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Kiertotalouteen suunnittelussa on
haasteital

* Koneita, laitteita ja tavaroita massatuottavan
teollisuuden liiketoiminnan painopiste on uusien
laitteiden myynnissa

e Useita vuosikymmenia suunnittelutyon tavoitteina ovat
usein olleet
* Tuotteen valmistuskustannusten laskeminen
Huollon tarpeen minimoiminen
Korjausten tekeminen vaihtamalla selkeita kokonaisuuksia
Ostajien kiinnostuksen yllapitaminen uutuuksia esittelemalla

Tarkoituksellinen vanhenevien ominaisuuksien sisallyttaminen
tuotteisiin
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..nain kehitetty tuote ei tue
kiertotaloutta, kuin ehka materiaalin
kierratyksen osalta.

* Sinansa hyvilla tavoitteille on negatiivinen puolensa

* Tuotteen valmistuskustannusten laskeminen lyhentaa yleensa
tuotteen kayttoikaa, eika mahdollista elinkaaren aikaisten
kokonaiskustannusten optimointia

* Huollon tarpeen minimoiminen johtaa usein ratkaisuihin,
joilla on suunniteltu kayttoika, jonka jalkeen niita on vaikeaa
tai mahdotonta korjata

e Korjausten tekeminen vaihtamalla selkeita kokonaisuuksia
johtaa esimerkiksi tuhansien eurojen kokonaisuuden
vaihtotarpeeseen 4 senttia maksavan jousen katketessa

* Ostajien kiinnostuksen yllapitaminen uutuuksia esittelemalla
ja tarkoituksellinen vanhenevien ominaisuuksien
sisallyttaminen tuotteisiin lyhentavat tuotteen
kelpoisuusaikaa

Automaatio- ja konetekniikka
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Kestokulutushyodykkeissa on tutkimus
osittanut jo vuosia sitten kiertotalouden

potentiaalin
Ideal Product Life Cycle Model

Esimerkiksi Tokion
liopistossa 90-
uvun loppuvuosina

tehty tutkimus

osoitti, etta
akastimen osien
lerrattaminen
moduuleina ja
komponentteina
vahentaa
ymparistorasitusta
ja lisaa
iiketoimintatulosta
verrattuna
materiaalien
kierratykseen.
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Optimized Results
(Environmental Impacts)
Collection Rate : 90%
Recycle Rate : 40% Inverse Type
Life Time of Product : 6year Mainte"-?-ggz H—‘
Maintenance Preference: 0.66 T i
| - Recycling Type — |
T Traditional Type ﬁ
Optimized Results (Economic . = o —
Factors) B Waste

[ ] Energy Consumption Excluding Operation

Inverse Type #-\—‘—‘

Maintenance H_L‘ 40
Type

Reuse Type w—j

Recycling Type

Traditional Type

0% 50% 100% 150% 200% 250%
[l Sales=Product Sales + Maintenance Sales

[ Profits=Sales-Total Cost
M
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Mutta uusi liiketoimintamalli ei
vleistynyt...

* Kiertotalous vaatii toimiakseen infrastruktuurin,
joka vaatii paikallista lasnaoloa myos
kansainvalisilta toimittajilta

* Kiertotaloudesta ovat kiinnostuneita sellaiset
asiakkaat, jotka ymmartavat ostamansa
hyodykkeen elinkaarenaikaisen kustannuksen ja
joilla se on tarkeaa

* Lyhyella aikavalilla nopeassa liiketoiminnassa halvan
kertakayttotuotteen valmistaminen oli useimmille
yrityksille paljon turvallisempi ratkaisu ja
markkinavoittaja.
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Tilanne muuttuu, jos

* Erilaisten tuotteiden kokonaisvaltaiseen
ymparistokuormittavuuteen kytketaan merkittavia
taloudellisia maksuja..

e ..tai tapahtuu muita vastaavia muutoksia, jotka
tekevat halvan mutta Iyhytikdisen tuotteen
ostamisesta nykytilannetta vahemman
houkuttelevaa.

 KUN tama muutos tapahtuu, ollaan
suunnittelumaailmassa valmiina:
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Esimerkki kiertotalouden
suunnittelun ohjeistuksesta

e Tama on Delftin vliopistosta Hollannista.

