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IEA Wind TCP Task 45: Recycling wind turbine

RISE Research Institutes of Sweden

Division of Material and Production
Department of Polymer Material och Composites
Unit Structural analysis and Modelling &

Unit Materials, Processes and Recycling

Expertise

Composite materials manufacturing, testing
and modelling; structural analysis and NDT.
Composite mechanics and micromechanics,
material model development

Sustainable composites: recycling (mechanical
and chemical), circular design, re-use of EoL
composite structures

HTL/Solvolysis and pyrolysis and elucidation of
chemical composition of produced oils

RI
SE

Interests

Topics: Design for recycling, sustainable and economical
viable recycling solutions, mechanical and chemical
recycling, re-use of blades

Looking for: International contacts and possible to build
larger international projects over the whole value chain and
broader increased knowledge within this scientific field.
Contribution:

o  Expertise in Chemical recycling: HTL/Solvolysis (small
scale), Pyrolysis (batch, 1 kg scale), chemical analysis
of oils

o Expertise in re-use of EoL composite structures and
sustainable material design of composites

Projects

RECINA (2020-2021) Re-use of EoL composite structures in
the design of a pedestrian bridge deck.

Pyrolysis GFRP & CFRP (2020-2022) Resource-efficient
recycling via pyrolysis on an industrially relevant scale
RECOMP (2019-2021) Circular streams from GFRP

Cirkomp (2021) New technology for circular use of fibers and
polymers from composite materials.

REKOVIND (2019-2020) Chemical recycling of glass fiber
composites from wind turbine blades

Contact persons

Alann André
PhD, Senior Scientist
at RISE Research

Institutes of Sweden
+46 76 784 43 46
alann.andre@ri.se

Cecilia Mattsson
PhD, Scientist at
RISE Research Institutes

of Sweden
+46 72 246 08 53
cecilia.mattsson@ri.se

Tilldelningsbeslut — dnr, 2021-28035

TEA Wind TCP Task 45 - Recycling of
Wind Turbine Blades

Avropsforfrigan omfattar/avser:
Upphandlingsforfarande: Forenklat firfarande.

2021-09-01 s kinge tasken pigr men
max 4 4r.

Avtalstid:
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O First generation wind turbines installed in
1990 - need to be recycled

= 12000 wind turbines reach End-of-Life within
5 years (36,000 blades)

= 2 MW turbine with three 50 m blades consists
of about 20-ton GFRP (one blade 7 tons)

d  30% of all recreational boats are near end
of life...

=  Europe 6 million pleasure boats (2015,
Boatcycle)

= Estimated in Europe 140,000 used boats / year,
about 160,000 tons GFRP / year (Sirris)

Last owner responsible

Composite recycling solution: landfill and
incineration - no sustainable solution

https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-pili
https://www.svd.se/sa-undviker-vi-att-skapa-fler-giftoar



https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
https://www.svd.se/sa-undviker-vi-att-skapa-fler-giftoar

Europe by 2025 — ca 700 000 tons of composite waste |

Estimated composite waste per sector in thousands of tonnes in 2025

Building and
construction

Electrical
& Electronics

Transportation j
Morine ¢19 NG 70
Wind ﬁﬁbg . S

Production
waste

Aeronautics "'S’IP _ 41
=
Consumer O D 35

Torksand Pipes (1) [ 14

ETIPWind (2019), HOW WIND IS GOING CIRCULAR blade recycling
https://etipwind.eu/files/reports/ETIPWind-How-wind-is-going-circular-blade-recycling.pdf



https://etipwind.eu/files/reports/ETIPWind-How-wind-is-going-circular-blade-recycling.pdf

970 blades 6800 tons



End-of-Life wind turbine blades

- complex material composition
- unknown composition

— Thermosets (epoxy,
polyester, vinyl ester,
PUR)

— Thermoplastic (PVC,
PET)

— Balsawood

2 glass fiber/polyester, balsa wood, thermoplastic PVC?



Overview of composite recycling technologies

Recovery and
Recycling methods for

thermoset composite
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“Second Life”

in constructionsii.e.
playgrounds, benches
and bridges.

