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Design for Recycling and Resource Efficiency

Product-Centric View

General initial question B Steel (Fe)
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EoL Product Pretreatment Chemical & Processing

Design Dismantling/shredding/sorting 1 Metallurgical processing
Less waste

How can we define DfR rules to optimise Resource Efficiency?

Design for waste Design for Design for recovery in
stream sorting shredding/ final treatment
liberation _ processing
Design for Design for
disassembly sorting
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10 Design Rules and Simulation Derived Guidelines
FundamentalDfRrules

1. DfRrules are product and recycling system specifiG oversimplificationof recycling by
defininggeneralDfRruleswill not producethe intendedgoalof resourceefficiency

2. DfRneedsmodelandsimulationbasedquantification

3. Designdata shouldbe accessible/availablen a format whichis compatiblewith the detall
required to quantify and optimise recycling performance of products for all metals,
materialsandcompoundgresent

4. Economically viablefrastructure and rigorous toolsnust be in existence for realizing
industrialDfRrules and methodologies

5. CAD/Desigrtools must be linked to recyclingsystemprocesssimulation tools to realise
technologybasedfealisticandeconomicallyiableDfR

Note : All DfRrules/guidelinesare subjectto a mindful considerationof product/component
functionality and shouldnot impair these
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10 Design Rules and Simulation Derived Guidelines
PossibleDfRguidelines¢ Derived from FundamentaDfRRules

Iteratively checked by simulation and validity

6. ldentify and minimizethe use of materialswhich will causelossesand contaminationsin
recyclingdueto material characteristicandbehaviourin sorting

7. ldentify components/clustersin a product, which will cause problems and lossesin
recyclingdueto combinedandapplied materials

8. Designclustersor sub-units in productsthat canbe easilyremovedand which match with
the final treatment recyclingoptions (i.e. Metal Wheel)

9. Labelling(includingcarefully consideredstandardisatiof of products/componentsdased
on recoveryand/or incompatibility for easyidentification (and removal)from recyclates
andwastestreams

10. Bemindful of liberation of materialsin design(Desigrfor Liberation)
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DESIGN FOR RECYCLING
RULES



DfR Rule 1: DfR is product specific

DfR rules are product and recycling system specific - each product has a unique recyclability
profile

Geological | Designed Recyclates

Copper Mineral Copper “Mineral”
Chalcopyrite CuFesS,

Multi-material
particles and flows

More than More than

15 Minors e.g. 40 Elements
Au, As, Pd, Se, etc. Complexly Linked as Alloys, Compounds etc. for Product Functionality Reasons

Geological i i i i i Connected
Linkages i = 2 i i materials
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DfR Rule 1: DfR is product specific

Each product has a recyclability profile and a set of product and recycling system
specific DfR guidelines

Recoverability PMs PGMs Rare Earth [Oxides) Other
per application Ay Au Pd Pt Y Eu Other  Sb Co In Ga W Ta

Recovery possible

Washing machine

Large Hh Appliance

Video recorder

CVD player

Hifi unit

Radio set

CRTTV o o0
Mobile telephone ® L L L] ] L o]
Fluorescent lamps

LED L L

LCD screens 9

Batteries [MiMH) ® ® ® ®

If separatly recovered. Partial or substantial losses during separation and/or processing/metallurgy. Recovery if appropriate systems exist.
Washing machine L ] L ] L ]

Large Hh Appliance L ] ® ®

Video recorder

VD player

Hifi unit

Radio et

CRTTV L ] ®

Mabile telephane ®

Fluarescent lamps

LED ] L L]

LCD screens
Batteries [MiMH]

Mo separate Recovery

Washing machine L] L] L

Large Hh Appliance L ] L ] L

Video recorder

VD player

Hifi unit

Radio set

CRT TV

Maobile telephane ] ]
Fluarescent lamps

LED [ ] L ]
LCD screens

Batteries [NiMH]
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DfR Rule 1 : No oversimplification