: PLATE conferance - Nottingham Trent University, 17/19 June 2015
van den Berg M.R. and Bakker C. A,

A product desion framework for a circular economy
'raguct Liletimas and The Environmant

A product design framework for a circular economy

van den Berg M.R. and Bakker C.A.
Faculty of Industrial Design Engineering, Delft University of Technology, Delit, Netherlands

Keywords: circular economy; circular product design; design guidelines; product life extension,

Abstract: The paper provides a circular economy framework from a product design perspective with
tools to aid product designers in applying circular product design in practice. Design research for
circular economy has so far mainly been limited to referring to existing fields of research such as
design for disassembly, remanufacturing and recycling, The implications of combining these fields in
the context of circular economy from a product design perspective however have remained largely
unexplored. Furthermore, available aids for product designers are limited. A critical review of current
‘circular economy’ terminology led to the (re)definition the five most design-relevant topies: future proof
design, and design for disassembly, maintenance, remake and recycling, With this an adapted circular
economy mode| was proposed, MNext, several tools were developed to aid a designer with the
application of circular preduct design. The tools were tested and validated with Philips designers and
engineears, A Philips case study was used in the development and application of the tools,

Automaatio- ja konetekniikka
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V”SI avalﬂaSIaa 1 Tuotteen pitka

kayttokelpoisuusaika tulee
varmistaa eri keinoin.

5 Uudelleenkayttd materiaalina

tulee kyseeseen vasta
Ia@

D 2 Kokoonpantavuuden
liséksi tulee kiinnittaa

Bl roof huomiota tuotteen
purettavuuteen.

viimeisena vaihtoehtona,
kun kierratys korkeammal
jalostusasteella ei ole
mielekasta.

Recycle Disassembly
. L = 3 Tuotteen elinkaarenaikainen
4 Tuotteen uudistaminen ja/tai L o _ ,
_ yllapito tulee suunnitella ja

tuotteen moduulien ) |

e : mahdollistaa!
uusiokaytto tulee mahdollistaa

Remake Maintenance
Automaatio- ja konetekniikka 9
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Circular Economy

Design systems and products to recover
resources and value

destructive & non-destructive

Maintenance
Reuse of products

Remake
Reuse of parts

"
L

Recycle
Reuse of materials

Last long

Use long

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

Performance
Reliability
Durability
Roadmap fit
Upgradability
Adapatability
Timeless design

Anticipate legislation (e.g. toxicity, recyclability,
disassembly time)

Quick and easy disconnect
Limit use and diversity of fasteners

Limit use and diversity tools

Simplify product architecture
Allow ease of acces to components

Clarity of disassembly sequence

Ease of cleaning
Ease of repair / upgrade

Allow onsite repair and upgrade

Online monitoring for quality, testing,
maintenance and billing

Use modular components
Standardize interfaces

Back- & Forwards compatability
Allow for easy read out of components

Product can easily be returned

Spare part harvesting

Local production

Avoid the use of (non-compliant) coatings
Limit the number of different materials
Only use materials that can be recycled

Use preferred/pure materials

Get PCB out in one piece
Easy/fast detection of materials

Use SMD components

Avoid fixed connections
Break down by (shredding/disassembly) to
Pieces of uniform composition

Pieces of relatively large size (>1cm)
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Circular Economy

Design systems and products to recover
resources and value

Tampere University
1 Tuotteen pitka kayttdkelpoisuusaika
| ot mtym Suorituskyky
ST Luotettavuus
UsaoRg el Kestavyys
S ek Sopivuus tulevaan ympdristoon

Disassembly
allow to service, remake.
and recycle

I

Maintenance
Reuse of products

S

Remake
Reuse of parts

e
k]
&
g
c
£
o

29
LT
Recycle

Reuse of materials

destructive & non-destructive

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

Quick and easy disconnect
Limit use and diversity of fasteners

Limit use and diversity tools

plify prod ar
Allow ease of acces to components
Clarity of disassembly sequence
Ease of cleaning

Ease of repair / upgrade

Allow onsite repair and upgrade

Online monitoring for quality; testing,
maintenance and billing

Use modular components
Standardize interfaces
Back- & Forwards compatability

Allow for easy read out of components

can easily be
Spare part harvesting
Local production
Avoid the use of (non-compliant) coatings
Limit the number of different materials
Only use materials that can be recycled
Use preferred/pure materials

Get PCB out in one piece
Easy/fast detection of materials

Use SMD components

Avoid fixed connections

Break down by (shredding/disassembly) to
Pieces of uniform composition
Pieces of relatively large size (>lcm)

Automaatio- ja konetekniikka

Paivitettavyys
Sovitettavuus

Ajaton muotoilu
Lainsaadannon kehityksen
huomiointi
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2 Purettavuus

