Table 19 shows the breakdown of the internal costs of theser printerby life cycle phase, namely
manufacturing (includig i, ii and iii)use (iv and v) and end of life Xvéccording to the standard use scenario

Retail price provided blyE XMARWas assumed herein to consider manufacturing costs. The retail price covers
all the costs related to raw materials and compotgmproduct manufaturing and distribution, as well as
other any other costs for product development (like R&D costs) and nehres from sales.

The use phase includes the costs for electricipnsumables (paper and toner cartridges)d other parts
replacedduringmaintenancethroughout theprinter lifetime (as detailed in Sectidgh5.20f this Annex). Total

linked amountsvere therefore estimated at52.49kWh of electricity 390thousand pages (222kg paper),

9 black tones, 17 colour toners,3 toner bottles,1 imaging kit and 1 fuser kiT.he average market prices for

these consumables were assumed as folldWwsl7e k {1 2 K 2F St SOGNAOAGE F2NJ &St N
growth factor of 1.022 for th following years9.20 € k,000 paper pagesi p y ® p mk taner;0463.40
ekO02t2dzNJ G2YySNE nnoddpp e€ekli2ySNI 6200fST pmmdpd e€kKAY!

The costs for WEEE management was estimatd8.680e ¥ 2 ISerdyhr which corresponds to thiee
paid by prodeers for the EoL management of edabe printer they put on the marketln addition, the costs
for waste management of consumables and components were estimated similarly.
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A2-Tablel9. Internal costs for the ole life cycle obnelaser printer(cradleto-grave)acmrding to scenario .1

Life cycle phase Concept

/280 ¢20l f

Manufacturing

Retail price (incl. costs for materials/components, manufacturir
distribution, other product development costs and net revenue:!

8,459.00 8,459.00

Use Electricity consumption 18.70 17,054.40
Paper consumption 3,58800
Toner cartridges 12,038.39
Toner bottle 13485
Imaging kit 511.59
Fuser kit 76287
End of life WEEE management fee, printer 15.00 24.06
WEEE management fee, toneartridges 7.28
WEEE management fee, replacements 1.78
TOTAL Manufacturing + Use + EoL - 25,537.46

A2-Figure5 graphically shows the contribution of each life cycle phase to the total internal cost ¢ditae
printer. It can be found that the use phasspresentswo-thirdsof the totalinternal coss, while the remaining
third isattributable to the manufacturing phase. The contribution of end of life to internal costs is negligible.

B Manufacturing
W Use

End of life

A2-Figureb. Contribution of each life cycle phase to the total internatsdr thelaser printeraccording to scenario. 1
4.1.2 Scenario 2, Lowintensive use

A2-Table20shows the breakdown of the internal costs of the laser printer by life cycle phase according to the
low-intensive use scenario. While manufaihg coss remain the same as in the standard use scenario, the
costs for the use phasare decreased due to loar consumption of electricity paper, toners and
replacements The same happens for the endtlife phase since the amounts of waste from camsibles and
replaced parts to be managesllower.

The pbtal amountsconsumed during the use phase for the lowensive use scenarigere estimated a?76.25
kWh of electricity,195thousand pagess61 kg paper)4 black toner8 colour tonerand1 toner batles and1
imaging kitReplacement of imaging kit and fuser kit is not required under this scenario due kowke use
of the printer. The average market prices for these consumables e used in this case to calculate the
total internal costs.

TRS O02a0a FT2NJ 2999 Yyl 3ISYSyd ¢gFa SadAYFrdSR +id wmp o)
paid byproducers for the EoL management of each laser printer they put on the market. In addition, the costs
for waste management of consumables amanponents were estimated similarly.
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A2-Table20. Internal costs for the whole life cycle of one laser printer (citadigave) according to scenari

Life cycle phase Concept

/280 ¢20l f

Manufacturing

Retail prece (incl. costs for materials/components, manufacturin
distribution, other product development costs and net revenue:!

8,459.00 8,459.00

Use Electricity consumption 9.35 7,405.54
Paper consumption 1,794.00
Toner cartridges 5,657.24
Toner bottle 44.95
Imaging kit 0.00
Fuser kit 0.00
End oflife WEEE management fee, printer 15.00 18.68
WEEE management fee, toner cartridges 3.36
WEEE management fee, replacements 0.32
TOTAL Manufacturing + Use + EoL - 1588322

A2-Figure6 graphically shows the contribution of each life cycle phase to the total internal cost of the laser
printer. Themanufacturingphaserepresents a little more than half of the totaiternal ccstsin this scenarip

while the remainingnternal costs areattributable to theusephase. The contribution of end of life to internal
costs isalsonegligiblefor this scenario

B Manufacturing
H Use

End of life

A2-Figure6. Contribution of each lifeycle phase to the total internal costs for the lasénter according to scenario. 2

4.2 External costs

Monetary valuation of environmental impacts was applied to assess the costs of environmental externalities.
To this end, LCA results obtained for thse printer (seesection3.6 of this Annex) were combined with
monetisation factors given for different environmental impact categories (see Sedt®of the main
document). External costs were estimated using two differapproaches for monetary valuation: (1)
monetisation of global warming impaand (2) monetisation of endpoint impacts. It should be noted tihat t
economic costs obtained in each case cannot be added together since the global warming impact (as well as
the other midpoint impacts) is included in the endpoint impacts.

4.2.1 Scenario &, Standard use

The results from the monetary valuation of environmental impéotshe standard use scenarare collected

in A2-Table21. These are brokedown by life cycle phases and impact categories monetite@n be found

that the use phase is the main responsible for the external costs, followed by the manufacturing phase. The
costs of enebf-life phase are comparatively negligible.
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A2-Table21. External costs for the whole life cycle of taser printer(cradleto-grave)according to scenario. 1

Life cycle Impact category Total amount Monetisation factor Economic
phase Ozai
Manufacturing Human health 3.24E03 DALY MAMZIOMM € 328.47
Ecosystems 4.71E0Q6 species.yr MPHO9DBAT €1 58.00
Resources 68.53 USD2013 n o g HUBD2013 63.70
Subtotal endpoint impacts - - 450.17
Global warming 781.84 Iy CQeq Mon €Kk lByy 10174
Use Human health 6.56E03 DALY 10lomm € K5/ 665.00
Ecosystems 3.60E-05 species.yr lHO9bnT €KE 443.22
Resources 162.82 US[2013 O.bH ¢ €@1B{ 5 151.33
Subtotal endpoint impacts - - 1,259.55
Global waming 1,665.46 kg C@eq 130€¢ k U 2 y2eé 218.12
End of life Human health 1.86E04 DALY 10lomMM € K5 18.85
Ecosystems 3.87E07 species.yr lHOo9bnNT €Kz 477
Resources 7.72 USR013 0.bH ¢p €2@1B { 5 7.18
Subtotal endpoint impacts - - 30.80
Global warming 76.67 kgCQ eq MO €K By Y 9.98
TOTAL Human health 9.99E-03 DALY 10lomm € K5! 101233
Ecosystems 4.11E05 species.yr lHo9bnTtT €Ki 50599
Resources 230.07 US3013 0O.bH ¢ €2@1B{ 5 222.20
Total endpoint impacts - - 1,740.52
Total global warming 2,534.74 kg CQeq MONn €K iRy Y 329.83

A2-Figure? graphically shows the contribution of each endpoint impact to the total external cossafdr
life-cycle phaseMost ofthe external costs are due to human health damagEsecosts of damages to
ecosystem diversityare especially relevant for the use phase, while the costs of damagessturce
availability aramportant for the endof-life phase.

b) Use phase: Costs of environmental
externalities (€)

¢) End-of-life phase:
Costs of environmental
externalities (€)

a) Production phase: Costs
of environmental
externalities (€)

14%

M Human Health ™ Ecosystems Resources

A2-Figure7. Contribution of each endpoint impaitt total external costs of manufacturing and eanéilife phases for
the laser printeraccording to scenario. 1

4.2.2 Scenario 2 Lowintensive use

The results from the monetary valuation of environmentapacts for the lowintensive use scenario are
collectedin A2-Table22. These are broken down by life cycle phases and impact categories mon&teed.
though the external costs of the use phase are lower in this scenfidg, dill have the largest contribution

to total external costs. The manufacturing phase also contributes heavily to total external costs, while the
external costs of endf-life phase are comparatively negligible.
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A2-Table22. External costs for the whole life cycle of one laser printer (cremtgrave) according to scenario 2.

Life cycle Impact category Total amount Monetisation factor Economic
phase Ozai
Manufacturing Human health 3.24E03 DALY MAMZIOMM € 328.47
Eceystems 4.71E0Q6 species.yr MPHO9DBAT €1 58.00
Resources 68.53 USD2013 n o g HUBD2013 63.70
Subtotal endpoint impacts - - 450.17
Global warming 781.84 kg Cgeq MO €K ByY 101.74
Use Human health 3.20503 DALY MAMIOMM € 324.06
Ecosystems 1.79E05 species.yr MOPHO9DBbAT €1 22075
Resources 81.52USD2013 n ® g HUBD2013 75.77
Subtotal endpoint impacts - - 620.58
Global warming 829.24kg CQeq MONn €K iByY 107.90
End of life Human health 1.75E04 DALY 10lomMM € K5 17.70
Ecosystems 3.63E07 species.yr MPHO9DBANT €1 447
Resources 7.16 USD2013 n & g HUPD2613 6.66
Subtotal endpoint impacts - - 28.83
Global warming 71.76 kg C@eq M 0 N torm& CQeq 9.34
TOTAL Human health 6.62E03 DALY InMZIoMM € K 670.23
Ecosystems 2.30E05 species.yr MOPHO9DBbAT €1 28322
Resources 157.21USD2013 n ® g HUBD2013 146.12
Total endpoint impacts - - 1,099.57
Total global warming 1,682.84kg CQeq Mon €K iBqyy 21898

A2-Figure8 graphically shows the contribution of each endpoint impact to the total external costs for each
life-cycle phase. Most of the external costs are due to human health damadpde the costs okcosystem
diversity and resource availability damages aespecially relevant for the useand end-of-life phase,

respectively

a) Production phase: Costs
of environmental
externalities (€)

14%

M Human Health ™ Ecosystems

b) Use phase: Costs of environmental
externalities (€)

¢) End-of-life phase:
Costs of environmental
externalities (€)

Resources

A2-Figure8. Contribution of each endpoint impact to total external costs of manufacturing andfeifd phases for
the laser printer according to scenaro

4.3 Total life cycle costs

Concluding A2-Table23 shows the total life cycle co$br both scenarios assesseidcluding internal and
external costsTheinternal costs are bjar the highest ost elementfor both scenariosinthe standard use
scenario these costs are mainlprdinated by the use phase, while in the kimtensive use scenario the
intensity of use of the laser printer is lower and the manufacturing phase becomes the most reteteants

Deliverable 5.1Results of environmental, economic and social preliminary analyses

Pagel030f 154



of internal costs. Manufacturing and use phases together comprises mtis¢ @bsts, both for internal and
external costs in both scenarios, while the costs of-efilife phases is comparatively negligible.

A2-Table23. Total costs for the whole life cycle of dager printer(cradleto-grave) comparison betweescenarios

Life cycle Scenario I¢ Standard use Scenario Z; Lowintensive use
phase Internal cost External cost  Total cost Internal cost External cost  Totalcost
0€e 0€el 0€el 6€e 0€el 0€e
Manufacturing 8,459.00 450.17 8,909.17 8,459.00 450.17 8,909.17
Use 17,054.40 1,253.55 18,313.95 7,405.54 620.58 8,026.11
End of life 24.06 30.80 54.86 18.68 28.83 4751
TOTAL 25,537.46 1,740.52 27,277.97 15,883.22 1,099.57 16,982.79
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5 Social life cycle assessment

5.1 Social life cyclaventory

Primary data provided biLEXMARKvas used as the starting point to carry out th&GA. Specifically, it
provided economic data describing the supply chain composition and location, identifying all the economic
costs required to produce th&aser printerand the cost breakdown by courgs and economic sectors.
LEXMARK provided primary data for a series of componatsaiccount all together for 95 kg, so the social
impacts were linearly extrapolated considering the total weight of the laser printer (130 kg approximately).
A2-Table24 shows the percentage breakdown of total production costedmyntries and sectors.

A2-Table24. Production cost breakdown forgHaser printer by countries and economic sectors.

Country/Sector Plastic Ferrous Non- Paper Mineral Electranic  Manufacturing

products metals ferrous products products  equipment process
metals

TOTAL 23.564% 13.172% 0.754% 0.209% 2.227% 34.019% 26.053%

China 21.273% 12.870% 0.754% 0.209% 1.415% 24.295% 26.053%

USA 0.063% 0.016% 4.854%

Japan 2.181% 0.587%

Germany 0.101% 0.012%

Philippines 2.376%

South Korea 0.812% 1.610%

Thailand 0.185% 0.285%

Singapore 0.047%

The sectors included in the assessment comprise those related to every material and/or component required
to produce thelaser printer as well as theextor linked to the manufacturing process lEEXMARKacilities

(i.e., electronic equipment sector i@Hna). Hectronic equipment is the most complex sectorthe supply
chainsince the related components come frofrdifferent countries, beingChinathe country where more
money is spent in electronic components. By countries, Gkibg farthe most impotant in the acquisition

of materials and componentsepresenting around 87% of total production costs for the laser printer. It is
followed by USA, dibugh its contribution is much more limited with about 5% of total production costs.

The SHDB method amihtasets were then used to calculate the social impacts for each sector in each country
(as explained in Sectidhof the main document). The Sochlbtspot 2019 Category Method with Weights
(which is available for SimaPro software) was used. The social impacts derived fraasethprinterwere
obtained by allocating the production costs (in USD) to the spiwading social LCI datasets for every country
specific sector involved in tHaser printersupply chain. The social LCI datasets used are liste?} Tiable25.

