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Management summary

Onshore and offshore wind energyaysa critical role in the renewable energy ambitions of Europe.
Supported by European and national policies, the wind energy industry is challenged to find ways to
upscale its capacity output, as well as consciously usedtt'sresourcesWith the Circuhr Economy
Action Planthe ELhasmadea circulareconomyan essential building block of the Green Déatapid
transformation towards a circular industry in the coming years is needed for theemiadyyindustry.

This report describes theesults of the so-called Moonshot Roject on Circular WindFarms
commissioned by Versnellingshuis Nederland Cirdulaivd executed by ECHTThe g@al of
Versnellingshuis Nederland Circulaas well as the goal of this project, is to take concrete steps
towards the integration of circularity in theind industryand to realise transformations in theupply
chain.This project has three phasedaborate on circular strategies and action agemojaics work-

out concrete action agendasxecute those agendashis report addresses thendings ofphase 1 and
makesaction suggestions regarding phase 2.

In the ideation process, circular ideas and solutions are generated through a collaboration with industry
experts at several stakeholder sessions and workshops. The first phase of this project has focused on
identifying the challenges that come with theatrsition from a linear to a circular wind industry. More

than 100 participating companies and governmentsdtitutions active in the wind energy industry
shared their views and knowledgand showed their commitment tthe circularity transition of the

wind industry.

The participants of this project have identified circular opportunities that are translate®iot@ular
action agenda themelsprojects As fromspring2021, the action agenda projects are initiated and aim
¢ as from phase 8 to accelerate the road towards a circular wind industry.

Conclusions

The wind energy industry is very committed to making the transition towards a circular industry.

The costriven focus hinders the transition to a circular industry.

Current circular projects tend to focuserelyon therecyclingof materials.

The aiality of material must be better conserved.

Collaboration between parties in the wind industry value chains aunt$ide of the sector is

required to implement circular strategieand most efficiently pursued by having a joint (digital)

discussion

f ¢KS OANDdzf I NJ adNF S3IASa KIFIGPGS 0SSy &adzwRADARE
SEG Sy aA 2-yppliEat 12 WR 2 %w FHe pagidigants ofitiisdproject mainly want to pursue
OANDdzf F NJ AaGNF GS3IASE Ay (KSLIRENXORTE2Z T2 Wt NP RS2

1 The use of a circular framework operationalised for the wind industry helps to structere th
exploration towards and findings of circular strategies.
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Recommendations related to theircular action agendas
1 Pursue the action agendas as identified in phase 1 of this project, because the industry participants
have indicated the importancef and commitment for phase 2 in this project.
1. Circulampermit andtender criteria regarding wind farm projects
Modular design of the structural elements
As much ollaboration in design throughout the value chain as possible
Environmentaispecific foundation design and mutise of wind farms
Retaining data (e.g. on modules, components and material levels) for @ptim
decommissioning and circular strategies
Responsibility of materials to enhance circularity
Refinery and recycling plant(s) (e.g. rare earth elements (REE), Steel and composites)
Circular clusters of companies around ports
9. Platform for European wide cutar collaboration
1 Organise large involvement of industry partners for the action agenda projects.
1 Keep the action agendas up to date, as it is a continuous road towards a circular wind industry
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Recommendations related to the value chain
i1 Create collaborations (like consortia) within the wind industry for proper alignment of circular
businesses.
1 Create synergies with related sectors for a smoother transition towards circularity.

Recommendations related to circular strategies
f LYLX SYSyld OANDdz F NJ adNFGS3aIASa Ay GKS 2NRSNJ
component and material value as possible.
1 For the exploration and impact assessment of circular strategies in the wind industry, use the
methodologies and the &mework as presented in this report.

Recommendations related to European dimensions of the wind industry
1 Elaborate on the added value of an#fdle collaboration platform in the wind industry that is
focused on the transition wwardsa circular windindustry.
1 Itis recommended to keep the momentum and enthusiasm in this transition with among other
stakeholder sessions and webinars.
1 Createnational focal poins for European financing, legislation, and collaboration to support
sustainable developmestregarding circularity in the wind energy industry



Nederlandstalige (Dutch)
samenvatting

Onshore en offshore windenergie speelt een cruciale rol in de hernieuwbare energie ambities van
Europa. De windenergiesector staat, gesteund door Europees en nationaal beleid, voor de uitdaging
mogelijkheden te vinden om de huidige capaciteit op te schalendaarnaast, bewust gebruik te
maken van natuurlijke hulpbronnen. In de Europese Green Deal i€ihmilar Economy Action Plan

een essentiéle bouwsteen. Voor de windenergie industrie is een versnelde transformatie naar een
circulaire industrie de komende jaren essentieel.

Het rapport Whe ideation process focused on circular strategies in the wind in@assghrijft de
resultaten van het Moonshot project Circulaire Windparken en is opgesteld in opdracht van het
Versnellingshuis Nederland Circulair!. Het doel van het Versnellingshuis Nederland Circulair! is, net als
het doel van dit project, concrete stappen te zetten richtidg integratie van circulariteit in de
windindustrie en om verandering in de supply chain te realiseren. Dit project kent drie fasen: het
identificeren van circulaire strategieén, het uitwerken van circulaire strategieén met bijbehorende
actie agendeonderwS N1JSy Sy KSi&G dzA 46 @2 SNBy @Fy RST S | 3SyR
van fase 1 en doet suggesties voor bepaalde acties in fase 2.

In het ideevormingsproces werden tijdens verschillende stakeholdersessies en workshops circulaire
ideeén en oplssingen geidentificeerd, door samenwerking tussen experts uit de industrie. De eerste
fase van dit project was gericht op het identificeren van uitdagingen die gepaard gaan met de overgang
van een lineaire naar een circulaire windindustrie. Meer dan 106lnggnende bedrijven en
overheidsinstellingen die actief zijn in de windenergie industrie deelden hun mening en kennis en
toonde hun inzet en betrokkenheid voor de circulaire transitie in de wind industrie.

De deelnemers aan dit project hebben circuldiemsen geidentificeerd, welke vertaald zijn in negen
OANDdzf F ANB | OGASFASYRIF GKSYIQakLINR2SOUSYyd Iy
opgestart, met als doel de weg naar een circulaire wind industrie te versnellen.

Conclusie:

w De windenergsector is zeer gecommitteerd en zet zich sterk in om de transitie naar een

circulaire industrie te maken.

De kostergedreven focus belemmert de transitie naar een circulaire industrie.

De huidige circulaire projecten zijn veelal gericht op het rfecygan materialen.

De kwaliteit van het materiaal afkomstig uit de windturbines moet beter behouden blijven.

Samenwerking tussen partijen, in zowel de waardeketen van de windindustrie als daarbuiten, is

nodig om circulaire strategieén te implementereDit kan het meest efficiént worden

nagestreefd door het voeren van een gezamenlijke (digitale) discussie.
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structureren van de verkenningan en bevindingen over circulaire strategieén.
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industrie hebben het belang aangegeven van eervolgfase voor dit project middels de
g2t ASYyRS OGASIF3ISYRI GKSYI Qay
1. Circulaire vergunningen en aanbestedingscriteria voor windparkprojecten
Modulair ontwerp van de structurele elementen
Zoveel mogelijke samenwerking in ontwerp vanuit de gehele waardeketen
Natuur-specifiek funderingsontwerp en meervoudig gebruik van windparken
Het behouden en gebruiken van data (bijvoorbeeld op modules, componemten e
materiaal niveau) voor optimalentmanteling en circulaire strategieén
Verantwoordelijkheid van materialen om circulariteit te verbeteren
Raffinaderi en recyclingfabriek (voor bijvoorbeeld zeldzame aardelementen (REE),
staal en composieten)
8. Circulaire clusters van bedrijveandom havens
9. Platform voor Europese circulaire samenwerking
w Organiseer grootschalige betrokkenheid van de stdapartijenvoor bovenstaande
I OGASEF3ISYRI Qao
w | 2dzZR RS I O (-th-Bate Iy Ret pfbdes rizhting een circulaire wind industsie i
doorlopend.
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Aanbevelingen met betrekking tot de waardeketen
w Creéer samenwerking (zoals consortia) binnen de windindustrie voor een goede afstemming
van circulaire initiatieven en bedrijven.
w Creéer synergién met gerelateerde sectoren voor geepele overgang naar circulariteit.

Aanbevelingen met betrekking tot circulaire strategieén
W LYLX SYSY(iSSNJ OANDdzf F ANBE &GNYGS3IASSYy Ay RS
mogelijk componenten materiaalwaarde te behouden.
w Voor de verkenning en effectenbeoordeling van circulaire strategieén in de wind industrie,
raden we het gebruik van de methodologieén en het framework zoals gepresenteerd in dit
rapport aan.

Aanbevelingen met betrekking tot de Europese dimensies van dedwdustrie

w Werk de meerwaarde uit van een Europa breed samenwerkingsplatform voor de
windindustrie, dat is gericht op de transitie naar een circulaire windindustrie.

w Houd het momentum en enthousiasme vast onder de degenen die hebben deelgenomen
aande stakeholdersessies en Webinars.

w Creéer nationale speerpunten voor Europese financiering, wetgeving en samenwerking
ondersteuningvan de duurzame ontwikkeling op het gebied waculariteit in de
windenergie industrie.
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1. Introduction

Onshore and offshore wind energy plays a critical role in the renewable energy ambitions of Europe. The share of
wind energy in the European electricity supply mix was 14 % in 201Be coming decades this share will grow
towards 50% in 2050 (WindEurgf020b). Supported by European and national policies, the wind energy industry

is challenged to find ways to upscale its capacity output, as well as to enlarge cost efficiencies in the coming decades,
leading to a lower LCOE (levelized cost of electricitfherefore, sbstantial investments are needed in
technological, organisational, and systems innovations.

In addition to this increasing role of wind energy in the European energy system, the challenge exists of lowering
the carbon and ecological footprints of the wind energy secthiis, among others, means that circularity should

be integrated intabusines) strategies and working methods in the wind energy industry. Putting circularity on the
agenda is becoming ever more urgent as in the coming years a growing number of wind faastyy onshore

wind farmsg in Europe will reach their end of life.

Tostimulate strategic and tactical steps towards circularity by companies active in the wind energy sector (e.g. wind
farm developers, turbine manufacturers, transport and installation companies, operations and maintenance service
providers), it is relevant td) enthuse and excite the wind energy industry for circularity, and 2) map circular
opportunities supported by feasible business cases.

This report describes the stmalled Moonshot Projedinamed The Circular Wind Hub in phas@)Circular Wind
FarmsThe goal of this Moonshot project is to achieve circular business cases for complex, large scale supply chains
with actual investments from (businessie$ the wind energy industry. This report contains the results of phase 1
which was focused on bringingpgiether various types of stakeholders from the wind energy industry to devise
circular business opportunities and identify specific circular therHeseafter, phase 2 (2 years) aims tdesign
concrete projects plans with committed stakeholders

The ultmate ambition(phase 3)s to have circuladrivenwind hubs andsalue chains in the wind energy sector
Driven by large scalinplemertation of innovative design, large scale technology development and end of life
strategiesP ¢ KS LINE 2 S OmiRdito fhe2 MiurEwind &nergyAndlustly,Aas it aspires to contribute to
9dzNB LISIY LRfAO& YR o60dzaAySaa Y20SYSyida 2y OANDdzZ I NA
F2NXYIFGAZ2Y 2F | 9tdaNBcusésloyciranlargyR | £ € Al yOS

The project is an initiative of het Versnellingshuis Nederland Circ(datollaboration othe Dutch Ministry of
Infrastructure and Water Management, VNNECW/MKBNederland, MVO Nederlant] and Het Groene Breinand

the Dutch Ministry of Economic Affa and Climate Policy. The Dutch initiative Versnellingshuis Nederland Circulair!
supports companies to take concrete steps towards the integration of circularity in their businesses and to realise
transformations in supply chains. The project is execligdhe Dutch company 'ECHT regie in transitigh
specialists in the field of wind energy, circularity, and transition management.

1Both VNGNCW and MKB Nederland areenof the largest employers' organisations in the Netherlands.

2MVO Nederland is a Dutch knowledge and network organization for companies and focusesatiaccoew economy aspects
like climate neutrality, circularity, inclusivity, and transparent and fair supply chains.

3 Dutch network organisation of more than 140 scientists contributing to circular economy challenges and opportunities.
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Purpose of this report

The purpose of this report is threefolBirst, it will describe the methods that have been used to accelelste t
ideation process. The report indicates specific developments and opportunities of circularity in the wind energy
industry, based on desk research and interactive sessions with wind energy stakeholders

Second, it describes the framework that has beewmaloped to elaborate on circular strategies and that has
proven to be useful in identifying and classifying circular strategies.

Third, this report offers general conclusions on the current state of circularity in the wind energy industry and makes
recomnendations for future steps in the transition towards a circular industry. In a faljpywroject, nineconcrete

action agendas can be pursued that have been identified in the first phase of this project. These conclusions and
recommendations aim to inspiréuropean stakeholders on circularity in the wind energy sector.