Utekar et. al (2021). Comprehensive study of recycling of thermosetting polymer composites—Driving force, challenges and methods. Composites Part B: Engineering, 207, 108596.
https://www.sciencedirect.com/science/article/pii/S1359836820336428#bib85



https://www.sciencedirect.com/science/article/pii/S1359836820336428#bib85

Chemical recycling of GFRP from wind turbine blades
with solvolysis

lass fiber composite Recycled materials
= Gl fi
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270-313)0 °C Thermosets,
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Plastic building blocks




Chemical recycling — Solvolysis/HTL of thermoset composites

from wind turbine blades (pieces)

Results:

= Longreactiontimes needed: 20 h at high
temperature and pressure (270 °C, 175 bar)

* Lowyield of valuable “solvolysis oil” <15% due ==

to high fiber/fillers content . Can be a
substitute for fossil oil after additional
upgrading similar quality as bio-oil from wood.
Need upgrading before used in refineries.

» Recycled glass fibers mixed with clean and
partly clean glass fibers. In total approx. 10%
thermoset left on glass fibers.

Product fractionfrom blade piece A

65%
15 %
13%
7%

Results published in scientific journal October 2020 Chemical
recycling of End-of-Life wind turbine blades by solvolysis/HTL.
IOP Conference Series: Materials Science and Engineering (Vol.
942,No. 1, p.012013). IOP Publishing.




Summary of solvolysis of wind turbine blades

O Alldifferent materials are possible to degrade or
separate by solvolysis:

o Polyester are more degradable than epoxy GFRP

o Foam cores and balsa wood are possible to
separated in a pre-step process.

O Challenge to develop a cost effective solvolysis process
for EOL material

O Recycled glass fibers more expensive and lower quality
than virgin glass fibers 10-20 SEK/kg.




ructure

Our idea aims to promote sustainability in the
Infrastructure sector by Re-using durable and
lightweight FRP materials

s



Done/Ongoing/Coming

at R.
SE

» ASSET project
West Mill bridge, UK

2016-2018

* FALCONI
project

- Neptuni FRP

Bridge, Malmo

Manufacture

Disassembly

|
2019-2021

RECINA project -
bridge elements out
of GFRP isolator

2022
EU standard
released!

|
| 2021-2023

» Blade2Bridge - Pedestrian
bridge out of re-used Wind
turbine blade




”Second Life” solution:

- = Great potential within construction and
infrastructure

«  Resource efficient solution - transform waste
material into resource

« Uses material that goes to landfill/energy
recovery

*  Strong and durable material
* Low maintenance costs

*  Replace high CO2 emission materials such as
concrete and steel

Materials for Wind Turbine Blades: An Overview

Mishnaevsky et. al. materials 2017

Bank et. al. Concepts for Reusing Composite Materials from

DecommissionedWind Turbine Blades in

Affordable Housing 2018
https://www.windpowerengineering.com/mechanical/blades/recycling-wind-turbine-
hladec/
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https://www.windpowerengineering.com/mechanical/blades/recycling-wind-turbine-blades/

The “wind forest”

» Material type
-« Size

= Cleaning

- Visual control

« Detection of
Smaller defects

« Post NDT abe"ing

sorting
» Traceability
» Secure Quality

Robust quality processes
Circularity enabler

The next generation
infrastructure

RI.
SE



ReUse of FRP - Bridge application (ReComp) SWECO 2§

RI
Sf CHALMERS

UNIVERSITY OF TECHNOLOGY
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André, A, Kullberg, J., Nygren, D., Mattsson, C., Nedey,
G., & Haghani, R. (2020, October). Re-use of wind turbine
blade for construction and infrastructure applications.

In /OP Conference Series: Materials Science and
Engineering (Vol. 942, No. 1, p. 012015). IOP Publishing.




ReUse of FRP - Bridge application (ReComp)

Find a cost effective and viable solution to reuse wind turbine blades in
innovative bridge designs and increase the lifetime of the blades.