A2-Table25. Social LCI datasets for tbeuntry-specific sectors linked to the laser printer.

Social Hotspot Database (SHDB) Reference Unit
Chemical, rubber, plag products/CHN S usbD
Chemical, rubber, plastic products/USA S usD
Chemical, rubber, plastic products/JPN S usD
Chemical, rubberplastic products/SGP S usD
Electronic equipment/CHN S China usb
Electronic equipment/USA S usb
Electronicequipment/JPN S Japan usbD
Electronic equipment/DEU S Germany usb
Electronic equipment/PHL S usb
Electronic equipment/KOR S SouthKorea usD
Eledronic equipment/THA S Thailand usb
Ferrous metals/CHN S China uUsbD
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Social Hotspot Database (SHDB) Reference Unit
Ferrous metals/USA S uUsD
Ferrousmetals/DEU S Germany UsD
Ferrous metals/THA S usD
Metals nec/CHN S China usD
Paper products, publishing/CHN S China UsD
Mineral products nec/CHN S @fa UsD
Mineral products nec/KOR S UsD
Manufactures nec/CHN S UsD

5.2 Social life cycle impaassessment

The social footprint of théaser printerwas calculated by aggregating the social impacts associated with each
country-specific sector listed iA2-Table25 into a single social impacts indicator, namely thecatted Social
Hotspot Index (SHIA2-Table26 shows the SHI obtained for tHaser printer as well as its breakeon into

the different socialmpact categories that contribute to the total social footprint.

A2-Table26. Social impacts of the laser printer by impact category.

Social category Total impact (Pt)
Labour Rights & Decent Work 16,651.75
Health & Safety 23,40089
Human Rights 11,977.73
Governance 28,937.41
Community 9,724.92
TOTAL: SHI 90,692.69

A2-Figure9 shows graphically the contribution of each social impact category to the total social footprint of
the laser printer It can e found that the greatest social impacts are due to GovernanceHmadth & Safety
issues, while social impacts affecting Community have the lowest contribution.

B Labor Rights & Decent Work
Health & Safety

B Human Rights

B Governance

B Community

A2-Figure9. Percentage of impact categories in the socialfele assessment ftire laser printer

5.2.1 Social impacts by economic sectors

A2-Figure 10 shows the economic share efch productive sector in thiaser printersupply chain. The
economic sector with the highest contribution (i.that in which the company spent more money to produce
the laser printej is theelectronicequipmentsector, followed by the EEE manufactgyiprocess (performed
in LEXMARHacilities) and the sectors related to plastic products and ferrous metals. Inrast) paper
productsand nonferrous metals are the economic sectors where expendituresraéowest.

Deliverable 5.1Results of environmental, economic and social preliminary analyses
PagelO6of 154



Total cost
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W Mineral products
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A2-Figurel0. Production cost breakdown for theser printerby economic sectors.

The social impacts were assessed foerg economic sectod2-Table27 shows the impacts for each social
category obtained for each sector involved in tlaser printersupply chain, whileA2-Figure11 shows
graphically the contributiomy ead sector to the total impact in each social category. The results show that
the manufacturing procesasedto producethe laser printercomprises most of the impact for every social
category ranging between 31% and 33% of total social impacts d#ipgronthe social category assessed.

The impact contribution of the manufacturing processhisrefore slightly higher than itsconomic share in

total production costs, which is aroun®%. This means that the laser printer manufacturing process, which
takes pace in China, constitutes a social hotspot to be prioritised when planning measures to improve social
conditions and reduce the social footprint of the laser printer.

There are other eonomic sectors showing relevant contributions to total social impattsh as electronic
equipment (2832% contribution to total impacts), plastic products 28%) and ferrous metals (123%).
Theimpact contributiors of these sectors areompletely algnedto their respectiveeconomic shargin total
production costssotheir social risk levels are tolerable (i.e., social improvements could be applied there due
to their large contribution to social impacts, but the priority is lower). Minera produtaig;ferrous metals

and mper products have negligible social impactewltompared to the other economic sectors composing
the laser printersupply chain.

A2-Table27. Social impacts of the laser printer by economic sectors.

Ecaomic sector Labour Rights Health & Human Rights  Governance Community
& Decent Work Safety

Plastic products 3,882.18 5,441.42 2,823.77 6,860.10 2,334.11
Electronic equipment 5,108.77 6,864.22 3,500.50 8,250.36 2,678.98
Ferrous metals 1,992.48 2,937.28 1,567.28 3,778.69 1,256.61
Non-ferrous metals 116.09 167.06 89.64 213.94 72.66
Mineral products 284.80 429.47 197.36 484.28 154.15
Paper products 43.87 63.18 31.12 77.83 25.63
Manufacturing 5,223.55 7,498.26 3,768.06 9,272.22 3,202.78
TOTAL 16,651.75 23,400.89 11,977.73 28,937.41 9,724.92
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Labor Rights
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B Non-ferrous metals W Mineral products W Paper products
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A2-Figurell. Contribution of each economic sector to the total social impafdise laser printerby social category.

5.2.2 Social impacts by countries

A2-Figurel2 shows the economic share of each country inldeer printersupply chai. The country with the
highest contribution i€hing comprising abou87% of the totalaser printerproduction coss. It includes both

the manufacturing costs at EXMARKacilities and also the purchasing costs of various materials and
compments espedally plastic products, ferrous metalnd electronic components) from other companies
located inChinaas well.The expenditure in the rest of countriegsvolved in the supply chaiis very low in
comparison Nonethelessthe contribution to ttal producion costs of some countries is still relevant, such
as USA4.9%), Japan (8%) Philippines (2.4%) and South Ko(2a%), whereaghe contribution of other
countries is negligible.

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

M China USA MlJapan N Germany M Philippines ™ South Korea M Thailand Singapore

A2-Figurel2. Production costieakdown forthe laser printerby country.

The social impacts were also assessed for every country iiagbe printersupply chainA2-Table28 shows

the impacts for each social category obtained for each country, Wifi€igure13 shows graphicall the
contribution by each country to the total impact in each social category. The results show that China is the
country with the highest social impacts for all social categoiiEsspite China represeni87% of total
production costs, the social impadtsere encompass betweed3% and 95%f the totallaser printeimpacts
depending on the social category assesddts reveals that social risk levels in the Chinese productive sectors
supplyingLEXMARHKre high, so theyan be identified as social hotsgsoof thelaser printer LEXMARK could
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therefore investigate opportunities and measurdsere to apply social improvementsnot only at its
production factory in China but also collaborating withChinesesuppliers Thiscould resuliin a decrease of
the social footprint of thdaser printer

Philippines was also identified as a social hotsgithough with a lower priority given its minor social impacts
in absolute terms. The reason is that tt@ntributionsof Phlippinesto total social impacts arketween 2 and

4 greater than its share total production costswhich means that social risk levels are important theherg&
are then great opportunities to implement social improvements in Philippines by workipettter with
suppliers located there.

A2-Table28. Social impacts of the laser printer by country.

Economic sector Labour Rights Health & Human Rights  Governance Community
& Decent Work Safety
China 15,748.31 21,950.25 11,108.10 27,3%6.84 9,104.50
USA 284.09 356.61 223.91 296.02 159.72
Japan 78.45 62.57 56.50 84.26 40.18
Germany 2.39 4.15 2.07 3.49 1.44
Philippines 345.44 734.91 444.05 962.87 320.56
South Korea 126.24 226.11 75.40 151.53 53.05
Thailand 64.96 64.72 66.36 110.08 44.25
Singapore 1.86 1.57 1.34 2.32 1.22
TOTAL 16,651.75 23,400.89 11,977.73 28,937.41 9,724.92

Commarity |
overnance |
uman rights - |
Heatth & safety I
Labor Rights
g pecentwork IS '
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

M China USA mlJapan M Germany MPhilippines ™ South Korea m Thailand Singapore

A2-Figurel3. Contribution of each country to the total social impagitthelaser printerby social category.
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1 Introduction

This Annex includes the comprehensive documentation related to the life cycle sustainability assessment of
the curent telecom equipmenused for demonstration in the-SERVEES project. It includes more details on
the methodological aspects and assumptiaiose, life cycle inventory developed and detailed results for the
following studies:

1 Life cycle assessment, inding midpoint and endpoint environmental impact categories and material
circularity indicator.

1 Life cycle costing, including internal and exed costs (related to environmental externalities).
1 Social life cycle assessment, including 5 social impactaréteg

All these studies and results constitute the sustainability baseline against which to compare the improvements
implemented and testechithe GSERVEES project to increase the circularity aiefleeom equipment
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2 Goal and scope

The present study aied to calculate the environmental, economic and social impacts oftéhecom
equipment ADVA 16ALM/#1650D/AIEis an Advanced Link Monitogn(ALM) producthat splits into an
(electrically) active unit and passive fibwptic sensors for the monitoringptical networks, including tasks
like collection of reatime information on fibre integrity, fast and easy localization of user traffic and remote
passiveife detection in sites that are accessed with a fibtés manufactured ilisermanyand currentlysold
worldwide. More details on theALM productinvestigated are shown iA3-Tablel.

A3-Tablel. Technical specifications of the demo telecom equipment

MODEL ADVA 16ALM/#1650D/AC
Image

Product number 104370984102

Description Advanced Link Monitor (ALM), 16 ports witlE/APC connectors, AC powered
Colour Grey

Size 44 x 215 x 213 mm

Weight / Packaged weight <2kg/11.6 kg

Power typical / maximum 10W/13W

Country of origin Germany
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3 Life cgle assessment

3.1 Functional unit and system boundaries

The product function for thé\LMproductis fibre monitoring The functional unit considered in the study is
one ALM product including the active unitADVA 16ALM/#1650D/AC) afourteen passive fibreoptic
sensorswhich offescontinuous monitoring thraghout its 8year lifetime (i.e.365 days/year and 24 h/day

A3 Table2 shows the system boundaries considered for &kleM product identifying the life cyclghases,
processes and other elementary flows included and excluded in the study.

A3-Table2. System boundaries considered for tieM product

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

Intermediate product manufacturing
Waste treatment and transport

Product manufacturing Energy for product manufacturing/assembl' Infrastructure
Transport Production losses
Packaging
Product distribution Transport
Product use Electricity consumption Maintenance
End of life Transport

EoL treatments

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

3.2 Alocation and cubff criteria

No multroutput 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 theMproductwas classified as waste-pyoduct and enviramental burdens
associated with waste treatment were thus allocated completely to the wpebelucing activity (as indicated

in SectiorB.1.3o0f the main document). The environmental impacts of the EoL phastharatedits generated

by recycling are both interesting for the comparative assessment between the baseline product system and
the redesignd product system proposed in theSERVEES projeletoduct packaging was excluded from the
assessment since its irapt was predicted as negligible (compared to that of the widl& produc}, while

this exclusion will have no effect on the comparativeutess(between current and-SERVEES scenarios).

No available primary data were knowingly omitted or excluded.

3.3 Data gqality

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

1 Primary data was provided byDA¥A The data used for the study is considered to be oftighest
precision. Ecoinvent database was the main secondary data source used to model the product system.
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Completeness was judgédsed on the completeness of both the inputs/outputs per unit process and
the unit processethemselves.

Consistency referotmodelling choices and data sources. The goal was to ensure that differences in
results occur due to actual differences betweenguct systems investigated and compared, and not
due to inconsistencies in modelling choices, data sources, characteriations, etc.

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

0 The average electricity mix for Europe was considered for the use phase (as explained in
Section3.1.20f the main document) using the mostaent data published (year 201%).

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 Sectiof.1.10f the main document).

3.4 Assumptions and limitations

Other assumptions and limitations for the LCA study ofAh# productare listed below:

T

1
1
1

1

No production losses were considered.
No packaging was considered.
Recyad cantent was assumed to be the worldwide averagalflell).

The origins for water and air transport were assumed to be the Hamburg port and Munich airport,
respectively.

Distances for product distribution withieach country were assumed as 300 km, exceptUSA,
where 2,000 km were assumed

The average lifetime and intensity of use of the targ&M productwere assumed to be similar to
industry-average values (to deterime the MCI).

No maintenance wasonsidereal during the lifetime of the product.

Waste collection rate was assumed to be the European averagélfand telecommunications
equipment(Table8).

The EoL inventories were assumed to be as the ones modelled WHEE LCI projeét.

3.5 Life cycle inventory

This section describes the LCI developed for the takg® product including inputs/outputs inventoried for
each lifecycle phase and the data sources used for their inventory madelli

3.5.1 Manufacturing

The LCI of thé\LM productmanufacturing was obtained fromrimary dataprovided by AVA TheALM
product consists okseveral components. Thdifferent componentsinventoried and their total amounts are
listed inA3-Table3. Fourteenpassivesensors were also includeal the LCI, seven with a certain configuration
and the other seven with a different onas inventoried iM3-Table4.
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A3 Table3. Component®f the targetALM product

Components in ALM product Part/Material Total amount Unit

Chassis Zinccoated steel sheet (ASTM A653) 1.230 kg
Heatsink Aluminium alloy 6063 0.267 kg
Small mechanical parts Fastener, cage and others 0.134 kg
Printed wiring board (PWB) 14-layers PWB 0.035 m?
Power supply unit (PSU) PSU 26 W 240V AC 0.359 kg
Power cable Cable, loom 20 AWG, UL 1015 0.320 m
Integrated circuits(IC) ICs (BGA, QFP, SO, SSOP, TQFP TESOP, 15.711 g
Capacitors Ceamic and tantalum capacitors 8.327 g
Resistors Thick film flat chips and SMD thermistor 0.632 g
Transistors Transistors SOT23 1.046 g
Diodes Diodes (MELF, SOD123/323/523, SOD3z 0.199 g
Inductor Coil miniatures andoil multilayer chips 4.159 g
LED SMD LEDs 1.349 g
Lightpipe Polycarbonate 27.000 g
Oscillator Oscillator crystal 0.200 g
Connectors Various configurations 47.755 g
Coin cell battery Cell BR Series (Li/Palgirbon monofluoride) 2.800 g
Opticalfibre Glasdibre bare 26.000 g
Opticalswitch module Key switch tact 0.242 g
Optical jumper Optical jumper 0.500 m
Optical receiver Photodiode RX PIN SIX ARRAY 4.000 g
Optical coupler and circulator Coupler xx/yy SM C 6.000 g
Opticallaser diode LAS 980 360MW PUMP 4.000 g
Optical adapter ADPT/LC/DUP/45/M 96.544 g
Variable optical attenuator Attenuator ATT/xxxdB/LC 4.640 g
Passive units, configuration 1 seeA3Table4 7 units
Passive units, configuration 2 seeA3Tabled 7 units
Total, without passive units - 2.492 kg

A3Tabled4. Components of the passive units.

