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Recycling Composites:
Integral Part of Wind Turbine Blade Life Cycle

Thomas Wegman
Wind Europe Wind Turbine Circularity Webinar

EuCIA September 19t 2019 ) B D

European Composites we Know we show we grow
e THE WORLD OF COMPOSITES
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we know = we show = we grow
THE WORLD OF COMPOSITES

EuCIA — European Composites Industry Association
We know, we show, we grow the world of Composites

* Representing large number of national European trade associations and key
sector associations in Composites

* Active at EU Commission level and supporting decision making
* Promoting solutions for Composites sustainability and recycling
 Growing Composites markets and applications across Europe

EuCIA

European Composites
Industry Association
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we know = we show = we grow
THE WORLD OF COMPOSITES

Composites Bring Performance and Sustainability

* Enabling technology for wind turbines:
freedom of shape, low weight, durability

* Key for optimizing conversion efficiency and
increasing turbine power output

+ Manufacturing footprint outweighed in major e
way by sustainable energy generated during
turbine lite

EuCIA

European Composites
Industry Association
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we know = we show = we grow
THE WORLD OF COMPOSITES

Waste from Wind Turbine Blades Predicted to Grow Significantly

EuCIA is developing model based on GDP
growth, application start, life expectation

Different dynamics per industry and end-
use market

Still work in progress: data validation is
ongoing with different stakeholders

— Wind Europe, ICOMIA, others

Composite waste only fraction of total
waste streams

nnnnnnnn

EuCIA

European Composites
Industry Association
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THE WORLD OF COMPOSITES

Recycling through Cement Co-Processing is
Commercial at Industrial Scale

* Re-use of valuable raw materials plus energy recovery: reduction of CO, footprint
 Easy to manage regrind, also in scale up
 Economically viable at present

— Process in operation at Neowa (Bremen) and Holcim (Lagersdorf)

* So far only suitable for glass reinforced composites
* Early studies indicate positive LCA effects
* Desire to better recuperate composite waste stream

— Combine into larger quantities

EuCIA

European Composites
Industry Association
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European Composites
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THE WORLD OF COMPOSITES

* Model developed with ETH in Zurich

— Reviewed by industry experts

* Analysis carried out by Holcim and DSM LCA experts

* Composite recycling through co-processing in
cement clinker manufacturing

— Partially replacing coal and raw materials by glass-
reinforced composites

Reduction Global Warming Impact (%)

* Significant emission reduction using glass reinforced
composite: 0.9 kg CO,-eq/kg composite

Composite Regrind Content (%)

EuCIA

European Composites
Industry Association
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THE WORLD OF COMPOSITES

Mechanical Recycling Well Established, Yet Small in Volume

* Conversion of composite parts and components into fine fibers and powders

— Already in use for over 30 years

* Re-use as small percentage in new formulations
* Also use in non-traditional Composites applications, with positive LCA effect

 Knowledge built up through Ercom experience

— Commercial recycling company ~25 years in operation

* Difficult to manage powders and fibers: risk of creating waste
* Not competitive (yet) with use of virgin raw materials

— E.g. in high speed thermoplastics compounding
— Re-use in critical applications like Wind Turbine blades not envisioned EUCIA

European Composites
Industry Association
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New Recycling Solutions under Investigation: e.g. Solvolysis

* Bringing back cured resins into new raw materials

e At different stage of investigation
— Demonstrated in small scale equipment only

 Key challenge is to handle fibers
— Ensure fiber length and properties can be maintained

* Requires separation of liquid fractions that can be reused

* Potential recycling routes for carbon fiber
— For glass not competitive (yet) with use of virgin raw materials

 LCA impact not yet understood (likely higher energy requirement)

EuCIA

European Composites
Industry Association
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Limited Composite Waste Separation from General Waste in EU
Wind Turbine Blades are Positive Exception

* Opportunity in Wind Energy sector to “do things right”

* |n Automotive and Electrical, composite waste is mixed
with other waste streams
— Typically combined with plastics waste stream

* Desire to make larger waste volumes available for
further processing

EuCIA

European Composites
Industry Association
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Team up for a Sustainable Business

* Strengthen existing collaboration Wind Europe, Cefic, EuCIA and other stakeholders

— WindEurope, Cefic and EuCIA have created a cross-sector platform to advance novel approaches
to the recycling of wind turbine blades

* Develop joint approach for Composites Recycling as integral part of the life cycle of
wind turbines