Concepts generation
e Brainstorming
e 3D-printed blades for better visualization

Design parameters

e Bridge deck width: 4 m
e Span: 20 m

16



ReUse of FRP - Bridge application (ReComp)

Further design

Bridge deck

e Box sectionin FRP
e 80 mm high

e Spans2m

Cast in-place
PU supports

Connections

e Polyurethane
e Bolts

Railing

e 1.4 m high

Supports
e Elastomeric bearings

connections




ReUse of FRP - Bridge application (ReComp)

Further design —
Recent analysis — Work around a real decommissioned blade

() T
13.0 - 19.0 17.0 - 23.0

Span length: 10.0 m
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l—L/400l v I\I/Iax blad:a height | | —_
. "= gl * Deflection a Min. blade height 42000
-~ Numerical models R 20 8
developed. 5 40l AARESS v Pl 1500§D
. + Y v *
= Which part would be S ., e . 11000 <
. T 2F A R =
optimum to cut for a A O S P v vy 1500 2
oo %* il N N N S
specific span? NIPPPITELE Ll | . . il

0 2 4 6 8 10 12 14
Start coordinate [m)]



ReUse of FRP - Bridge application (ReComp)

Further design —
Recent analysis — Work around a real decommissioned blade

() D ——
N\

x —»
height l W , 17.0 - 23.0
; - 13.0 - 19.0 o
e Span Jength 9.0 - 15.0

Start coordinate

I Min, blade

height

Max. blade

Span length  Start coord. Max. height  Deflection  Acceleration

= Numerical models 6.0 m 18.0 m 333.7 mm v v

developed. 8.0 m 14.5 m 452.0 mm v v

9 WhiCh par't WOUId be 10.0 m 9.0 m 993.8 mm v v

. 12.0 m 5.2 m 1485.0 mm v v

Optlmum to CUt for a 140 m 1.75 m 1675.0 mm v v

specific span? 16.0 m 1.6 m 1675.0 mm v X
20.0 m - 1675.0 mm X X 9




First demonstrator in Sweden from old blades ReUse of FRP
— Lane divider from End-of-Life blades (ReComp)

e

7S

* Two4m long tips of EoL blades will be
used with a center piece of stone
(granite)

“™ Exampleofa

-
. o o . :::Tl.:catrl-.lre in
Replacing lane divider in the
Netherland
concrete sows
N N . Granite stone
4 ; with drilled g
e Badetipd
Blade tip 2, blades parts \izlmhl,?ggo K
* Thedemonstrator to be 3.7m long, B E 2
. . weight 200 kg <
built soonin 2021 / , : /
)
- '\'&




Reuse of Composite Components in
Infrastructure (RECINA project) ’

T HITACHI

Marstrom Reuse
e 5

Disassembly

GFRP

production

s Y il S waste re-used

DES/GN in innovative
e ~ bridge decking

system

— Sandwich panel system

21



Reuse of Composite Components in
Infrastructure (RECINA project)
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Reuse of Composite Components in Ml Golftlub

Infrastructure (RECINA project)

* Almost 100% made of re-used GFRP

* 600kg (lightweight)

e x7 lighter than a concrete alternative

* Xx2-3 more durable than timber
alternative

- Cost-effective and circular




Reuse of Composite Components in
Infrastructure (RECINA project)
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Ateranvandning av batar - ett mer cirkulart alternativ
L Rg |

» Vilkadelar gar att aterbruka fran End-of-
Life?

Kan vi ateranvanda andra delar fran bat
produktionen?

Calife 1970, bateau cotier - Hébergement insolite 2 a 4 couchages



Fritidsbat - 4.75 m tillverkad med 20% atervunnen glasfiberkomposit

(SICOMP projekt — 1990-talet)

De ursprungliga laminaten av
sprayad polyesterglasfiber i skrovet
och dacket ersattes med 50%
spraybar polyesterblandning
innehallande 33 till 40% mekanisk
atervunnen GFRP.

Karnmaterial (plywood, Coremat
och Divinycell) ersattes med
mekanisk atervunnen GFRP.