Content of this report

Chapter 2 gives a brief overview of developments in wind energy and the need for the wind energy industry to
integrate circularity in its (business) strategies. Chaptero®idesd  O1 ANR dzy R AY T2 NX I GA 2y 2
and framework used in this pject. Chapter 4 describes the process and outcomes of the stakeholder sessibns h
between June and November 2020. These sessions have led to the definBispedfific circular themes that could

be transformed into concrete circular agenda actionsjoliithe wind energy industry stakeholders can take up
from December 2020 (phase 2 of the initiative). The action agenda themes are fexjblainedin chapter 5. The

last chapterprovidesconclusions and recommendations regarding 1) circsiieategies ad action agendas, 2)
methods and processes for stakeholder mobilisation on circularity, and 3) European opportunities for collaboration
on circular strategies in the wind energy sectbhe document has dppendices, including a technical appendix
coveri G KS LINRP2SO0Qa NBaSHNODK 6o6FaSR 2y RSal NBaSI NDOf
energy sector.



Circularity in the
wind industry

m




The ideation process focused on circular  strategies in the wind industry 11

2. Circularity in  the wind
Industry

2.1 Wind energy outloo k

Europe is exploring its potential to reach the goals set by the Paris Climate Agreement and the European Green
Deal. The Green Deal considers the wind industry to be an essentialf piaettransition towards a carbeneutral

society. The wind energy sectmade improvements in their business case over the yesgtingin onshore wind

being the cheapest form of power generation in Europe, with offshore wind not far behind (WindEuropa).2020
The European Union has set ambitious targets for the weimergy industry to reach carbon neutralifizuropean
Commission, 2029). Ithas implementedgolicies like the EU strategy offshore renewable energyp reach these

targets The total wind energy capacity is set to double in the coming 10 years. IntB83yropean Commission

has set its targets on a sixfold increase in the current wind energy casasfijgure 1.

800
700
600
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200
100 -
0
H1 2020 WindEurope 2030 NECP scenario 2050 European
Commission (1.5TECH)

Capacity (GW)

B Onshore
Offshore

Figurel: Wind energy capacity scenarios for EuroN&ECP scenafiand European Commissidong-term strategy (WindEurope, 2020a)

2.2 Wind farms reaching End -of-Life

Developments in the wind energy industry have led to technologically complex and commercially viable turbines.
However, because of the long lifetirhef wind turbines, the wind industry is encountering new problefke
residual flow as defined in this report consists of wind turbines that are being decommissidredesidual flow

of wind turbines wilincreaseat a high rate in the coming yeaBecausehie average lifetime of currently installed

wind turbines is 25 years, the first large batch of wind turbines is reaching itsd®hdfe (EoL) soon.

1NECP scenario relates to tNational Energy and Climate P$aof European countries.

2The 1.5TECH scenario is one of the scenarios wanitedy theEuropean Commission (2018).

3 This report uses the definition of the lifetime of a wind turbine as is uséthjonides et al(2020), by which the operational lifetime is
meant.
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The largest share of currently installed wind turbines is onshiinerefore, the residual flow of wihturbines will
primarily contain onshore wind turbines (WindEurope, 2020a). However, offshore is catching up, as is shown in
figure 1 and 2Furthermore, the report by TNO commissioned by SmartPort (Hajonides et al., 2020) researches
and emphasises thsize of the residual flows of wind turbines in the southern North*SAgpendix D further
elaborates on the different residual material strearetated to offshore wind farms ithe southern North Sea.

350

300
250 I I I I

200 II
150 II
TLLLLL

100
50 -

0
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

In years

Expected amount of to be decommissioned turbines

Figure2: The residual flow of the expected amount of offshore wind turbines irstheghernNorth Sea areaHajonides et al.2020%

The large share of EoL turbines also poses great opporturid@h. the structuralkelementsas the magrials of
wind turbines’ could beprocessedfor re-use in other structures or products. The residual flows show large
potential for interesting business cases.

2.3 Circularity ambitions

/| ANDdzE F NAG& A& RNAGSY o6& GKS |YOoOAGA2Y (G2 O2yaOAhAz2dza
Healthyglobe. Faced with increasing amounts of waste, mamsopeargovernments are preparing new policies

to change the way we use our ragges. The Dutch government has set a targenhimtimal50% less virgin materials

usage (minerals, metals, and fogsisource$ in 2030 andh fully circular economin 2050 (Rijksoverheid, 2016

2019 in which it reduces its dependence on external supplid@dditionally, Europe idevelopingnew
strategiessuch as the European Green D@alropean Commission, 201&)d the New Circular Economy Action
Plan(European Commission, 2080to reduce waste and make the transition acirculareconomy, also ithe

wind energy industry.

4This report is commissioned by Smartport which jeint venture between the Port of Rotterdam Authority, Deltalinks, the Municipality
of Rotterdam, TNO, Deltares, Marin, Erasmus University, and Delft University of Technology.

5The southern North Sea the TNO reportkiajonides et al2020) contains the following areas: UK03, UK04, BEG01, NLO1 and DEO1.

61t is assumed thatesidual flomdevelopments of wind farms in the southern North Sea are similar to the rest of Europe.

7 This report defines the atictural elements of a wind turbine as the foundation, cables, nacelle, blades, and the Tvieis further
explained in chapter 3.4.
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Kadri Simson, European Commissioner for Energy, stated the following during the third stakeholder session of this
project:

GThe circular economy is a key element of the European Green Deal. If we do not change our habits, we will neec
three earths by the year 2050. Circularity is also important for how we generate wind power. While the energy is
renewable, the wind turbines aret. Not yet. Working together across the entire value chain is crucial. We need
collaborationbetween stakeholders, public and private. In Europe and beyond. Let us take the next steps $ogether!

The coming years will be crucial for the wind industryhm transition towards a circular industry. The first large
batch of wind turbines is quickly reaching the end of its lifetime. At the same time, the wind industry is installing a
new, unprecedented capacity of wind energy. This poses new questions, sittdwecan we use the wind turbine

parts or materials that are coming available with minimal loss of quality® can we restore or even enhance
nature surrounding wind farms? How can we design new turbines with circularity in mind?

The wind industry alredy made good efforts to become fully circular (Appendand C).It is estimated that 85

90% of wind turbines cartechnically already be recycled THR 2020; Garcia Sancheet al., 2014;
Umwelbundesamt, 2019). The waste treatment of blades (largely made from composites)sislered to behe

main challenge in wind turbine recyclingnd the industry is acting on Many projects work on costffective
recycling methods and new designs for ieasand more circular disposal in the future. If the current composite
recycling techniques reach their potential, turbines could come closer to 100% recyclability. Evidence of actual
recycling rates remains thin on the ground. Besides, even when alliadatare recycled, a large loss of quality (for
instance length of fibres) of the structural elements or materials can still occur.

This report offers a holistic approach to circularity on wind farms. Multiple circular strategies have been assessed
that follow a broad spectrum of circular retention strategies, ranging from repurposing structural elements to
recycling materials. Furthermore, where possible, this project aims to contribute to existing projects and initiate
projects on themes that have not beevorked on yet.

A framework is created to use as a reference to elaborate on circularity strategies for the wind irahotiy
define relevant action agenda topics regarding circularity in the wind energy sédtiwr framework is further
explained in bapter three.
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3. Towards action agenda s on
circularity in the wind
iIndustry

3.1 Introduction

Within the boundaries of this projecthree phases have been defined regarding the steps towards specific and
concrete action agendas on circularity in the wind energy sector:

1 Phase 1: initial mobilisation of companies in the wind energy sector to elaborate on circular strategies and
to define specific circular action agenda topics.

1 Phase 2: stakeholders will wookit the specific topics into concrete circular action agendas.

1 Phase 3: execution of these action agendas.

Thesehree phases will be further explained in paragraph 3.4dsd@bcumentgives a recap for phase 1 atte first
draft for phase 2

For phase 1 the involved team of experts of ECHT have created a framework as a reference for stakeholders (mostly
companies) to elaborate on circularity strategies in the wind energy segtd to define specific circular action
agenda topics. In paragraphs 3.3, 3.4, and 3.5 the three dimensions of the phase 1 framework will be described,
being wind farm structural elements, the focus of the circular strategies, and time span regardiley simrategies.

3.2 Three phases towards the implementation of circular action agendas

The first phase has run in 2020 and resulted in multiple indusite meetings, as well as this repdrithis phase,
the industry has identified multiple circular themand expressed its commitment to pursue these themes. The
first phase is further described in chapter 4.

The second phase will run in 2021 and fE=suon finding solutions and business cases among the themes that are
established in the first phase. Chapt offers dirst elaboration of the topicshat are defined togive content to
the start of the second phase of the project.

The third phase is expected to run from 262225 and will be used to implement the circular initiatives and
business cases that have resulted from the second phase. The third phase is dependent on the results of the seconc
phase and will therefore not ftimer be discussed in this report.

Figure3 gives a schematic overview of the phases including goals per phas¢hemiethods used. The core
method for phase 2 will be the creati@nd activation of working groups per circular action agenda topic.
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Asindicated ECHT has created a frameworkige as a reference to elakate on circularity strategies for the wind
industry and to puinitiated action agenda topics intthe perspective of circular strategieBhis framework is the
guideline for this project in identifying the action agenda and assessing its effectiveness and complétethess.
current, more linear industryhusiness processesill occasionallyead toincineraion or landfillof materials This
framework provides the guideline tohange these lineaprocesseso more circularmethods The framework
based on various frameworks and modelsonsiss of three domains: the wind industry domaicircular strateges
domain and the ecolgicalenvironmental domainThesethree domains together form the framework created for
and used in this project for phaseRigure4 shows this framework. In the follang paragraphghe three domains

are introduced.
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Figured4: Wind industry circulastrategiesframeworkby ECHTinspired bye.g.Billieu (2020), PBL (201@nhd PwC (2019)

8 Billieu (2020), PBL (2017) and PWC (2

019)
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3.4 Domain iwind farm structural elements i

As indicatedthe created framework for elaborating circular strategies in the wind energy sector consists of various
domains One of thee domaings related to the structural elements of a wind farihis research has set the scope

of circularity on the level okind farms in their entirety, containing all structural elements of wind turbisued the
naturearoundthe turbines(and the wind farm) The following structural elements of a wind faare distinguished

within the boundaries of the current proje¢figure 5)

1. Blades
Nacelle
Tower
Foundation
Cable
Nature

ook wN

In figure 5, a simplified schematic picture shows the main differences betweemafbnshore turbines. The main
differences are that offshore wind turbines dexgerthan onshore turbine#n terms of eg. height, and capacity

The coming yearsffshore turbines may reach a capacity over 15 MW with blades over 100 meters long and a 250+
meters tall tower. Due to logistics, noise, and visual reasons most onshore turbines gap at around 5 MW, with
blades & 75 meters and a tip height of 175 meters tall+ and offshore turbines also differ on its foundatidviost
onshore turbines have a concrete foundation. While offshore, sewstemlbasedfoundation types aranostly

used

blades
nacelle
blades
nacelle
tower
tower nature —‘
‘ 28 cable
foundation
cable

Figue 5: Schematic representation of structural elementsaofvind turbine
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Wind turbine bladesare connectedand directly bolted to thehub. The blades are made up of composite
(lightweight)materials(ETIP, 2020hat allow efficiently generatedwind energyto turn into a rotating motion

The hub is connected to the nacelehichhousesa drive trairanda generatortogetherwith converting the kinetic
energy into electricityThe housing of the nacellegenerallymade of composites. The generatond the drivetrain
are madeof a variety of materials, from whiatare earth elements(REESs) are the most critical

The towersupport and gives the hight tahe nacelleand is primarily manufactured of steelnd stands on a
foundation The foundation of a wind turbine diffeper location.Most of the onshore foundations are madg
concrete (Carrara et al., 2020). Monopiles madesteel are by far the most used foundatioype for offshore
constructiondgn shallow watersdepth less than 40 mOther important foundation types for offshore foundations
arethe gravity-based structure, tripod, jackeand floating(Sanchez et al., 2019)hese foundation types are also
made ofsteel althoughthe gravitybased structuralso containgoncrete structuresCables are used tivansport
power from the wind farm location to the grid infrastructure.

Qurrent researchon circularity in the wind industrynainly focuse®n the turbine. For this reportthe focusison
the whole wind farm The ecological environmesurrounding the wind farm is influenced kynd turbines.For
instance offshorewind turbinesprovideoysterswith a surfacavherethey attachthemselvedo andstay therefor
the rest of their life.Therefore the element'nature' is added to thestructural elementsin the framework Thus,
the sixstructural elementaised in this researchf a wind turbire are theblades nacelle, tower, foundatioftable
and nature

This report haset the scope othe wind farmlevel However,in this report not alelements related to wind farms

are included in the frameworlBalance of Plant (BoP) is a term given to all the infrastructural components of a wind
farm, except forthe turbine and all its elementfart of the BoP ig.g.the substationand the export chle. In
onshorewind farms the roads are also considered to be a part of BaR. Forfuture use of the framework in the
identification of other circular strategies, it can be useful to include BoP in the framework.