Performance

Circular Economy

Design systems and products to recover
resources and value

Disassembly
allow to service, remake.
and recycle

I

Maintenance
Reuse of products

S

Remake
Reuse of parts

only non-destructive

29
LT
Recycle

Reuse of materials

destructive & non-destructive

Last long

Use long

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

Reliability

Durability

Roadmap fit

Upgradability

Adapatability

Timeless design

Anticipate legislation (e.g. toxicity, recyclability,

disassembly time)

Quick and easy disconnect

| imit use and diversity of fasteners
| imit use and diversity tools
Bimplify product architecture

Allow ease of acces to components

Clarity of disassembly sequence

Ease of cleaning
Ease of repair / upgrade

Allow onsite repair and upgrade

Online monitoring for quality; testing,
maintenance and billing

Use modular components
Standardize interfaces
Back- & Forwards compatability

Allow for easy read out of components

can easily be
Spare part harvesting
Local production
Avoid the use of (non-compliant) coatings
Limit the number of different materials
Only use materials that can be recycled
Use preferred/pure materials

Get PCB out in one piece
Easy/fast detection of materials

Use SMD components

Avoid fixed connections

Break down by (shredding/disassembly) to
Pieces of uniform composition
Pieces of relatively large size (>lcm)

Automaatio- ja konetekniikka

Nopeasti ja helposti irrotettavat
liitokset

Rajallinen maara erilaisia
kiinnitystapoja

Rajallinen maara purkamisessa
tarvittavia tyokaluja

Selkea tuotteen rakenne
(arkkitehtuuri)

Helppo luokse paastavyys osille
Selkea purkamisjarjestys

12
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3 Yllapidetts

Circular Economy

Design systems and products to recover
resources and value

Disassembly
allow to service, remake.
and recycle

I

Maintenance
Reuse of products

ﬁ:
Remake
Reuse of parts

e
k]
&
g
c
£
o

29
LT
Recycle

Reuse of materials

destructive & non-destructive

- Last long

Use long

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

VYVYS

Performance

Reliability

Durability

Roadmap fit

Upgradability

Adapatability

Timeless design

Anticipate legislation (e.g. toxicity, recyclability,

disassembly time)
Quick and easy disconnect
Limit use and diversity of fasteners

Limit use and diversity tools

plify prod ar
Allow ease of acces to components

Clarity of disassembly sequence

Fase of cleaning
Ease of repair / upgrade

llow onsite repair and upgrade

Dnline monitoring for quality, testing,
maintenance and billing

Use modular components
Standardize interfaces

Back- & Forwards compatability

Allow for easy read out of components

can easily be
Spare part harvesting
Local production
Avoid the use of (non-compliant) coatings
Limit the number of different materials
Only use materials that can be recycled
Use preferred/pure materials
Get PCB out in one piece
Easy/fast detection of materials
Use SMD components
Avoid fixed connections
Break down by (shredding/disassembly) to
Pieces of uniform composition
Pieces of relatively large size (>lcm)

Automaatio- ja konetekniikka

Helppo puhdistettavuus
Korjausten ja paivittamisten
helppous

Paikan paalla tapahtuvien
korjausten ja paivitysten
mahdollistaminen

Online kunnonvalvonta ja yllapito

13
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4 Uudistaminen ja moduulien uusiokayttd

Circular Economy

Design systems and products to recover
resources and value

Disassembly
allow to service, remake.
and recycle

I

Maintenance
Reuse of products

S

Remake
Reuse of parts

2
B
g
z
o

29
LT
Recycle

Reuse of materials

destructive & non-destructive

Last long

Use long

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

Performance
Reliability
Durability
Roadmap fit
Upgradability
Adapatability
Timeless design

Anticipate legislation (e.g. toxicity, recyciability,
disassembly time)

Quick and easy disconnect
Limit use and diversity of fasteners

Limit use and diversity tools

plify prod ar
Allow ease of acces to components

Clarity of disassembly sequence
Ease of cleaning

Ease of repair / upgrade

Allow onsite repair and upgrade

Online monitoring for quality; testing,
maintenance and billing

Use modular components
Btandardize interfaces

Back- & Forwards compatability

Milow for easy read out of components

can easily be

Epare part harvesting

| ocal production

Avoid the use of (non-compliant) coatings
Limit the number of different materials
Only use materials that can be recycled
Use preferred/pure materials

Get PCB out in one piece
Easy/fast detection of materials

Use SMD components

Avoid fixed connections

Break down by (shredding/disassembly) to
Pieces of uniform composition
Pieces of relatively large size (>lcm)

Automaatio- ja konetekniikka

Modulaarinen rakenne

Standardit — erityisesti liitynnoissa
Yhteensopivuus tuoteversiossa
eteenpain ja taaksepain
Mahdollista purku komponentiksi
Tuotteiden ja niiden osien
palautuslogistiikan jarjestaminen
Mahdollista purkuosien markkinat
Salli paikallinen tuotanto

14
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5 Materiaalien kierratys

Circular Economy

Design systems and products to recover
resources and value

allow to service, remake.