* Continue to demonstrate the true sustainability of our business

EuCIA

European Composites
Industry Association
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Thomas Wegman (thomas.wegman@aocaliancys.com)
+31 6 8364 2884, www.aocaliancys.com

EuClA (liliane.maginet@eucia.eu)
+32 2 706 80 10, www.eucia.eu)

EuCIA ) () (ub)

European Composites we Know we show we grow
e THE WORLD OF COMPOSITES
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BLADES: COMPOSITION,

MANUFACTURING AND FUTURE DESIGN
ETIPWInd Webinar | September 19, 2019

By John Korsgaard, Senior Director, Engineering Excellence
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WIND

A wind turbine blade is a complex LM e
structure to design and manufacture

Surface coating

Surface structure - --- Sandwich core

---- Spar cab

Bulkhead . Q. e

---- Down conductor
Root inserts

— —===Shear web

Wind turbine blade materials (typical examples)
» Reinforcement fibres (glass, carbon or hybrid)
» Polymer matrix (epoxy, vinylester, polyester)
» Sandwich core (balsa wood, PET, PVC)

» Surface coating (polyester, polyurethan)

» Metals (root inserts, down conductor) 3

Root flange
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A history of breaking size records LM 250Wt=

a GE Renewable Energy business

220 m
12 MW

4 Number of households supplied
« Tons of CO, mitigated

70 m
1500 kW

1998
//7m  23.5m 34.0m 61.5m 73.5m 34.4m 1070 m
# =55 # = 650 # =1688 # = 6417 & =7295 # =10000 # =16000

a =141 a =16/0 a =4339 a =16493 a =18750 a =25000 a =41120
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Ultra long blades call for more advanced LM\
blade designs to keep blade mass down e
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a GE Renewable Energy business

Powering a cleaner world L

; Lifetime \ -

with green blades |
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Powering a cleaner world
with blades
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Waste reduction must occur across LM e
the fUII blade Ilfe CyC|e a GE Renewable Energy business
1.160 370
ktons ktons

100% 75%
290 0
ktons 2970
B
n° . m=
Recycling Incineration Landfill
25% 40% 35%
Data based on /3 ktons 116 ktons 102 ktons

Wind Turbine Blade Waste in 2050 by Pu Liu — 2017
LM Wind Power Sustainability Performance 2018 report
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WIND
POWEIR

a GE Renewable Energy business

A wind turbine blade Is a complex structure to design and manufacture

Onshore wind turbine blades approach 80+ meters in length while Offshore blades are
beyond 100+ meters

The increasing size of wind turbine blades results in increased weight of the blades and
Increased challenges in the manufacturing of wind turbine blades

Repowering and Life Extension are key enablers to achieve the EU climate and Renewable
Energy objectives

Manufacturing waste Is a significant volume compared to composite waste from end-of-life
blades



Thank you for your time

Contact details: Headquarters:

John Korsgaard LM Wind Power

Senior Director Jupiterve] 6

Engineering Excellence 6000 Kolding
Denmark

Tel +4579 84 00 00 Tel +4579 840000

Mob +45 21 45 60 32 Fax +4579 84 0001

E John.Korsgaard@Imwindpower.com E iInfo@Imwindpower.com
W Imwindpower.com

Note:

The contents of this presentation are confidential and may not be copied,
distributed, published or reproduced in whole or in part, or disclosed or
distributed by recipients to any other person.

L WIND
POWEIR

a GE Renewable Energy business

CAROS BELTE,
FECH TR

N\

CleanLM

LEADING THE WAY FOR A CLEAMER WORLD
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Innovative materials for new blade design

ETIPWind Webinar; Johanna Reiland, Marcos lerides — Bax & Company

BAX & COM PANY/ www.baxcompany.com

VALUE FROM SCIENCE AND TECHNOLOGY



Content

* Blades: key element and key challenge
* A wind turbine blade’s lifecycle

* |nnovative materials in blade design (technologies and practices overview)

 State of the Art

* TRLs

* Key players

* Benefits and points to address

* Summary and Findings

BAX & COMPANY /



Bax & Company references

EMIRI Key R&l Priorities

Advanced materials enabling a prosperous,
sustainable and climate-neutral EU economy
by 2050

g EMIRI

< Energy Materials Incustrial Research nitiative

EMIRI
Key R&I Priorities for FP9

BAX & COMPANY /

Techs/Practices ~

Techs/Practices ~

- Gasification (Fluidised bed)
- High voltage pulse fragmentation Recycled/Recovered