Components/Materials in passive units Total amount (g/unit)

Configuration 1 Configuration 2

Fibre, glass fibre 0.015 0.015
Fibre coating, polyacrylamide 0.021 0.021
Mechanical partsaluminium alloy 6061 3.622 13.942
Compression springpw-alloyed steel 0.250 0.499
Integrated circuits 3.908 14.478

Eachcomponentis in turn made of different components and/or matais that are processed with certain
manufacturing processes to attain the final shape and properties required for the product. The inventories for
the components, materials and manufacturingppesses required to produce tdM productwere mainly

taken fom the Ecoinvent database. These inventories are linked to their own functional unit (FU), so they
show energy consumption, resource consumption, emissions, etc. for different basic actexpesssed per
amount of materials extracted and/or processgdj, m, m? or unit), for example. The environmental impacts

of the materials and components composing tAeEM productmodules were thus obtained by multiplying
their amounts by the impacts calculated from the corresponding LCI datasets (for the definddIlist)f the

LQ datasets used for the manufacturing phase is givel3iTableb.
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A3Tableb. LCI datasets of material, components and processesliivt praluct manufacturing.

Input Dataset name FU
RAW MATERIALS

Aluminium alloy Aluminium alloy, AIMg3 {GLO}| market for | Coif, U 1kg
Copper Copper {GLO}| market for | Cdff, U 1kg
Nickel silver 65.8% Copper + 16.7% Nickel (99.5%) + 17.5% Zinc 1kg
Optical fibre Glass fibre bare, modelled as ¥®| Cutoff, U 1kg
Glass fibre Glass fibre {GLO}| market for | Goff, U 1kg
Glass fibre reinforced plastic, Glass fibre reinforced plastic, polyamide, injectinnulded {GLO}| 1kg
polyamide, injection market for | Cutoff, U

moulded

Nickel Nickel,99.5% {GLO}| market for | Cuttff, U 1kg
Nylon 66 Nylon 66 {GLO}| market for | Cubff, U 1kg
Polyester resin, unsaturated Polyester resin, unsaturated {GLO}| market for | @df, U 1kg
Polycarbonate Polycarbonate {GLO}| market for | Goff, U 1kg
Acrylate, polyacrylamide Polyacrylamide {GLO}| market for | Gaff, U 1kg
Expanded polystyrene (EPS) Polystyrene, expandable + Polymer foaming {RER} 1kg
Stainless steel Steel,chromium steel 18/8, hot rolled {GLO}| market for | Coitf, U 1 kg
Galvanized steel Steel, lowalloyed, hot rolled + Zinc coat (64 m2/t) 1 kg
Low carbon steel bar/sheet  Steel, lowalloyed, hot rolled {GLO}| market for | Gaff, U 1 kg
Tin Tin{GLO}| market for | Cubff, U 1 kg
Zinc Zinc {GLO}| market for | Crdff, U 1 kg

PROCESSING
Injection plastics Injection moulding {GLO}| market for | Gaff, U 1kg
Steel processing Metal working, average for steel product manufacturing {GL@afket 1 kg
for | Cut-off, U
Rolling steel Sheet rolling, steel {GLO}| market fp€Cut-off, U 1 kg
Rolling chromium steel Sheet rolling, chromium steel {GLO}| market for | cit, U 1 kg
Rolling aluminium Sheet rollingaluminium{GLO}| market for | Cubff, U 1 kg
Rolling copper Sheet rolling, copper {GLO}| market for | Coff, U 1 kg
COMPONENTS
Battery cell Battery cell, -ion {GLO}| market for | Cubff, U 1kg
Cable 0.036 kg/m Cable, network cable, categoryvithout plugs {GLO}| market for | Cut 1m
off, U 0.036 kg/m
Capacitor, ceramic SMD type Caacitor, for surfacenounting {GLO}| market for | Cudff, U 1kg

(86 mg average weight)

Capacitor, film type (0.7 g Capacitor, film type, fothrough-hole mounting {GLO}| market for | Cut 1 kg
average weight) off, U

Capacitor, electrolytic type, Capacitor, electrolyte type, < 2cm height {GLO}| market for |-affjtU 1kg
small < 2 cm height (1.29 g

average weight)

Capacitor, electrolytic type, Capacitor, electrolyte type, > 2cm height {GLO}| market for |-effjtU 1kg
big > 2 cm hgjht (50.5 g

average weight)

Capacitor, antalum (0.254 g Capacitor, tantalum for throughhole mounting {GLO}| market for | Cut 1 kg
average weight) off, U

Connector, all types (9 g Electric connector, wire clamp {GLO}| market for | @df, U 1 kg
average weight)

CONN FP 2X3 THT IEEE13¢ Comector, CONN FP 2X3 THT IEEE1394, modelled as ADVA | U 1 unit

Connector mainly Cu and PE Connector, mainly Cu and PEnodelled as ADVA | U 1kg
CONN RJ45 THT Connector, CONN RJ45 THT, modelled as ADVA | U 1 unit
Connector withfibre glass Connector, vith fibre glass, modelled as ADVA | U 1kg
Diode, SMD glass type (32  Diode, glass for surfacemounting {GLO}| market for | Cubff, U 1kg
mg average weight)

Diode, THT glass type (0,59¢ Diode, glass for throughhole mounting {GLO}narket for | Cutoff, U 1 kg

g average weight)
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Input Dataset name

Electronic component Electronic component, passive, unspecifi&l 0} market for | Cubff, 1kg
unspecified U

Inductor, coil miniature Inductor, miniature radio frequency chip {GLO}| markat f Cut-off, U 1kg
wound (16.8 mg average

weight)

Inductor, coil multilayer chip Inductor, low valuenmultilayer chip {GLO}| market for | Cuaff, U 1kg
(2.1 mg average weight)

IC Logic: rest of materials Integrated circuit, logic type No energy No wafer 1kg
IC Memory: rest of magrials  Integrated circuit, memory type {GLO}| production | No energy Nowa 1 kg
LED (350 mgverage weight) Light emitting diode {GLO}| market for | Goff, U 1kg
Modelled MLC1210 (43 mg) MLC 1210 (gold) 1 unit
Optical receiver, photodiode Opticalreceiver, photodiode, RX PIN SIX ARRAY, modelled as ADVA 1 kg
Optical coupler and Optical coupler and circulator, Coupler xx/yy SM C, modelled as ADV 1 kg
circulator

Optical laser diode Optical laser diode, LAS 980 360MW PUMP, modelled as ADVA 1kg
Optical adapter Optical adapter, ADPT/LC/DUP/45/M, modelled as ADVA | U 1 unit
Optical jumper Optical jumper, modelled as ADVA | U 1m

Optical switch module, Switch, toggle type {GLO}| market for | Coff, U 1 kg

toggletype switch (29 g

average weight)

PCB SMD Printed wiring board, for surface mounting, Pb contairsngface {GLO}| 1 n?
market for | Cutoff, U (1.6 mm thick Gayer PWB with HALS and-Bb
mixture with a square weight of 3.26 kg)

PCB THT Printed wiring board, for throughole mounting, Pb containing surface 1 n?
{GLO}| market for | Cubff, U (1.6 mnthick 2layer PWB with HALS anc
SnPb mixture with a square weight of 3.08 kg)

Resistor, metal film type Resistor, metal film type, throughole mounting{GLO}| market for | 1 kg
(0.48 g average weight) Cutoff, U
Resistor, SMD type (9.8 mg Resistor, surfacenounted {GLO}| market for | Cudff, U 1kg
averageweight)
Si SingleSi wafer, for electronics {RoW}| production | Alloc Rec, U 1n?
Transistor, SMD type (0.593 Transistor, surfacenounted {GLO}| market for | Cubff, U 1kg
averageweight)
Transistor, small type (0.818 Transistor, wired, small size, througole mounting {GLO}| market for | 1 kg
g average weight) Cutoff, U
Variable optical attenuator ~ Variable opticahttenuator, modelled as ADVA | U 1 unit
3.5.2 Use
Distribution

TheALMproductis distributedmostly to three countries, namely UK (38%), Germany (28%) and USA (27%)
Product distribution is done by road (36.4%), water (16.4%) and air (47.3%). The weight®af\dpeoduct

(in tonnes) was multiplied by the distance travelled through each transport mode (in km) to calculate the total
amounts associated with each transpmode (in tonneskm or tkm). These values are showrABTable6.

A3-Table6. Estimated amounts for distribution of one ALM productragsport mode.

Transport mode Amount (tkm)
Road 2.12
Water 1.30
Air 4.63
Total 8.05

The environmental impacts due to the distribution of the ALM produacmsfthe ADVAfactory tocustomers
were obtained by multiplying the amounts transported (in tkm) by the impacts calculated from the
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corresponding LCI datasets for transport modes. The LCI datasets used for each transport mode are listed in
A3-Table7.

A3-Table7. LCI datasets of transport modes for ALM product distribution.

Input Dataset name FU

Road transport Transport, freight, lorry, unspecified {RER}| markettfansport, freight, lorry, 1 tkm
unspecified |Cutoff, U

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

Air transport Transport, freight, aircraft {GLO}| market for | Cotf, U 1 tkm

Product operation

The environmental impacts caused by theewf theALM productare only due to electricity consumption
required for its operation. Consideritigat this product hasn average lifetime a8 years withfull operation
(365 days/year and 24 h/day) and typipaiwer consumption of 10 Whe total electricity consumedduring
its whole lifetimeis 700.8kWh.

The environmental impacts derived from the use of &léM producivere obtained by multiplying the amount

of electricity consumed by the impacts calculated from the corresponding LCI dataset,iswholwvn inA3-
Table8. In addition, a factor of 0.79 was applied in this case to consider an electricity mix with higher share of
renewable energies than the European averégiace this is the case for the netwargerators being the ALM
product users).

A3-Table8. LCI datasets of electricity f&t. M producbperation.

Input Dataset name FU
Electricity Electricity, low voltage, production EUROPE, at grid/RER U, SCENARIO 2020 1 kwh
3.5.3 End d life

Waste collection

Waste collection rate foALM productat the end of life was assumed to b8.2%, which is the average waste
collection oflT and telecommunications equipmeintEurope for the year 2017 (s@able7 & Table8).

Waste treatment

Material flows associated with the EoL treatment of tieM productare classified id3-Table9 following the
approach and data from the WEEE LCI proj&dr each raterial flow, it states the mass in the product (as
put on the market), the mass collected for recyclangd the mass finally recycled. All the waste materials
collected are treated following the takeack scheme available femall professional electriq@ipment(SPA,
while waste not collected was assumed to be landfilled. PCB materials are classifiedpper, gold, lead,
silver, platinoids, other metals and support materials (such as plafitioss, etc.).
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A3Table9. Waste material flows related t&LM producEoL.

Datasets Mass put on market (kg) WEEE collected (kg Massrecycled (kg)
SPA | Aluminium 0.415 0.246 0.246
SPA | Copper within PCB 1.29E01 0.0763 0.057
SPA | Copper within Wire 2.66E03 0.0016 0.001
SPA Copper 0.030 0.0178 0.014
SPA | Gold within PCB 3.27E04 1.93E04 1.51E04
SPA | Lead within PCB 1.45E03 0.001 2.46E04
SPA | PA without BFR, density < 1.3 0.020 0.012 0.000
SPA | PC without BFR, density < 1.3 0.027 0.016 0.000
SPA | PCB Othéase metals 0.126 0.075 0.000
SPA | PCB Support 0.192 0.114 0.000
SPA | Platinoid within PCB 3.64E06 2.15E06 2.85E07
SPA | PVC within wire 0.002 0.001 0.000
SPA | Silver within PCB 1.08E03 6.41E04 8.31E05
SPA | Steel 1.464 0.867 0.720
LPA| Glasdibres-plastics composites 0.001 0.001 0.000
LPA| PET without BFR, density < 1.3 0.072 0.043 0.000
Total WEEE cuiff ALM product 2.485 1.471 1.039
Recycling

The mass of each material flow that is recycled in relation to the functiona(@m#ALM produc} is shown

in A3 Table9. The LCI datasets used for recycling of each material flow were obtainet\Eisf LCI projett.
These allow to calculate the environmental impacts of recycling accordingvd different 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 withoutnaéts).

Landfill disposal

A fraction of the waste generated at the EoL of iéM producis not recycled. It was assumed that this waste
fraction is landfilled. Nomecycled waste were classified into three different waste material flows to model
landfil disposal, namely aluminium, inert material and plastics. The amount dikithé producthat is finally
landfilled classified by waste material flow is showA8iTablel0.