3.5 Domain i p~g « cireyar @nmatkgies i

The core of the framework created and used in this progectsists ofhree groups ofcircular strategies:

1. Product design
2. Lifetimeextension
3. Reapplicationof materials

Topromote a transition to a circular econonfgr the wind industry product and material chains need to be closed
more effectively Various approaches, known asstRategies, have been developéa achieve less resource and
material consumption in producthains andto make the economy more circularo identify and classify these
circular strategies, théramework contains a circular strategies domain wétitularaspectsrelatedto the wind
industry.

This domain isooselybased on the concept of @rcular economyaccording toPBL (2017) anthe clustering of
their concept in three segmentsased on e.g. PBL (2017) d&wdC(2019) PBL (201 73tate that a circular economy
can be expressed in thev Qrafuse, reduce, reise, repair, refurbish, remarfiacture, repurpose, recycle materials
andrecover (energynostly via incineration Thesew (péesent a range of strategies ordered from highels of
circularity (ike refuse and redugeo lowlevelscircularity (ike recyclingandincineration) as shown in figuré. In
the framework used in this report, tHe strategies are clustered ta three main circulastrategies
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Circular economy

E'y
Ro Refuse

Increasing R1 Rethink
circularity

R2 Reduce

R3 Re-use

Rule of thumb:
Higher level of circularity

Ra Repair

= fewer natural resources

and less environmental

pressure Rs Refurbish

Re Remanufacture

R7 Repurpose

Rs Recycle

R9 Recover
Linear economy

Figure 61evekof circularity (PBL, 2017)

Product design

Product designers cdrefuse'(R0O)the use ofspecific materials or offer the same function with a different material.
This carresult ina different production process to avortainwaste streanor fundamental less usage wirgin
material. With the circular strategyrethink' (R1) or'redesign, product use is made more intensieeg., through
sharing products, or by putting mufunctional products on the marke#t the beginning of the design phase of a
wind turbine, there is the possibiliyf eliminating certain materials and thereby have an influence on the waste
streams aftethe decommissioning of the wind turbin@he circular strategjeducS (R2)focuses on theefficiency

of manufacturinga wind turbine and the reduction of materials in their desigwith the common goabf using
fewer natural resources and materials

Lifetime extension

When the wind turbine is bdiland operational,there are different circular design strategies applicablextend

the lifetime of a) the wind farm,b) structural elementgsee paragraph 8) or ¢) parts of the wind turbineWhen

the life cycle of a wind turbineascome to an endthis does notmeanthe life sparof a turbine (components) has

come to an end. A circular strategy applicable iause' or 'resell' (R3). With rase, a wind turbine hardly needs

any adaptation and provides the same functionality with the same purpose on a diffepation. Another strategy

could be expanding the lifetime extension of a wind turbine. Repair (R4) and maintenance of defective products or
components ensure they can be used with their original function. Refurbishment (R5) is most adequate in cases
wherethe overall structure of a large multiomponent product, like wind turbines, is used. This strategy focuses

on restoring an 'old' turbine and bringisup to date.

A wind turbine, consisting of muliomponents, is remanufactured (R6) when it is disadsed, checked, cleaned

and when necessary replaced or repaired in a new product with the same function. This differs from refurbishment
when discarded parts are remanufactured for a new product with the same function. When discarded parts are
adapted foranother function, the circular strategy 'repurposing' (R7) is in place. The discarded parts and materials
get a distinct new life cycle. For instance, decommissioned wind turbine blades can be used in construction as the
foundation of a bridge.

Re-applicat ion of materials

RecyclingR8)includes processing material to obtain the same (high grade) or lower (low grade) quality. This means
that these materials can be used as a resource for new components within or outside of the wind sector. Materials
can also be used to recover (R9) endrgyncinerating the materials.
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36 Domaini ®s{ k «87"| 2akqg”™"2is|qgq gs&g z"2 «®*"®kgsk«i
The last domain of the frameworik the time. This framework follows thdifferences in timeof Billieu (202pand
makes a distinction on shortmidand longterm actions.

- A shortterm actionis focused on thewind turbine generatos (WTG3 that have already been installed.
Finding solutions for thélades of turbines that are being decommissioned in the next few years is an
example of a shofterm solution.

- Mid-term solutionswork on WTGs that are being installed in the coming y€aus5 years) A turbine
designed with less material is an example of a-taith circular strategy.

- Longterm actionsfocus on the decommissioning of WTGs that are to be installédhe coming years to
decades (& 30 years) When making certain parts of the wind turbine, like bladiésyill allow only
decommissioning of parts resultinglife extension.
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4. Findings phase 1. the
iIdeation process focused on
circular strategies in the wind
iIndustry

4.1  Overview of the executed ideation process methodology

The deation process whelwy ideas and solutiondave beengenerated consisted ofseveral activities like
stakeholder sessiorendworkshopsWorkshops, stakeholder sessions, interviearsd literature research have led
to the definition of specific circular theme§hese could bé&ransformed intoconcrete circulaaction agenda to
be pickedup by wind energy industry stakeholders during phase 2 (see chaptartbis chapter, theommitment,
challengesandideation processowardscircularaction agendaare described

To get aclear overview of the stakeholdeinis the wind industrythe currentvalue chairof the wind industrywas
simplifiedandvisualised irFigure?. Interviews withstakeholders ireach areaof the value chainincludingNGOs
(nongovernmental organisationsyesearch institutesbranch organisationananufacturers, transportatiorand
installation companies decommissioning and waste @enent companies,were held to understand their
motivationfor and challengesf a circulawind energyindustry. The framework as proposed in chaptep8vided
a guideline to identify and clasgifhecircularitysituationof the wind industry.Informationgatheredviainterviews
was used tmptimize thestakeholder sessions.

Leasing & - Manufacturing Manufacturing Transport & Operation &
[Cunsem J [uf materials J [Df parts ] {nsmllalion -!Q Maintenance Decommission Enf of life

Figure7: Simplifiedvalue chainwind industry

The willingnessf the industryto contribute tothis transitionbecame clear during theariousstakeholder sessions.
More than 100 participants frorthe whole value chaiactivelyparticipatedand shared their viewand knowledge
At thesestakeholdersessionsthe goal was tainderstand the status ahe industry, toenthuse the industnfor
circular transitionsandto explore vitalaction toward acircularindustry.With contributions of among othersom
the CEO of WindEurope artle European Commissioner for Enerdgfye urgency ofaccelerating the circular
transitionhas been reinforced.

The valuable input given by the stakeholders was gathesathamongother online conversationand discussions
poll questionsand indepth workshop sessionsor each stakeholdesession dferent tools, themes and models
were usedto give structure to the discussion with the involved stakeholdérs extensive overview of both the
process and the content of the stakeholder sessiomshmfound in appendix A.
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The next sectiorprovidesan overview of the key findingsf the information shared during the sessions by the
participating st&eholders.

Giles Dickson, CEO of WindEurope
August 28, 2020

"Circularity is at the heart of the European Green Deal. And a top priority for the wind industry as sustainabilitydsrat
of our business.

The first generation of wind turbines are now starting to come to the end of their operational life tdbédacommissionet
wind turbines and in particular blades is subject to much media attention and stakeholder interest. 14,000 wind
blades will be decommissioned in Europe in the coming years. And this number will continue to grow. We neecdhoolr
rapid action to move further towards zewaste turbines. This will require collaboration from the whole value chain
across industry sectors.

2S I NB RStAIKGISR G2 &aSS a2 Ylryeée aal (1 SK2ft RSN Cigklab \Wisd
Farm @ 2 S { K| goyerninéhSoEEoaini® Affairs and Climate, the Dutch government of Infrastructure and V
Management and ECHT for this initiative. Projects like these are key to enable the development of a fully circul
industry"

Kadri Simson, European Commissioner for Energy
October 9", 2020

"As you surely know the EU has seigat on climate neutrality in 2050. This is the central goal of the European Green
A few weeks ago, executive vice president Frans Timmermans and | had the great honour to propose a cut in gt
emissions by at least 55% by 2030. Renewable eneagjyhie core of our vision for 2030.

To reach our target we have tnassivelyupscale both offshore and onshore wind enelwt we are focussinm particular
on offshorewhere we se¢he greatestuntouchedpotential. At the start of this year, wheravelling and physical presenc
was still a normal part of our life, | had the pleasure of visiting Denmark and to see a wonderful offshore wind pask.
park was built in 1991, approximately 30 years ago. You can see theneyowit own eyes, therogress made in turbing
technology over the years.

New solutions are bigger and better graf course producing more power. At the same time, constantly, evolving sy:
also have new questions that need answers. The first generation of wind tuibimgsckly reaching the end of the
operational life. In the coming years around @D, wind turbine blades will be decommissioned. That humber is groy
meaning we need rapid action from you, the wind power energy sector. To move towards zero wasigkarrenewable
energy fully circular.

¢KS OANDdzf F NJ SO2y2Ye Aa | 1Se StSYSyid 2F GKS 9dzNe LIS
by the year 2050. Circularity is also important for how we generate wind power. Whileehgyds renewable, the wini
turbines are not. Not yet. Working together across the entire value chain is crucial and | am glad there are so many
organisatiors represenéd today. We need collaboration between stakeholders, public and preeter. In Europe anc
beyond. Let us take the next steps together.
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4.2  Key findings circularity in the wind energy sector

Generalopportunity

The main conclusion that can be drawn from the stakeholder sessions is that for the wind industoelerate
the transition from a linear to a circular economy, the edsven focusshouldbe shifted into a balanced focus
between ecological and economical val@urrently the entire process of a wind farns designed around the
lowest levelized cosif electricity (LCOE)This is reflected in every link in the value chain.

Thestakeholders involved in the sessgindicated that the industrys aware of the challenges that it experiences
concerning circularityThe windindustryvalue chain is very committed toaking the transition towards a circular
industry. However, the stakeholders involved in the sessions expressed that they are hesitant about incorporating
circular business propositions in the current investment climateabee of a potential lack of business cases. Every
stakeholder in the value chain has its expertiBer implementing a circular strategy, the value chain needs to
collaborate Even a slight modification in the design of a wind turbine could have asamifimpact on the related
processes further in the value chain. For instance, when wind turbines are designed to be taller, the transport and
installation processes will most likely have to be adjusted to that SleHlaboration across the chain is nedde
when it comes to research, innovation, and implementation. The results of the stakeholder sessions show that this
is most effective on a small scale with a good representation of the entire value chain preferably with relevant
crosschain and crossecta representation. Different stakeholders have emplsadi the critical role the
government can, or even should play, to promote and to stimulate circular business propositions.

Many parties have their sustainability programme, but teamwork along the vdiaén ds required to maka
significant impact. Responsibility for circularity within the organisation, however, is often not well defined.
Companies neetb take initiative and clearly define the responsibility for circularity.

When looked at the frameworkhere are three main categories for circular strategies in the wind indugtigduct
desigrQWfetime extensiofland Wevapplicationof materialDuring the stakeholder sessions came to light that
current initiatives are mainly focused on the ma#distreams that become available after the decommissioning of
wind turbines. Thus, current initiatives are mainly about the strategyajif#ication of materials'. To preserve the
quality of structural elements, the future focus on circularity should fmatened and include circular strategies
focused on 'Product design' and 'Lifetime extension'.

Statements by stakeholders involved in one of the sessions in response to the question:
What is needed for a feasible business case for circular initiatives?

o "Currently the focusds on the competitiveness of price instead of sustainable or circular innovatieprice
driven focus already starts at the beginning of the value chain in the tender criteria. Awarding in selection
tenders willmake a difference."

"Collaboration in design will result in efficient material and component use.

"Production waste and decommissioning of composite components are the most impactful sources of loss.
"Modular wind turbines will at least contribute to traportation and logistics."

"Gain consensus on the concept of leavingfeéemdly materials on the bedpost decommissioning where they s
an ecesystem net gain."

o "Keep in mind that circularity and sustainability will not always complement each othde-dffs have to be made

between sustainability and circularity.

O O o0 o
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Reflectionsper structural element

Appendix C gives more information on circularity options related to the structural elenoérgisvindturbine.
Appendix Dcontains a case study based the residual flow of offshorevind turbines and its material® the
southern North Sea by Hajonides et @020) This case studprovides a good indication dhe size offuture
offshoreannual material residual flonendthe potential for circular business cases per structural elefhent

It is not the purpose of this report to give a complete overview of all the circularity options and barriers in the wind
energy sector. However, the key findings for circular strategiestiuctural element levels are explained below.