Batens kompositlaminat hade lika
bra eller battre mekaniskstyrka
jamfort med en tillverkad med
virgin material.

Behov: Fallstudie med denna sandwichteknik
Anpassa till dagens arbetsmiljokrav

26



Need for quality control process!

Y

Freiti EoL GFRP afid MK [ .\

production waste....

...to the manufacturing of new
product from EoL GFRP

[ e

(material, size)

~~J

Cleaning

. Visual control, for

large defects

NDT to detect non-
visible defects

' Post NDT
sorting

Labelling for
traceability

eed for robust QUALIT
CONTROL Process
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Thermography
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Master thesis 2021 — Finding defects in

GFRP using thermography

echnology in Scandinav

I THE NORTHERNMOST UNIVERSITY
J |of Te andinavia

Thesis presentation

Use of Pulse Thermography for
Characterization of Defects in Polymer
composites

Kim Kathrin Klockner
10.09.2021

Kim Kisckner | Use of Pulse Thermography for Characterization of De

RISE — Mallpresentation

Obijective:

e Use of thermography
for quality inspection
of GFRP

e Possibility of future
use in boats
manufacturing

28



Master thesis — Finding
defects in GFRP using
thermography

Sample: Nimbus (15.5x 17 x 0.3 cm? )
* GF, Polyester

IR Camera

Flash lamp Flash lamp

(b) Defective Area

14 (a) Non Defective Area
= Defect - . v T T
001 01 1 10 100 1000
Time (s)
*  GF and thick sandwich
* 23 x26 cm, GF: 3-7mm, sw: 25mm
RISE - Ma 11p resentation Division of Materials Science LULEA

Polymeric Composite Materials Kim Klisckner | Use of Pulse Thermography for Characterization of Defects in Polymer Composites UNIVERSITY
10-09-2021 OF TECHNOLOGY




Project proposal sent to LIGHTer yesterday

I C E B 0 A T - Enabling lighter boat and sustalnable production

In-situ quality assessment of CompositEs by ultrasonic testing and
thermography in the BOAT industry.

Termisk
SE Blade Solution n Systemteknik
LULEA repair & development

Dolphitech AS

UI\I\I I ET

RISE — Mallpresentation 30



Conclusion:

Need for

development

of new
waste
valorization
system for
GFRP
composite
waste

(

e Unknown composition

oNeedfor qualification
and sorting of blades
and other composites

eEnd user responsible

eProducer
responsibility?

\_

Waste sorting,
digital
tracking
systems,
logistics

Technical
solutions

recycling and
re-use

System
perspective
and
legislations,
circular design

eHigh quality blades
Re-Use

eDamage blades and

production waste

Recycling needed

eRe-use of structures
and parts

eRecycled glass fibers
¢Qil product




Siemens Gamesa - RecyclableBlade

9/8/2021 | 2 \UTE READ

MARKETS | WIND/ENERGY | MATERIALS

Siemens Gamesa launches recyclable wind turbine blade
Same manufacturing process Called RecyclableBlade, the composite blades follows the IntegralBlade manufacturing process but with a new

resin specially designed for recycling at the blade’s end of life.

EDITED BY HANNAH MASON
Associate Editor, CompositesWorld

New resin which can be separated q
from the glass fiber — enabling
recovery of resin and fiber — after
immersion in a heated mild acidic
solution (solvolysis).

Siemens Gamesa RecyclableBlade

1. Decommissioning after end of life

First six 81-meter-long
RecyclableBlades already produced

RWE to install and pilot oy M | . e
RecyclableBlade at the Kaskasi ol =Y :
offshore wind power plant in Fay) e s i b . s s,

Germany; with EDF Renewables to
deploy several sets of
RecyclableBlade at a future offshore
project

O 3. Reclaim separated components.

https://www.siemensgamesa. com/newsroom/2021/09/Iaunch world-first-recyclable-wind-turbine-blade %


https://www.compositesworld.com/news/siemens-gamesa-launches-recyclable-wind-turbine-blade

Releasable Thermosets

* |Internal project at RISE

« Hemp and CF plates were
recycled in mild acidic solution
(25% acidic acid) at 99 C, 2-3 h.

