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Met 9 miljard in 2030!
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Grondstoffen?

Sharp price increases in commodities since 2000 have
erased all the real price declines of the 20th century

McKinsey Commodity Price Index (years 1999-2001 = 100)'
260
240 World War |

22
0 1970s
200 oil shock

180 -

World War |l

160
140
120
100

80 Turning point
60 in price trend

40
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

4 PHILIPS



Kringlopen sluiten

Enablers
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From highest to
lowest value retention:

_ . 1. Service & Upgrade
ncineration
& landfill 2. Refurbishment
3. Parts harvesting
4, Recycling
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Refurbished medical systems

Gerecycled kunststof & energieverbruik
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Increasingly powered by

renewable energy
@ ' Mining/materials manufacturing

Parts manufacturer

Biochemical l *

feedstock Product manufacturer
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composting l ............................................... l
Extraction of . P
biochemical .~ s Energy recovery %
feedstock? : l i :
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Landfill
1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input
SOURCE: Ellen MacArthur Foundation - @ ELLEN MACARTHUR FOUNDATION
Adapted from the Cradle to Cradle Design Protocol by Braungart & McDonough




Ontwerpen voor...

Longevity

Leasing / Service

* Re-use in manufacture

Product Attachment and Trust

Material recovery

Product Durability

Standardization & Compatibility

Ease of Maintenance and Repair Futureproof

Upgradability & Adaptability Disassembly

Dis- en Reassembly Maintenance

& * Remake
ot :‘3@@ * Repair
Olt LD
0% © P * Recycle
PRODUCTS * Reuse
* Refurbish
* Recycle
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Technologieén

Circular
Supplies

Resource
Recovery
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Tribologie & materialen
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en oppervlaktebehandelingen & coatings

Verminderen van

11

Degradatie

Oxidatie en corrosie

Slijtage

Vermoeiing

|Surface TREATMENTS
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Thermochemical Chemical lon Laser surface
diffusion conversion implantation treatment
~ Carburizing = Anodizing Argon Hardening
~ Nitriding - Phosphating Nitrogen Glazing
- Carbo-nitriding |~ Chromating Carbon Surface alloying
~ Nitro-carburizing -~ Passivating Chromium Etc
- Boriding - Oxidizing Etc
— Aluminizing - Sulphurizing
— Chromizing - Etc
- Efc
| Surface COATINGS
| | ‘ | e | | |
Laser and Electroplated| | Electroless Thermal Chemical Physical Solid
weld surface coatings coatings spray Vapour Vapour Lubricant
coatings l Deposition | | Deposition Coatings
Stellite - Chromium Ni-P ~ Molybdenum |- TiN ~ TiN - MoS,
St. Steel ~ Nickel Ni-B ~ AlLO, - TiC ~ TiCN - PTFE
Nimonics - Fe/Zn Ni-P-PTFE |- ZrO, - CryCy |- TIAIN - Graphite
Etc — Co + CrC Etc ~ Co-WC ~ ALO, - CrC = Etc
~ Lead ~ Stellites ~ Diamond [~ DLC
- Silver - St. Steel - DLC B
— Etc ~ Nimonics  — Etc — Etc
— Etc
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Material Circularity Indicator

* Bron: Ellen MacArthur Foundation

 Complementary Indicators

— Material Price Variation Risk e{ __________ 9

— Material Supply Chain Risks l '[
—Material Scarcity - v
— Toxicity ’ — oac | 9 ——>0

Fy u[ j{ﬂ M

Q-0

 Complementary Impact Indicators
—Energy Usage and CO, Emissions
— Water

[Circularity Indicators - An Approach to Measuring Circularity , Ellen MacArthur Foundation, 2015]
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http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators
http://www.ellenmacarthurfoundation.org/programmes/insight/circularity-indicators

Recycling

* Open loop / downcycling
* Closed loop / functioneel

e Upcycling

Ontwerprichtlijnen:

* Gebruik recyclebare materialen
* Vermijd coatings

* Weinig verschillende materialen

* Pure materialen
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Uitdagingen...

* Recyclebare materialen?

* Pure materialen?
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diffusion

Thermochemical ‘ ’

~ Carburizing
~ Nitriding

~ Boriding
— Aluminizing

~ Carbo-nitriding
~ Nitro-carburizing
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. e n ka n Se n Combining Functionga| and Structura| Performance

Yuanyuan Lj, Qi“ang Fu; " Sy Yu,” Min Yan," and Lars Berglung+

7\\'\111011[1‘1"\\')) cience Coppan Dartme. 3 .
R Hd :\‘mn'u. (,L.JHKL L‘?L.}-\H“”lkvﬂt ot Fiber and Polymer J'udmolog/\-, and ‘\5‘\1,001 of In

du
high- 6“;3‘3” uctilit

1.2
oyl Cem Tasan
the stren 1 Dierk Raabe! & Cem?

e
feep!. Yun Dens
rade

* Hernieuwbare / bio-based materialen

Metastable
overcome
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a Mimosa Origami: A nanostructure—enabled

directional self-organization regime of Materials

William s, vy, Wong," Minfei L2 David R. Nisbet, Vincent s, J, Craig,” Zuankai Wang,?* Antonio Tricoli’*

* ‘Nieuwe’ materialen

One of the innate fundamentals of living systems js their ability to respond toward distinct stimuli by varinue - -1-
Organization behaviors, Despite extensive Progress, the engineering of spontaneous masin- -
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Samenvatting

* Kringlopen sluiten
* Ontwerpen voor lange levensduur

* Eisen aan het gebruik van materialen

Uitdagingen/kansen voor oppervlaktetechnologie

www.ellenmacarthurfoundation.org @ ELLER MACARTHUR FOURDATICN

www.circulairondernemen.nl

NEDERLAND

TU Delft / edX online cursus CIRCULAIR!
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