Blades

When looked at the opportunities for the circularity of blades, a lopmijects havebeeninitiated. Within these
initiatives a distinction can be made fahort-term, focused on blades that ara@lready installedand mid-term
initiatives, design of blades that will be installed in the futuFer both short term, asidterm initiatives cross
sector collaboration is key.

As was stated by one of thgarticipants involved in the stakeholdeessios "loss of materialoccurs when
choosing the wrong materials in product design. For instance, using composite fibres as a filler material for
concrete”. Currently, there are techniques to recycle the main material out of blades, composite. Howevéy, initia
composite is higiguality material. When shredded and used as filler in concrete, it loses itsqhighy
characteristics.

For the redesign of blades, cressctor collaboration is needed. The aim is that the materials used to produce a
wind turbine blade can be recycled in a higlmality way at the end of liféd stakeholder participating in the session
suggested building kdges, literally and figuratively. Current initiatives on #@dm circular strategies are among
others about modular design and recyclable materials.

Nacelle

The nace# of a wind turbine housesthe generator Offshorewind turbinescurrently mainly use a direct drive

configuration which has a simpleand reliable desigrihat is more efficient at low speeds and requress

maintenanceby using permanent magnei{€arrara et al., 2020 he rare earthelementsused in permanent
magnetsof wind turbinesare neodymium, terbium, dysprosium, and praseodymium. In 2015, ofédtorewind

generators consist &-4% dysprosium and 29% neodymi@@mith Stegen, 2015yhe materialén the nacde are

discussed in more detail lappendix CThe stakeholders involved in the sessions suggestedircular strategies
for the rare earthelementsused in wind turbines For the circular strategyReapplication of materials; the

stakeholdersinvolved in this sessioauggesteddevelopingcommercially viableecycing methods The second
circular strategyocused oriProduct design'andaimsto reducethe useof rare earthelementsin the wind turbine.

The recycling rates efeodymiumare below 1%(Crocket al., 2016) The distillation of REES is difficult andsthof

the REEs are lost when the wind turbines are at the EoL. The price of REEs is relatively high and there is a larg
economic incentive to wrk on this potential business caddainly because Europe lacks large scale REE natural
resources and mining facilities, which makes Eigdependent on countries outside of the EUWith the run on
renewable energy, these materials could become scanckiacrease in their value. Many initiatives averking

on recycling REEs, but the recycling methods are not yet commercially viable to be implemented on a large scale.

9 An outlook for the materials with the largest residual flows in the seuttNorth Sea is given in appendix D. Below are the materials
categorized per structural element:
blades are mainly made from composite materials (figure 25)
tower and foundation are mainly made from steel (figure 21) and cast iron (figure 22)
the housingof a nacelle is mainly made from composites and in the generators NdFeB (neodymium) is used (figure 24)
cables use copper (figure 23)
10 China dominates the mining, processingd manufacturing of REEs C2 NJ Y2 NB Ay F2 NX I (i Mppgndix @SS aSOGA 2
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Tower

Steelisthe main material used in the towelt offers considerable advantages for the construction of wind turbine
construction elementue to its strength and durabilitysteel is fully recyclabléowever,there are different levels

in quality of steelAccordng to the stakeholders involved in the sessidhsegularlyoccursthat high-quality steel
gets recycled into lower quality ste®/hen turbines are decommissioned, normally the parts of the same material
are assembled and receive the same waste treatm®&/hile some parts may still be relatively strong, and they
might be directly reused, they are still recycled and theret®ducingits value

Suggested is to label decommissioned matefiath the gathered data during thifetime of awind turbine, so
that loss of materiahnd componentvalue can be prevented.

Foundation
Currently, severalinitiatives are researching thdifference inimpact on natureby either removing the foundation
or keeping(some) sections place after the Eoin offshore wind farms

Duringthe stakeholder sessions, it waslicatedthat the rock deposits in offshore wind farnfiarm a shelter for
marine life and that removal oftte rocksseriously damages the surroundiegosystemNot only NGOsbut also
variousother stakeholdersoppose the removal of these rocksegislationcan determineindustry standards on
whether the rockscan stay in place or if theyeed to be removeavhen the wind farm is decommissionegesides

the removal of the rocks entails extra costs. Whiae removal of rocks is not taken into account in the
decommissioning of a wind farm, the profit can (patdg)used to invest in active nature enhancement, and thereby
resulting in both ecological and economic value enhancement.

Anotherinitiative suggested during the stakeholder session iagsessvhich technical requirements theffshore
foundation must meet per location, to impact trexologicalenvironmentas little as possibleThis could be a
modular structure or for example, structure madef biodegradable scourotection material.

Cableqarray cables and export cables)

According tostakeholders involved in the sessiotege amounts omaterials get lost athe end of lifeof awind
turbine. Although the materialsised in(array and exportyables arerelatively easy to recycléhesecablesusually
remainin place after decommissioninature is disrupted in the commissioning of the cabldserefore, normally
the cables are left osite when the wind farm is decommissioned, not to disrupt the suriding nature again.
However, copper is becoming more scaiic¢he coming years, and lot of copper is being lost when the cables
are left in situ. There is an economic incentivesmsiderremoving the cables withoutrther (excessive) harm to
the surrounding nature.
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4.3 Nine action agenda themes

The various stakeholdesessios haveresulted inan extensive overview of possible circular strategiegpfoduct
design lifetime extensiopandre-application of materialsThereafter, the industry was asked whtblemesshould
have priority in the next yeardine themes weredistilled to form the basidor concrete circulaaction agenda
(chapter 5) to accelerate the transition towards a circular wind indu3tngnine themesare:

1. Circularpermit andtender criteriaregarding wind farm projects

2. Modular designof the structuralelements
3. Collaboration in desigmwith partners irr and outside the wind energy sector
4. Environmentatspecificfoundation design andnulti-useof wind farms
5. Retaining data(e.g. on modules, components and material levéts) optimal decommissioning and
circularstrategies
6. Responsibility of materialso enhance circularity
7. Refineryand recyclingplant(s) (e.g.rare earth elements(REE, steel andcomposited
8. Circular cluster®f companiesaround ports
9. A platformfor European wide circular collaboration
4.4  Wrap -up

The circular strategief®r the wind energy industry can lakvidedinto shortterm and midterm strategiesWhere
short-term strategies focus on the WTGs that are alreddyse, the mieterm strategies focus oturbines that are

to bebuilt. The shoriterm strategies have to deal with the waste of turbines that are being decommissioned in the
coming years anthe concomitant emironmental impact.

The midterm strategies ardocusedon the large volumes of wind power that will bestalled in the next decades
(WindEurope, 2020bThe redesign and fasal of certain components and materials could have a gragacton
the acceleration of the circular transition.

A focus point that was mentioned several times during the stakeholder sessithrad the industry fould find a
balance between the current cosiriven focusand the ecological impadt creates.ldeally, a balance is found
between a costdriven industrywith high levels of circularityThis results in severahallenge that should be
tackledin severalareas simultaneoushf.he urgency of this mattewasreflectedduringthe stakeholder sesshs
with more than 100 professionaldrom the wind industryattending. Theindustry is committedo act now and
tackle the first fewsteps towards a circular economyia workshopspolls,and interviews the firs® circular action
themes are chosen by the industryhese themewwill not cover all actions that have to be conducted @
completely circular wind sector. However, these are the firstisdastepsfor product designlifetime extension
andre-applicdion of materials



Towards action agendas on circular strategieghi®r
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5. Forthcoming phase 2:
towards action agendas on
circular strategies for the
wind Industry

51 Introduction Phase 2

Theparticipants of this project havielentified and expressed their commitment to act upon several themes in the
first phase of the projectThese themeform the foundation for the second phase of the projehisaction agenda
will bedivided into severgbrojectsthat deal with the aforementioned themes

Achieving a climat@eutral and circular economy requires the full mobilisation of industry. It takes 25 geaars
generationg to transform an industrial sector and all the valuaaich To be ready in 2050, decisions and actions
need to be taken in the next 5 year§paragraph 2.1.3f The European Greddeal, European Commissio2019).

The goal of phase @'he Circular Wind Huli§ to set objectivesfacilitate decisions and take actions that will
accelerate the road towards circularitfhestakeholders participating in the first phaeéthis projectmentioned

that decisions cannot be forced by few industry actors and/or govemmental organisations Therefore,
international collaboration and (cross)sector collaboration is needed to medgress towardémpact. The action
agenda and associated projectzavea practical approach and aim to deliver tangible impact in the form of a new
design, lifetine extensionor re-application of materials.

As a disclaimerheseaction agendaslo not cover all thenecessary steps towards a circular indusfrigere are
manyongoingprojectswith a focus on circularityTheseaction agendaare based on(cross)sector opportunities
and collaborations in the value chawith themes that have not been at the centre of established projects
Gollaboration within the value chain can start now and could hagaitzstartial impact on the material streams.
Phase 2will therefore aim to aligmrganisationssectorsandEU state members factualimplementation in phase

3 (see figurgin 3.2.

The road towards circularity is an incremental learning by doing process, that may change during its course.
Therefore, theaction agendahouldbe read as a guideline that is not setstone and could change over time.
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5.2 Intro duction action agenda model

Theprojects associated with the action agendae classifieciccording to the frameworkortrayed inthe table
below. Each project is scored @B expected impact on circular strategies, structural elements, and-8psan.
Besides, the tablprovidesan outline which can be used at the start of phase 2. The financial resources are noted
in this frameworkbut are more elaborately explained appendixB, as well as potential funding for future pilot
projects.

Action agenda themé project

Ambition Problem definition and goal of thiproject
. Product NN Lifetime NN Reapplication
Circular strategy . . app .
design extension of materials
Nature . Foundation =~~~ ° Nacelle
Structural element . .
Cable Tower Blades
Time-span Shortterm 7 ° Mid term . Long term
Implementation Readiness for implementation of tiggojecton several levels such as costs, technology, legal or social
readiness readiness.
Challenges What are the main challenges for this project?

Required value chain  Who is required to applfor this project?
partners

Complementary What initiatives cover (parts) of this project and can we learn fom

initiatives

Other industries might have dealt with similar challentiest the wind industry is currently facing. What
Compatible industries  can be learned from other industries that have already dealt with this theBesdes, other industries
could have crossector collaboration opportuities.

Governmental Is the support needed from certain authorities (Eidtional,regional loca)?
support/involvement

Arrangements for the  The practical plan pgrroject
working group

Financial resources Financial resources needed for theject
for working group
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53 Presentation of the

This paragraplelaborates further on thenine themes of the action agenda by using thetion agendanodel
explainedin paragraph 5.2.

nine action agenda themes / projects

1. drcular permit andtender criteria

Ambition

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
working group

In general, it could be stated that current wind farm tenders are designed to select bids for the lowes
levelized cost oEnergy (LCOE). This chimder the industry from the road to more circular business
models and processes$ncluding circularity aspects and criteria permits ortenders could stimulate
companies to change their business processes and models towards circular strategies. However, ne
permit andtender policies should be workable and provide a level playing field for a European wide
transition to circular wind farms. The desired outcome of this working group is that the wind industry
and authorities come together and find new circularpst-efficient and, workable permit andtender
criteria.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

Circularpermit andtender criteria can be implemented after several consultation meetings between tt
industry and governments that lead to workable criteria.

- Determiningpermit andtender-related circular aspects and criteria that can be assessed on
impact.

- Search for workable criteria that comply with the circular ambitions of Europe while being
workable for the industry.

- Search for possible necessity of governmental intervengog, government funding.

National governmentEuropean Commissiowind farm developers, owners, and operatpisrbine
OEMs suppliers NGOsindustry associations and other value chain parties.

IEAWInd Task

To be further considered during phase 2. Possibly relevamtstruction and infrastructure industry.

Governmental involvement is essentialgm/ernmentsestablishpermits andtenders.

In spring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership funding. Other optiansto be further considered during
phase 2.
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2. Modular design

32

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

The lifetime of components of WTGs differs. With a (more) modular design of (subsystems of) WTG
components that have reached EoL can be replaced (within the economic boundaries of the wind fa
while the components that are still intact can be leift place. A modular design of (subsystems of) WT
is highly demandingwhich is whythis work package will deal with what is involved in designing
(subsystems of) WTGs in a modular way.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

Technically, modular design is ready for implementation. However;aféesttiveness should be
researched.

- Determining the impact of a modular design on the current business model.
- Determining the coseffectiveness of replacing parts comnig excessive maintenance and
transportation costs.

Turbine OEMgamain suppliers of turbine OEMs (subsystems, modufeghdation and tower
manufacturers and supplier®&M service providersvind farm owners and operators.

EnVentus, Modvion, ECOBUEgiropean Raw Materials Alliance, Cluster Critical Raw Materials and
Permanent Magnets

To be further considered during phasePassibly relevant: construction industslectronics industry
truck manufacturing industry.

No governmental involvement is needed. However, including modularjteiimit and tendercriteria will
speed up the process.