2
B
g
z
o

destructive & non-destructive

Disassembly

and recycle

I

Maintenance
Reuse of products

S

Remake
Reuse of parts

29
LT
Recycle

Reuse of materials

Last long

Use long

Connections

Product architecture

Maintenance

Lifetime prognostics

Modularity

Reliability assesment

(Reverse) Logistics

Materials

Electronics

Connections

Performance
Reliability
Durability
Roadmap fit
Upgradability
Adapatability
Timeless design

Anticipate legislation (e.g. toxicity, recyciability,
disassembly time)

Quick and easy disconnect
Limit use and diversity of fasteners

Limit use and diversity tools

plify prod ar
Allow ease of acces to components

Clarity of disassembly sequence
Ease of cleaning

Ease of repair / upgrade

Allow onsite repair and upgrade

Online monitoring for quality; testing,
maintenance and billing

Use modular components
Standardize interfaces

Back- & Forwards compatability

Allow for easy read out of components

can easily be
Spare part harvesting

Local production

Mvoid the use of (non-compliant) coatings

Limit the number of different materials

Dnly use materials that can be recycled

Use preferred/pure materials

Get PCB out in one piece

Fasy/fast detection of materials

Use SMD components

hvoid fixed connections

Break down by (shredding/disassembly) to
Pieces of uniform composition

Pieces of relatively large size (>lcm)

Automaatio- ja konetekniikka

Valta materiaalikierratysta
haittaavia pinnoitteita

Rajoita erilaisten materiaalien
maaraa

Kayta vain kierratettavia /
kierratyksessa arvonsa sailyttavia
materiaaleja

Elektroniikassa keskita
komponentit yhdelle piirilevylle
Tee materiaalit tunnistettaviksi
Kayta pinta-asennettuja
komponentteja

Valta kiinteita liitoksia

Kayta samanlaista rakennetapaa
Valta erittain pienia erillisia osia

15
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Tarkampi taso: Kaytet

vleisesti?

Performance

Design out moving
parts
Design for under
Reliability stressed use
Provide redundancy
Over dimension
critical components
Wear resistance

Use assembly
methods that allow
disassembly without
damage to
(reusable)
components.

Do not use coated,

Ia; long and use painted or plated
components

long
Prevent discolouring

Ensure that
Long lasting fasteners’ material

are similar or
compatible to that of
base material thus
limiting opportunity

Durability of damage to parts
during disassembly,

dal

Source

(Mulder, etal,

2014)

(Mulder, et al.

2014)

(Mulder, et al,

2014)

(Mulder, et al,

2014)

{Sundin,
2004)

{liomah, et al,,

2010)

(Mulder, et al.

2014)

{ljomah, et al,,

2010)

Automaatio- ja konetekniikka

Timo Lehtonen, Tero Juuti, Jarkko Pakkanen

kd n

ta nyt

Nama eivat ole

”halpistuotteen”
ominaisuuksia
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Yhteenveto

e Kiertotaloudelle edullisen tuotteen ominaisuudet
tunnetaan

e Tallaisia tuotteita osataan suunnitella

* Kynnys lahtea tahan on yksittaiselle yritykselle
korkea
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Tampereen Yliopistolla uskomme muutokseen
ja koulutamme osaamista siihen

Kierritys
Recycle

Maanviljely [ kerdys
Farming / collection

L

Palautus
biosfadiriin

Return to E m b m E
the biosphere o svtttai i R OO
0 : Contemporary Circular Economy & Ka”“;:;:';::::?“ys / Materiaalit ja ympiristd
Biokemiallinen Challenges and Solutions Uudelleen tuotanto Materials and Environment
raaka-aine Extend usage time [
Biochemical El Refurbish { Remanufacture
feedstock Materiaalivirtojen
hallinta
(En (En Uudelleenkiytts / (Fi |

