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1. Executive Summary

This reportdescribes the work performed to demonstrate-8ERVEES eiomovative solutions and
summarissthe activities carried out to improve circularibroughoutthe whole life cyclef the four

large demonstrators selected to represent different EEE categories: waskidginen (large
household appliances), printers and laser toner cartridges (IT equipment), ALM products
(telecommunications equipment) and TV sets and displays (consumer electronics equipment).

The four large scale demonstrations were planned to comprisentiole life cycle of the target
products, their associated value and supply chains and the following CE principles-iamdedto/e
services{i) eco-design of EEEii) EEE ecteasing (iii) WEEE raeise and remanufacturindiv) WEEE
recyclingand (V)ICT services

The report summarises the activities and resudtsm the demonstrations of the Circular Economy
Business Models implemented and tbealuation of theirsustainability by means of Life Cycle
AssessmentLife Cycle Costing and Social Life Cieskessment. The report also includes an
assessment of the main egmovative services and solutions used across the demonstrations cited
above, and other technologies employed such as 3D printing.

The washing nthine and TV set demonstrators, led by Arcelik, focused on develophigsgoed
products and demonstrating the viability of deasing,refurbishmentand re-use through the
development of new business lines that could be implemented in Europe foikAvcahds in
collaboration with other actors in the supply chdiralso exploredmprovemens in the dismantling
and disassembly operations to recover valuable materials and spare parts frafiliémgbroducts.
The potential to use 3D printing techngloforthe production of spare parts was explored for both
washing machine and TV sets, highlighting several difficulties to obtain viable parts.

The printer and toner cartridges demonstrator, led by Lexmark, focused on the analysis of levers and
enablersi 2 SELI YR (GKS LINAYGSNBQ NBFTAdINDOAAKYSY(H o6dzaAyS
two main issues identified in the demonstration as critical for the new CEBM (cost and customer
acceptance) have been addressed in depth. Furthermore, researchlahocation with recyclers

allowed to determine the viability of a new business line to recover spare parts and also to reuse
secondary raw materials from EoL printers and toner cartridges. Needs and expectations from
customers have been analysed througigeted surveys and live testing with refurbished printers.

The ALM demonstrator, led by AD¥farted withthe development of ecdesigned passive sensors

for the ALM system for increased energy efficiency and longevity. The transition to a PSSLfier the A
products was subsequently explored and tested with a selected custbMost.importantly, ADVA
developed and validated an L-8#@sed lifetime optimisation model for ICT products, generalised it to
other EEE and presented a useful tool for the deternanatif the most sustainable lifetime period
depending on the use model of a given E&E product. This was complemented by a PSS assessment
model, since different PSS may apply depending on the influence of the use phase. The outcome of
this model provides u$al guidelines for EEE manufacturarsd to policy makerdn collaboration

with recyclers, guidelines for disassembly and-d=ign measures for ICT products have been
developed.

The use of ICT tools as support to the CEBM activities and godismaasstrated through the testing

of the integrated €SERVEES ICT platform, where the different functionalities have been tested across
the four demonstrators: certification of recycled content by ICT, Smart Questioning, reverse logistic
optimisation and seure information exchange among the various actors in the supply chain.
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Acronyms and abbreviations

ABS Acrylonitrile Butadiene Styrene

ALM Advanced Link Monitoring

B2B Business to business

B2C Business to customer

BAU Business as usual

CE Circular economy

CEBM Circular Economy Business Model

CapEx Capital expenses

Ctl Close the loop

EEE Electric and Electronic Equipment

E&E Electric andelectronic

EF Emission factor [kgG&kWNh]

EoL End of life

E2N Equal to New

FMD Fullmaterial declaration

GWP Global warming potential [kg@&)

ICT Information and communication technology
IEP Information Exchange Platform

LCA Lifecycle assessment

LCCP Lexmark Cartridges Collection Program
LDPE Low Density Polyethylene

LECP Lexmark Equipment Collection Program
MPS Managed Print Services

NPV Net Present Value

NWC Net Working Capital

OEM Original Equipment Manufacturer

OpEx Operational expenses

PA Polyamide

PC_ABS Polycarbonate Acrylonitrile Butadiene Styrene
PETG Polyethylene Terephthalate Glycol