In spring2021, the first kicloff meeting will be held with the participants. Before this megtin
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collaborate in recurring meetings aiming for the prac
implementation of projects startingn 2022.Additionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership funding. Other opti@nsto be further considered during
phase 2.
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3. Collaborationin design
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Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

The design of a WTG does not always facilitate efficient processes of the other partners in the value
chain. Slight modifications in the design of a WTG could on occasion significantly impact the related
processes down the value chain. Thisoject will deal with the collaboration possibilities in WTG desigr

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

Ready for implementation

- The supply chain has to make agreements on revenues and risks related to collaboration il
design to facilitate supply chain integration and circularity.

- Determining a standard set of criteria for companies involved in the same step of the value
chain. Arexample: different transport companies have different sizes of skifséch size will be
the standard?

All value chain parties could be involvdtle most important parties are theurbine OEMs.
SUSWIND, GenVind, Dreamwind, ECOBULK, FiberEUse, ZEBRA, NEOHIRE, ECOSWING, Susme
Dementer,and Amphibian.

To be further considered during phase 2.

No governmetal involvement is needed.

Inspring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership funding. Other opti@nsto be further considered during
phase 2.
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4. Environmentaispecific foundation design and mutise of wind farns

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

There ismuchuncertainty on the ecological integration of offshore wind farms with marine nature.
Removing monopiles during thdecommissioning favours the recycling ofaterials. However, nature
flourishes around foundations, so some voices claim that part of theridation could be left in place.
Cables are left in the ground after EoL because decommissioning is (still) costly and disrupts the
surrounding nature severely. A substantial amount of copper and other materials are lost. This work
group will focus on peorming research on design standards for ecological integration with marine
nature that favours both coseffectiveness and the enhancement of the environmemesides, multi
use of the wind farm areamayincreaseecological, economicabnd social valusof a farm.This
workgroup aims to integrate ecologin the wind industryfor environmentally friendly wind farms.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

The development of nature standards requires expertise in the ecological integration of foundation &
cables.

- Ecological integration with nature should be ce$fective or included in regulations.

- Multi-use options that arevorkable foroS NI} 4 2 N&A YR bDhQa

- Determining whether the standards for foundation designs are transferable throughout the
industry, as foundation designs differ per company.

- Harmful, but more coseffective designs are preferred over designs that are nsoiigable for
integration with nature.

- Cable decommissioning related business cases with respect for the environment.

The governmentoffshore wind farm ownerdNGOSs in nature preservatipimstallation/decommissioning
and transport companies.

E.g.Rigstoreefsand DeRijkeNoordzee

To be further considered during phase 2. Possibly relewdfstiore and onshore oil and gas industries
relevant mining industries.

If costeffective, (a part of) the offshore wind industry will most likely want to implement the standard:
However, governmental involvementrgeded as this will require adjusting thregulationsor tender
criteria.

Inspring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will furtheollaborate in recurring meetings aiming for the practic.
implementation of projects starting in 202&dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership funding. Other opti@neto be further considered during
phase 2.
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5. Retaining data(e.g. on modules, components and material levels) optimal decommissioning

and circular strategies

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatibleindustries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

The component and/or material quality of WTGs is wefionitored duringthe lifetime (operations
phase), but this is primarily used to determine the technical or economic status during the lifetime. A
the EoL, most (sub)components are combined and processsngthe same strategy. This working
group will focus on gathering information during the lifetime, which can be used to determine the
technical quality of EoL (sub)components regarding recycling euse potentials.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

Ready to implement

- Possible (business) sensitivity of information, meaning that a limited amount of parties sho
have access to the information. However, it must be considered that it is more useful if mai
EoL parties can access the information so that they can expregdrtterest in the
components/materials.

- Instant measuring of component quality and providing an industryported standard on how
to measure and define the quality of components and materials in operational WTGs.

Windfarm owners and operator$DEM turbine companie©&M service providers (repair and
maintenance)EoL companies (recycling and waste treatmgnénsport and decommissioning
companies.

Circularise

To be further considered during phase 2. Possibly relevant: aerospace and space inchisaesgas
industries certain industrial sectors (e.g. advanced machines for semicon). E.g. developments in ma
passports, predictive maintenance, aerospace material standards.

Governmental involvement could be relevdat providingregulations on EoL measur&sovernments
could also facilitate, for example, quality standards.

In spring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or memberghfunding. Other optionareto be further considered during
phase 2.



The ideation process focused on circular

strategies in the wind industry

6. Responsibility of materials

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

Every partner loses ownership after their product is passed on in the value chain, which leads to los
material (quality) at the EoL. This working group will work on the goal ofusng materials or
components with minimal loss of quality. To achievki$ goal, a party must have responsibility for the
materials. Possibilities contain material passports, leasing of materials or setting up a material mark:
place. Responsibility of material also should not end at the decommissioning phase of a wind farm.
Ideally, materials loop back to the raw material phase.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

To be further considered during phasekhowledge of material passports or leasing of materials is
required.

- The requirement of a broad range efpertise, as WTGs contain a variety of materials.

- Cooperation of every partner in the value chain concerning material passports.

- The need to make agreements by the industry on incentives for respotysibiiarding
materials.

- Determining where to make distinction between components and materials.

All parties in the value chain, but specifically: manufacturers of componEotsparties like waste
treatment and recycling.

E.g.Stichting C2C BouwgroeMadaster ServiceandEuropean Dataspace for Smart Circular Applicati

To be further considered during phase 2. Possibly relevant: the construction sector.

No govenmental involvement is neededHoweverjncluding modularity irpermit andtender criteria will
speed up the process.

In spring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discuss¢
during phase 2.

National government and/or membership funding. Other optiansto be further considered during
phase 2.
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7. Refinery and recycling plant(s) (e.g. rare earth elements (R&&g9) and composite}
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Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
working group

Nowadays, Rare Earth Elements (REES) are essential for most wind turbine productions. However,
REE demand for the energy transitiavill surpassthe total critical metal productiori!. Currently, both
the Netherlands and Europe are highly dependent countries outside of Europe for their critical
metals. The current recycling rate of Neodymium and other REEs is below 1%. New recycling techn
need to be developed and implemented to keep the scare metals in the value chaiaddition to REEsS,
Compsites and other materials ithe wind farmsneed optimal recycling techniquethat retain as

much material valueThe goal of thigrojectis to identify potential refinery and recycling plants for e.qg.
REEscomposites and other materialsThe ambition is to retain as muciaterial value as possible
when materialsare being recycled

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

Depends on the recycling technicgie

- Finding workable business cases amthnology
Practically executing business cases

RecyclersPorts,Operators, Logistic companig8EM turbine companies (and/or their suppliers of
generators or generator components).

Interreg DecomToo|<ircularindustriesSusmagprpAmphibian Tarantula REE4UDementer European
Battery AllianceEuropean Raw Materials Alliance (ERMZFERMVO covenanétc.

To be further considered during phase 2. Possibly rele\mttery industry, aviation industry, recycling
industry,solar industry.

Both national and European governmental support can be useful in researdeamnublogical
development. Local and regional authoriti@s/olvement is essential for the practical recovery part.

Inspring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membershipriding. Other optiongreto be further considered during
phase 2.

11 Neodymium, dysprosium, and praseodymium are not only used in generators of wind turbines but also in e.g. electric melgiokds (

and batteries).
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8. drcular clusters aroundports

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
working group

Every offshore wind project utifies ports, during the installation phase (pr@assembly and vessel
loading), the O&M phaséwarehousing, hub for transport of maintenance teams and (‘circular’) parts)
and the decommissioning and end of life phase (transport hub for decommissioning and/or repoweri
activities, hub for inland logistics regarding ‘circular' parts and (raw) maaés). From a collection and
treatment perspective, the scale is paramount to close a recycling business case. lexrggystems of
companies around ports, which facilitate information sharing, could search for optimization in the
application of material srategies, especially there where (sub)components have different EoL purpos
The desired outcome of thiprojectis to assess and design potential hubs that could be developed
around ports to deal with material return streams when wind farms come to thend of life.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

The identification of return volumes, hubs and EoL strategies can start right away. The construction
actual hubs and their timespan shall be further considered during phase 2.

- Identifying hub locations and business cases

- Developing lifetime extension ariebLstrategies with valuable business cases
- Relocating companies or setting up specific business units around ports

- Facilities for recyclingomponents (like blades)

Ports wind farm operatorsdecommissioning and EoL companies.

Interreg DecomToo]<ircularindustriesSSURFACEIBROU&c.

To be further considered during phase 2. Possibly relewéirand gas industries; shipping industry;
onshore wind industry.

Both local and regional governmental involvement is essential.

In spring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of partiesilvfurther collaborate in recurring meetings aiming for the practic
implementation of projects starting in 2022dditionalpractical arrangements are to be further discuss¢
during phase 2.

National government asor membership funding. Other optiorareto be further considered during
phase 2.
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9. Platform for European wide circular collaboration

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatibleindustries

Governmental
support/involvement

Arrangements for
work package

Financial resources
working group

Industry partners mentioned the urgency to handle this transition on a European level. Circular
strategiesmake the most impactvhen they are ensured and implemented European wide. Currently,
there are manyongoingcircular initiatives (e.g. over 25 for ble recycling) that contain similarities. A
European wide circular wind alliance, that collects ideas and searches for connections could create
stability and an overview of the next steps towards a circular wind industry. The desired outcome of
projectis to connect circular initiatives, find complementing areas and give input for a European Circ
Wind Action Agenda.

Product Lifetime Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower Blades

Short term Mid term Long term

This work package can be implemented right away.

- Gaining funds and support from the European Commission
- Establishing the right mix between governmental and industrial input
- Search for possible sea basin collaboration acnasi®nal borders.

R&D/universities/institutesindustry associations.

European Battery Allianc&uropean Raw Materials Alliance (ER)}@A)apult,and SusVind.

To be further considered during phasePassibly relevantbattery industry

European governmental involvement is essential.

In spring2021, the first kicloff meeting will be held with the participants. Before this meeting,
participants will be consulted to elaborate on their ambition and practical arrangement preference. A
the kickoff, a select group of parties will further collatate in recurring meetings aiming for the practice
implementation of projects starting in 2022dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership fundir@her optionsareto be further considered during
phase 2.
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5.4  Wrap -up

Phase Ivas instrumental to bring together stakeholders from the wind industry together to elaborate on circularity
in the wind energy sector, and to indicate specific themes that lead to a set of concrete circular action agendas
driven by the industry and witfpotential) support fromgovernmens.

The various sessions and workshop of phase 1, including input from desk research, have resulted in a diverse set 0
themes regarding circularity in the wind energy sector for this momé&he themes cover all threeircular
strategies domaingproduct designlifetime extension ande-application of materials)lt should be noted that

these circular action agenda themes deserve more reflection during ph@seZircular Wind Hupg.g. regarding

impact and business sa potentials.

It is positive that at least 4 themes have strong connections with the challenge of design for circularity. It could be
stated that smart produicdesign (including the smart design on the level of subsystems, module, components, and
subcomponents)taking into account design for circularitig essential to make fundamental progress in higher
levels of circularity in the wind energy sector (onshanel offshore). Design for circularity is also valuable for the
strong drive of the wind industry sector and government to 1) reduce the cost of electricity as much as possible
(low LCOE) and 2) integrate large amounts of renewable electricity into thigyeggstem.

From a practical point of viewalso lookingat the degreeof overlap between certain themesit is suggested to
during the start phase of phasedkif certain themes could be clustered

The framework introduced in this chapter could h&dpmake¢ during phase 2 swift progress in converting the
themes into concrete circular action agenda plans (ambition, stakeholders, complementary initiatives, action plans
and milestones, funding for working groups etc.).
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6. Conclusion s

The conclusions of this report are a reflection on the current state of circularity in the wind energy industry and the
perspective of this proje€ @articipants on the most viable next steps towards a circular wind energy industry. The
conclusions are derived from the first phase of this project and are essential input for phalaerdr(g ofcircular
initiatives in the circular wind hupthat will further elaborate on the action agendas. Besides, some conclusions
may already affect long term solutions or challenges that could occur in phase 3 (implementation of circular
initiatives) of this project.

Conclusion 1: The wind energy industry is very auitied to making the transition towards a circular industry.

With the Green Deal, the EU has set its direction towards a canbatral society that is less dependent

on the use of virgin materials. The combination agfactor with the large residualdiv of wind turbines

the coming years has created an urgency to move towards a circular industry. The wind energy industry has
shown its commitment to the transition towards a circular industry by its participation in the first phase of
this project and thenumber of registrations for the second phase.

Conclusior2: The costdriven focus hinders the transition to a circular industry.
The wind energy industry has a strong focus on-effitiency, which is fundamental foine contribution
of wind energy for the energy transition aedonomic developmenuithin the sectorbut can hinder the
transition to a circular industryThe windenergyindustry is committed toacceleratingthe transition
towards a circular industrput the actualmplementation ofcircular business processes remains a complex
challenge.Many industrystakeholders have emphasized the critical role the government can play to
promote and stimulatecircular business propositions.