Oversimplification of recycling by defining general DfR rules will not produce the intended

goal of resource efficiency Losses
Consumer, Collection
‘ Losses
Losses

Linkages, Economics

Production Market & Stocks
Functional Element

\ Combinations Collection & ’
Dismanteling

ProductDesign
. /

Metals back to

consumer Production DynamIC Complex
Product Centric

Unaccounted

Losses
Physical Theft
Separation Airfill

Landfill

Losses

« Multi-material Economics
. 5 Recyclate Grades
Stocks Y

Infrastructure

Metal & Energy
Recovery

Losses & Stocks

Sampling, Data Integrety,
’ Resolution, Detail, Statistics

Losses

Thermodynamics, Technologies, Economics,
Metal Price, Feed Morphology | Complexity

ReCyCling Physics, Complex Linkages,
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DfR Rule 2 : Quantification

Quality of recyclates : design, shredding and sorting determines recoverability and recycling of
product and components (example on Printed Circuit Board)

Ferrous recyclate PCBrecyclate Plastics recyclate Residue fraction
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DfR Rule 2 : Quantification

DfR needs model and simulation based quantification of recycling performance

, Various
. e———— separation
processes
routes

\ J\ J \ o ll=

! T . T _ : Y
Dismantling/depollution Shredding/liberation Sorting/separation Final treatment/metallurgy

Various others




DfR Rule 3 : Design data

Design data on product composition and construction should be available in a consistent
format that matches with the detail required to quantify and optimise recycling

Chemical

: - Material usage, composition and
Material usage and = Connection of . 9 dsi

: chemical compounds compoundsin €.g.
material complex components o . lectrical

N : and combinations in electrica
combinations in to structural _ q

roducts arts/materials components and its components an

g P variations its variations
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DfR Rule 4 : Infrastructure and tools
Robust metallurgical infrastructure should be in place to ensure maximum recovery

-
-

-

Copper/e-waste
(GRM, S Korea])

Lead Battery - Copper/e-waste
(Recylex, Germany) (Dowa, Japan) (Aurubis, Germany])
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DfR Rule 4

Infrastructure and tools
Rigorous tools for recycling simulation and DfR
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SIMULATION DERIVED
GUIDELINES



Guideline 6 : Material characteristics

Identify and minimize the use of materials which will cause losses in recycling due to material
characteristics and behaviour in sorting

Concrete in Glassin fridges Isolation materials ~ Colored Printed
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Guideline 7 : (In) compatibility of combined materials

Identify and minimize the use of materials which will cause losses due to combined & applied
materials
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Guideline 7 :  (In) compatibility of combined materials
Soci etyobds Essen Metadlecyding produces by pMoelucts & iesidues

Carrier metals :
Primary and recycling  metallurgy
/ infrastructures

ittt

f [ .

....... llﬂl

Mef@Bllurgical
Infrashuctu re
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Guideline 7 : (In) compatibility of combined materials
Recovery&lossesdetermined by quality and destination/processing route of recyclate/component

Metals in Printe d Circuit Board Destination (recovery/losses) of elements PCB
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Guideline 7 (In) compatibility of combined materials
Compatibility tables for a first quick screening i based on Metal Wheel

o {20A8G8Qa 9aaSydaAate /1
Materials in inputstreams g & &'\\" 5§ X' G8 a8 F ¢ ¢ dNE e Q

(from WEEE materials) (primary and recycling metallurgy)

To Remelting, Smelting,
Hydrometallurgy, Refining
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Guideline 8 : Design matching with final treatment

Design clusters or sub-units, which match with the final treatment recycling options (Metal Wheel)
and that can be easily removed

|
AWLLLEY
f‘-fl'f[f'{‘

(3
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Guideline 9 : Labelling/Sorting

Labelling and marking for Waste stream Sorting and (Automated) Disassembly& Sorting

Ta capacitorsi color/identification based CFL versusLED lamps
labelling & easy to break connections

Compressors- Marking of tapping point Standardisation of marking/identification (incl. position)
of cooling liquid/gas for fluid system and foam
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