PLA Polylactic Acid

PP Polypropylene

PSS Productservice system

RE Renewable energy / electricity

rPETG recycled Polyethylene Terephthalate Glycol
UPRo 10years use/production ratio (GWP)
WEEE Waste Electrical and Electronic Equipment
WACC Weighted Average Cost of Capital
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2. Introduction

GSERVEES aims to change the way electrical and electronic (E&E) products are developed
and consumed and to make all stakeholders think about new approaches to improve
circularity in the E&E sectoby considering the whole life cycle of the products and
introducing eceinnovativeand sustainablesolutionsat any stage: desigand production,
distribution and use, and eraf-life (EoL).

The overall principles of circular economy (CE) are generally accepted but integrating them in
business models remains challenging. Despite various types of drivers, the adoption of
circular economic business models (CEBMs) in the sector of electricadleaticbnic
equipment (EEE) is not widespread. The lack of a conceptual framework to classify or
denominate CEBMs and the concomitant uncertainty around the benefits of CEBMs makes
matters worse.

The CSERVEES project addrelstese challenges by develog a CEBM for the EEE sector,
including guidance for its implementation by manufacturers developing prsgeactfic

business modelsThis generiCEBMwas then adaptedo the four demonstratorswashing

machines, printers, telecom equipment and TWs /! Qi A2y tflyQ 41 a& RI
demonstration, containing all sheierm CE actions to be implemented in the demos, which

were reviewed and prioritised by the manufacturer and the project partners involved in the
activities.

Central to these demonstiians were the original equipment manufacturers involved in the

project, ADVA, Arcelik and Lexmark. The demonstrations were aimed at testing and validating

the new CEBMs by integrating four basic pillars:dessign, ecdeasing, improved WEEE
management ad ICT services. In addition, the testing of -dml SNE Q | OOS LI I y ¢
addressed via surveys and living labs.

The project has also developed three ICT tools to support the effective use of the CEBMs
through value chain transparency, connect stakeholdeith wach other and enable
optimised reverse logistics.

The evaluation of the proposed solutions was done by applying life cycle sustainability
assessment (LCSid)the demonstrations to measure their performance in relation to the
three pillars of sustainability: environmental life cycle assessmear€A[, fe cycle costing
(LCC) and social life cycle assessmenCg.

For detailed insight visit thpublications sectiorof the GSERVEESoject website, which
provides links to the reports @duced during the course of the research, including those
submitted to the European Commission.



https://c-serveesproject.eu/our_publications.php
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3. Washing machine demonstrator

The washing machine demonstration was led by Arcelik and this section provides an overview
of the activities, results and findings during the demonstration period.

3.1. Company and product description
3.1.1. About Arcelik

Arcelik is a consumer durables and consumer electronics company founded in 1955 in Turkey.
The company offers production, marketing and after sales support senvibesh sectors.

Today, the company has a global network with 22 production faciliti@scountries. The
products and services are sold in 146 countries with 12 brands. There are 35 sales and
marketing offices worldwide, and 17 R&D design centres. The company has its in house R&D
capabilities. There are more than 30.000 employees workirtggarompany globally.

I NeeSt A1l A& 9dzNRPLISQa F2dz2NIK oA3IISad oKAGS 322
with Argelik brand in Turkey, Arctic brand in Romania, Defy in South Africa and Dawlance in
Pakistan. Argelik also operates with the gl Beko and Grundig brands as well as the
remaining 10 local brands that makes up its portfolio.

| NeSt A1 Qa adzadlAylroAftAaGe adNraGaS3Ie A& ol asSRr
the core Business strategy and among each and every deparimére company. Arcelik
also aims to create an ecosystem to include its stakeholders, such as its suppliers and
customers in acting responsibly towards to the world and its resources as a value chain.

With its inrhouse R&D capabilities, Argelik investssustainable innovation to produce
industry leading products. Increasing plastic recycled content in products to 40% by 2030 is
one of the ambitious targets Arcelik has set for the near future. To achieve this goal, Arcelik
R&D develops higberformanceand ecefriendly recycled plastic formulations to replace
their virgin counterparts without sacrificing the durability of the products.