Conclusior: Current circular projects tend to focuserely on the recyclingof materials.
Currently circularityin the wind industryis stronglyfocusedon challenges andpportunitiesrelatedto the
recyclingof materials However, more attention is coming for complementary circular strategies related to
smart product desigr(e.g. desigrfor circularity) and lifetime extension (e.grelated to modulesand
components).

Conclusiod: The quality of material must be better conserved
Within the circular recycling strategg distinction can be made between high quality, mid quadityd low
quality recycling.Even hough 8590% of a wind turbine can be recycled witlhirrently available
technologieseality shows that materialsregardless of theiquality receive the same aste treatment.
This results in high quality materials benegycledand processedhto low quality raw materialsThis can
be prevented whemecommissionedomponentsand materials aréabelled and the gathered data during
the wind turbinelifespan isused asnput for the recycling process.

Conclusion 5: Collaboration between partners in the wind industry value chains and outside of the sector is
required to implement circulaistrategies, and most efficiently pursued by having a joint (digjtdiscussion.

Often, changes from linear to circular business processes not only affect the processes of one company but
will also affect other sections of the value chain. The value dafahme wind energy sector is large and very
diverse, so it is important to utilise the expertise of every paBjscussion groups (including online
sessions) with stakeholders from different sections in the value chain led by a discussion leader, have
proved to be very effective in phase 1 of this project.
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Conclusiort: The participants of this project mainly want to pursu@rcularstrategies in thedomains of
product design ande-application of materials

The circular strategies in this project are categorized according to three dorpadasict designl|ifetime
extension ande-application of materialsThe result of the elaboration on circular action agenda themes
with the project'sparticipantsin the following: 9 themes were distilled that are relevant for phase 2 of the
project. Each theme has been assessed on its relevioricthe domains (themes can be relevafur
multiple domains).

- 4 out of 9 themes are fully focused product design
- 2 out of 9 themes are fully focused difetime extension
- 5out of 9 themes are fully focused on the-application of materials.

Conclusion’: The use of a circular framewordperationalisedfor the wind industry helpgso structure the
exploration towards andfindings of circular strategies.

Theframeworkspecifically operationalised for the wind industry amskd in this report and the
frameworks on which this framework is basegrovided the tooldo identifyloss of quality ora

component or materialeve. The framework was useab a reference to elaborate on circularity strategies
for the wind industry, and to define relevant action agenda todicshows what aspectsf circular
strategies diffeffrom each otheand how the can be compared atlustered.
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/. Recommendations

The recommendations of this repaatm toinform andhighlightsteps that wouldsupportthe transition towards a
circular industryThis section covergcommendations orarious themes likaction agendas/aluechain,circular
strategies andthe European dimension.

7.1 Recommendations related to the circular action agendas

Recommendationl: Pursue the action agendass identified in phase bf this project, because thendustry
participants have indicated the importancef and commiment for phase 2

During phase 1 of this project, multiple action agendese identified from various interviews and
stakeholder sessions. These action agendas contain themes thatdhstry participants have identified

as vital for the transition towards a circular industry, in addition to the initiatives that already make
progress. The participants have also committed themselves to work on these action agendas in the second
phase ofthis project. It is recommended to maintain the momentum and use the commitment of the
industry. The followingconcreteagendas have begproposed for the second phase of this project:

Circulampermit andtender criteriaregarding wind farnprojects

Modular desigrof the structural elements

Collaboration in desigwith partners in and outside the wind energy sector
Environmentalkspecific foundation design amdulti-use of wind farms

Retaining data (e.g. on modules, components and matenal$® for optimal decommissioning and
circular strategies

Responsibility of materiat® enhance circularity

Refinery and recycling plant(s) (e.g. rare earth elements (REE), Steel and composites)
Circular clustersf companiesaround ports

A platformfor European wide circular collaboration

arwNE

©oo~N

Recommendatior?: Organise large involvement of industrygotnersfor the action agenda projects.

One of thegoak of the second phase of this project tis establish, implement and execute industry
standards like modular design. Joining project(s) working on the action agpralades participants the
opportunity to collectively shape and accelerate the circular transithaditionally, including &arge and
diversenumber of participants will most likely result in a higher acceptance of industry standards and
regulations.

Recommendatior3: Keep the action agendas up to date, as it is a continuous road towards a circular wind
industry.

Action agendas havbeen identified for the second phase of this project, but these may change over time.
Future commitment might change, the themes of the action agenda might overlap when started working
on them, or they might not lead to the desired results. thisrefore recommended to keep an open mind
andadjustthe (focus of theYhemes of the action agendas whenever necessary.
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7.2 Recommendations related to the v alue chain

Recommendatiod: Createcollaborations(like consortia) within the wind industry forproper alignment of
circular businesses.

Implementing circular strategies as a company influences the business of related stakeholders in the value
chain. It is therefore recommended to align relatsthkeholders for optimal integration of circular
strategies. For instance, using alternative metals in the gearbox will influence the material supply chain
before installation and will influence the maintenance and decommissioning after installation.

Recommendation5: Create synergies with related sectors for a smoother transition towards circularity.

Industries likeoil & gas (decommissioning), aviation (composite EoL strategies) or infrastructure (quality
based tendersinight have undertaken the same ciflar challenges as the wind energy sector is confronted
with. Therefore, it is valuable to learn from these industriBssidesthese industries mage confronted

with similar challenges that can be more easily tackledugh crosssector collaboratior(an example is

the collaboration ofindEurope, Cefiand EUCifegardingcomposite recycling

7.3 Recommendations related to ¢ ircular strategies

RecommendatiorBY L YLJ SYSy (i OANDdzZ I NJ aGdN} G§S3IASa Ay GKS 2N
muchcomponent andmaterial value as possible.

In the transition towards a circular industry, companieasso in the wind energy industritend to search
for recycling solutions while this is one of the lowest vahetaining circulastrategies Circular strategies
are ordered from high levels of circularity (like refuse and reduce) to low lefeiscularity (like recycling
and incineration). It is therefore cemmended for companieactive in or for the wind energy sectt
focus on circularity opportunities startingith refuse (R0) and reduce (Ra)retain the highestomponent
andmaterial value and make the highest impact.

Itis also important to note tht acceleratinghe circular transitiordoesnot automatically mean the industry
is more sustainable. A balarttdecisionhasto be madeabout the sustainaitity impactwith every circular
strategy implemented.

Some circular strategies (particular recyclinjmay require a substantial amourdf energy. Sometimes,
using virgin materials or using another circular strategy may be more energy efficient. Theoffrade
between material use and energy use is a complicated matter that shouldrnsédeved when developing
circular strategies. This trae®f may change by technology development and will therefore change over
time.

Recommendation7: For the exploration and impact asssment of circular strategies in the wind industry,
use themethodologies and the framework as presented in this report.

The framework has proven to be very useful in gaining insightcircular strategieswhen other topics
are added to the circular action agenda, the framework can be used as a tool to quidkéffactively
understand the potential impaaif these topican make and the practical arrangements that need to be
made. This also applies to the framework used to categorise and classify circular strategies.
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7.4  Recommendations related to European dime nsions of the wind industry

RecommendatiorB: Elaborate on the added value @in EUwide collaborationplatform in the wind industry
that is focused on the transition tavards acircular windindustry.

EUwide collaboration in the wind industry is key for comparieshe wind industryto change to more
circular value chaimon a European levelt is recommended to start an Bhide platformthat aims at
increasing transparency between projecthie EU 8ttery Alliance is an excellent example of-EBe&mber
states working together with companies to make large scale progress on complex trangitiGsular
Wind Energy Alliance may be the answer for the wind industitg hoad towards circularity.

Recommendation 9: It is recommended to keep the momentum and enthusiasm in this transitibnough
among othes, stakeholder sessions and webinars.

During the first phase of this project, the enthusiasm and input from the industry made the insights of this
report possible.A committed industry in the complex road towards circularity is important to accelerate
this transition. Therefore, it is recommended to continue organising sessions to keep the momentum and
enthusiasm in this transition. This results in higtevels of awareness on circularity challenges and
opportunities across the wind industry. Besides, these sessions could lead to additional circular action
agenda projects that can be further developed and tackled by the industry.

Recommendation 10Create nationalfocal points for European financing, legislation, and collaboration to
support sustainableand circulardevelopment.

The European Commission and its member states baes (and are) creating financing platforfdgor
circular economy and winehergyprojects, offering major opportunities to develop projects on a European
scale.In some cases:U legislation, member state legislatjcand several EU collaboratigngroject,
alliances make itchallengingto find the appropriate building blocks for sustainable and circular
development. Therefore, it is recommendddr member statesto have a focal point that could help
companies with B legislation, finance, and collaborationshile helping EU collaborations with finding
relevantnationalstakeholders.

12 Through instruments such as IPCEIs, North Sea Wind Power Hub, Connecting Europeriehttikyndustrial Forum.
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Appendix A: overview of

sessions and workshops In
phase 1

Thisappendixis an extensiomo chapter 4 (phase 1JThe content of the stakeholdesessions (also known as Value
Chain Meetings) and workshofggvenduringvalue chain meeting 2 and, tf@RCO Track) sharedThisappendix
aimsto show the resultof these activities. This will give you a better understanding of the commitment of the
industry. Besides, it vllicontainthe workshop materiathat is used taconcludethe main report.

Session 1 was an introduction to this ideatfmocess, session@ntained 7 workshops to define circulawilding
blocksand session &ddressed crossector collaboration and an outline of phase 2. Thereafter; day long
workshop wagperformedwith help of CIRC® create a better understanding of the circular strategies that could
be used in phase 2.

Stakeholder Session 1

August 28' 2020

Goal At the first online stakeholder session more than 100 participants where present. The goal of tf
stakeholder session was to enthuse and excite the different stakeholders from throughout the
value chain. Besides, the session contained ynpolls and open questions, to gather insight
dilemmas that the wind industry experiences. The stakeholdepsemsed their ambitions and project
and the reactions afterwards were overwhelmingly positive.

Agenda The following speakers ca$tK SA NJ f AIKiG 2y (GKS OdzZNNByid LINEO
their goals for a circular and sustainable future:

1. Firstly, Giles Dickson, CEO of WindEurope, presented a video message in which he stre
importance of the circular wind industry.

2. Erwin Coolen, CEO of ECHT, continued by explaining the goaldtimshotProject Arcular
Wind Farmsand hosted theaest of the meeting.

3. Subsequently, Marylise Schmid, Analyst Environment & Planning of WindEurope, pre
the topic of blade waste, the current status and the market outlook of future blade waste

4. Afterwards, Thomas Wegman of EuCIA presented the liegytbchniques of composit
materials.

5. This was followed by a presentation from Kristen Skelton from Siemens Games:
presented the market position of Siemens Gamesa and their work on their sustain:
commitments and turbine circularity.

6. llse van Adel, Sustainability officer procurement of Eneco, presented next. She discus
producer responsibility, modular design and collaboration between the entire value chai

7. Lastly, Joost Eenhuizen, Business manager offshore industry from the Port ofdRimi
presented their current operations in the wind industry. Furthermore, the cast light on f
goal to move towards climate neutrality by 2050 and the circular strategy that is incorpo
in that plan.

Method During this online stakeholder sessjadt was actively encouraged to share information and disc
certain topics. This information was gathered through polls, open questions and general statel
The polls are visualised in graphs. The participants answered the open questions and
statements by answering in the chat of the Zoom meeting.

Results The industry shows that they use many different circular strategies. The most commonly used ¢
strategy is to recycle, reduce, repaie;useand refurbish as can be seen in figure 8. The responsil
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for circularity remains an ambiguous topic. Whasked who is responsible for circularity within th
company, the most replied answer was: no one specified (figure 9).

This confirms the general impresgithat companies are willing to change, but that they are still at
beginning of this proces3his reflected in many invitations and reactions of companies that woulc
to learn more about circularity and that would like to join and speak during the second and
stakeholder sessions.

Key takeaways The wind industry is aware of the dlemges that it experiences concerning circularity. Many par
have their sustainability programme, but teamwork is required to make a significant im
Responsibility for circularity within the organisation, however, is often not well defined.

Which R's are you using in the wind industry?

1106 1% 5% m Refuse

17% m Reduce
Reuse
19% H Repair

11% M Refurbish

Remanufacture
6%

B Repurpose
13%

6%
11% Recycle

Figure 8: Inventory of the EoL strategies during the first stakeholder session

Who is responsible for circularity within your organisation?

No one specified I
other NG
R&D / Business developmeniill
Sustainability department [ NNRNRE@EEEEES

Procurement i

The board [

0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 9: Responsibility for circularity
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Stakeholder Session 2

September 18th 2020

Goal

Agenda

Method

Results

Key takeaways

The main concern after the firstakeholder sessiowas that some participants only joined to retrie
information. Therefore, the secorgtakeholder sessiohad a slightly higher barrier to join.