Uudelleen jakelu
Reuse [ Redistribute

Integroitu tuotekehitys
ja tuotanto

Turning Circular Economy
Technology into Business

Water
and Society

L1 I
[ Fi | [ Fi ]
Kestava Kiertotalous
tuotanto é— talonrakentamisessa
(En] Ve akaminen ! < =1
Sustainable Logistics Reduce/Share Kiertotalous
Biokaasu and Global Distribution infrarakentamisessa

IT@Ee

Biogas
Madatys [
kompostointi
Anaerobic digestion |
composting

TEKNINEN KIERTO

BIOLOGINEN KIERTO J
TECHNICAL CYCLE

BIOLOGICAL CYCLE

Resource =
Recovery

Biokemikaalin erotus
Extraction of
biochemical feedstock

. Pakollinen kurssi . Valinnainen kurssi I Kurssi on suomeksi BJ Kurssi on englanniksi
Compulsory course Optional course Course is in Finnish qlgse is in English
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Liite: Kiertotalouden kehysmallin osat
avattuna



Category Sub-category Goal

Performance
Reliability
Long lasting
w Durability
F
last long and use
long

Means

Design out moving
parts

Design for under
stressed use

Provide redundancy
Over dimension
critical components
Wear resistance

Use assembly
methods that allow
disassembly without
damage to
(reusable)
components.

Do not use coated,
painted or plated
components

Prevent discolouring

Ensure that
fasteners’ material
are similar or
compatible to that of
base material thus
limiting opportunity
of damage to parts
during disassembly,
Aging and corrosive
material
combinations need
to be avoided, since
disassembling them
cleanly and
efficiently (due to
their tendency to
corrode, spread
corrosion, and break
off inside the
product) often is
difficult,

Source

(Mulder, et al,
2014)

(Mulder, et al.
2014)

(Mulder, et al,
2014)

(Mulder, et al,
2014)

{Sundin,
2004)

{liomah, et al,,
2010}

(Mulder, et al.
2014)

{liomah, et al,,
2010)

(Mital, et al,,
2008)

20



Category

CO

Futureproof
last long and use
long

Sub-category Goal Means

Source

{liomah, et al.,
2010)

{ljomah, et al.,
2010)

van den Berg

21



K

Disassembly
non-destructive

Connections

Quick and
easy
disconnect

Limit use
and diversity
of fasteners

Limit use
and diversity
of tools

Use easy to
disassemble
conneclions

Apply loose fits for
internal components
Avoid welding and
adhesive between
sub-assemblies

Use joining methods
that allow
disassembly at least
to the peint that
internal components
and subsystems
requiring it can be
accessed for testing
before and after
refurbishment,

Minimize the
number of fasteners
used in an assembly

Minimize the types
of fasteners used in
an assembly and
standardize the
fasteners used
Fasteners need to
be easy to remove
or destroy.

Allow easy access
and identification of
the fasteners

Consider the use of
fasteners
incorporating an
active disassembly
or embedded
disassembly
functionality.

Limit the number of
tools needed and
tool changes

Make it possible to
use simple tools for
disassembly

{Peeters, et
al, 2012)

{llormah, et al.,
2010)

{liomah, et al,,
2010)

(Mital, et al.,
2008)

(Peelers, et
al,, 2012)

(ljormah, et al,,
2010)

(Peaters, et
al., 2012)

(Balkenende,
etal., 2011)

(ljomah, et al,,
20100

(Mital, et al.,
2008)

(Mital, et al.,
2008)

{Sundin,
2004)

{ljomah, et al,,
2010)

(Balkensnde,
etal,, 2011)

{Balkenende,
el al, 2011)

(Balkenende,
et al., 2011)

(Balkene
nde, et
3|||-
2011)

(Balkene
nde, at
al.,
2011)

22



Disassembly
non-destructive

(Desai & {liomah, et al,,

Mital, 2003} 2010)

(Balkenende,
etal, 2011}

{Mital, et al,, {Desai &
2008) Milal, 2003)
{Desai &

Mital, 2003)

(Mital, etal.,  (Sundin,
2008) 2004)

{llomah, et al,,
2010)

{ljomah, et al,,
2010)

(Balkene
nde, et

2011)

23



Disassembly
non-destructive

{iemah, et al,,
2010)

(Mital, et al,,
2008)

(Mital, et al,,
2008)

(liomah, et al.,
2010)

(ljomah, et al.,
2010)

(llomah, et al,,
2010)

{liomah, et al,,
2010)

{Balkenende,
et al., 2011)

(Sundin, (Balkenende,
2004) etal., 2011)

(Sundin, {Balkenende,
2004) etal, 2011)

(Sundin,
2004)

(Sundin,
2004)

24



Ensure product (fomah. st al

surfaces are smooth 2";;'3? 2t al,

and wear resistant.

