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Wohin mit dem

Kreislaufwirtschaft im Faserverbundleichtbau Windrad-5

chrott?
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Ein Widerspruch?
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Umweltbundesamt sieht Probleme beim Recycling
von Windridern

arbent
Betreter scherern an Reorblatt Entsorgung

Koordiniert hat und nach der Verbrennung
» t. D h

Monturms in Brandenburg, Foto: Patrick

Rotierende Probleme

In den nachsten Jahren erreichen Tausende Windrader das Ende ihrer
Lebensdaver. Und stellen das Land vor ein erstes Problem:
Fur die Flogel gbt es bis heute kein funktionierendes Entsorgungssystem.
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Linearwirtschaft 2 Kreislaufwirtschaft
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Kreislaufwirtschaft
»TOR"

[European Waste FrameworkDirective2008/98/EC]

RO Refuse
Smarter product use R1 Rethink
and manufacture
R2 Reduce
R3 Re-Use
R4 Repair
Extend lifespan of .
product and its parts RS S B
R6 Remanufacture
R7 Repurpose
R8 Recycle
Useful application of
materials
R9 Recovery
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Abfallentwicklung
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[UBA 2019: Entwicklung eines Konzepts und Mal3nahmen fur
einen ressourcensichernden Rickbau von Windenergieanlagen|]
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The goals of Flightpath 2050 [https://www.acare4europe.org/sria/flightpath-2050-goals/protecting-environment-and-energy-supply-0]
ZI eI kO n fl I kt? In 2050 technologies and procedures awvailable allow a 75% reduction in CO2 emissions per
) passenger kilometre and a 90% reduction in NOx emissions.The perceived noise emission of
’ flying aircraft is reduced by 65%. These are relative to the capabilities of typical new aircraft
v in 2000.
u;'l Aircraft movements are emission-free when taxiing.
g Air vehicles are designed and manufactured to be recyclable.
: 300 4 Europe is established as a centre of excellence on sustainable alternative fuels, including 301
.E ' those for aviation, based on a strong European energy policy.
“ E c Europe is at the forefront of atmospheric research and takes the lead in the formulation of a 262
g _E__ 250 ’ prioritised environmental action plan and establishment of global environmental standards.
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[European Aviation Environmental Report 2019]
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Okobilanz / Life Cycle Assessment (LCA)

2.70 kg

Product X

* 15014040-14044

ILCD 2.0.8 2018 midpoint
* |LCD, PEF, ... : P ——
climate change, climate change biogenic [kg CO2-Eq]

climate change, climate change fossil [kg CO2-Eq]

climate change, climate change land use and land use change [kg CO2-Eq]
climate change, climate change total [kg CO2-Eq]

ecosystem quality, freshwater and terrestrial acidification [mol H+-Eq]

=

Extreaction
of raw

materials ecosystem quality, freshwater ecotoxicity [CTU]

1. Goal & Scope
Definition of the product system in terms of the “
system boundaries and a functional unit

(reference unit) . O g . ecosystem quality, freshwater eutrophication [kg P-Eq]
1 \ \ ecosystem quality, marine eutrophication [kg N-Eq]
5 | tory Analveis (LCI 4. Interpretation man":;mm | Pre-products ‘ ecosystem quality, terrestrial eutrophication [mol N-Eq]
2 Cglggi?n ::onll'jycalcr::ﬁoyns;rsoc(e durezto ” ComEthion of findings from both <L CID human health, carcinogenic effects [CTUh]
quantify the relevant inputs and outputs of the ::r?c:_t,lcsligr::gr:?iwde human health, ionising radiation [kg U235-Eq]
product system recommendations 0 0 human health, non-carcinogenic effects [CTUh]
‘ S o human health, ozone layer depletion [kg CFC-11-Eq]
\\ human health, photochemical ozone creation [kg NMVOC-Eq]

3. Impact Assessment (LCIA)

Connecting inventory data with specific “
environmental impact categories and the

respective category indicators

Use-phase &

distribution Production

human health, respiratory effects, inorganics [disease incidence]
resources, dissipated water [m3 water-Eq]

resources, fossils [MJ]

resources, land use [points]

[EN 1SO 14040]

resources, minerals and metals [kg Sb-Eq]
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Beispiele aus FA Projekten

Multifunctional

Materials
Prof. Dr. P. Wierach

From materials to intelligent
composites

Fiber- and nanocomposites
Smart materials

Structural health monitoring
Material characterization
Eco-Composites/ LCA

Structural
Mechanics
Dr. T. Wille

From the phenomenon via
modeling to simulation

Global design methods
Stability and damage tolerance
Structural dynamics

Thermal analysis

Multi-scale analysis

Process simulation

Composite
Design
Prof. Dr. C. Hihne

From requirements via concepts
to multi-functional structures

Design and sizing

Structure concepts and
assessment

Multifunctional structures
Shape-variable structures
Hybrid structures

Composite
Technology

Dr. M. Kleineberg

From the idea via processes
to prototypes

New technologies for
manufacturing

Hybrid manufacturing
Assembly

Repair

Process automation

Adaptronics

Prof. Dr. H. P. Monner/
Dr. J. Riemenschneider

From functional composites
to adaptive systems

Simulation and demonstration of
adaptive systems

Active vibration control
Active noise control
Active shape control
Self-sufficient systems