I N3eSt Al KFra G662 2999 NBO2OfAy3d LXFyida Ay ¢dzN
our Waste Electrical & 9f SOGNRYAO 9ljdzZA LIYSYd 0629990 LI Y
299 GWh of energwas savedince 2014 until the end of 2019, the equivalent amount of

energy almost 36 million households would use in one day. Through reciotieliksaved

the sane amount of energy as 46 wind turbines of 2.5 MW power would produce in one year.

In addition, we prevented the release of approximately 143,000 tons of carbon dioxide
through the recycling of waste products and saved 6.2 million tons of water by rejplaeing

tech products with new ecfsiendly ones.
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3.1.2. Product description

Arcelik selected a Grundig Washing Machine for the demonstration purposes.

Grundig is a subsidiary of Arcelik A.S. established in 1955, Arcelik is one of the largest
householdappliance producers in Europe. It is also the leading home appliances brand in
Turkey, offering extensive and innovative ranges of consumer electronics, freestanding and
built-in appliances. Today the company provides products to consumers in over 140

courtries.

The CSERVEES demo product (reference number 7150341600) is a washing machine with a
load capacity of 9 kg, max spinning 1200 rpm, energy efficiency class-30%)and with

O2yySOUGAGAGE FSI ddNBao®d

in the EU market.

L A& oleBRdeOSky &Yy 41 ¢

This connected washing machine is part of Arcelik HomeWhiz products, aimed to provide the
customer with home appliances to turn their home into a smart home.

Demo Product Features

Number of programs: 16

Connectivity: Wifi +BLE

Homewhiz

Spin Speed: 1200 rpm

Capacity: 9 kg

Fascia: Grundig

Control system: Good++

Motor: Prosmart (Brushless motor, 4@ars guarantee
Energy Class: A++8Q%)

Loading Diameter: 340 mm

NoiseDeclaration: 55/72 dB (Washing/spinning cycle
Panel Language: Spanish and Turkish

Water consumption per year: 11000 L

Energy consumption per year: 152 kWh

Guarantee period: 2 years

Raw Material Information

Tub: LeePET (include 10%cycled PET bottle in the formula)

Detergent box group (e@ep drawer): EcePP (include 63,5% recycled PP in the formul
detergent box group: detergent box, detergent box cover, detergent box cover body
Inner cover: Ec®P (include 63,5%cycled PP in the formula)

Control panel, front door and top plate: ABS
Motor board: PC/ABS

Shock absorber and hose holder: PA6.6
Packaging: LDPE and Styrofoam

Pulley: Aluminium

Drum: Stainless Steel

10
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3.2. Demonstration activities

Washing

Baseline

Machine demonstration

Demo leader: ARCELIK

Demonstration activities

A No recycled plastic content
A Product manual in printed form
A No QR codes

A OEM information accessible only «
request

A Linear business model (B2C/B2B sales

A No refurbished product sales (only for
Arcelik employees)

A No refurbishment centres outside
Turkey

A No refurbished spare parts used

A Recycled plastisoughtfrom external
sources

Increase recycled plastic content in specific
components

Certify the recycled content by ICT and make
information available through a QR code in
product

Use QR codeand blockchairio provide informatiol
about materialscomponents and relevant procedul
to all the value chain

Develop a renting/ecteasing model for B2B mark
Demo sites: nursing home in Spain, student dorr
Turkey, partner company in Italy

Obtain feedback from B2B and B2C customer
guestionnaires

Capture customer feedback on the use of circ
economy business modelwing lab experience

Initiate new business line to recover, refurbish
give a second life to used WMs with Emaus in Spe

Develop dismantling and repair training programm
Improve communication across the value chait
facilitate repair, refurbishment anéuse

Explore 3D printing potential for washing machin
parts

Dismantling of products and analysis of business
F2NJ NSO20OSNE YR NBdzaS
Analysis of the potential tcecycle andeuse plastis
from EoL washing machines
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3.3.1. Increase recycled content

In order to demonstrate the feasibility of introducing increaaatbunts of recycled plastic
content and using the novel formula for PET, Argelik manufactured 100 unitsadsegoed
washing machines based on a Grundig modemf product number7150341600), a
washing machine with a load capacity of 9 kg, max spid@d@ rpm, energy efficiency class
A+++ {30%) and with connectivity features. Timedelis sold in Turkey & in the EU market.
The demo product was also provided with a new control panel and QR codes with information
about the product and the-SERVEE Soject.