Technologies and practices around the lifecycle

That help increase the circularity of FRP wind turbine blades

Objectives Nﬁ:je design
- Extend lifetime
- Improve aging-performance

Objectives

— R dismantling
Techs/Practi - Decrease material use

- Eco-design/Multi-parameter design

%LI’E
LA Reuse
%

- Improve sorting/separation
- Improve recyclability o
Techs/Practices e
- Self-healing polymers Application Objectives
- Bonding technologies i Smar_'t . i
- Thermoplastic matrices Material Techs/Practices

- Rewersible thermoset resins

On-site repair
- Refurbishment
- Health monitoring
- Health forecasting
- Reuse of components

Objectives

Reinforce material properties

Fibre surface treatment Raw Material E Objectives

Fibre classification
Fibre alignment
Fibre sizing

- Improve value of retrieved material
- Decrease recycling cost
- Decrease emissions

- On-site fragmentation

Objectives
- Enable (higher) material recovery

Enable (higher) value recovery

Co-processing in cement kiln - e Objectives*
- (Microwave) Pyrolysis
- Solvolysis

- Mechanical grinding

- Improve value of retrieved material
Material to-be - Discard non-useful material

*Currently sorting and separation of material components includes manual
processes. There are currently no circularity enabling technologies known.

Cefic/WindEurope
Wind Turbine Blade Circularity
Presentation WindEurope E&C

suschem.org

SusChem
Polymer Composites
Circularity White Paper




The Blade

Key element and key challenge

e Blade materials have to withstand extreme loads and environmental conditions

—> Multi-material solutions (composites) are currently the optimal choice considering blade sizes and operating
conditions

Conventional thermoset FRP composites cannot be recycled through re-melting due to their cross-linked three-
dimensional chemical structure and their complex structure.

Are downgrading recycling processes the only “circular” solution?
BAX & COMPANY /



A wind turbine blade’s lifecycle ——

Objectives to increase the circularity of wind turbine blades - Ease dismantling
- Decrease material use
article design P
T e Reuse
Objectives
) 2 ¢ - Extend lifetime
Q

Objectives
- Improve durability Application
- Improve circularity Smart

Material

Waste
5 S -
Raw Material 5= Objectives
g 3 Improve value of retrieved
(,, .
LS material

Decrease recycling cost
Decrease emissions

Objectives
- Reinforce material properties

Material

Secondary \ Streams
Material Yoy, " SO««\%{\O(\
Seoa‘ak Objectives
- Improve value of retrieved material

Discard non-useful material

Objectives
Enable (higher) material recovery Material to-be _
Recycled

Enable (higher) value recovery




Innovative materials in blade design
Overview of challenges, and technologies/practices

Objectives/ Challenges

- Improve durability
Technologies - Improve circularity

Smart
Material

Nano-reinforcements

Self-healing polymers

Hybrid polymers

Reversible crosslinking (thermoset

resins)

Innovative bonding technologies

Thermoplastic matrices

Bio-based composites Raw Material

Secondak

Material Yoy, "

a2

Material to be
Recycled

Material
Streams



Resin nano-reinforcements
Improve durability

* Humectant and dispersant additives as resin nano-
reinforcement in order to improve composites
properties (e.g. addition of carbon nanotubes (CNTs)

{ Detect blade’s internal structure defects

{ Improve aging performance

_ Improve composites properties, such as fatigue
{ resistance, shear strength, fracture toughness and
modulus.

{  Improve interfacial interaction between the
fibers and the FRP matrix

BAX & COMPANY /

Cardiff University
Washington State University
Xinjiang Institute

University of Manchester
N Y
il
]

K Costs

X

K Decrease material recyclability

Byproducts are harmful to human health and

the environment



Self-sensing and self-healing polymers
Improve durability

* Different defects are initiated during manufacturing and
in-service. The addition of carbon nanotubes (CNTs) and
graphene nanoplatelets (GNPs) allows for detection of
such defects.

* Self-healing polymers with embedded microencapsulated
healing agents can repair these damages (disulphide-thiol
exchange or thermally reversible Diels-Alder reactions).
The process is triggered through detection signals (e.g. UV,
pH, temperature).

