QUANTIFYING CIRCULAR DESIGN:
METRICS FOR SUSTAINABLE INNOVATION

Enric Prats-Salvado, Nicole Carina Neumann, Nipun Jagtap, Steffen Schlosser, Jens

Bachmann, Nathalie Monnerie, Martin Roeb, Tobias Naegler, Tom Lorenz.

1 DLR

Enric Prats-Salvado, German Aerospace Center (DLR), 12.09.2024



Circularity @DLR: Project MaTiC-M

1. Development of a data-based Design for Circularity
methodology:

= Consideration of recycling aspects in the product design
» Testing with DLR technologies

2. Sustainable designs for DLR technologies (use cases) in
the fields of aviation, transportation and energy

3. Digital platform for product developers

= QOverview of design options and their effect on recycling
potential

= QOther aspects to be considered (economic, environmental...)




Introduction: linear economy ‘#7
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Design for Circularity A#y
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Suggested Metrics A#y
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Economic Environmental Circularity Criticality
Ohd [FEICH0) Criticality score
Units €/FU kg CO,elFU (0 = fully linear y

1 = fully circular) (arbitrary units)

FU: Functional unit (e.g. 1 linear actuator)
CO.,e: CO, equivalent to account for all greenhouse gases




Application of metrics: Linear actuator
DLR

Electric linear actuator for heliostats
(GRA-3000 by G-ROCK Technology)

Source: dIr.de, grockmotion.com




Methodology: How do we calculate the metrics? A#y
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Avoidable with primary data!

l

Manufacturing & end-of-life models

& Value for each indicator before
implementing DfC improvements

Source: Welteroth 2024




The life cycle of an actuator A#y
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Economic Indicator A#y
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Environmental Indicator A#y
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Circularity Indicator #
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Feedstock Destination after use

Reused I 0%
Recycled B 40%
@ Recycling efficiency § 1 LA

MCIl =0.68
@ELLEN MACARTHUR GIRIANTMA
FOUNDATION

MCI: Material Circularity Indicator
Source: EM Foundation 2015



Criticality Indicator
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Overview of indicators and hotspots
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Economic Environmental Circularity Criticality
Value 106 €/FU 21 kg CO,e/FU 0.68 0.61 arbitrary units
To be « Electric motor « Circuit board LI TEVETEl [Pl . Magnets with rare-
improved . Gears . Stator magnets * Increase % of earth elements

recycled metal

FU: Functional unit



Conclusions ‘#7
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q 4 indicators: better assessment vs. information overload

@ Primary data is critical, but available for target audience

o: Testing of new designs pending!
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