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Management summary

Onshore and offshore wind energyaysa critical role in the renewable energy ambitions ofdpe.
Supported by European and national policies, the wind energy industry is challenged to find ways to
upscale its capacity output, as well as consciously lusedrth'sresourcesWith the Circular Economy
Action Plan, the Bhasmadea circulareconany anessential building block of ther&n Deal A rapid
transformation towards a circular industry in the coming yearseided for the wincenergyindustry.

This report describes theesults of the so-called Moonshot Project on Circular WindFarms
commissioned by Versnellingshuis Nederland Cirdulamd executed by ECHTThe g@al of
Versnellingshuis Nederlan@irculait as well as the goal of this project, is to take concrete steps
towards the integration of cirdarity in the wind industryand to realise transformations in theupply
chain.Thisproject has three phaseglaborate on circular strategies and action agenda tqpicsk-

out concrete action agendasxecute those agendashisreport addresses th&éndingsof phase land
makesaction sugestions regarding phase 2.

In the ideation pocess, circular ideas and solutions are generated through a collatoraith industry
experts at several stakeholder sessions and workshops. The first phase of b pes focused on
identifying the clallenges that come with the transition from adiar to a circular wind industry. More
than 100 participating comparseand governmentahstitutions active in the wind energy industry
shared their views and knowledgand showed their commitment the circularity transition of the
wind industry

The participants of this project have identified circular opportunities that are translated 9rtiocular
action agenda themekprojects As from Q1 2021, the action agga projects are initiated and aim
as from phase & 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 cos-driven focus hinders th&ansition to a circular industry.

Curent circular projects tend to focuwmerelyon therecyclingof materials.

The auality of material must be better conserved.

Collaboration between parties in the wind industry value chains and outside of the ssctor

required to implement circular stratgies and most efficiently pursued by having a joidig(tal)

discussion

f The circular strategies have beerulsdivided in three dmains: Product aésigQ [ A FSGA Y
extensior) = YrwgiRlication of magrialQThe participants of this project mainly wiao pursue
circular grategiesy (G KS R2YFIAya 2F WiILNER@OWU ARYaA RTFY X | Hi\B]

9 The use of a circular frameworeperationali®d for the wind industry helps to structure the
exploration towards and findings of circulstrategies.

= =) =) = =



Recommendations relad to thecircular action agendas
91 Pursue the action andas as identified in phase 1 of this project, because the industticipants
have indicated the importancef and commitment for phase 2 in this project.
1. Circular tendecriteria regardng wind farm projects
Modular design of the structural elements
As much ollaborationin design throughout the value chain jpgssible
Environmentatspecific foundation design and usage
Retaining data (e.g. on modules, components and maltdavels) fordecommissioning and
EoL strategies
Responsibility of materials to enhee circularity
Rare eartlelements(REE) refinery strategies
Ciralar clusters of companies around ports
9. Platform for European wide circular collaboration
1 Organise large imlvement of industry partners for the action agenda projects.
1 Keep the actin agendas up to date, as it is a continuous road towards a circular wind industry

oo

e

Recommendations related tthe value chain
1 Create collaborations (like consortia) within the @imdustryfor proper alignment of circular
businesses.
1 Create synergiesith related sectors for a smoother transition towards circularity.

Recommendations related to circular stragges
 ImpleYSyd OANDdz  NJ a4 NFS3ASa NOQNBEODR GeRhRBRMIET T NE
component and material value as possible.
1 For the exploration and impact assessment of circular strategies in the wind industry, use the
methodologies ad the framewak as presented in this report.

Recommendations related tolgopean dimersions of the wind industry
i Elaborate on the added value of abH&ide collaboration platform in the wind industry that is
focused on the transitiotowardsa circular windindustry.
1 Itis recommended to keep the momentum and enthusiasm is thansition with among other
stakeholder sessions and webinars.
1 Createnational focal points for European financing, legislation, and collaboration to support
sustainable developmestegardirg circularity in the wind energy industry
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1. Introduction

Onshore ad offshore wind energylpys acriticalrole in the renewable energy ambition$ Europe Theshare of

wind energyin the European electricity supply mix was 14 % in 201&e coming decades thishare will grow

towards 50%ri 2050 (WindEurope (20b). Supported by European dmational policiesthe wind energy industry
is challengedb find ways to upscale its capaciutput, as well ago enlarge cost efficiencies the coming decades,
leading to a lower LCOEIdvelized cost of electricity). Therebre, substantial investments are needed in
technological, organisational, and systems innovations.