{ Extend the lifetime of the blade

BAX & COMPANY /

Fraunhofer IFAM

TECNALIA
Arkema Group
citeve

SMARTFAN
HIPOCRATES
MASTRO

K Some additives can weaken the structure

K Complex manufacturing process

National Technical University of Athens



Hybrid polymers and reversible crosslinking of thermoset resins

Enable circularity

* Combination of the mechanical performance of
thermosets with the fast processing of thermoplastics
with a thermal switch (special type of Diels-Alder
chemical reaction) to remelt and reshape the material.

* Dynamic chemical crosslinks (combining nucleation
and low crosslinking degrees) in thermoset FRP enable
the separation of the matrix and the fibres.

” Improve separation of components and materials at
end-of-use

" Heated and cooled many times without loss of
properties

g Comparable chemical resistance to highly-
crosslinked epoxy

BAX & COMPANY/

Evonik

Cidetec
Arkema Group
University of Groningen

Cooperation between Evonik and KIT
MASTRO

K Complex and sensitive processes

K Costs

Karlsruhe Institute of Technology (KIT)



Novel bonding technologies (e.g. thermoplastic adhesives)
Enable circularity

Soudal
Katholieke Universiteit Leuven

i1l Flanders Make
melted and therefore enables other recycling options. TPRC

* Thermoplastic materials have a reversible chemical

structure. By applying heat the material can be re-

* The concept has been proven for semi-structural
products and is applied on large scale for non-structural
products.

~ Improve separation of components and materials
at end-of-use

K Lacking performance for structural components

{ Easy-to-apply process (existent equipment)

BAX & COMPANY/



Thermoplastic matrices
Enable circularity

Arkema Group
Delft University of Technology
DTU Wind

 Thermoplastic materials have a reversible chemical
structure. By applying heat the material can be re-
melted and therefore enables other recycling

.
111

options.

&\  WALID (Wind Blade Using Cost-Effective
‘ ‘ Advanced Lightweight Design)
S’

Currently lower interface properties between fibres
- and thermoplastic polymers in comparison

{ Increase recyclability at end-of-use

" Enable alternative joining methods such as resistance
welding

K Processing for large blades is challenging

K Challenging static and fatigue properties,
\ moisture uptake

K High costs

BAX & COMPANY/

{ Enable repair during manufacturing and use-phase



Bio-based composites
Enable Circularity

Centexbel
DTU Wind Energy

* Bio-based composite materials, including flax, . :
P . . 5 o inholland Composites
hemp, and wood composites and laminates are 11 University of Camerino
increasingly utilized in high-performance, — Wageningen University

structurally demanding applications. University of Massachusetts

‘/‘\‘ BIOASELF
'

{ Renewable (unlimited resource) K

~ Biodegradable when triggered (if matrix is also
biodegradable)

Limited availability of experimental data for
complex loading conditions

K High sensitivity to moisture

K Variable mechanical properties

K Not fully developed manufacturing processes
BAX & COMPANY/ m



Findings

* Each circularity practice in the design stage might lead to other challenges that
will reduce circularity in another stage to a certain extent

* Additives and some novel bonding technologies can decrease material recyclability or
make it more difficult to obtain clean material streams at the end-of-life

* The trend for moving from onshore to offshore, as well as for bigger turbine
blades puts ever-increasing expectations on material performance

 Thermoplastic based FRP although usually faster to process for smaller sizes,
require significant effort for bigger sizes such as turbine blades

* The integration of novel materials in the manufacturing process of blades requires
quite high capital investments (machinery, tooling)

* |Increasing requirements for turbine blades will inevitably increase the length and
complexity of the supply chain (i.e. adding CNT suppliers, coating, etc.)

BAX & COMPANY/




BAX
THANK YOU'! & COMPANY/

VALUE FROM SCIENCE AND TECHNOLOGY

GET IN TOUCH
BARCELONA (ES) MAIN OFFICE

Telephone +34 93 476 04 44
C/ Casp 118-120
08013 Barcelona, Spain

j.reiland@baxcompany.com

CAMBRIDGE (UK) OFFICE

m.ierides@baxcompany.com Telephone +44-1223-967242

St. John’s Innovation Centre
Cowley Road CB4 OWS Cambridge, UK

linkedin.com/company/bax-and-company ROTTERDAM (NL) OFFICE

Telephone +31 (0)10 808 15 99
twitter.com/baxandcompany Stationsplein 45 (Kleinhandel)
3013 AK Rotterdam Rotterdam, The Netherlands
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OLGA RODRIGUEZ - CCO / Co-founder
@ Climate-KIC .E‘SQFARTER