The aim of the second stakeholder session was for the participants to get to know each other
gain indepth knowledge of the current linear business processes and circular strategies. Partic
were asked to collaborate within workshops and to actively share their thoughts in this session.
this session, 7 workshops led by NWEA, Port of AmsterdAvQP, Groningen Seapor
DeRijkeNoordzee and ECHT took place. More than 75 professionals actively shared their thot
change the current linear value chain towards a circular value chain. The results of this wo
confirmed the willingness of theadustry to cooperate in the transition to circular wind farms.

This meeting comprised two main parts. Firstly, speed dates were held in small groups f
participants to get to know each other. Subsequently, discussions were held in breakout roon
topics that were identified in the first value chain meetingsrerused as discussion topics.

Each participant had subscribed themselves to a breakout room before the meeting. The focus
breakout room was one of the four topics; Nature, Rare earth elements, Composites, and Tran:
Installation. In each breakout room, a discussion was held betweEh @articipants with a discussic
leader that is an expert in the breakout room's topic and a moderator@yE

The Ellen MacArthur Foundation is a commonly used model to work onwdatibusiness propositior
It is commonly known as the butterfly model cikcular economy seeks to rebuild capital, whether t
is financial, manufactured, human, social or natural. This ensures enhanced flows of goods and ¢
The butterfly modeillustrates the continuous flow of technical and biological materials through
WaEf dz§ OANDE SQz 1a OFly 6S aSSy Ay TAIdzNB

Therefore, to structure the discussion, this model was used. The discussion was held for an ho
each building block of the model taking 15 minutes. The model's building blocks; product ¢
business models, reverse cycle skills and cross cygdlerasssector collaboration, were used to triggt
the participants to give thought to every aspect of a transition towards a circular industry.

The moderator of the sutracks gathered the results and added them to the model. Each sectic
the results contains a figure with the logos of the participants in thetsatk and a figure with the
findings.

Key takeaways

Moving towards acircular economy is a complex process which nexgicooperation between al
partners. Small discussion groups are the most effective way of gaining insights and sheds
shared problems.
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FigurelO: The butterfly model of the Ellen MacArthur Foundation modified by ECHT.

Compositavorkshop

Product i
design
1
1
Business T
Models
Reverse cycle i
skills

Linear process of building, using a
destroying.

Blades are not interchangeable. Blad
are made out of carbon, glass fibres a
thermosets, which are difficult to recycle
Cost driven focus makes the design foc
on larger blades and therefor large
turbines.

Stakeholders are onlgesponsible for the
product at a certain moment in the valu
chain.

Currently, the decommissioning process
not structured. There is no clee
understanding of this process.

= —a

= —a

Expending lifetime by modular blades. Rc
section, midsection and tipsection.

More standardization for easier reuse
Synthetic fibres (and resins) that are fu
recyclable (for instance FILAVA). Or bioba
composites (resins) that aeasy to remelt
Wood and other natural fibres.

Designing easier dismantlable blades (for ret
or recycle)
Multilayer
components.
Thermoplastics (Elium for example)

plastics containing  recycle

Sharing  responsibility — starting at th
manufacturing of parts part instead of produ
level.

WTG could be used for the secehdnd market
is not used in its full potential

With a closedoop, the raw material provider i
the recycler.

Leasing as a business model

Arrange to decommission like the aviatic
sector. Certify materials after decommissioni
so they can be reused.

Keep control of raw materialk a warehouse
or material passport.
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Cross cycle 1 Currently, most of the composite is bein 1 The decommissioned composite could be us
and cross landfilled in Europe. in other industries (with shorter fibres). Fo
sector instance, making bicycles.

collaboration 1 Building bridges! Literally and figuratively. Th

recycled composite could be the raw materi:
of other industries, for example, infrastructure
or construction.

Rare EartlElementsvorkshop
Building blocks tdransition from a linear to a circular economy

Product 1 Currently, the rare eartlelementsare not 1 Reduce, reuse, recycle and substitution sho
design recovered from the decommissione be the main focus of the science projec
wind turbines. research and funding needed to turn it into
1 The virgin raw materials price ¢ circular process.
bS2R&@YAdzY A& € nndn Two tracks:
to waste after thelife cycle of a wind 1. New design: reduce as much as possible of
turbine. rare mateial use

2. Design with current materials: trying to find
way to recycle the rare eartblementsout of
the wind turbine.

Business 1 Rare eartlelementsare considered scra|  There is an economic incentive because of
models after decommissioning. There is r virgin material price of Neodymium starts
current business case for recovering re 40.000 euro/ton.
earth elements 1 Refurbishment or reuse of thenagnets in its

whole or as raw material.

1 Feasible business cases can also be built arc
Boron and Copper.

1 Looking at who possesses a material at a cer
point.

1 Leasing as a possible business model for
materials of a wind turbine.

1 Currently, Neodymium can only be refined
China, there is an opportunity here.
Renting a wind turbine

Reverse cycle 1 The current options are limited. 1 Collaboration across the chain is needed whe
skills comes to innovation, research and hoto
extract raw materials. Collaboration with parti
who have the expertise of extracting certa
materials.
1 Alot of the materials get lost at the end of lif
there are refinery opportunities in the EU if w
work together and create scale. From
technial perspective, everything is possible.

Cross cycle 1 Collaboration with metal associations.
and cross I Massbased recycling regulation for the wir
sector industry.

collaboration
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Nature workshop

strategies in the wind industry
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Building blocks to transition from a linear to @rcular economy

Product
design

Business
models

=a =

= =

=a =& -9

Instal and decommission wind turbine:
thereby destroying nature that has
developed during wind farm lifetime.

In situ, raw materials are lost, and are
OFryQi 068 dzaSR o0& 2
There is no business case to remove t
foundation.

5D or 8D distace between wind farms
Packing material plastic

Install and decommission. Parts al
bought for singleuse

Investin recoveringnature

Thereis no incentive for parties tc

monitor the state of nature

The owner owns the WTG

Do notwantto buyrefurbishedparts
Biggerand Bigger

= =

= =

= =

= =

= =

Packing as fertiliser

Leave turbines in situ, thereby skipping tt
waste phase.

Optimizing the design for better integration ¢
scour protection to fit the kind of nature and d.
long-term monitoring.

Moving to other foundation types that are
easier to decommission. Jackad foundations
could be a solution for easy decommissioni
in a shallow environment (highisk). Asses
which foundation type is best suited per kind «
nature and asses which technical requiremer
the foundation must meet per location, tc
incorporate that into the design.

Build a business case for using the foutimia
Implement regulatory measures.

Design wind farms so that you can leave natt
in between. Utilise the space in between fc
farming.
Designbiodegradablescourprotection

Build windfarms at less ecological areas
restore

Modular structures, less ipact on ecology
May benefit for rock environment, but no
from other types of environment (sand).

Invest in a decommissioning bond befol
installation. The money of the bonds can
used to invest in other sustainable initiatives
nature (if there is no need for
decommissioning)

Leasing parts will improve the quality ar
duration of parts

Prevent damage to naturé. O capture, (plant
seaweed or a tree when you build a wir
turbine)

Long term monitoring of the problem
Responsibility couldd with designers of scou
protection/foundation if their objective is to
make it sustainable (they are not the owner, ¢
they must be hired as subcontractors)
Nature area (tourism) or diving

What is important on NIMBY and translate in
business cases.

Involve fishery in the business model for mo
plantbased food, turn fishermen in seawee
farmers.

Share ownership also with private people
The substation can be used for floating solar
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Reverse
cycle skills

Cross cycle
and cross
sector
collaborati
on

strategies in the wind industry

Take out most of the wind turbine

Look at the quality of the parts that ar

being decommissioned.

1 WTG decommissioned, scrap value, lee
behind concrete foundation left.

1 Part of foundation left maybe cables an
scour

1 The temporary hood of an offshor

monopile is scrapped

=a =

1 There is mistrust betweer
aquaculture/fishing industry anc
offshore.

1 Coastal infrastructure and offshore win
work on their project, but offshore wind
farms modify the conditions at the coast

I Wind turbine engineers only work ol
technical designs.

1 Many interesting events are happenin
but they are not always picked up liye
media

1 Recycled is more expensive than ne
products, fact of life.

Transportation and installation workshop

=a =

=a

= =
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A clear assessmeénf the distinction between
waste and useful components. It might &
useful on other sites or for coastal defence.
Move it to the designated space of ewdHife
scour protection. Then it is not occupyir
seabed which might be useful for othe
industries.

Assess the quality before decommissioning.

Lookingat
0 0 leavethe structureswherethey are.
Make a new reebut of

it. Leavingparts behindoffshorewhen nature
iscreated

Use biodegradable products

Monopile reuse as an edonnel under the
highway

Use to temp hood for monopile as an artifici
reef

Biobasedlades

More collaboration between aquaculture an
offshore for reuse of scour protection

Form a collaboration between coast:
defencelinfrastructure and offshore wind
Forma collaborationbetweenengineersnatu
re/ conservatiorparties andgovernment

Wind turbine
farmsand mediaaboutgoodnewsstories
Government legislation needed offshore t
leave certain structures behind

Tender criteria

Partnerships e.g. with chenal recycling
companies concerning decommissioning.
Ownershipof the material stayswith the prod
ucingcompanyandtakingresponsibility.

Building blocks to transition from a linear to a circular economy

Product
design

1 Cables remain in the ground after th
wind farm isdecommissioned, thereby
losing all materials.

f L (utd®rneath the seabed and ca
even stimulate theenvironment by the
emitted heat.

i A trench is built to bury the cable:
underneath the seabed

1 Materials and design are ffor-
purpose.

i Wind turbines and transportation
process are designed separatel
Therefore, ships often must b

modified, leaving little space to innovat
in other sustainable options like
hydrogen.

= =

Cables must be redesigned.

Drill the trench in a way that the cables cc
easily be installed and decommissione
without (excessive) harm to the nature aroun
it.

Use hydrogen @arby the wind farm, so there it
no need for cables to the shore

Design with enebf-life strategy in mind.
Design wind turbines and transportatio
processes to be complementary E.g., wil
turbines should be designed to fit on a ship
other way around

Provide insight into the total value chain ti
seek opportunities for standardization.
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Business
models

Reverse cycle
skills

Cross cycle
and cross
sector
collaboration

Companis do not provide insights intc
the value chain because of intellectu:

property

In tenders, the main point is being &
costeffective

Project is managed on risks
Implementing a new business model f
optimization andcollaboration is high
risk.

Keep processes as they are. Why char
a winning team?

Responsibility for decommissioning ar
waste treatment is solely for wind farm

There are companies located near tf
port that can reuse materials, but thert
is not a structural plan to make thi
happen.

Responsibility  for  recycling o
decommissioning is in the hands of tr
party that might not be an expert in this

There is little cooperation, there are
even different nationalities of the sam
companies at the same port that doe
not fully cooperate amongst
themselves.

Ports are only responsible for thi
transportation part of the value chain.
No or little communication between
party's design, project, anc
decommissioning phases. Short terr
planning and one hurdle at a time
Therefore, the last phasesust adapt to
choices made earlier in the process.
Transport is carried out by their owi
company, services are not shared, par
because of i.p.
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Tenders should incorporate circularity. Advir
to government: What would the tender lool
likeif you incorporate circularity? No subsidy
general, but a subsidy for circular wind farm
Services are shared and new companies stef
as universal. Decommissioning is less tin
sensitive than installation.

Innovations that come available should
taken into consideration. Try to widen you
scope to optimize the logistics process.
Decommissioning and waste treatment are
shared responsibility. The producer shou
have responsibility for product/component tc
last. If their product lasts or if it is #@pcycled
better, they should receive compensation.

Keep the supply chain in the port. Team up wi
companies that are located near the por
keeping down the transportation costs.
Shared responsibility of recycling in
conortium, e.g., asset owner and produce
should take the lead.

Team up and make plans about what is comi
next

For ports: recycling the steel from the towe
and selling it to German and Austrian ste
producers

Communication between these parties ar
include them in their process design.

Share transportation vehicles and processes
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Stakeholder Session 3

October 9" 2020

Goal

Agenda

Method

Results

Key takeaways

The goal of the third stakeholder session was to inspire the industry with successfulsectsis
collaborations and to discuss the next steps for Moonshot phase 2. Several projects like
SURFACE, FIBROUS and ECOBULK presented the content odshséctor projects in circularity
During the first 2 stakeholder sessions, the participants often pointed to tender criteria. Therefore
presented the current tender situation in the Netherlands. They confirmed that new tender criteri
on the haizon.