In addition to thisincreasingrole of wind energy in the European energy system, the challemggs oflowering
the carbon andecological footprints of th windenergy sectorThis, among others, means that circularity should
be integrated intabusiness) strategies and wangimethodsin the wind energy industryPutting circularity on the
agenda is becoming ever meourgent asn the coming yeara growirg numberof wind farms- mostly onshore
wind farmsg in Europewill reachtheir end of life.

Tostimulate strategic and tical stepgowardscircularity by companies active in the wind energy sector (e
farm developersturbine manufacturers, tragport and installation ampanies, operationandmaintenance service
providers) it is relevantto 1) enthuse and excitehe wind energy industry for circularity, and 2) map circular
opportunities supportedy feasible businessases.

This report describethe socalled Moonshot Bject on Circular Winéarms The goal of this Moonshot project is
to achieve circular businessses for complex, large scale supply chains with actual investments from (lsesines
in) the wind energyndustry. This reportontans the results of phase, Whichwas focused on bringing together
various types of stakeholders from the wind energy indugo devise circular business opportunities addntify
specific circular thems. Hereafter, phase 2 (£ years) aims talesign cowmrete projects plans witltommitted
stakeholders

The ultimate ambition{phase 3)s to have circuladriven value chaing the wind energy sectoDriven by large
scaleimplemertation of innovative dsign, large scale technolpglevelopment and md of lfe strategies The

projedi Q4 F20dza A& y20 fAYAGSR G2 (GKS 5dzi OK arpgliey aGdy S NH
business movements on circularity in the wind energy sectordltzal I A Y& (2 the $ormatiedf & A | NB
Europearwind alliancehat focuses on circularity.

The project is an initiative of het Versnellingshuis Nederland Circ(#adollaboration ofthe Dutch Ministry of
Infrastructure and Water Management, VNNECW/MKBNederland, MVONecerlandf, and HetGroeneBren®) and

the Dutch Ministy of Economic Affairs and Climate Policy. The Dutch initiative Versnellingshuis Nederlaad!Circul
supports companies to take concrete steps towards the integration of circularity in their business&sraalise
transformatians in supply chains. Th&oject is executed by the Dutch company 'ECHT regie in transitle’
specialists in the fieldf wind energy, circularity, and transition management.

1BothVNONCWand MKB Nederland armne of the largesemployess' organisabns in the Netherlands.

2MVO Nederland is a Dutch knowledge and netwand@nization for companies and focuses orcatled newecanomy aspects
like climate neutrality, circularity, inclusivity, and transparent and fair supply chains.

3 Dutchnetwork organisation of more than 140 scientists contributing to circular economylasiges and opportunities.
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Purpose of this report

The purpose of this port is threefold.First, itwill describe the methds that have been used ticcelerate the
ideation process. The report indicates specific developments and opportunities of circularity in the wind energy
industry, based on desk research and interactegsgns with wind energy ftaholders

Second, it dscribes thdramework that has been developed to elaborate on circular strategies and that has
proven to be useful in identifying and classifying circular strategies.

Third, this report offers generabnclusions on the current sta of circularity in thevind energyindustry and makes
recommendations for future steps in the transition towards a circular indubtrg.followup project, nineconcrete
action agendas can be pursued that have been identified irfiteephase of thigroject. These conclusions and
recommendatims aimto inspire Eropean sakeholders on circularity in the wind energy sector.

Conten t of this report

Chapter 2 gives a brief overview ofvddopments in wind energy and the need for thendiienergy industryo

integrate circularity in it§business) strategies. Chaptep®videsbackgroy R A Y F2NXY I GA 2y 2y (K
and framewok used in this project. Chapter 4 describes the procedsatcomes of the stakeholder sessidretd

between June and Noweber 2020 These sessions hawlto the definition oP specific circular themethat could

be transformed into concrete circulaganda actions, which the wind energy industry stakeholders can take up
from December 2020 (phase 2 oftimitiative).Theaction agenda themes are furthexplainedin chaper 5. The

last chapterprovidesconclusions and recommendations regarding 1) dacwstrategies andiction agendas, 2)
methods and processes for stakeholder mobilisation on circulaitgd 3) Europeangportunities for collaboration

on circular strategies in the imd energy sectorThe documenthas4 appendices, including a techniagpendix
O2@SNRAY 3 (GKS LINE 2SO QarchhaBdile Istakehkldensadsians) Rn daidgly inRMe avipd NB &
energy sector.
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2. Circularity in  the wind
Industry