Tablel. %Recycled content for reference andSERVEES demo products

reference demo reference demo
Recycled Material Type product with  product with  product product
plastic scrap  plastic scrap w/o scrap  w/o scrap

Recycled contentmetal 7,68 7,95 7,68 7,95
Recycled contenplastic 1,6 3,49 0 1,95
Recycled contenglass 0,33 0,33 0,33 0,33

TOTAL 9,61 11,77 8,01 10,23

Reference product total recycled content with scrap: 9,61%
Demo product totatecycled content with scrap: 11,77%

The 2% increase in recycled content is calculated considering the total weight of the washing
machine (~74Kkg), including the concrete material which is not subject to being substituted by
a secondary raw materiaonsileringonly the total plastic content of the washing machine,

this calculation would yield an actual increase of 23,93% on the recycled plastic content
considering plastic scrap, and an increase of 13,43% on recycled plastic content without
considering plstic scrap.

The Le®ETplastic material used for the& SERVER@&shing machine tub was obtained from
NEO&Of SR t9¢ 0200t Saz RSOSt2LISR o6& ! NSt Al Qa
The ECO PP material was developed from recycled PP sources and used in a novel formulation
fortheG{ 9w+99{ RSY2 LINRRdOGQa RSGISNBASYyl o62E o0SE
The CSERVEES project has given Arcelik the opportunity to use botledeatkrials in

Grundig 1200 rpm products for the first time.

A blowing agent was also introducked plastic parts: inner cover, detergent box, detergent

box cover, detergent box cover body. Blowing agent is a substance that can be used in plastic
parts production in order to form a cellular interior structure. The agent causes a chemical
reaction and emits gas which leads to bubble formation. Thanks to this agent, it is possible to
develop ecdriendly parts and products by reducing plastic raw matedad energy
consumption.

12
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Figurel. Manufacture process of the SERVEES washing machines

New labels were introducec
in the GSERVEES demr
LIy

LINR RdzO G Qa

T QR Code Label
1 GSERVEES Label

Download Circularise App
For i0S: hitps.: s

For Android: hitps.fipl

~<

Activating Circular

... Services inthe
"~ Electrical and Electronic Sector [
e SEMVEES

\ ‘This jproject has recaived unding from
*,  the Euroean Unian's Barizen 2020 rasearch
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grant agreement Mo 75714

Y
|

Ittps:lle-serveesprojecteu

,
\

The recycled content ofhe washing machine was certified using the blockebased
Circularise tool, to provide absolute proof of the circular economy solution using
decentralised, encrypted data to track material and product characteriBicscanning the
QRCode on the pradct, anyone can access the data of the digital twin and verify that it has

been certified as recycled

Circularise mobile App can be downloaded from the following links:

1 Fa iOs:https://apps.apple.com/us/app/circularise/id1243006391

9 For Androidhttps://play.google.com/store/apps/detailgl=com.cirgr&hl=en



https://apps.apple.com/us/app/circularise/id1243006391
https://play.google.com/store/apps/details?id=com.cirqr&hl=en
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3.3.2. Obtain customer feedback about edeasing models for WMs

Arcelik had previously considered the pay per use models, which did not turn out to be
feasible due to a variety of factors. Extensive persona studies were carried ouetstand

how consumers react to new business models such as pay per use or rent model. The
personas subject to research included: 54% single people, 23% couples, 15% AirBnB &
Dormitory professionals, 8% construction professionals. The persona includedgworki
singles, university students, young couples planning to get married, etc. These studies
consider both washing machines and TV sets.