A3-Tablel0. Waste materiaflows related to landfill disposal &éfLM product

Waste type Mass landfilled (kg)
Plastics 0.129
Aluminium 0.170
Inert material 0.716
Total 1.014

The environmental impacts derived frolendfill 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 A3-Tablell.

A3Tablell. LCI datasets of landfill disposal flcM producEoL.

Input Dataset name FU
Landfill disposal for aluminium waste Disposal, aluminium, 0% water, to sanitary landfil/lCH U 1 kg
Landfill disposal for inert waste Disposal, inert material, 0% water, to sanitary landfill/CH U 1 kg
Landfill disposal for plastic waste Digosal, plastics, mixture, 15.3% water, to sanitary landfill/CH U 1 kg
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3.6 Life cycle impact assessment

Life cycle impact assessmemas conducted using the impact assessment method ReCiPe v1.03 (as explained
in Section3.2 of the main document). Life cle environmental impacts of th&LM productwere thus
calculated for eighteen midpoint impact categories (including global warming and other) and three endpoint
impact categories (damages to human health, ecosystersity and resource availability).

3.6.1 Manufacturing (cradl¢o-gate)

A3 Tablel2 shows the environmental impacts for the manufacturing of étév product(i.e., the functional
unit used in the study), including the global warming @oipand endpoint impactior every ALM eamponent

A3-Tablel2. Global warming and endpoint impacts for the manufacturing of Ab#® produc{cradleto-gate).

Componentsn ALM product Global warming  Human health Ecosystems Resources

(kg CQeq) (DALY) (species.yr) (USD2013)
Chassis 3.279 1.89E05 2.03E08 0.214
Heatsink 2.125 6.54E06 1.03E08 0.093
Small mechanical parts 1.095 5.52E06 8.45E09 0.133
Printed wiring board (PWB) 23.729 9.42E05 1.40E07 1.481
Power supply uri (PSU) 8.179 8.48E07 1.36E09 0.013
Power cable 0.159 1.96E06 1.95E09 0.012
Integrated circuits(IC) 28.812 2.05E04 2.04E07 0.946
Capacitors 2.004 5.21E05 3.80E08 0.255
Resistors 0.096 3.73E06 2.63E09 0.011
Transistors 0.198 1.03E06 1.33E09 0.011
Diodes 0.060 2.77E07 3.44E10 0.003
Inductor 0.470 5.68E06 5.13E09 0.043
LED 0.375 1.24E06 1.86E09 0.021
Lightpipe 0.269 4.63E07 1.02E09 0.024
Oscillator 0.012 1.24E07 1.17E10 0.001
Connectors 0.493 1.93E05 1.46E08 0.062
Coin celbattery 0.016 1.63E07 1.72E10 0.001
Optical fibre 1.180 2.59E06 5.70E09 0.066
Optical switch module 0.004 1.09E07 8.12F11 0.000
Optical jumper 0.004 6.94E09 1.62E11 0.001
Optical receiver 0.031 4.70E07 4.16E10 0.003
Optical coupler anctirculator 0.033 7.71E08 1.64E10 0.003
Optical laser diode 0.721 3.78E05 2.37E08 0.104
Optical adapter 0.723 3.12E06 4.54E09 0.046
Variable optical attenuator 0.660 3.33E05 2.09E08 0.096
Transport of components 0.705 2.73E06 5.21E09 0.095
Energyfor assembly 9.299 6.56E05 3.47E07 0.190
Passive units, configuration 1 0.207 6.45E07 1.00E09 0.009
Passive units, configuration 2 0.786 2.44E06 3.82E09 0.035
Total manufacturing, without passive units 84.731 5.63E04 8.59E07 3.929
Total manufacturing, with passive units 85.724 5.66E04 8.64E07 3.972

In addition, the contribution of each component to the total impact of ALM product manufacturing for every
midpoint and endpoint category assessed is graphically showaa-kigurel and A3-Figure2, respectively.

The breakdown of theotal cradleto-gate impactshowsthat PWBandIChave the highest contributions for

al midpoint impacts, except for ionising rad@atiand water consumptin that are dominated by the energy
consumer for product assembly. Other componergsch asnechanicalnd optical partsshow significant
contributionsas well, but these are limited compared to PWB and IC. Regarding endpoint $mip@éB and
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IC are thecomponents with highest impacts on human health and resource availability, while energy for
assembly is the main contributor to ecosystem diversity damages.

o
)
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A3-Figurel. Midpoint impacts folALM productmanufacturing (cradleo-gate) by modules.
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A3-Figure2. Endpoint impacts foALM productmanufacturing (cradleo-gate) by modules.

3.6.2 Use

A3Tablel3 shows the global warming impact and endpoint impdotsthe use of onéALM productduring
its entire lifetime, as well as the breakdown of total impacts by the different causes generatingittetuding
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product distribution and electricity consumption. t includes two different scenarios for electricity
consumption: one where the electricity mix is assumed to be constant over time (year 2020 used as basis for
calculation) and other where thelectricity mix variation with time is modelled for the period 262082 (see
Figure8 & Figure9).

It can be found that kectricity consumed by the ALM product have by far the highest environmental impacts
for the use phase, while the contributions of product distribution are comparsativety limited. 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 yearsscEmario with variable electricity

mix for the whole product lifetime meas a decrease for all impact categories (compared to the constant
electricity mix scenario) except for terrestrial ecotoxicity (increasefl.#496), land use (increased by66%)

and mineral resource scarcity (increased3dy8%). The impact increase fdrese categories is explained by
the amount of land occupied by renewable energy sources and the raw materials needed. The impact category
with lower reduction isvater consumption(1.41%), whereas the category that reachég thighest reduction
isterrestrial acidification(10.32%). Global warming is reduced #%2%, while endpoint impacts are reduced

as follows: human health damage By23%, ecosystem diversity damage hg9% and resource availability

by 7.66%.

A3-Tablel3. Gldal warming and endpoint impacts for the use of one ALM product.

Life cycle process Global warming Human health Ecosystems Resources

(kg CQeq) (DALY) (species.yr) (USD2013)
Product distribution 5.456 8.69E06 2.24E08 0.811
Electricity (variable mix 2020-2027) 307.835 8.51E03 4.83E05 12.812
Electricity (constant mix 2020) 340.889 8.71E03 4.92E05 13.946
Total Use (variable elect. mix2020-2032) 313.291 8.52E03 4.83E05 13.623
Total Use(constant elect. mix 2020) 346.345 8.71E03 4.92E05 14.756

3.6.3 Total (cradldo-grave)

A3-Tablel14 collectsthe global warming impact and endpoint impacts for the whole life cycle ofAdrd
product The total cradlg¢o-grave impacts for theALM productare broken down by life cyclehpses.In
addition, the contribution of each life cycle phase to the total environmental impad&®f producfor every
midpoint and endpoint category assessed is showhdfrigure3 and A3-Figured, regectively.

A3 Tablel4. Global warming and endpoint impacts for the whole life cycle ofAdrid producicradleto-grave).

Life cycle phase Global warming Human health Ecosystems Resources
(kg CO2 eq) (DALY) (species.yr) (USD203)
Manufacturing (cradleto-gate) 84.73 5.63E04 8.59E07 3.93
Use (variable elect. mix2020-2032) 313.29 8.52E03 4.83E05 13.62
Use (constant elect. mix2020) 346.35 8.71E03 4.92E05 14.76
EoL 1.43 4.76E06 1.02E08 0.14
TOTALwithout passiveunits (variable elect. mix) 399.45 9.09E03 4.92E05 17.70
TOTAL, with passive (variable elect. mix) 406.40 9.11E03 4.92E05 18.00
Credits from recycling -6.89 -2.94E05 -7.41E08 -0.66

The use stage has the highest contribution to the total impachliot global warming and for all endpoint
categories, as well as farost of themidpoint categories. Specifically, the electricity consumed during the use
has the most harmful impact for ewy endpoint category and fall midpoint impact categories except for
freshwater eutrophicationterrestrial, freshwater and marinecotoxicities; human nowarcinogenic toxicity;

and mineral resource scarcity. For these midpoint impact categohesnéterials and components used for
manufacturingthe ALM produchasthe highest contribution to the total lifeycle impact. Endof-life impacts

are very low and are rewarded with the credits given by 1.04 kg of materials recycled (including gold,
aluminium, steel, copper, silver and others).
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A3-Figure3. Midpoint impacts for theALM produc{cradleto-grave) by life cycle phases.
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A3-Figured. Endpoint impacts for thALM produc{cradleto-grave) by life cycle phases.

3.7 Material circularity indicator

Material flows associated with thALM productvere grouped into the following categories (s&8Table9):

steel, aluminium, copper, gold, silver, lead, platinoid metals, other matadplastics. The recycled feedstock

(R) in theALM poductwas estimated in order to allow for further calcutat 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 dalalfle1ll). TheALM productdoes not contain reused feedstock

(Fy= 0).

The amount of waste collected for recycling was assumed to be the same as the waste collectionliiate for
and telecommunications equipmeii¢eeTable8). It was assumetb be the same for all material categories
included in theALM product(G = 59.2%). It was assumed that no waste fraction is collected for reuse (C

0). The amount of waste going to landfill or energy recoveny) (Més therefoe deducted directly fronthe

waste collection rate.

The efficiency of the recycling process) (i6r each material category was calculated as the ratio between
waste collected and recycled (using valueg®Table9). It was therused to calculate the amount of waste
generated in the recycling processéWrhe amount of waste generated to produce the recycled content used
as feedstock (\& wasobtained from the average efficiency of the redggl process @ for each material,
which was assumed to b&% for plastics an8i0% for metals.

Feedstock and wastes were thus calculated taking into account all the above data and using formulae
described in SectioB.3of the main document. Railts for feedstockand waste are collected ik3-Tablel5.

A3-Tablel5. Feedstock and waste for omé.M productused for MCI calculation.

Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecoverable
(kg) feedstock V. waste W (lg)  waste to waste from waste from
(kg) disposal W recycling parts recycled
(k) We (kg) feedstock W
(kg)
Steel 1.464 1.042 0.694 0.598 0.146 0.047
Aluminium 0.415 0.326 0.174 0.170 0.000 0.010
Copper 0.162 0.105 0.105 0.066 0.073 0.006
Gold 3.27E04 2.45E04 1.59E04 1.33E04 4.25E05 9.07E06
Silver 1.08E03 9.32E04 7.29E04 4.42E04 5.58E04 1.67E05
Lead 1.45E03 6.65E04 9.38E04 5.90E04 6.10E04 8.67E05
Platinoid metals  3.64E06 2.72E06 2.47E06 1.48E06 1.87E06 1.02E07
Other metals 0.126 0.110 0.090 0.051 0.075 0.002
Plastic 0.315 0.278 0.228 0.129 0.186 0.012
TOTAL 2.485 1.863 1.294 1.014 0.481 0.077

MCI calculation for thé&LM productwas then conductedA3-Tablel6). Novalues were found in literature for
the lifetime and intensity of use of industewerage ALM productshe lifetime and intensity of use for
industry-average ALM productsere thus assumd to be the same as fohe targetALM producinvestigated
herein(L/Lav = U/Uav = 1). Therefore, the value of the utility functiotlfeALM productvas0.9. The linear
flow index, considering feedstock and waste resudz Tablel5), was 066. The MCI for th&LM producivas

finally calculagd as (40.

A3-Tablel6. MCI calculation for thé&LM product

Parameter Value
Actualaverage lifetime of product L (years) 8

Actual average lifetime of industraverage product 4 (years) 8

Average number of functional unit§FUs) during the use phase of product kfyear) 8,760
Average number of FUs during the use phase of industvgrage product W (h/year) 8,760
Utility of the product X 1.00
Utility factor F(X) 0.90
Linear Flow Index LFI 0.66
Material Circularity Indcator of the product MG4 0.40
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4 Life cycle costing

4.1 Internal costs

The internal costs assessed for theM productncludes the costs for:
0] Acquisition of raw materials and components, including related transport operations.
(i) Manufacturing of the product.
(i) Distribution of the product to retailers or final customers.
(iv) Use,including product operation.
(V) End of life, including WEEE management.

A3Table17 shows the breakdown of the internal costs of tA&M productby life cycle phasenamely
manufacturing (including i, ii and iii), use)(@nd end of life (v).

Retail price provided bxDVAwas assumed herein to consider manufacturing costs. The retail price covers all
the costs related to raw materials and components, product manufaag and distribution, as well as other
any other costs for product development (like R&D costs) and nentmsfrom sales.

The use phase includes the costs tioe electricity consumed by th&LM productfor operation during its

whole lifetime (as detiled in Sectiol.5.20f this Annex). Totalectricityconsumption vasestimated af700.8

kWh. Theaverage market pricef electricity fornon-K 2 dza SK2tf R Odza i 2 YSNR g Mo | & &c
the year 2019while a sustained annual growth factor of 1.022as appliedor the following yeargsee Section

4.1.20f the main document)No maintenance perations wee considered for the ALM product.

The costs for WEEE management was estimatéiil®te 6 ¥ 20NV fogus), which corresponds to the
fee paid by producers for the EoL management of edil producthey put on the market.

A3-Tablel?. Internal costs for the whole life cycle of okieM produc{cradleto-grave).