2.1 Wind energy outloo k

Eulope is exploring its potential to reache goals set by the Paris Climate Agreement and the EuropeamGree
Deal. The Green Deal considers thiadhindustry to bean essential parof the transiion towards a carbomeutral
society. The wind energy sectmade improvements in their business caser the yearsesultingin onshore wind
being the cheapest formf power generation in Europevith offshore wind not fabehind (WindEurope, 2020).
TheEuropean Union has set ambitious targets for theadvenergy industry to reach carbon neutral{guropean
Commission, 2029). It has implementegolicies ke the EU strategy onffshore renewable energyp reach these
targets The total wind eargy capaity is set to double in the coming 10ars. In 2050, the European Commission
has set its targets oa sixfold increase in the current wind energy capasiggefigure 1.

800
700
600
500
400
300
200
100 -
0
H1 2020 WindEurope 2030 NECP scenario 2050 European
Commission (1.5TECH)

Capacity (GW)

B Onshore
Offshore

Figurel: Wind energy caacity scenarios for EuropBtECRcenariéd and European Commissidong-term strategy (WindEurope, 2020a)

2.2 Wind farms reaching End -of-Life

Developments in the wind energy indagthave led to technologically complex and commercialliplgigurbines.

Howe\er, because of the long lifetinteof wind turbines, the wind industry isncountering new problemsThe

residual flow as defined ithis report consists of wind turbines thateabeing decommissionedhe residual flow
of wind turbineswill increaseat ahigh rate in the coming yearBecause the average lifme of currentlyinstalled

wind turbines is 25 years, the first large lbeh of wind turbines is reaching its EnéiLife (EoL) soon.

1NECP scenarielates to theNational 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 iglisé¢iajonideset al.(2020), by which the operational lifetime is
meant.
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The largest share of currently installedw turbines is onisore. Therefore, the residualdiv of wind turbines will
primarily contain @shore wind turbines (WindEurope, 2020a). However, offgtisrcatching up, as is shown in
figure 1 and 2Furthermore, the report by TNOcommissioned by Smarit (Hajonides et b, 2020) researches
and emphagies the size of the residual flows of wingkines in thesouthernNorth Sed. Appendix D further
elaborates on the different residual material streame$ated to offshore wind farms ithe southern Noth 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 raidual flow of the expecttamount of offshoe wind turbines in thesouthernNorth Sea areaHajonide<et al.,2020%

The large share of EoL turbines also poses great opporturid@h. the structurakelementsas the materls of
wind turbines’ could beprocessedfor re-use in other structuresor products.The residual flows show large
potential for nteresting busines cases.

2.3 Circularity ambitions

Circularity is driven by the ambition to consciously & (i KS  Surchdivkife dakingXeapdnsibifitfor a
Healthylobe. Faced with incresing amounts of waste, marguropeargovernments are pregang new policies
to change the way we use our resourcése Dutch government has set a targetrahima 50% less virgin aterials
usage (minerals, metgland fossitesour@s) in 2030 andh fully circular economyn 2050 (Rijksoverheid, 2016
2019 in which it reduces its dependence on external suppliéxdditionally, Europe idevelopingnew
strategiessuch as the Europs Green DegEuropean Commigsi, 2019)and the Nev Circular Economy Aon
Plan(European Commission, 2080to reduce waste andnake thetransition toacirculareconomy, also in the
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, Erasroméversity, ad Delft University of Technology.

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

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

7 This report defines the structural elements of a wind turbine as the foundation, cataleslle, blades, and the toweFhis is further
explained in chapter 3.4.
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Kadri Simson, Europeaw@missioner for Engy, stated the following durinthe third stakeholdesession of this
projed:

GThe circular economy is a key element of the Euro@aen Deh If we do not change our habits, we will need
three earths by the year 2050. Circularityliso important fornow we generate wind power. Waithe energy is
renewable, the wind turbinesire not. Not yet. Working together across the entire eathain $ crucial. We need
collaborationbetween stakeholders, public and private. In Europe andruby@t us take theext steps togetheé!