Wind Blade Structure

@®: Adhesive joints

@ : External coating (PE, PUR)

®: Glass or carbon fiber reinforced composites
@ : Copper (lightning protection system)

® : Foam
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Material characteristics to take into account to recycle

* High strength

* Thickness

 Same material in different ways (unidirectional fibers, multi-
axial knitted, pre-preg...)
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Recycling Technologies

FRP Waste

treatment
methods

Mechanical Thermal Chemical
processes processes processes

L andfill

. Fibrous . : . .
Grinded powders e ttlacts Incineration Pyrolysis Solvolysis
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Disadvantages

FRP Waste

treatment
methods

Chemical
processes

Mechanical Thermal
processes processes

Landfill

Storage/Buried Crushing High temperatures Chemical compounds use
- High environmental - High energy cost - High energy cost - High cost
impact - High cost due to depreciation - High emissions - Environmental issues
- High cost of cutting blades - Mass waste (low (hazardous liquid waste)
- Waste of valuable - Resins and fibers are mixed calorific power)
materials) - Decreasing fibers

properties
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COMPOSITE WASTE

[ PYROLYSIS

CO-GENERATION

LIQUID FRACTION

[ SOLID WASTE

R3FIBER: New Recycling Concept
(maximum material use)

[ RESIN DECOMPOSIT

] { GASIFICATION ]
.................................................................................................................................. [ CONTROLLED ATMOSPHERE ]
; CO-GENERATION
.................................................................................................................................. [ ENERGY BALANCE J
} [ CLEANNESS J
ION J HIGH QUALITY FIBERS




Background

* Start construction
preindustrial plant

- First sales management
"TRC - Contract EDP

2015

| » Pilot plant Constitution . management First
2010 N— * Pilot plant improvemen = industrial wind blade
2008 ¢ Frototype " % s secret
e First results construction Application

new compos " ipre-industrial Several recognition

* idea/concept . plant design
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Green Composites for Circular economy

Disruptive - Efficient - Clean - Protected - Scalable - Versatile
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Versatility of the technology

Glass Fiber Carbon Fiber
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REINFORCED PLASTICS
WITH CARBON FIBER

- 12% annual growth
- Excellent mechanical properties




R3FIBER




Properties

Medium diameter 0,009 mm
Density 0,02 g/cc

Length According to customer needs
Max. Length B00mm
Traction resistance 328 Mpa (speed Smm minute)

Properties recycled fiber vs the original fiber

Nominal diameter

Tensile strength 88-93%

e ——




REINFORCED
PLASTIC (PP)

- Multiply by 9 original stiffness

- Triple the tensile strength a
10 8,94
9
8
o 7 Material Module (E) Resistance
2 : GPa MPa
< s PP 1,06 28,77
@ 3,77
2 4 PP/FC (5%) 2,17 31,74
83 2,17 S PP/FC (10%) 2,65 39,9
= 2 106 . . PP/FC (15%) 377 46,14
1 PP/FC (30%) 8,94 75,66
., 1R

PP PP/FC PP/FC PP/FC PP/FC
(5%) (10%) (15%) (30%)
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[l Management cost
[l Production cost
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An overview of composite recycling
in the wind energy industry

Wind Turkene Blases are mads up of omposie materiak Bt
bocest the performance of wind esergy by alowing lighter and
beger blades. Today 1.5 milkon tonnes of composie matenial
are in =i in the wind energy seciorn

Tha wied Indistry B comimiited 1o setsinabds Wil
managemant in ling with the mult-siep spproach put foreand
Ery Thie ELL In Ehis sgeroach waste prevention & regarded a2
the most fasouraide oprion followsd by repungcsing., necycling
anid s psad.