¢tKS 0St2¢g YSyUuA2ySR Tl OG2NE @KAOK KI @S 0SSy
contributed to our mindset for ening to a conclusion on the feasibility of the model for C
{9w+x99{ LINRB2SOl I yR ! Nkdrfsighiswkte 0dzaAy Saa adNI G

1 Most important criteria for washing machines include short programs, spin speed, v
of the tank as well as less water and electricity consumption. The families with ki
attach greater importance to drying the garments.

1 B2C consumers are generally ok with the idea of using a sheaddproduct if the
hygienic conditions are strictly improved. A refurbished product is associated witl
friendly and sustainable product claims. They are willing to use a refurbished tpasc
long as the product is hygienic, clean, sterilized and smoothly working.

1 For B2B customers such as dormitory or Air@mBers, as long as the appearance of
appliance is good, it does not matter if the product is second hand.

1 Both B2BB2C consumers see an advantage in being able to afford to upgrade
model within a few years with the rent model.

1 Not owning a pduct provides consumers the ability to be free and decreases the h
with carrying the home appliances when moving to a new home but at the same
some users express their dislike for paying money for a product they will not own
end. This aises the probability that after a prolonged rent period, the customer ca
offered the product with a discounted price.

1 For B2B purposes, the rent model provides flexibility to the business owners s
dormitory or hotel owners in terms of the deased investment cost.

9 Dormitory owners express further interest for such systems if the same rent pe
offers several appliances and not just one appliance.

91 In a B2B scenario, having connected appliances and a centralized ICT payment to
not be as necessary as it is in the B2C scenario

T ! NeStA]Qa gFaKAyd YIOKAySa INB y2i0 ¢S
an industrial type of wasihg machine. However, elderly care homes and dormitorie
provide an opportunity for this business line.

9 Students, singles and dormitory owners are much more interested in the pr
compared to married couples and couples with children.

9 All time serice guarantee is the most attractive point for single people, but it still doe
justify thepriceas they do not expect a high quality machine to break dowsigears.
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3.3.3. Feasibility study of ecdeasing model for corporate customers

Arcelik studied the viability of introducing a renting/deasing model for their corporate
customers, offering the product as well as maintenance services and taking care of the
products once the client decides to terminate the contract or requests stisilon or
upgrade. The washing machines would then be examined to determine the need for repair or
refurbishment and given a second life whenever possible, in accordance with circular
economy principles.

To carry out the eceasing demonstration, washing machine demo products were sent to
selected locations in Turkey, Spain and Italy. An agreement was reached between Arcelik and
the demo sites both in Turkey and Spain. In ItalJERVEES partner ERIOf¢ezhto place

062 61 aAKAY3I YIFIOKAYSE |4 GKSANI O2YLI yeQa FIO
designed products.

In Spain, 25 washing machines were installed across 7 centers of Fundacion Matia, an
institution for elderly care. In Turkey, 35 Wiy machines were installed in dormitories at
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Figure2. Washing machines during the demos in Fundacion Matia kitchen facilities
(left) and dorm facilities in Turkey (right)

A survey was created and shared via QR code to obtain customer feedback from the demo
sites, related both to # product and the leasing model. The survey provided the opportunity

to compare the results obtained withose of a previousurvey made while preparing the
CEBM mode where Argelik conducted extensive persona studies to understand how
consumers react toaew business models such as pay per use or renting matelssecond
benefit was the use of the outputs for the feasibility of the rental model. For example,
learning that customers prefer the rental period to be no less than 3 years.

The feasibility studies for the WM rent model were simulated for the Spanish and the Turkish
markets.The results show positive NPV for a 10 year period, especially for Turkey due to the
fact that labour costs are cheaper than in Spain. Sensitimdyyss show that the most
important factor in making this model economically viable is the increase in the number of
customers.



The risks Arcgelik might face if this business model is to be conducted is provided below. As we
see in the market, competitors sep @ different business structure and a different company

and approach this business in the mindset of a stprtAfter the feasibility study, despite the
positive NPV, we are also of the opinion that since the circular economy business models are
new modds, their NPV results should not be compared directly that of a busiressial
scenario and a statip mindset is needed.