Ensure that all parts .
{ljomah, et al,, [Peeters, et {Sundin,

tobecleanedare 5, al., 2012) 2004)

; Ease of easily accessed.
Maintenance cleaning ¥

Use material that
would survive (ljomah, et al
\ cleaning process 2010) '

e.g, ensure that
Maintenanc material melting
e paint is higher than
Reuse of clean process
products temperature,

Limit the number of (lomah, et al

material types per 2010) ' .

part.

|dentify components

requiring similar (jomah, et al,, (Sundin,
cleaning procedures 2010} 2004)
and cleaning agents,

Allow for easy and (Peelers, el (ljomah, et al,, (Sundin,

qu:k acuas? t*: | al, 2012) 2010) 2004)
Ease of pans prone 1o falure
repair Avoid assembling

Balkenende,
components with a ";t al., 2011)

different |ife duration

Allow onsite
repair and
upgrade
(Online)
monitoring
Lifetime for guality,
prognostics testing,
maintenance
and billing

Allow on-site
maintenance

25



Remake
Reuse of

components

Modularity

Use modular
components

Use
standard
interfaces

Back- &

forwards

compatibility

Use modular
structure so that
obsolescence
occurs with
components rather
than with entire
product,

Do not combine
components that
have different
physical life.

Do not combine
components that
have differant
intervals for
maintenance and
upgrade.

Group components
in sub-assemblies
according to reuse,
reconditioning or
remanufacturing
potential
Concentrate
compatible material
groups in separate
subassemblies of a
product

Allow customization
by grouping
components in
liberally
Combinable
subassemblies

Standardize parts

Standardize
interfaces

{ljomah, et al,,

2010)

(Hata, et al.,
2001)

(Hata, et al,,
2001)

{Balkenende
el al., 2011)

(Mital, et al,,
2008)

(Balkenende,

etal., 2011)

(Balkenende,

et al,, 2011)

{ljormah, et al.,

2010)

Maarten

Mestor Palma

(Mital, et al,,
2008)

(Balkenende,
etal, 2011)

{ljomah, et al,,
2010)

(Hata, et al,,
2001)
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Reuse of

componants

{liomah, et al,,
2010)

(llomah, etal,, (Sundin,
2010) 2004)

{liomah, et al.,
2010)

(llomah, et al,,
2010)

(llomah, etal,, (Sundin,
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9%
&

Recycling
Reuse of

material

Avoid the
use of (non-
compliant)

coatings

Limit the
number of
different
materials
Only use
recyclable
materials
Use

preferred/pur

e materials

Allow
material
separability

Any secondary
coating processes,

such as painting, are

to be avoided, since
they inhibit access
to and removal of
components
Minimize the
number of material
types used in an
assembly

Increase the use of
common materials

Consider the
material
compatibilities to
eliminate the need
of separation for
recycling

Allow easy material
identification

Add non-
contamination
markings for the
ease of serting and
recycling

Any harmful
materials, if
functionally
important, should be
grouped together
into subassemblies
for fast disposal,

(Balkenendea,
etal, 2011)

(Balkensnde,
etal., 2011)

(Balkenende,
el al, 2011)

(Balkenende,

etal,, 2011)

(Balkensnde,
etal,, 2011)

(Balkenende,
atal., 2011)

(Balkensnde,
etal., 2011)

(Balkensnde,
etal,, 2011)

(Mital, et al.,
2008)

(lizmah, et al,,

2010)

(Hultgren,
2012)

(Desai &
Mital, 2003}

(Mital, et al.,
2008)

(Mital, et al.,
2008)

(Mital, et al.,
2008)

(Hultgren,
2012)

(Hultgren,
2012)

{Sundin,
2004)
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Recyeling
Reuse of
materia

(Hultgren,
2012)

{Balkenende,
atal, 2011)

(Balkenende,
etal., 2011)

{Balkenende,
etal, 2011)

29



{Balkenende, (Hultgren,
etal, 2011}  2012)

{Hultgren,
2012)

{Balkenende,  (Hultgren,
etal, 2011)  20M2)

{Balkenende,
etal, 2011)

(Balkensnde,
etal., 2011)
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