Life cycle phase  Concept ¢ 201 f (

Manufacturing Retail price (incl. costs for materials/components, manufacturing, 16,36800
distribution, other product deviepment costs and net revenues)

Use Electricity consumption 88.85

End of life WEEE management fee 0.19

TOTAL Manufacturing + Use + EoL 16,457.04

A3-Figure5 graphically shows the contribution of each life cycle phasthe total internal cost of theALM
product It can be found that thenanufacturingphase is the most expensive by faomprising99% of the
total internal cost.
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A3-Figureb. Contribution of each life cycle phase to th&atanternal costs for thé\LM product

4.2 External costs

Monetary valuation of environmental impacts was applied to assess the costs of environmental externalities.
To this end, LCA results obtained for thEM product(see Sectior8.6 of this Annex) were combined with
monetisation factors given for different environmental impact categories (see Sedtwof the main
document). External costs were estimated using twdedint approaches for monetary valuation: (1)
monetisation of global warming impact and (2) monetisation of endpoint impacts. It should be noteti¢hat t
economic costs obtained in eachse cannot be added together since the global warming impact (assvell

the other midpoint impacts) is included in the endpoint impacts.

The results from the monetary valuation of environmental impacts are collecté®-fiable18. These are
broken down by life cycle phases and impact categoriesatiped.

A3-Tablel8. External costs for the whole life cycle of @ievl produc{cradleto-grave).

Life cycle Impact category Total amount Monetisation factor Economic
phase Oz2ai
Manufacturing Human health 5.63E04 DALY MAMZOMM € 57.07
Ecosystems 8.59E07 species.yr MPHOIDBAT € 10.59
Resources 3.93 USD nopHd € K| | 3.65
Subtotal endpoint impacts - - 71.31
Global warming 85 kg C@eq Mon €K iByY 11.03
Use Human health 7.40E08 DALY 1013vm € k5! 0.01
Ecosystems 4.83E05 species.yr MPHOIDBANT € 595.65
Resources 13.62 USD nopHd €k | 12.66
Subtotal endpoint impacts - - 608.32
Global warming 313 kg Coeq Mon €ki:Bdeyy  40.77
End of life Human health 4.76E06 DAY 10lomm € K5/ 0.48
Ecosystems 1.02E08 species.yr MPHOODBbANT € 0.13
Resources 0.14 USD nNnopHd € K| { 0.13
Subtotal endpoint impacts - - 0.74
Global warming 1.43 kg Céeq MO €K iByY 0.19
TOTAL Human health 5.68E04 DALY 10lomMM € K5 57.56
Ecosystems 4.92EQ05 species.yr MPHOIDBbANT € 606.37
Resources 17.70 USD nopHd € K| | 16.45
Total endpoint impacts - - 680.38
Total global warming 399.45 kg Cgeq Mon €ki:Byy 5198

A3-Figure6 graphically shows the contribution of each endpoint impact to the total external costs for the
manufacturing and end of life, since these are the life cycle ghasehich the project is expected to achieve
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higher improvements. Mosbf the external costs are due to human health damages, while the costs of
damages to ecosystem diversity and resource availability are lower and comparable with each other.

a) Production phase: Costs of b) End-of-life phase: Costs of
environmental externalities (€) environmental externalities (€)

8
o 15%

® Human Health B Human Health

B Ecosystems B Ecosystems

Resources
Resources

A3-Figure6. Contribution of each endpoint impaict total external costs of manufacturing and enfllife phases for
the ALM product

4.3 Total life cycle costs

ConcludingA3-Tablel19 shows the total life cycle cost including internal and external cdsteinternal cost
is in thiscase much higher than theost of environmental externalitieI he internal cost is clearly dominated
by the prodict manufacturing coswhile the use phase shows the highest contribution to external. ddst
product waste management in the erul-life phase is the one with the lowest costhich is negligibléoth
for internal and external costs.

A3-Tablel9. Total costs for the whole life cycle of okleM produc{cradleto-grave).

Life cycle phase LYGSNY Lt ¢ External@ a0 o ¢c2G1rt O2:
Manufacturing 16,368.00 71.31 16,439.31

Use 88.85 608.32 697.17

End of life 0.19 0.74 0.93

TOTAL 16,457.04 680.38 17,137.42
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5 Social life cycle assessment

5.1 Socialife cycleinventory

Primary @ta provided by AVAwasusedas the grting pointto carry out theSLCA Specifically, it provided
economic data describing the supply chaompositionand location identifying all the economic costs
required to produce the ALM product and tieestbreakdown bycountries and economic sems. A3-Table
20 shows the percentage breakdown of total production costs by countries and sectors.

A3-Table20. Production cost breakdown for théM product by countries and economic sectors.

Country/Sector Plastic Ferrous Non- Paper Mineral Electronic Manufacturing

products metals ferrous products products  equipment process
metals

TOTAL 0.264% 1.531% 0.461% 0.037% 56.702% 12.106% 28.899%

Germany 0.054% 0.280% 0.034% 2.635% 4.249% 28.899%

Japan 0.038% 0.117% 20.265%  0.0002%

China 0.974% 0.343% 0.004% 20.875% 1.309%

Hong Kong 0.181%

USA 0.0001% 0.002% 12.928% 5.502%

UK 0.196% 0.098%

Taiwan 0.014% 0.381%

Switzerland 0.013% 0.029%

Sauth Korea 0.006%

Singapore 0.001%

Thailand 0.002%

The Netherlands 0.053%

The sectors included in the assessment comprise those related to every material aothponent required

to produce the ALM produgcas well as the sector linked to the manufacturing process at ADVA facilities (i.e.,
electronic equipmensectorin Germany)Hectronic equipment is the most complsgctorin the supply chain
since therelated components come from 11 different countsgbeing USA and Germany those whergano
money is spentin electronic componentsBy countries, Germany, Japan, China and bfAhe most
important in the acquisition of materialnd componentsit would be advisable to check the actual origin of
some ninerals,which may be different from the countries where mineral products are purchased

The SIBB methodand datasetsvere then used to calculatéhe social impactfor each sector in each country
(as exmined in Sectiord of the main document) TheSocial Hotspot 2019 Category MethodthwWeights
(which is available for SimaPro software) was uddat social impacts derived from the ALM product were
obtained by allocating the production costs (in USD) to theesponding social LCI datasets for every country
specific sector involved in the ALMagluct supply chain. The social LCI datasets used are listg@tTiable
21

A3Table21. Social LClatasets for the countrgpecific sectors linked to the ALM product.

Social Hotspot Database (SHDB) ReferenceJnit
Chemical, rubber, plastic products/DEU S_Germany uUsD
Chemical, rbbber, plastic products/GBR S_UK uUsD
Chemicalrubber, plastic products/TWNS uUsD
Chemicalrubber, plastic products/USA S uUsD
Electronic equiprent/CHE S_Switzerland usD
Electronic equipment/CHN S_China usD
Electronic equipment/DEU S_Germany uUsD
Electronic equipment/GBR S_UK uUsD
Electronic equipment/JPN S_Japan usD
Electranic equipment/KOR S_SouthKorea UsD
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Social Hotspot Database (SHDB) ReferenceJnit

Electronic equipment/NLD S_Netherlands uUsbD
Electronic equipment/SGP S_Singapore usD
Electronic equipment/THA S_Thailand uUsD
Electronic equipment/TWN S uUsD
Electronic equipment/USA S uUsD
Ferrous metals/CHE S_ Switzamnd usD
Ferrous metals/CHN S_China usD
Ferrous metals/DEU S_Germany usD
Ferrous metals/GBR S_UK usD
Ferrous metals/HKG S_HongKong uUsD
Ferrous metals/JPN S_Japan uUsD
Metals nec/CHNS_China uUsD
Metals nec/JPN S_Japan usD
Mineral products nec/CHN S usd
Mineral products nec/DEU S usD
Mineral products nec/JPN S uUsD
Mineral products nec/USA S usD
Paper products, publishing/CHN S uUsD
Paper products, publishing/DEU S uUsD
Paperproducts, publishing/lUSA S usD

5.2 Socialife cycle impact assessment

Thesodal footprint of the ALM product was calculated by aggregating the social impacts associated with each
country-specific sector listed iA3-Table21 into a single social impacts indicator, namely thecatled Socila
Hotspot Index (SHIA3 Table22 shows the SHI obtained for the ALM product, as well as its breakdlato

the different social impact categories that contribute to the total social footprint.

A3Table22. Social impacts of thALM product bympactcategory

Social category Total impact (Pt)
Labour Rights & Decent Work 5,369.25
Health & Safety 7,802.17
Human Rights 3,981.75
Governance 8,027.94
Community 2,959.06
TOTAL: SHI 28,140.17

A3-Figure7 shows graphically the contribution of each social impact category to the total social footprint of
the ALM product. It can be found that the greatest social impacts are due to Governancealtid&iSafety
issues, Wile social impacts affecting Community have the lowest contribution.
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M Labor Rights & Decent Work
Health & Safety

B Human Rights

B Governance

B Community

A3-Figure7. Percentage of impact categories in the social life cycle assessméime #&ELM product
5.2.1 Social impacts bgconomic sectors

A3-Figure8 shows theeconorric share of each productive sector in the ALM product supply cHdia.
economicsectorwith the highest contribution (i.e., thah whichthe company spent more mondgp produce
the ALM productjs the mheral productssector,followed by theEEEmanufacturing proceséperformed in
ADVA facilitiesandthe electronic equipmensector. In contrast, paper and plastic produetsd non-ferrous
metals are theeconomicsectors whereexpendituresare the lowest.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Plastic products Electronic equipment B Ferrous metals
B Non-ferrous metals B Mineral products M Paper products

M Manufacturing process

A3-Figure8. Production cost breakdown for théM product by economic sectors.

The social impastwere assessed forwery economicector. A3-Table23 shows theimpacts for each social
category obtaied for each sector involved in the ALM product supply chaihile A3-Figure9 shows
graphically the contributioy eachsector to the total impact in each social category. The results show that
the mineral products used in thel® product comprises most of the impact for every social category (with
over 70%of total impacts). It is followed by electronic equipment sector related to the electronic components
acquired by the company to produce the ALM product. The social impadte ahanufacturing process
conducted in ADVA facilities (Germany) also haveewaek contribution, which ranges between 8% and 14%
depending on the social category. However, it should be noted that the impact contribution of the
manufacturing process isw compared to theeconomic share that it has in total production costs, wh&h i
around 29%. The reason is that social risk levels in the electquipment sector ifGermanyare lower than
those in many other sectors and countries where ADVA is puradh#ise materials and componentslaBtic

and paper products haveegligible social impastwhen compared to the other economic sectors composing
the ALM product supply chain
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A3-Table23. Social impacts of the ALM product by eomic sectors

Economic sector Labair Rights Health& Human Rights  Governance Community
& Decent Work Safety
Plastic products 5.21 6.92 3.92 6,57 3.90
Electronic equipment 603.10 819.40 445.83 765.95 315.00
Ferrous metals 147.07 218.39 109.37 260.96 8766
Non-ferrous metals 49.25 68.78 38.39 89.53 31.32
Mineral products 4,031.16 5,596.19 2,926.81 6,280.98 2,239.00
Paper products 1.19 2.08 0.93 1.73 0.65
Manufacturing 532.28 1,090.43 456.50 622.22 281.54
TOTAL 5,369.25 7,802.17 3,981.75 8,027.94 2,959.06

Community

Governance

Human Rights

Health & Safety

Labor Rights
& Decent Work

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

M Plastic products Electronic equipment M Ferrous metals
W Non-ferrous metals B Mineral products W Paper products
B Manufacturing process

A3-Figure9. Contribution of each economic sector to the total social impafictise ALM produchby social category.
5.2.2 Social impacts by countries

A3-Figurel0 shows the economic share of eacburtry in the ALM product supply chain. Theuntry with

the highest contribution iSermany, comprising about 36% of the total ALM productionscttshcludes both

the manufacturing costs at ADVA facilities atgbthe purchasing costs of various matesiand components
(plastic and paper products, ferrous metals, mineral products and electronic components) from other
companies located in Germany as weélther countries with relevant contributiorsre China(24%) Japan
(20%)and USA(18%) whereas the gpenditurein the rest of countries igery low in comparisan

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

B Germany Japan B China B Hong Kong
H USA H UK M Taiwan Switzerland
M South Korea M Singapore M Thailand M The Nederlands

A3-FigurelO. Production cost breakdown for the Alpkbduct by country.
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The social impacts were also assessed for every country in the ALM product supphA8fiable24 shows
the impacts for each social category olotad for eachcountry, while A3-Figurel1l shows graphically the
contribution by each countryo the total impact in each social category. The ressiftew thatChina is the
country with the highest sociampact for all social categdes. Despite China represents only 24% of total
production costs associated with the ALM product, the social itsghere encompass between 63% and 70%
of the total ALMproduct impacts depending on the social category asseS§ded reveals that social risk levels
in the Chinese productive sectors supplying ADVA are high, so they can be identified as social tiotspots
ALM product. ADVA could therefore investigate ogtpnities and measures together its Chinese suppliers to
apply social improvements there, which couhdturn derive in adecrease of the social footprint of the ALM
product.

Germany, USA and@analso shows relevant contributions to total social impa@khough these are much

lower than those from China. As already anticipated previously, the case of Germany is positively remarkable
since it covers 36% of total ALM production costs, including Ipotiduct manufacturing and supplies
purchased there, but only causes between 10% and 18% of total social impacts.

A3Table24. Social impacts of the ALM product by country.