 Recycled CF mats was used for
manufacturing recyable CF plates

https://www.adityabirlachemicals.com/brand/recyclamine

A |

“ . |

s Gl

Recycled CF mats Thermoplastic epoxy

33




Releasable Thermosets: mechanical properties

. Recycled CF mats (CPR) was used for
manufacturing recyclable CF plates

Specimen | OnsetTg | OnsetTg | PeakTan | PeakTan

«  CF/epoxy recyclamine (CP) and industry e Average deltaTg delta
standard epoxy (CE) showed very similar (°C) (°C) Average
response (°C)

*  Recyclable CF plates (CPR) had significantly CPR_1 61.5 61.3 720 799
lower Tg than both CP and CE CPR 2 61.0 : 72.3 :

¢ The maximum value of the dampingwas 0.3- CP_1 69.8 201 81.2 811
0.4 for all specimens . .

P CP.2 70.5 81.0

*  CPRhad the highest erxu_raI modulug, CE_1 69.0 80.8
however, were also the thinnest specimens 69.3 81.6
(thickness 1.44 mm comparedtoca 1.55mm CE_2 69.6 82.3
for CP and CE), i.e. higher modulus may
depend on higher Vf or less shear Abbreviations:
contribution in the test CE industry standard epoxy/CF

CP CF/epoxy recyclamine
CPR recycled CF/epoxy recyclamine 34



ZEBRA project

CETEC project

35



Thank you for your attention

.ﬁ

Rekovind ReComp RECINA

Chemical recycling of glass fiber Creating circular strgams REuse of Composite parts for
composite from wind turbine blades from GFRP composite waske Infrastructure Applications

? Swedish VINDEORSK WVINNOVA

\ Sweden’s Innovation Agency

Energy Agency:

Alann Andre Cecilia Mattsson
alnnn‘ re@ri.se  cecilia.mattsson@ri.se
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RISE/SMTF

Kartlaggning fritidsbatar i Sverige 2020 it dimesas

Antal

820 000 fritidsbatar

* 756 500 i sjodugligt skick
* 63000 vrak

(Europa 6 miljoner)

Tillverkning

5 000 -6 000 batar/ar

* 80 procent ar plastbatar
* Maedelbaten vager 700 kg

Henrik von Elern

Figur 2: Batmarknad 2014-2019, antal batar

20000 Import; 18740
13000
16000
14000
12000
10000

8000 o
000 i—____-_-——-___--—————___llrﬂk-'::n ; 4976

4000

2000 Export; 2580

(4]
2014 2015 2018 2017 2018

killa: statistik batbranschen 2014-2019 (Sweboat, 2020)

Batlivsundersékningen 2015 (Transportstyrelsen, 2016).



Prognos avfall fritidsbatar i Sverige 2020

Figur 1: Byggnadsﬁr Figur 5: Antal skrotade batar 2015-2019

mingen kampanj  ®skrotningspremiekampanj
Okant

Zz 2011
2001-2010
1951-2000

1981-19%0

1971-1980
<1970

0% 10% 15% 20% 25%
2015 2016 2017 2018 2019

k&lla: Batlivsundersikningen 2015 (Transportstyrelsen, 2016) K&lla: Slutrapport Drr 2878-1%: Atervinning av fritidsbitar, Bilaga [B3tskroten Sverige, 2020).

Livsl éngd 40 Ar - 250 000 End-of-Life bitar ca Batretur, som drivs av Batskroten Sverige AB i samarbete med
Ar . Stena Recycling och Sweboat — Batbranschens
O,
30% av alla fritidsbatar totalt 820000 st . Lsg skrotningstakt 100-200 batar/4r

— i!-'"l' — . Batar finns i natur och hamnar

»  Skrotningspremie stimulerade atervinning 500-800 batar
(fragmentering)

* Medelaldern pa insamlade batar var 47 ar

*  Lagt ekonomisk varde pa materialet