VT Tuirtdine= alrsady b o recydability rate of 25% 1o S0%.
KMot componnts of 3 wind iatied = i Toundation, Towe,
comporaents of the gear B0 and gererabor = ane recyclabke
anid @i treatid i such. Wind furbing Blades represent &
spacific challenge Sue 10 the complex rafure of materias wed
i e ndlacbens thess

15, D00 wdied turbise Bdades &l be: decommisioned in the
retact fiwie pars. Dealing with this significant voleme requires

Composite recycling technologies
of existing blades

Prowide funding for a research study comparieg the
economic wability of new recycling tehwologies,
incluging market barriers asociatid with different
end-usis,

561 w0 a lge-scale demonstration facility fo mdustrialioe
and scakk up new FeCyCling siutions for wind turbing
Dlades,

Provide funding 10 support ew manufacturing proceses
g recyded materials from blades in cther sectors,

Establish a Eurcpean orods sefional platiorm (including
ihe building, tansporation and energy secion) o shane
best practices in recycling composies

logistical and technofogical sodutions Tor B collection,
transponation and waste management of thie nelevant
Futitial

Today comipisie materkls s comenercially mecyded
through cement Lo-processing. Forther Sevelopment and
industrialzation of altersative technokogies ke solvolysis
and prolysis wil prowde the wind indusiry with additiosal
sirlutiions for emd-olile.

The: EL must prioritise REI funding 10 diversty amd scale up
recycling technologies as pant of the next RE framesork
programie, Horzon Eurog. This i orithcal o Euncge's

e heddogy Radership o we embark on @ gobal
sustainable energy trangition.

n paradled, natonal gowmmients thould Farmonise Der
implementation of EL regulations on washe treatment (o
Py dewekod o par: BEaropian marke? Tor recyched
oSS,

Development of new materials for blades

Earmark R&I funding for the devsopment of new
high-perionmance materials that ane mone satily

recyclaie,

Support a demonst ration faciity 10 test and integrate
pobsily divvtioped sumtainabie materak o et
gErsration wind torbine blaces,

Fund research inko "smart” maberials with embedded
Sensors to enable matenal haalth monitoring and

Fedaith forecasting Cagabiite,

Estzmbilsh a tul-acabe dismsonstabor of 3 raad
pEfetrabion wind turbine wing “smart” materials that

batip optimise maintenance and increse [defima.

ETIPWind®, the Europsan Technology and isnovation Plaiorm om Wind Energy, connics Europe's wind

BNETEY COMMUNity. Kiy Eakehokiers invoved in the platfor inchade te wind energy industry, politcal
stakenolers and Fsarch ieattution:.

That: ETIFWANG was established in 2016 bo indorm Research & innovation policy at Suropean and nafional

. ETIPWind prosddies a public plaiform 1o wisd enegy staleholiers io identify commaon Research &
Innivation [REI prior Kes and to foster breakthenugh Innovations in the sector,

Its recommesdations highlight th pivotal mbe of wind ensrgy in the clean energy transition. They intorm
pokcymakers on how to maintain Exope's global leadership in wind energy techeciogy so that wind
dedivers on the EUs Climate and Energy ctjectives. & such, the platioem will be key in sspporting the
imglementation of the Integrated SET.Pan.

Aurthor: ETIPWiad Exscutive Come Hse
Content coorinaber: Sabing Potestio

Diissign by: was Sormatdoporscivel com

Souwces: Bax & Company (2017), Cafic, ECP4 (2012), EMIRI (2015), ETIPWind (2018], EUCIA {2019, EuPC,
PlasticsErnpe, WindEurops [2015), Windpowtr engneering & development |2019),
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ETIPWind: Eurogean Techeology & Inncvation Pltfons on 'Wind Energy

FR&P: Fibe Reinforoed Polymer
PE: Poiyetinghene

PET. Polyetfrlena Terephthalaie
Pil. Polymethacrylimede

PLIR: Poljurethens

PVL: Polyvinyl Chdoride

R&!: Research & Innovabion
T=L: Technobogy Readiness Level

For meore informarion check the ETIPWisd wibrsbe inder hetps.etiwind s putlicatons,

ETIP Wind
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Composite recycling technologies
of existing blades

Provide funding for a research study comparing the
economic viability of new recycling technologies,
including market barriers associated with different
end-uses;

Set up a large-scale demonstration facility to industrialise
and scale up new recycling solutions for wind turbine
blades;

Provide funding to support new manufacturing processes
using recycled materials from blades in other sectors;

Establish a European cross sectorial platform (including
the building, transportation and energy sectors) to share
best practices in recycling composites.

Development of new materials for blades

Earmark R&| funding for the development of new
high-performance materials that are more easily
recyclable;

Support a demonstration facility to test and integrate
newly developed sustainable materials into next
generation wind turbine blades;

Fund research into "smart” materials with embedded
sensors to enable material health monitoring and
health forecasting capabilities;

Establish a full-scale demonstrator of a next
generation wind turbine using "smart” materials that
help optimise maintenance and increase lifetime.
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