Economic sector Labour Rights Health & Human Rights  Governance Community
& Decent Work Safety
Germany 689.16 1,370.08 581.14 821.08 361.23
Japan 358.88 254.85 244,73 306.04 148.64
China 3,521.51 5,031.49 2,505.53 6,264.24 1,986.80
Hong Kong 13.85 20.40 4.67 10.62 3.80
USA 758.36 1,095.11 621.45 590.29 443.40
UK 6.37 9.41 4.22 7.93 4.74
Taiwan 18.00 16.40 17.42 23.40 8.27
Switzerland 1.23 1.50 1.08 1.84 1.07
South Korea 0.28 0.48 0.17 0.35 0.12
Singapore 0.05 0.05 0.03 0.07 0.03
Thailand 0.17 0.18 0.17 0.29 0.11
TheNetherlands 1.39 2.21 1.12 1.80 0.83
TOTAL 5,369.25 7,802.17 3,981.75 8,027.94 2,959.06

Community -
Human rghs - | S
vealth & sarety Y IR
abor Rights |
& Decent Work _

0% 20% 40% 60% 80% 100%
B Germany Japan H China B Hong Kong
H USA m UK H Taiwan Switzerland
B South Korea B Singapore B Thailand B The Nederlands

A3-Figurell. Contribution of each country to the total social impaatshe ALM produchy social category.
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1 Introduction

This Annex includes the comprehensive documentation related to the life cycle sustainability assessment of
the current TV setused for demonstration in the €ERVEES project. It includes more details on the
methodological aspects arassumptions done, lifeycle inventory developed and detailed results for the
following studies:

1 Life cycle assessment, including midpoint and endpoint environmental impact categories and material
circularity indicator.

1 Life cycle costing, including interinandexternal costs (related to environmental externalities).
1 Social life cycle assessment, including 5 social impact categories.

All these studies and results constitute the sustainability baseline against which to compare the improvements
implemented ad tesied in the GCSERVEES project to increase the circularity oftheet
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2 Goal and scope

The present study aimed to calculate the environmental, economic and social impacts TV GRUNDIG
G43C 891 5AIt A a  |'smartd\é model with energefficieng class Aand connectivity featureslt is

manufactured in¢ S 1 A (WiRKey§ and currentlpn sale inTurkey and the EUMore details on theTV set
investigated are shown iA4-Tablel.

A4-Tablel. Technical specifications of the demo TV set.

MODEL GRUNDIG G43®@B5A
Image

Product (EAN) number 8690842398605

Description 43" /108 cm, UHD (3.840 x 2.160), 50 HEVC/H.265, Smart

Colour Black

Size 625 x 231 x 976 mm

Weight / Packaged weight 9.2kg/12.0 kg

Features Picture features: Picture Noise Reduati®LTI , DCTI, DNR, Digital Comb
Fiter (3D)

Colour system: Multisystem
USB supported files: .mp3n4a, .aac, .jpg, .jpe, .bmp, .png, .mov, .mpg,
.mpe, .vob, .dat, .trp, .ts, .avi, .mp4, .mkv, .div

Energy class A*

Electricity consumption per year 53.3kWh

Average power 0.15 W (Staneby), 38.8 W (Nominal)
Country of origin Turkey
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3 Life cycleassessment

3.1 Functional unit and system boundaries

The product function for th@V setisto play multimedia content with image and sound. The functional unit
consiENBR Ay (KS ai JdBRINDIGIGAZC/8S])5tho16,784 hoursioBviewirdy during its 8
year lifetime(assuming an average use of 337 days/year and 4 h/day).

A4-Table2 shows the systen boundaries considered for thEV, identifyingthe life cycle phases, processes
and other elementary flows included and excluded in the study.

A4-Table2. System boundaries considered for the TV set.

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

Intermediate product manufacturing
Waste treatment andransport

Product manufacturing Energy for product manufacturing/assbly  Infrastructure
Transport Production losses

Product distribution Transport

Product use Electricity consumption Maintenance
Batteries for remote control

End oflife Transport

EoL treatments

Landfilling of waste fraction not recycled
Benefits andburdens beyond Recycling benefits (included as credits)
system boundaries

3.2 Allocation and cubff criteria

No multiroutput foreground processes werientified during data collection. Inventories taken from
Ecoinvent database were allocated accordinghe ¢utoff system modet®

The system boodary in the EoL phase was drawn just behind product waste collection and transportation to
the recyclingsites. WEEE from th&V setwas classified as waste fpyoduct and environmental burdens
associated with waste treatment wetbusallocated completel to the wasteproducing activity (as indicated

in SectiorB.1.3of the main document The environmental impacts of the EoL phase and the creditsrgted

by recycling are both interesting for the comparative assessment between the baseline psydtern and

the redesigned producsystem proposed in the-SERVEHRSoject. Product packaging was also included in
the assessment (from cradle to packagimaste collection), but packaging waste treatment was excluded.

No available primary data were knowingly omitted or excluded.

3.3 Data quality

The data used to create theventory model is as precise, complete, consistent and representatipessible
with regard to the goal and scope of the study.

1 Primary data was provided by ARCELIK from the most recenioBdi product The data used for
the study is considered to baf the highest precision. Ecoinvent database was the main secondary
datasource used to model the produsystem.
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Completeness was judged based on the completeness of both the inputs/outputs per unit process and

1
the unit processethemselves.

1 Consistencyafers to modelling choices and data sources. The goal was to ensure that differences in
results occur due to actual differences between prodsygtems investigated and compared, and not
due to inconsistencies in modelling choices, data sajrckaractesation 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
Section3.1.20f the main documentusing the most recent data published (year 20%9).

o Ecoinvent database version used was updated in 2018.

o Distances for distribution ofV se$ from ARCELIK factory to retailers were obtained from
Google Map¥ and seadistances.or} for road and water transport, respectively.

3.4 Assumptions and limitations

Other assumptions and limitations for the LCA stafithe TV setare listed below:

1 No production losses were considered.
1 Recyted content was assumed to be the worldwide averatgbiell).
1 The road distance from ARCELIK factory ¢ S 1 A NRd ti® part®fdaihb8ldvas assumed to
be 70 km
1 Railway distances were assumed to be similar to thoseag transport.
9 Distance for product distribution within each country were assumed as 300 km, except for countries

where the port is not within their territory.
Retailers were assumed to be located in the centre of each country.

The average lifetime andtensity of use of thedrget TV set were assumed to be similar to industry
average values taken from literature (to determine the MCI).

No maintenance was assumed during the lifetime of the product.
Waste collection rate was assumed to be the Europeanageforconsumer equiprant (Table8).

The EoL inventories were assumed to be as the ones modelled in the WEEE LC¥project.

3.5 Life cycle inventory

This section describes the LCI developed for the tafgetet including inputs/outputs inventoried for each
life-cycle phase and the data sources used for their inventory modelling.

3.5.1 Manufacturing

The LCI of th&VVmanufaduring was obtained from the BoM provided by ARCELIKTVkensists of several
modules,which in turn contain different components and materidlie ackagingused for the TWvas also
included in product manufacturing. The different modules inventoaed their total amounts are listed in
A4-Table3.
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A4-Table3. Modules of the target TV set

Modules in TV set Total amount (kg)
Packaging 1.98
Cabinet 3.01
Display Assembly 553
Remote Control 0.10

Stand 0.38

Total 10.99

Each module is made of different components and/or materialsdinaprocessed with certain manufacturing
processes to attain the final shape and properties required for the product. The inventories for the
components, materials and manufacturing processequired to produce th&Vwere mainly taken from the
Ecoinventdatabase. These inventories are linked to their own functional unit (FU), so they show energy
consumption, resource consumption, emissions, etc. for different basic activities, expressachqant of
materials extracted and/or processed (kg), for examflee environmental impacts of the materials and
components composing th&V modules were thus obtained by multiplying their amounts by the impacts
calculated from the corresponding LCI da&tas(for the defined FU). A list of the LCI datasets used for the
manufacturing phase is givenAd-Table4.

A4-Tabled. LCI datasets of matel, components and processes for TV set manufacturing.

Input Dataset name FU
RAW MATERIALS
ABS Acrylonitrilebutadienestyrene copolymer {GLO}| market for | Guaiff, U 1 kg
Acrylate, polyacrylamide Polyacrylamide {GLO}| market for | Gatf, U 1 kg
Cardboard Corrugated board box {RER}| market for corrugated board box {offut 1kg
U
Copper Copper {GLO}| market for | Cdff, U 1kg
Expanded polystyrene (EPS) Polystyrene, expandable + Polymer foaming {RER} 1kg
Galvanized steel Steel,low-alloyed, hot rolled + Zinc coat (64 m2/t) 1 kg
Glass fibre Glass fibre {GLO}| market for | Goff, U 1 kg
PA 6.6 Nylon 66 {GLO}| maket for | Cutoff, U 1 kg
Paper Paper, newsprint {RER}| market for | Coif, U 1 kg
PC Polycarbonate {GLO¥harket for | Cutoff, U 1kg
PC+%10GF PC+%10GF 1kg
PC+ABS 60% PC + 40% ABS 1 kg
PC+ABS+%10GF PC+ABS+%10GF 1kg
PC+ABS+%15GF PC+ABS+%15GF 1kg
PE, LDPE Polyethylene, low density, granulate {GLO}| market for |-©fit U 1 kg
PET/PBT Polyethylene terephthalate, granulate, amorphous {GLO}| market for 1 kg
Cutoff, U
PMMA Polymethyl methacrylate, beads {GLO}| market for | ©fft U 1kg
Polyester film (PET) Polyethylene terephthalate, granulate, amorphous {GLO}| market for 1 kg
Cutoff, U
PP Polypropylene, granulate {GLO}| market for | éff, U 1kg
PS Polystyrene, general purpose {GLO}| market for | -Gfft U 1kg
PVvC Polyvinyltloride, bulk polymerised {GLO}| market for | Coftf, U 1kg
Stainless steel Steel, chromium steel 18/8, hot rolled {GLO}| market for | ©fft U 1 kg
Steel/Steel sheet Steel, unalloyed {GLO}| market for | CGaff, U 1 kg
Thermoplastic polyurethane Synthetic rubber {GLO}| market for | Goff, U 1 kg
elastomer
PROCESSING
Metal processing Sheet rolling, steel {GLO}| market for | Coff, U 1kg
Metal working, average for steel product manufacturing {GLO}| marke 1 kg
for | Cutoff, U
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Input Dataset name
Metal workirg, average for copper product manufacturing {GLO}| marl 1 kg

for | Cut-off, U
Metal working, average for metal product manufacturing {RER}| 1kg
processing | Cubff, U)
Metal stamping and bending Deep drawing, steel, 10000 kN press, single strokeadjmsn/RER U 1kg
Plastic injection moulding Injection moulding {GLO}| market for | Gafff, U 1kg
Plastic pipes extrusion Extrusion, plastic pipes {GLO}| market for | cit, U 1 kg
Plastic processing Injection moulding {GLO}| market for | Guafff, U 1kg
Stainless steel sheet average Metal working, average for chromium steel product manufacturing 1kg
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
Steel turning Section bar rolling, steel {GLO}| market for | &ff, U 1 kg
COMPONENTS
PCBA Printed wiring board, surface mounted, unspecified, Pb {eeQ}| 1kg
market for | Cutoff, U
Electronic component, active Electronic omponent, active, unspecified {GLO}| market for | &it, U 1 kg
Electronic component, Electronic component, passive, unspecified {GLO}| market for {affut 1 kg
passive U
Label Printed paper {GLO}| market for | Guaff, U 1 kg
LCD Liquid crystal diglay, unmounted {GLO}| production | Guaff, U 1kg
LED SMD Light emitting diode {GLO}| market for | Goff, U 1 kg
Cable Cable, connector for computer, without plu§SLO}| market for | Cut 1kg
off, U

ARCCELIK also providefbrmation onthe location of its main suppliers of materiatomponentsand
transport modes used to deliver them from the suppliers to the ARCELIK factor$ in A (ViRKey§. The
weight of materials and components (in tonnes) were multiplied by the distances travelled thraeph e
transport mode (in kmjo calculate the toal amounts associated with each transport mode (in torkeesor
tkm). These values are shownA4-Table5.

A4-Tableb. Estimated amounts faransport of materials/components for one TV set.

Transport mode Amount (tkm)
Road 1.63
Water 2251
Railway 0.28
Total 24.42

The environmental impacts caused by transportation of materials and components were obtained by
multiplying the amounts trangorted (in tkm) by the impacts calculated from the corresponding LCI datasets
for transport modes. The LCI datasets used for eeantsport mode are listed iA4-Table6.

A4-Table6. LCI datasets of trapsrt modes for TV set (both for transport of materials/componentsfangroduct
distribution).

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 {GL@afket for | Cutoff, U 1 tkm

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

Distribution
The TV set is distributed to a willst of countries as shown i4-Table7.

A4-Table7. TV set distribution by countries.

Country Market share
Turkey 66.21%
Germany 15.82%
United Arab Emirates 9.85%
Serbia 3.50%
Spain 1.64%
France 1.17%
Portugal 0.42%
Rest of countries 1.37%

Product distribution is done by road82%), water 25.8%), and railwayl®.0%). The weight of one TV was
multiplied by the distance travelled through each transport mode to calculate the total amountsiaiesb

with each transport modasshown inA4-Table8. The environmental impacts due to the distribution of the

TV sets from the ARCELIK factory to retailers were obtained by multiplying the amounts transported by the
impacts calalated from the corresponding LCI datasets for transport modes. The LCI datasdtfor each
transport mode are listed iA4-Table6.

A4-Table8. Estimated amounts for distribution of one TV set bygpamt mode.

Transrt mode Amount (tkm)
Road 11.0
Water 49
Railway 3.0

Total 18.9

Product operation

The environmental impacts caused by the use ofTare due to electricity consued for its operationand
batteries required for the remote controThe TWvas assumed thave an average lifetime of 8 years with an
average use of 337 day®ar and 4 hday. Under these assumptions, the average consumption of electricity
was estimated a#26 kWh, including 418 kWh for powen mode and 8 kWh for stadaly mode. Power data
taken from the TV technical datasheet were used to calculate the electricity consumpt addition, the
total number of batteries consumed by the remote control during thge@r lifetime was estimated at, 6
consideringhe battery drain whenthe remote control is clicked 32 times a day (Oiff,10times forchangng
channels and 20ries forvolume up/down).