Composite Process
Technologies
Dr. J. Stive

New methods in industrial scale

Automated Fiber placement und Tape
Laying

Online Quality assessmentwithin
autoclaves

Automated manufacturing for mass
production

Simulation methods for process
reliability and process assessment
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Materialien
Nachwachsende Rohstoffe
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Rosin-sourced epoxy hardener
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Produktion
Fertigungsabfall




Rethink DI

gitaler Zwilling

Optimierung

Pre- bis Post-
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Repair

Remanufacture

R7 Repurpose

Recycle
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Recovery
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Stromungsmanipulation Aushartedetektion

Vakuumaufbau
Hilfsstoffe

Cold spot : Ausgasung / Poren Hot spot
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Nutzungsphase und EoL
Strukturtiberwachung

» Heute: Schadenstoleranz Auslegung

 Strukturiberwachung erméglicht:
» Kleinere Sicherheitsfaktoren = Gewichtseinsparung
« Schadensbewertung = Unterstitzung bei MRO

» Zusatzlicher Nutzen der Strukturiberwachung fur die Kreislaufwirtschaft:
 Historie von Beanspruchungen und mdglicher Schadigungen
wahrend der Nutzungsphase
» Bewertungsfahigkeit potentieller Wege der Weiterverwendung in
anderen Anwendungen (optimale Verwertungskette)

Structural Health Monitoring

Strukturgewichtseinsparung -9.2%
+ Gewichtszunahme SHM-System Y.2%

= Gesamtgewichtsersparnis -5.0%

RO

Refuse

R1

Rethink

R2

Reduce

R3

Re-Use

R4

Repair

Refurbish

R6

Remanufacture

R7

Repurpose

R8

Recycle

R9

Recovery
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Nutzungsphase
Adaptive Systeme und Kreislaufwirtschaft?

RO Refuse

R3 Re-Use
R4 Repair
RS Refurbish

R6 | Remanufacture

R7 Repurpose
R8 Recycle
R9 Recovery

‘#;7 ACASIAS
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NFRP ECO1, 4,050g, 25a, relative impacts of life cycle phases, ReCiPe Midpoint (H) v1.13
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OoEs
EoL

. R | Reuse Hybrid nonwoven (rCF, flax)
CF Recycling | I 20
R5 Refurbish > SONDT 2 b >
R6 | Remanutacture ‘ Flexural Modulus in 0° [GPa]
Plasma treatment (rCF, flax) il +113%
15
350 Flexural Strength, 0° [MPa]
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200 —— 1 M
150 — —
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50 —— ]
Low pressure plasma 0
0 o S S _ 30% Flax ‘ | '
rCF (no sizing) rCF (nosizing) rCF(nosizing)  rCF (with recycled carbon fibres (rCF) (Reference) 22.5% Flax + 7.5% rCF
+ Plasma300W + Plasma600W sizing)
Fibre volume content
Techtextil 2019 forum, TTF 9 - sustainable fibre innovations & applications: “Plasma treatment Aerospace 2018, 5(4), 107; https://doi.org/10.3390/aerospace5040107
of bio-based and recycled fibres for eco-composites”, Aerospace 2018, 5(4), 120; https://doi.org/10.3390/aerospace5040120
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https://doi.org/10.3390/aerospace5040107
https://doi.org/10.3390/aerospace5040120
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Kreislaufwirtschaft
Verwertungskette

Recycling 2018, 3, 3;
doi:10.3390/recycling3010003 [Bank et al. 2018]
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Ausblick
Faserverbundleichtbau und Kreislaufwirtschaft: Kein Widerspruch.

« Einbindung von Aspekten der KreislauffiUhrung ab der frihesten Entwicklung
» Beachtung aller Produktlebensphasen

« Sinnvolle Verwertungsketten, minimaler Qualitatsverlust
* Nachverfolgbarkeit, Demontage
» Gesetzliche Rahmenbedingungen, Standardisierung, Qualitatssicherung

« Umfassende Technologiebewertung inklusive LCA/LCC /LCE

* Vermeidung der Verschiebung von Umweltlasten bei eindimensionaler
Betrachtung von CO2-Aquivalenten

- DLR FA - Strategiefeld Kreislaufwirtschaft
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Vielen Dank fur thre Aufmerksamkeit.

Jens Bachmann

Deutsches Zentrum fur Luft- und Raumfahrt e.V. (DLR)
Institut fur Faserverbundleichtbau und Adaptronik Multifunktionswerkstoffe

Lilienthalplatz 7
38108 Braunschweig

Telefon 0531 295-3218

jens.bachmann@dir.de
www.DLR.de
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