Table2. Items factored into consideration for the feasibility study

Revenue Items OPEX Items FCHtems
I Current Sales price of the TV i Installation costs I 4,5% WACC for Spair
EUR 500 and 8,3% WACC for

[ Current Sales prices of the i Loaisti i Turkey (EUR based
WM: EUR 482 ogistics costs valuation)
. : . [ Product service cathtes,
| Optimum monthly rent price: . : .
service and maintenance | 10-yearterm
EUR 15
costs
I The prices and COGS are
moved forward by inflation I Refurbishment costs I Maintenance CAPEX
rates annually
[ Rent duration: 3 years I ICT tools to allow for )
| EUR 35 rent deposit and EUF  maximum interaction with | NWC need
70 cancellation fees the customer and allow
I Number of initial customers collection of monthly rental
i Customer churn rates within i fee (Customer application
specific period costs (hardware, software))
' Customers ollowing the iniga | Merketng and sales
g expenses | Taxes

contract term

| General and Administrative
expenses including call
centre costs, credit card
commission costs, etc.

—

Refurbished product revenue

—

Scrap revenue

Risks foturningthisinto anappliedbusinessnodel by Arcelik:

A In Turkey, dealers provide very long instalments without any financial obligation to the
consumers and therefore they may not be interested in rent.
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business model for dealers. In Spain, we do not foresee this risk.

A The model is very sensitive to the number of customers to use the program as well as
the service and installation costs. If the churn rate of customersotdren properly
factored, this might pose risks in terms of feasibility of the model.

A The variable costs such as marketing expenses or other administrative expenses might
go higher than planned.

A The refurbished products might not meet as much demand asipated by the model
and this might be a downside for the feasibility of the sedwamt refurbished sales
forecasts.
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Feasibility Results:
Changes in the below mentioned parameters make the feasibility results sensitive:

+/- changes in price

+/- changes in number of first contract customers

+/- changes in installation, warranty, logistics costs and other administrative expenses
+/- change in WACC

Differences between the model in Turkey and Spain: Cost of labour is cheaper in Turkey and
thus the installation, service, logistics and refurbishment costs are cheaper. The WACC is
taken as 4,5% in Spain and 8,3% in Turkey (valuation in TR done bad&dcomr&ncy).

The table below shosthe results from the sensitivity analyses considering Spain and Turkey
as target market countries.

Table3.Washing Machine Leasing Feasibility in SgpadnTurkey

| Price | __Increase ircustomers | NPV-Spain __|_NP\-Turkey

-10% -10% -67% -59%
-15% -15% -84% -76%
-20% -20% -96% -87%
-25% -25% Not feasible -94%
no change -10% -50% -46%
no change -15% -65% -61%
no change -20% -T7% -72%
no change -30% -90% -85%
no change +10% 88% 80%

Customer numbers are the main factor impacting the feasibility analyses, boihctieasing

rate of new contracts and the recurring customers. Although the Net Present Value is
positive, the actual number is not very high, which does not supperadloption of this
odzaAySaa Y2RSftf a &adzoadAddziS F2N) 6§KS OdzZNNBy
scenario.
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3.3.4. Customer experience at living labs

To test the acceptance of final ustawards the eccedesigned and refurbished products,
pedagogic/testing events were carried out with potential customers in Edradsenter in

Arrasate (Basque Countr$paif. The objective was to obtain relevant feedback for the
projectregarding ecalesign, ecdeasing and WEEE recovery and reasel this experience

Aa ly2e6y a I aftA@Ay3a flroéd ¢KAA LINRPOSaa KI
design company{nea.

The process consisted of an analysis to understand the context of the produdsqu@s a
purchase option. This analysis includes the perspective of manufacturers and reconditioners
of GSERVEES products, in this case televisions and washing machines. A demonstration space
wasdesigned in the Emaus sales area. User profiles thahatnt with the offered products

were created and defined. Once defined, thegrerecruited.A total of17 testswere carried

out to measure the interest in the reconditioned washing machine produchmoitier 17to

measure interest in the reconditionelevision product. Subsequently, the datsere

collected and the test resultsvere R
analysed . Eyco-vd-scﬁorde la Iavavdom‘-
Different infographic prototypesvere

designed for the living lab test. Th

main objective of the infographics is t Ii R

describe the €SERVEES pedagogice

to exphin the results of the project
related with the business models fc
televisions and washing machines.