The environmental impac&ssociated witlthe TVusewere obtained by multiplying the amounts of electricity
and batteriesconauimed by the impacts calculated from the corresponding LCI datasets, which are shown in

A4-Table9.

A4-Table9. LCI datasets of electricity and batteries for TV set operation.

Input Dataset name FU
Electicity Electricity, low voltagegproduction EUROPE, at grid/RER U, SCENARIO 2( 1 kWh
AA cell battery (Alkaline) AA cell battery (Alkaline) DEMAT 1p
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3.5.3 End of life

Waste collection

Waste collection rate folVset at the end of life was assumed to 84.2% which is the average waste
collection ofconsumer equipmenin Europe for the year 2017 (s@able7 & TableB).

Waste treatment

Material flows associated with the EoL treatment of Téare classifid in A4-Tablel0following the approach
and data from the WEEE LCI projeEbr each material flow, it states the mass in the product (as put on the
market), the mass collected for recycliagd the mass finally recycled. All the waste materials collected are
treated following the takeback scheme available fbat screens (FS)vhile waste not collected was assumed
to be landfilled. PCB materials are classified into copper, gold, lea, platinoids, other metals and support
materials (such as plastics, fist etc.).

A4-Tablel0. Waste material flows related to TV set EoL.

Datasets Mass put on market (kg) WEEE collected (kg Mass recycled (kg
FS|ABSPC without R, density < 1.3 1.958 1.648 0.000
FS| ABS without BFR, density < 1.3 0.023 0.019 0.000
FS| Copper within PCB 0.208 0.176 0.132
FS| Copper within Wire 0.072 0.061 0.047
FS| Gold within PCB 4.91E04 4.13E04 3.22E04
FS| LCD panel 0.989 0.833 0.000
FS| Lead within PCB 1.81E03 1.53E03 4.38E04
FS| PCB Other base metals 0.440 0.370 0.000
FS| PCB Support 0.340 0.286 0.000
FS| PE 0.043 0.037 0.000
FS| PET without BFR, density < 1.3 0.453 0.381 0.000
FS| Platinoid within PCB 3.85E05 3.24E05 4.28E06
FS| PMMA 0.088 0.074 0.000
FS| PS without BFR, density < 1.3 0.614 0.517 0.000
FS| PVC within wire 0.065 0.055 0.000
FS| Silver within PCB 8.97E03 7.55E03 9.79E04
FS| Steel 2.945 2.480 2.020
LPA| Glass fibes-plastics composites 0.603 0.508 0.000
LPA| PA without BFR, density < 1.3 0.059 0.049 0.000
LPA| PUR foam 0.031 0.026 0.000
Total WEEE caff TV 8.943 7.528 2.201
Recycling

The mas®f each material flow that isecycledin relation to thefunctional unit(one TV setjs shownin A4
Table10. The LCI datasets used for recycling of each material flow were obtainedW&BE LCI projett.
These allow to calculate the environmental impacts of recycling accordingvdodifferent 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 of ecycling operations). Both accaimg 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 béits).

Landfill disposal

A fracion of the waste generated at the EoL of theis not recycled. It was assumed that this waste fraction
is landfilled. Norrecycled waste were classified intwo different waste material flows to model landfill
disposalnamely inert material and plas8c The amount of th@Vthat is finally landfilled classified by waste
material flow is shown id4-Tablell.
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A4-Tablell Waste material flows related to landfill disposal of TV set.

Waste type Mass landilled (kg)
Plastics 0.676
Inert material 0.738
Total 1414

The environmental impacissociated withandfill disposal werebtained by multiplying the amount of each
waste material flow landfilled by the impacts calculated from the correspondindgt&dets, which are shown
in A4-Tablel2.

A4-Tablel2. LCI datasets of landfill disposal for TV set EoL.

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

3.6 Life cycle impact assessment

Life cycle impact assessmeamas conducted using the impact assessment method ReCiPe(at.82plained
in SectiorB.2 of the main document Life cycle environmental impacts of th¥ setwere thus calculated for
eighteen midpoint impact categories (including global warming and other) and threeogrdimpact
categories (damages to human health, ecosystem diversity and resource availability).

3.6.1 Manufacturing (cradi¢o-gate)

A4-Tablel3 shows the environmental impacts for the manufacturing of dnéset (i.e., the functional uit
used in the study), including the global warming impact and endpoint impacts. The totatwyagtee impacts
are broken down by the various modules composing Thé The impacts also include the transport of
materials and components from the suppliéosthe TV factory.

A4-Tablel3. Global warming and endpoint impacts tbe manufacturing of one TV set (craditegate).

Modules inTV set Global warming Human health Ecosystems Resources
(kg CQeq) (DALY) (species.yr) (USD203)
Packaging 6.29 1.16E05 2.94E08 0.80
Cabinet 104.66 7.80E04 8.10E07 8.10
DisplayAssembly 104.32 4.74E04 6.11E07 7.14
Remote Control 6.59 2.49E05 3.67E08 0.42
Stand 261 5.09E06 1.22E08 0.26
Transport of materials/components 1.27 3.35E06 7.22E09 0.13
Total manufacturing 225.74 1.30E03 1.51E06 16.85

In addition, the contribution of each module to the total impactidafmanufacturing for every midpoint and
endpoint category assessed is described\drFigurel and A4-Figure2, respectively. The results show that
the cabinet and display modulegeneratemost of theimpact for allmidpoint andendpoint categories
representing both agether over 90% of the total manufacturing impact fdrcaltegories excegdbr land use
and water consumption The contribution of other TV modules to the total manufacturing impact is
comparatively negligible.
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A4-Figurel. Midpoint impacts foflTV setmanufacturing (cradl¢o-gate) by modules
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A4-Figure2. Endpoint impacts fofV semanufacturing (cradlg¢o-gate) by modules.

3.6.2 Use

A4-Table14 shows the global warming impact and endpoint impacts for the use ofToneuring its etire
lifetime, as well as the breakdown of total impacts by the different causes generating ith@oding product
distribution (by transport mode) and consumption of electrictyd remote control batteriesTwo different
scenarios are included for ekeicity consumption: one where the electricity mix is assumed to be constant
over time (year 2020sed as basis for calculation) and other where the electricity mix variation with time is
modelled for the period 202Q027 (seeFigure8 & Figure9).
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It can be found that kectricity consumed by th&Vtotally dominates theémpacts for the use phase, while the
contributions of product distribution anBatteriesare negligible It is therefore clear thekey role that the
increase of renewable sources in the electricity mix can play in the coming yearscértagio withvariable
electricity mix for the whole product lifetimmeansa reductionfor all impact categories (compared to the
constant electricity mix sceario) except for terrestrial ecotoxicitynCreasedoy 024%), land useirfcreased
by 0.21%) and mineral resource scarcitpdreasedby 038%). The impadncreasefor these categories is
explained by the amount of lanolccupied by renewable energy soascand the raw materials needed. The
other impact categoiesdecrease€rom 0.20% for human nenarcinogenic toxicity up to 84% for terrestrial
acidification Global waming is reducedby 5.11%, while endpoint impactare reducedas follows: human
healthdamage byl.87%, ecosystem diversity damage ©§2% and resource availability 8y08%.

A4-Tableld. Global warming and endpoint impacts for the use of one TV set.

Life cycle process Global waming  Human health Ecosystems Resources
(kg CQeq) (DALY) (species.yr) (USD2013)
Product distribution (road) 1.44 2.95E06 7.13E09 0.22
Product distribution (water) 0.23 6.27E07 1.33E09 0.02
Product distribution (railway) 0.03 1.55E07 2.84E10 0.00
Electricity (variable mix 20202027) 236.85 6.55E03 3.72E05 9.86
Electricity (constant mix 2020) 262.28 6.70E03 3.78E05 10.73
Batteries for remote control 0.14 3.84E07 7.66E10 0.01
Total Use (variable elect. mix2020-2032) 238.69 6.55E03 3.72E05 10.11
Total Use (constanglect. mix- 2020) 264.13 6.70E03 3.78E05 10.99

3.6.3 Total (cradldo-grave)

A4-Tablel5 collectsthe global warming impact and endpoint impacts for the whole life cycle offdh&@he

total cradleto-grave impacts for th@Vare bioken down by life cycle phasda.addition, the contribution of
each life cycle phase to the total environmental impactshaf TV setfor every midpoint and endpoint
category assessed is shownAidFigure3 and A4-Figure4, respectively.

A4-Tablel5. Global warming and endpoint impacts for the whole life cycle of one TV set {araytkeve).

Life cycle phase Global warming Human heath Ecosystems Resources
(kg CO2 eq) (DALY) (species.yr) (USD2013)
Manufacturing (cradleto-gate) 225.74 1.30E03 1.51E06 16.85
Use (variable elect. mix2020-2032) 238.69 6.55E03 3.72E05 10.11
Use (constant elect. mix2020) 264.13 6.70E03 3.78E05 10.99
EolL(waste treatment) 7.69 1.85E05 4.00E08 0.51
TOTAL (variable elect. mix) 472.13 7.87E03 3.87E05 27.47
TOTAL (constant elect. mix) 497.56 8.02E03 3.94E05 28.35
Credits from recycling -17.86 -7.80E05 -1.94E07 -1.77

The use stage has the higheshtribution to thetotal impact for global warmingnd ®veralmidpoint impact
categories as well as fohhuman health and ecosystem diversity damag&gpecifically, the electricity
consumed during the usés responsible formost of thesemidpoint and endpint impacts. The TV
manufacturingalsohasa predominant impacfor the damage to resource availability and $awveral midpoint
categories,especially for impacts ofreshwaterand marine environmentshuman toxicity land use and
minerd resource scarty. Endof-life impacts are very low and are rewarded with the crediteen by2.20 kg
of materials recycledincludinggold,aluminium,steel, copper, silver and others).
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A4-Figure3. Midpointimpacts for tle TV sefcradleto-grave) by life cycle phases.
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A4-Figured. Endpoint impacts for th&V sefcradleto-grave) by life cycle phases.

3.7 Material circularity indicator

Material flows associated with th&Vwere gouped into the following categees (seeA4-Tablel10): steel,
copper, gold, silver, lead, platinoid metals, other metalasficsandglass. The recycled feedstock)(in the
TVwas estimated in order to allow for further calctian of the virgin feedstock (VThe recycled feedstock
was based on average recycled content for each material category, which was determingdndsistry
databases and literature datd@éblell). TheTVdoes not contain reusefiedstock (5= 0).

The amouhof waste collected for recycling was assumed to be the same as the waste collection fé&e for
screeng(seeTable8). It was assumed to be the same forrahterial categories included in theVset (G =
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84.2%). It was assungethat no waste fraction is collected for reuse, €C0). The amount of waste going to
landfill or energy recovery (YWwas therefore deducted directly from the waste collection rate.

The efficiency of the recycling process) (for each material categonywas calculated as the ratio between
waste collected and recycled (using valueAdnTablel0). It was then used to calculate the amount of waste
generatedn the recycling process (¥ The amount ofvaste generated to produce threcycled content used
as feedstock (\& was obtainedrbm the average efficiency of the recycling proces3 @ each material,
which was assumed to % for plastics an8i0% for metals and glass.

Feedstock and wastes wee thus calculated taking intaccount all the above data and using formulae
describedn Sectior3.3of the main documentResults for feedstock and waste are collected4fTablel6.

A4-Tablel6. Feedstock and waste for one TV set used for MCI calculation.

Material Mass M Virgin Unrecoverable Unrecoverable Unrecoverable Unrecowerable
(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 2.945 2.096 0.743 0.466 0.459 0.094
Copper 0.281 0.183 0.079 0.044 0.058 0.011
Gold 4.91E04 3.68E04 1.30E04 7.76E05 9.08E05 1.36E05
Silver 8.97E03 7.72E03 4,77E03 1.42E03 6.57E03 1.38E04
Lead 1.81E03 8.33E04 8.84E04 2.86E04 1.09E03 1.09E04
Platinoid metals  3.85E05 2.87E05 2.07E05 6.08E06 2.81E05 1.08E06
Other metals 0.440 0.382 0.258 0.070 0.370 6.35E03
Plastic 4.276 3.772 2.560 0.676 3.600 0.168
Glass 0.989 0.930 0.576 0.156 0.833 6.60E03
TOTAL 8.943 7.372 4.221 1.414 5.328 0.287

MCI calculation for th&V setwas then conductedX4-Tablel7). The average lifetime and intensity of use for
the targetTV seinvestigded herein were assumed to bae¢ same as for the industgverage products (L/Lav
= U/Uav = 1). Therefore, the valwé the utility function forthe TV setwas 0.9. The linear flow index,
considering feedstock and waste resulglTablel6), was 075. The MCtor the TV sewas finally calculated
as 032.

A4-Tablel7. MCI calculation for the TV set.

Parameter Value
Actual average lifetime oproduct L (years) 8
Actual average lifetime of industnaverage product kv (years) 8
Average number of functional units (FUs) during the use phase of produ¢hiday) 4
Average number of FUs during the use phase of industwerage product &l (h/day) 4
Utility of the product X 1.00
Utility factor F(X) 0.90
Linear Flow Index LFI 0.75
Material Circularity Indicator of the product M@l 0.32
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4 Life cycle costing

4.1 Internal costs

The internal costs assessed for fh¥ setncludes the costs for:
0] Acquisition of raw materials and components, including related trarigpuerations.
(i) Manufacturing @ the product.
(i) Distribution of the product to retailers or final cust@ms.
(iv) Use, including product operation and required consumables.
(V) End of life, including WEEE management.

A4-Tablel8shows the beakdown of the internal costsf the TV seby life cycle phase, namely manufacturing
(including i, ii and iii), use (iv) and end of life (v).

Retail price provided by ARCELIK was assumed herein to consider manufacturing costs. Theeretaiepsic
all the costs related to raw matils and components, product manufacturing and distribution, as well as
other any other costs for product development (like R&D costs) and net revenues from sales.