The following speakers presented during the third stakeholder session:

1. Kadri Simson, European Commissioner for Energy inspired the participants with a mot
video message to take action.

2. Ruud de Bruijne from RVO spoke about tierent tender process, the market outlook of
offshore wind in the Netherlands, and the importance to include circular criteria in tende

3. This presentation was followed by Jelle Joustra, a researcher from the TU Delft and EC
on the design strateggefor composites in a circular economy. He illustrated general circt
strategies and he showed various practical examples of the reuse and recycling of blad

4. Next, Martijn Koelers and Nicolas Quievy from the ZEBRA project held a presentation.
provided valuable insight into the process of forming a consortium. They clarified the
importance of mutual trust in the partner's expertise and the key aspects of successful
project execution.

5. The final external presentation was held by Harald van der Migdgdvl Firstly, he explained
the SURFACE proje@the project will research the capability of processing large blade
sections and longer fibre lengths (> 2mjterwards, he explained the FIBROUS project. Tl
project focuses on the reuse of fibres fronngposites of wind turbine blades. He also
showed the importance of crossector collaboration between multiple partners.

6. Ultimately, Erwin Coolen illustrated the next phase of the Moonshot Project Circular Wit
Farms. He explained the timeline, the workgpsyuand he introduced the subscription to
these groups.

Knowledge and information were shared during this last session using presentations by represer
of initiatives and consortia of practical examples. In response to these presentations, the in'
stakeholders were asked to comment, either throughl poiestions or starting discussions in the ct
function of Zoom.

In the different sessions, the industry has mentioned multiple times that it is difficult to move for
to a circular industry because they might lose their market positiothe short term. Therefore
government action is required. This view is confirmed in figure 11. To gain insights about the
circularity within the organisation of the different stakeholders involved in the sessions, the que
of how circular is yor organisation was presented to the stakeholders involved in this session.
more, this confirms the commitment of the industry towards a circular transition, but it also show
progress that is yet to be made.

In response to the presentation givdyy Jelle Joustra of the TU Delft about design strategies
composite, the stakeholders involved during the session were asked what the greatest opportt
in a circular design. Figure 13 reveals widespread reactions with recycling as the frontatirther
moment. When asked which area the stakeholders found most important composites is the frontr
closely followed by rare eartblements transport and nature inclusive life cycle as shown in figure

This meetingorovided valuable insights in cressctor collaboration and showed the commitment
the industry towards a circular economy. Many parties have already subscribed for the second
of the Moonshot Project Circular Wind Farms.
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Circular tenders are essential for creating
a circular industry
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Absolutely  Helpful, it will get We might get  We don't need
us there sooner there sooner  circular tenders

Figure 1: Pollquestion during the third stakeholder session

How circular is your organisation?
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Not circularOrientating Making Most of theWe are fully
(yet) steps  processes circular
are circular

Figure 12: Poll question during the third stakeholder session
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What are the greatest opportunities when we
look at circular design?
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Material Lifetime Structural Product
recycling extension reuse recovery

Figure 13: Opportunities for circular design

This subtrack topic has my interest
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Composite Rare-earth Nature Transport &
metals / critical Installation
materials

Figure 14: Question during the third stakeholder session

Workshop

The CIRCO track was a thagy workshop that provides the tools to identify and work on circular business
propositions. CIRCO has developed a methodology that activates production companies and creative professionals
to get started with circular design. yB(re)designing products, services and business models, circular
entrepreneurship they support and teach companies towards circular business processes.

Compared to thestakeholder sessionshis track had a more idepth focus with a smaller group of participants.
The track consisted of 12 participating companies.

During these three days$he participating companies worked together to identify value loss in the libaamess
model, to hen see it as circular business opportunity. The value losaese ranked on influence and impact.
Various design strategies have been thought through, to see which orteda®st potential. The most potential
business case was further developed anegented to the other participants during a pitch.
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Appendix B: financial
resources

Thisappendixcovers the financial resources that are needed forgheond and third phase of thigoject. Firstly,
possible financial resources and funding will be idfiead for theaction agenda and relatedorkgroupsof phase
2. Section 2 covers the financial resources for (pilot) projects that followcitwilar strategieshave been
establishedn the workpackages

Workgroups subsidies

The move towards a circular industry poses complex challenges that require identification and solving of general
problems first before being able to advance to a viable business case. In the first phase of the Moonshot project,
workgroups have proven to libe most efficient method of working on these general roadblocks/strategies.

Membershigfunding

The workgroups could be funded by a membership. An example of membership funding is used by the RDRWind
consortium. This consortium contains 25 companieghie wind industry and has become the German Trade
Association of recycling wind turbines. RDRWind works with a membership through which the companies that
become a member pay their share depending on their amount of employees (RDR Wind E.v., 2019).

National government funding

The MoonshotProject Circular Wind Farms is a prime example of a governifiueated project that stimulates
crosssector collaboration for a circular industry. Another example of successful consortium forming is the Genvind
projed (reusing and recycling composites from wind turbine blades), which is funded by The Innovation Fund
Denmark. This fund is paid for by multiple scientific institutes and the Danish Agency for Science, Technology and
Innovation (Genvind, sd).

Pilot progct subsidies
This section contains a selectionsabsidies thatan be used for technological innovatio@thersubsidies might
be applicable, depending on the kind of technolagy the location of the companies.

Horizon 2020 / Horizon Europe

Multiple innovation projectsircular initiatives that are mentioned in this repdvaveused the Horizon 2020
subsidyHorizon 2020 is the EU's larg&@ S NJ NB&a S| NOK YR Ayy2@F A2y LINE I NJ
After 2020, the program will chge and it will become Horizon Euroféhe total budget for Horizon Europe will
containe pt ®c O0Aff A2y d ¢KS LINR2SOG O2 y2h.8bk)yGiobaliGhalEnges &I f
9dzNB LIS Yy Ly Rdza i NAIF2T7blny ahd Inidvatve &S yIE5D0Ia) € Thee first pillar supports
researchers. The second pillar (Global Challenges and European Industrial Competitiveness) will focus on cross
sector collaboration. The third pillar (Innovative Europe) will focus on high potential breakthieclgiologies and
innovative companies that are trying to scale up.

Eurostars

Eurostards a collaboration between EUREKA and the European Union, with some countries that are located outside
Europe. EUREKA is an intergovernmental innovatietwork.Eurostaroffers to finance for R&fdriven
SMEsEurostargs interesting if another company owns a technology that will benefit your company. A
Netherlandsbased company shall receive the subsidy from RVO. A Geiibaaseyl company will receive alssidy

from the German governmerfRVO, sd).
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Innovatiekredie{Dutch instrument example)
Innovatiekrediet is a loan from the Dutch Ministry of Economic Affairs and Climate Policy for a new product. Its

purpose is for the development of promisingariiic f € Sy 3Ay 3 Ayy20F iA2ya oOwxhX H)J
YAfEtA2YD ¢KS YIFEAYdzY FY2dzyd LISNI LINRP2SOG A& € wmn YAf

The subsidy contains two pillars:

1. Technical innovationsFor technical innovationshe maximum amount is 10 million.
2. Clinical innovationsC2 NJ Of AyYA Ol f Ayy2@FiA2yas GKS YI EAYdzy |

When requestindnnovatiekrediet, the entrepreneur is not making revenue and the company must be working hard
on developing the projectnnovatiekredietis mainlyfocusedon improving the Dutch economic position, so the
project must be very promising and must surely make it to the development phase. The subsidy can only be
applicable if the technology that is being developed is completely new.

Missie Onderzoek, Ontwikkadj en Innovatie (MOO({Putch instrument example)

TheDutchMOOI subsidy supports parties that work ic@sortium on arintegrated solution that contribute to
the climates (RVO, 20200he Topconsortia voor Kennis en Innovefils) andRijksdienst vooOndernemend
Nederland(RVO)support the applicatiorprocess. Furthermorethese parties offer advice and help in finding
appropriate partners in their network.

The subsidy contains four pillafey which Moonshot pilot projectare eligible for thepillar Wind op zee. This pillar

had abudgetof mMnodm YAt A2Y AY HAHnX F2N 6KAOK {KAproectE A Y dz
can only apply for this subsidyitfis a partnership of aeast 3 companieand if it works on an integta
approachfor concretechallenges from the climate agreemeiihe subsidgontains moreconditions.
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Appendix C: report on
options and aspects related
to circularity in wind

The goal of this appendix is tive insight andnispire the stakeholdert accelerate the transition into a circular
wind economy. Therefore, this chapter is mothaustive but tries tgive an overvievef the current possibilities in
the field of circular strategies.

Circularity domains in wind / technical overview

This report views circularity on thaateriallevel of thewind farm.All parts of thestructural element domairare
covered and the most promisirgrcular material strategies are identified.

This chapter coverthe components and materials and what peyties the components contain. Thereafter, the
chapter identifies the current waste treatments of each wind turbine compon&atexplained in chapter 3, the
commonlyuseddistribution of structural elements is accordingly:

1. Blades
2. Nacelle
3. Tower
4. Foundation
5. Cables
Material Blades consist for the largest part of reinforcement fibres. Most reinforcement fibres are ma

glass or carbon or a mix of these two materi@efic, WindEurope & EuCIA, 202BJass fibre ha:
been the industry standard and is currently the most used material. Carbon fibre is stronger a
a higher stiffness, but its higher cost per volume is a barrier to further deployment.

Another sulstantial part of the blades is the polymer matrix. The polymer matrix is mad
thermosets or thermoplastics. These polymers are ctisd®d in an irreversible process. This i
key property to reach its desired strength and resistance against mat&igjue. Unlike
thermosets, thermoplastics do not become crdis&ked. This simplifies the recycling process,

thermoplastics incomparable price ranges are limited in their applications compared to therm
Therefore, currently, thermosets polymer k& up most of the industryfCefic, WindEurope ¢
EuCIA, 2020)

The combination of the reinforcement fibres and the polymer matrix, also known as compc
make up the largest part of the blade @0% fibres, 3@10% polymer matx by weight)(Cefic,
WindEurope & EUCIA, 202@Qomposites are excellent materials to use for blades, because of

properties:
1 They provide resistance to fatigue and corrosion for the expected lifetime (20 to 30 y
1 Camposites are flexible and can be used to incorporate very specific forms. This el

manufacturers to design blades in the most aerodynamically efficient way.
Composites have a high strengitrweight ratio.
It generates high yields that result in a lhwvelized cost of energy.

=a =4
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Current EoL

Wind turbines blades are challenging to recycle. This issue increases over time, as it is estin
that 14,000 blades could be decommissioned by 2@sfic, WindEurope & EuCIA, 2020)

Landfilling of blades is prohibited in the Netherlands, Germany, Finland and Austria (WindEL
This means that in all other European countries landfilling of composite materials is still poss

Although in theNetherlands landfilling composite waste is banned, there is an exemption fron
which wind farm operators can benefit. If in principle the cost of alternative treatment is highe
than 200EUR/t, landfilling is still an option. Mechanical grinding, a regysblution for
composite, is offered in the Netherlands by recycling companies. The ground short fibres an
powder are recycled and used as raw materials for riverbank support, furniture and bridges
(WindEurope). Currently, this is only viable for glas®fcomposites. Although cosffective, this
method also produces a low quality of recyclates and up to 40% turns into WEBIBWind,
2019) Presently, the cost of mechanical grinding is between 150 and 300 EUR/t, mearting th
landfilling is still practised (WindEurope). This shows that although regulation is in place, it is
fully effective due to the exemption.

0

1k g

,»**;

Figurel5: Landfill ban for composite (WindEurope, 2020)

In Germany, where the landfill ban came into effect in 2005, there is no exemption. In respor
this regulatory constraint, a technical solution was developed for handling bigger amounts of
fibre reinforced polymers: cement gorocessing (WindEupe).

The glass fibres from the composite through cemenpoacessing are recycled as cement clink
while the thermal energy is recovered, thus substituting fuel in cement production (WindEurc
The process can reduce tibel emissions of cement marfacturing by up to 16% and is more
resourceefficient. Furthermore, it is relatively affordable and easily scalable. Currently, comp
materials from wind turbine blades are commercially recycled through cemeptamessing
(ETPWind, 2019)This process is in operation at Neowa (Bremen) and LafargeHolcim (Lager:
(EuCIA presentation stakeholder session 1). According to EUuCIA, early LCA studies show a
effect with a reduction in thé 0 footprint.

One of the kg downsides to cement eprocessing and mechanical grinding is that the value of
recycled material is significantly reduced (WindEurope, 2020). Although this is a more susti
solution than landfill or incineration, the properties of the compositag lost when they are
recycled in this manner. During the first stakeholder session, the view of the industry on the
of cement ceprocessing was divided.

The other technologies, explained further in this chapter, are more promising but they ar
economically viable yet. It can therefore be said that the industry should exploit the optic
cement caeprocessing while there is no other technique commercially available. The stakeht
involved in the sessions agree with this statement, they adhat the acceptance of cement <
processing should increase as a necessary first step towards circular composite, shown in fi¢

The data gathered through the stakeholders involved in the first session shows, as can be s¢
figure 17, there i@ need for incentives to use recycled composite materials in new products,
increasing the attractiveness of the recycling industry.




