The infographic prototypes wert
contrasted by all project partner:

involved in the demonstrations. As BIRIZIKLATUTAKO KONTENUA
CONTENIDO RECICLADO

result, the demonstration was RECYCLED CONTENT
illustratedby a lage general SERVEE p
description in 6 steps with examples
the resuls of each of the steps.

The usage profiles varied betwee
young profiles and environmentall
conscious profiles. The questionari
for Washing Machine and Televisio
are similar, to se the predilections of
the users.Below the main conclusion
of the experience are summarised.



The ecodesignof new household appliance:
and the3-year rentingmodel looked attractive
to participants. They approved of purchasii
reconditioned appliances but expressed dout
about the durability of these products due t
the higher frequency of use as compared to
standard household product.

The participants expect the washing machine

last longer than the television, so they may |

" more reluctant to buyif the product they
purchase comes from a leasing where t

frequency of use of the appliance is high, as

s supervised flats with severpkople are living
' together.

| Participants are more wiling to buy a
- refurbished TV than a refurbished washi

. machine. Itis likely to be related to the fact th
- washing machines are associated wi
. cleanliness and at certain prices consum
prefer to buy something new because they (
. not know the cleaning habits ofgvious users.

i As for the proposegrices they are seen as
| competitive with respect to the initial prices
~ but there is a representative percentage
people in all the sessions who were unst
whether they would buy.

The participants are interested in theaterials
contained in household appliances and the
impact. They are concerned about tF
~deterioration of household appliances befor:
' being sold on the secorthnd market. They
- believe there is a lack of data on wimer

appliances are designed to last longer or not
is perceived that a lot of information is given «
how ecoedesign has been improved, but le:
aboutdurability.

Figure3. Qualitative inputs based on the feedbaekeived athe GSERVEES living labs
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3.3.5. Use3D printing for refurbishment operations

During the washing machine demonstration period, Particula worked in cooperation with
Arcelik and Gaiker to develop a methodology to obtain and validate 3D printed gvashin
machine spare plastic parts.

Arcelik prepared and serseveralsets of three-dimensional objects (3D objects) in digital
format (.stp CAD file) introducing several washing machines parts for testing and 3D scanning
to determine the most suitable 3D ptiimg technology for the washing machine parts.

Furthermore, different raw materials and formulations
provided by Arcelik were evaluated for potential use and
compounding processes with the goal of producing 3D
filaments and 3D printed parts in a vertigahtegrated system
which will be in accordance with CEBM developed model.
Fused Deposition Modelling (FDM) technology was selected as
the most suitable one for the selected pieces, considering the
quality and cost required.

Printed models were created with PLA (polylactic acid), ABS (Acrylonitrile Butadiene Styrene),
PETG (Polyethylene Terephthalate Glycol), rPETG (recycled Polyethylene Terephthalate
Glycoal), Facilan C8 and PLA Strongman (polylactic acid) and sent tdokrgsting.Results

of the tests showed that rPET and PETG filament are the most suitable for washing machine
spare plastic parts production.

Initially, detergent box group was selected for 3D printer trials. This is a visible part, and also a
part that the customer values for hygiensothey may wish to changé at some point
However,this part wasstill too large for the 3D printeSince the demo product includes a
liquid detergent container group, Arcelik & Particula decided to select this patbdhe

small dimension. Particula sent 3D printed parts for Arcelik validation tests.

ngAgr 3Dpr|ntd sipnsleto right: or|g|I liquid detergent siphon, 3D printed siphon, 3D
printed siphon after the test, 3frinted and polished sipherracked siphon after testing.

The unpolished paf®siphon surface clogged with detergeimt early cyclesand also
deformation was observed during the tedtsr the polished part, in early cycles swelling and
crackingoccurred Therefore, tiesespecimes did not pass approval tests.

From the results obtained, it was concluded that producing washing machine parts by 3D
printing was quite challenginglue to the limited selection of 3D printable parts and the
conditions under whitthey need to work (high temperature and chemicals).























































































































































































































































































































































