The use phase includes the costs for electriaitgl for remote control batteriesconsumedfor the whole
lifetime of the TV(as detailed in SectioB.5.2 of this Annex). Total consumption values weherefore
estimated at426 kwh of electricityand 6 AAtype batteries The average market prices felectricity was
assumedasl PHmMc €k(12K 2F StSOGUNAROAGE F2NJ &@SINI HAMDE GA

following yeargsee Sectiod.1.22 ¥ (G KS YI Ay R2O0dzySyidoo ¢KS Ozad T2N
consdering average market price

The costs for WEEE management was estimatdd2fte 0 T Z'W3eRwhish correponds to the fee paid
by producers for the EoL management of eadhsethey put on the market.

A4-Tablel8. Interral costs for the whole life cycle of one TV set (cramlgrave).

Life cycle phase Concept [ 240 TotalO2 a

Manufacturing  Retail price (incl. costs for materials/components, manufacturir ~ 343.59 343.59
distribution, other product development costs and net raves)

Use Electricity consumption 99.43 104.43
Batteries for remote control 5.00

Endof life WEEE management fee 1.20 1.20

TOTAL Manufacturing + Use + EoL - 449.22

A4-Figureb graphically shows the contributioof each life cycle phase to the total internal cost of Théset
It can be found that thenanufacturingphase igthe most expensivefpllowed by the use pase,whereasthe
contribution of endof-life phase is negligible.
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A4-Figure5. Contribution of each life cycle phase to the total internal émsthe TV set

4.2 External costs

Monetary valuation of environmental impacts was #ipd to assess the costs of environmental externalities.
To this end, LCA results obtained forethV set(see Sectior3.6 of this Annex) were combined with
monetisation factors given for different environmental impact categories (see Sedtwof the main
document). External costs were estimated using two different approaches for monetary valuation: (1)
monetisation of global warming impact and (2) monetisation of endpoint impacts. It should be noteti¢hat t
economic costs obtained in each case cannot be addgdther since the global warming impact (as well as
the other midpoint impacts) is included in the endpoint impacts.

The results from the monetary valuation of environmental impacts are collectéd-fable19. These are
broken davn by life cycle phases and impact categories monetized.

A4-Tablel9. External costs for the whole life cycfeone TV set (cradim-grave).

Life cycle Impact category Total amount Monetisation factor Economic
phase Oz2ai
Manufacturing Human health 1.30E03 DALY MAMZOMM € 131.65
Ecosystems 151E06 species.yr MPHOODBANT € 18.55
Resources 16.85 US2013 0.cbH USD2013 15.56
Subtotal endpoint impacts - - 165.86
Global warming 226 kg CQeq MO €K ilByY 29.37
Use Human health 6.70E03 DALY MAMZIOMM € 67899
Ecosystems 3.78E05 species.yr 1.23E+0% Kk & LIS O. 466.(88
Resources 1099US2013 0.bH USO2013 1021
Subtotal endpoint impacts - - 1,15529
Global warming 264kg CQeq Mo 1 naeQR2q 3437
End of life Human health 1.85E05 DALY MAMZOMM € 188
Ecosystems 4.00E08 species.yr MPHOODBANT € 0.49
Resources 0.51US2013 n ® g HUBD2613 047
Subtotal endpoint impacts - - 2.84
Global warming 8kg CQeq M 0 /1 torm&CQ eq 1.00
TOTAL Human health 8.02E603 DALY MAMIOMM € 81252
Ecosystems 3.94E-05 species.yr MPHOIDBbANT € 485.13
Resources 28.34 US2013 n & g HUBD261B 26.34
Total endpoint impacts - - 1,323.99
Total global warming 498kg CQeq Mon €K ilBqy 64.74

A4-Figure6 graphically shows the contribution of each endpoint impact to the total external costs for the
manufacturing and end of life, since these are the life cycle phases in which the prejgotited to achieve
higher improvements. Most of the external costs are due to human health damages, while the costs of
damages to ecosystem diversity and resource availability are lower and comparable with each other.
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A4-Figure6. Contribution of each endpoint impact to total external costs of manufacturing andfeifd phasegor
the TV set

4.3 Total life cycle costs

Concluding A4-Table 20 shows the total life cycle cost including internal and exééroosts.The costof
environmental externalitiesand especiallthe external cost for thause stage, is the highest cost element. In
contrast, the product waste managent in the endof-life phase is the one with the lowest cototh for
internal and eternal costs

A4-Table20. Total costs for the whole life cycle of one TV set (ctadigave).

Life cycle phase LYGSNy Lt ¢ 9EGSNYI ¢ ¢c20Ff O2:
Manufacturing 343.59 165.86 50945

Use 104.43 1,15529 1,25971

End of life 1.20 284 4,04

TOTAL 449.22 1,323.99 1,773.21
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5 Social life cycle assessment

5.1 Social life cyclaventory

Primary data providetly ARCELIWas used as the starting point to carry out theGA. Specifically, it provided
economic data describing the supply chain composition and location, identifying all the economic costs
required to produce thdV setaind the cost breakdown by catries andeconomic sectorsA4-Table21 shows

the percentage breakdown of total production costs by countries and sectors.

A4-Table21. Production cost breakdown for the TV set by countries and ecosentas.

Country/Sector Plastic Ferrous Paper Mineral Electronic  Manufacturing
products metals products products equipment process

TOTAL 10.268% 3.700% 0.837% 44.871% 21.863% 18.461%

China 2.181% 44.871% 4.656%

Hong Kong 0.089% 0.255%

Germay 0.009% 1.781%

Turkey 7.918% 3.700% 0.837% 13.009% 18.461%

Taiwan 0.014% 1.649%

Poland 0.027%

Singapore 0.486%

South Korea 0.057%

The sectors included in the assessment comprise those related to every material anijooreent required
to produce theTV, as well as the sector linked to the manufacturing &C&LIKacilities (i.e., electronic
equipment sector infurkey. Hectronic equipmentand plasticsare the most complex sectarin the supply
chainsince the relateccomponents come fronT and 6 differentcountries,respectively being Turkey and
Chinathose where more money is spent. By countriebjnaand Turkeyareindeedthe most important in the
acquisition of materials and componentcounting both together foover 95% of total TV production costs

The SHDB method and datasets were then used to calculate the social impacts for each sector in each country
(as expained in Sectiord of the main document). The Social tsjpot 2019 Category Method with Weights
(which is available for SimaPro software) was used.sbicial impacts derived from tifie/ sewere obtained

by allocating the production costs (in USD) to the corresponding social LCI datasets for everysumdfiry

sector involved in thdVsupply chain. The social LCI datasets used are listsdi Table22.

A4-Table22. Social LCI datasets for the courspecific sectors linked to the TV set.

Social HotspoDatabase (SHDB) Reference Unit
Chemical, rubber, plastic products/CHN S usD
Chemical, rubber, plastic products/HKG S uUsD
Chemical, rubber, plastic products/DEU S uUsD
Chemical, rubber, plastic products/TUR S usD
Chemical, rubber, plastic products/TWN S usD
Chemical, rubber, plastic products/KOR S uUsD
Ferrous metals/TUR S usD
Paper products, publishing/TUR S uUsD
Mineral products nec/CHN S_China uUsD
Electronic equipment/CHN S_China usD
Electronic equipment/HKG S uUsD
Electronic equipment/DEU S_Germga uUsD
Electronic equipment/TUR S uUsD
Electronic equipment/TWN S uUsD
Electronic equipment/POL S usD
Electronic equipment/SGP S_Singapore uUsD
Manufactures nec/TUR S uUsD
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5.2 Social life cycle impact assessment

The social footprint of thel'V setwas calculeed by aggregating the social impacts associated with each
country-specific sector listed iA4-Table22 into a single soal impacts indicator, namely the smlled Social
Hotspot Index (SHIN-Table23 shows the SHI obtained for ti&/, as well as its breakdown into the different
socialimpact categories that contribute to the total social footprint.

A4-Table23. Social impacts of the TV set by impact category.

Social category Total impact (Pt)
Labour Rights & Decent Work 1,276.99
Health & Safety 1,698.46
Human Rights 897.25
Governance 2,166.93
Community 726.69
TOTAL: SHI 6,766.32

A4-Figure7 shows graphically the contribution of each social intpgategory to the total social footprint of
the TV, It can be found that the greatest social impacts are due to Governance and Healflet§ iSsues,
while social impacts affecting Community have the lowest contribution.

B Labor Rights & Decent Work
Health & Safety

B Human Rights

B Governance

B Community

A4-Figure?. Percentage of impact categories in the social life cycle assessmém fov set

5.2.1 Social impacts by economic sectors

A4-Figure8 shows the economic share of each productive sector inft¥isupply chain. The economiccser
with the highest contribution (i.e., that in which the company spent more money to producéd\thes the
mineral products sector, followed by tredectronic equipment sector and tHeEE manufacturing process (
ARCELIRcilities).Paper and ferrousnetals are the economic sectors where expendituresthedowest.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Plastic products Electronic equipment M Ferrous metals
W Mineral products M Paper products m Manufacturing process

A4-Figure8. Production cost breakdown for tii&/ seby economic sectors.
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The social impacts were assessed for every economic séetdrable24 shows the impacts for each social
category obtained for each sector involved in thésupply chain, whilé4-Figure9 shows graphically the
contribution by each sectato the total impact in each social category. Tiesults show that the mineral
products used in thdV setcomprises most of the impact for every social category (with &6 of total
impacts).The impact contribution of thenineral productsacquiredis high @mpared totheir economic share
in total production costs, which is arourtb% Thismears that the social risk levels in this sectovhich is
totally located in Chinaare high compared with other sectors in the TV supply ¢hsont presents a sal
hotspot to be considered when planning meass to improve social conditions and reduce the social footprint
of the TV setTheelectronic equipment sectothe manufacturing process conducted ARCELIKacilities
(Turkey and the plastics sect@iso have relevant contributiato social impact$iowever, it should be noted
that the impact contribution of thee sectors aréower than their economic sharein total production costs
so their social risk levels are acceptaliaper products and ferrousnetalshave negligible social impacts
when conpared to the other economic sectors composing Tésupply chain.

A4-Table24. Social impacts of the TV set by economic sectors.

Economic sector Labour Rghts Health & Human Rights  Governance Community
& Decent Work Safety
Plagic products 79.16 96.75 59.49 137.11 49.81
Electronic equipment 263.29 339.34 166.44 387.50 136.29
Ferrous metals 27.00 33.14 19.81 45.49 15.96
Mineral products 727.37 1,044.29 518.58 1,299.39 411.19
Paper products 5.15 5.60 3.58 8.16 3.18
Manufacturing 175.02 179.33 129.35 289.28 110.26
TOTAL 1,276.99 1,698.46 897.25 2,166.93 726.69
Community

Governance
Human Rights

Health & Safety

Labor Rights
& Decent Work

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

M Plastic products Electronic equipment B Ferrous metals

B Mineral products W Paper products % Manufacturing process
A4-Figure9. Contribution of each economic sector to the total social impafcise TV seby social category.
5.2.2 Social impacts by countse

A4-Figurel0 shows the economic shard each country in th&Vsupply chain. The country with the highest
contribution isChina comprising aboub2% of the totalTVproduction coss. It is followed by Turkey, which
accounts foraround 44% of the totalTVproduction coss, including bth the manufacturing costs atRCELIK
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facilities and the purchasing costs of various materials and components from other companies located in
Turkey The expenditure in the rest of countries is véoy in comparisone.g., Germany and Taiwan are the
third andfourth countries with the largest contributions to total production costs, but these are less than 2%
each.

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

China Hong Kong W Germany M Turkey MTaiwan M Poland Singapore South Korea

A4-FigurelO. Production cost breakdown for ti&/ seby country.

The social impacts were also assessed for evemtopin the TVsupply chainA4-Tale 25 shows the impacts

for each social category obtained for each country, whdd-igurell shows grapldally the contribution by

each country to the total impact in each social category. The redelslyshow that China is the country with

the highest social impacts for all sdaiategorieslt comprisedwo-thirds of the totalsocial impacts, while the
remaining third is mainly attributable to Turkey. The social impacts of the other countries involved in the TV
supply china are comparatively negligible.

Despite China represenf2% of the totalTVproduction coss, the social impacts there encompass Wween

65% and 70% of the totdlVimpacts depending on the social category assesghis reveals that social risk
levels in the Chinese productive sectors supphARGELI&re hid, so they can be identified as social hotspots
of the TV setARCELIBhoul therefore investigate opportunities and measures together its Chinese suppliers
(especially those providing mineral produdis)apply social improvements there, which could umrt derive

in a decrease of the social footprint of t&/

Turkey also reqesents a social hotspot due to its large contribution to total social impa®€ELIKould
devisemeasuredor social improvementogether itsTurkishsuppliers althoughthese should have a second
order of priority behind the measures for China.

A4-Talde 25. Social impacts of the TV set by country.

Economic sector Labour Rights Health & Human Rights  Governance Comnunity
& Decent Work Safety

China 839.92 1,193.42 592.97 1,483.51 470.46
Hong Kong 2.97 411 1.13 251 0.86
Germany 4.87 8.85 3.81 6.21 2.36
Turkey 417.33 480.32 288.91 659.20 247.24
Taiwan 8.15 7.50 7.89 10.63 3.70
Poland 0.12 0.19 0.08 0.15 0.05
Singapore 3.39 3.70 2.31 4.42 1.90
South Korea 0.24 0.37 0.16 0.30 0.12
TOTAL 1,276.99 1,698.46 897.25 2,166.93 726.69
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A4-Figurell. Contribution of each country to the total social impadtshe TV seby social category
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