The comiig years will be crucidbr the wind industryin the transition towards a circular industry. The filstge
batch of wind turbines is quickly reaching the end of its lifetime. At the same time, the mdndtry is installig a
new, unprecedented capacitf wind energyThis mses new questions, sh asHow can we use the wind turbine
parts or materialghat are coming available with minimal loss of qualityf®w can we restore or even enhance
nature surpunding wind farms™ow can we design new turbinesth circularity in minl?

The wind industry leeady made good efforts to become fully circular (App&nsiand C).It is estimated that 85

90% of wind turbines cartechnically already be recycled(ETIR 2Q®0; Garcia Sancheet al., 2014;
Umwelbundesamt, 2@9). The waste treatment bblades (largely made from composites)isnsidered to behe

main challenge in wind turbine recyclingnd the industry is acting on Many projects work on costffective
recycling methods andew designs for easier and moc#cular disposain the future. Ifthe current composite
recycling techniques reach thgpotential, turbines could come closer to 100% recyclability. Evidence of actual
recycling rates remains thin ohé ground. Besidesyen when all materials are ngded, a large lossf quality (for
instance length of fibresjf the structural elementsomaterials can still occur.

This report offers a holistic approach to circularity on wind farms. Multiple circtilategies have den assessed
that follow a broadspectrum of circudr retention straegies, ranging from repurposing structural elements to
recycling materials. Furthermore, where possible, this project aims to contribute to existing projects artd initia
projects on thenes that have not been worked ofet.

A framework iscreatedto use asa reference to elaborate on circularity strategies fbe wind industryand to
define relevant action agenda topics regarding circularity in the wind energy sdtiierframework is fcther
explained in chapter three
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3. Towards action ag enda 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 agndas on circularity in the winehergy sector:

1 Phase 1: initial molisation of companies in the wind energy sector to ela®i@n circular strategies and
to define specific circular action agenda topics.

1 Phase 2: stakeholders will woout the specifidopics into concrete circular on agendas.

1 Phag 3: execution ofliese action agendas.

Thesehree phases will be further gatained in paragraph 3.2. Bdocumert gives a recap for phase 1 att first
draft for phase 2

For phase the involved teanof experts of ECHT have createttamework as a reference for stal@tiers (mostly
companies) to elaorate on circularity strigegies in the wind energy sector and to define specific circular action
agenda topics. In paragraphs 3.3, adAd 3.5 the threalimensions of the phase 1 framewvk will be described,
being wind fam structural elements, the focus the circular strategig, and time span regarding circular strategies.

3.2 Three phases towards the implementation of circular action ag endas

The first plase has run in 2020 and resultiedmultiple industrywide meetings, as well as this repdrithis phase,
the industry has identified multiple cirtar themesand expressed its commitment to pursue these themes. The
first phase isurther described in chpter 4.

The second phase willim in 2021 and focaes on finding solutions and business cases among the themes that are
established in the first plse. Chapteb offers dfirst elaboration of the topicshat are definedto give contentto
the start of the second phase of the project.

The third phase is expected to run from 2020225 and will be used to implement the circular initiatives and
businessases thahave resulted from the second phase. The third phaskpadent on the reslis of the second
phase and will therefore not fuiner be discussed in this report.

Figure3 gives a schematic overview of the phases including goals per phas¢hemidethods wsed. The core
method for phase 2 will be the creati@nd adivation of working groups per cirdar action agenda topic.
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Phase 1: circular strategies
(2020) (focus of this report)

Goal:
* Find circular strategies

* Set an action agenda

Method:

* Interviews

* Industry wide
stakeholder sessions

* Literature research

ircular strategies in the wind industry

L=

Figue 3: Wind industry circular framework by ECHT

3.3

Wind industry circular framework

14

Asindicated ECHT has created a frework touse as a reference to elalate on circularity strategies fahe wind
industry and to putinitiated action agenda topics intthe perspective of circular strategiebhis framework is the
guideline for this project in identifying the action agendalassesing its effectiveness an@mpletenessin the
current, moe linear industy, business procesesstill occasionallyead toincineraion or landfillof materials This
framework provides the guideline tohange these lineaprocesseso more circur methods The framework
based on various frameworks and modelsonsiss of three domains: thevind industry domaingircular stateges
domain and the ecolgicalenvironmental domainThesethree domains together form the framework created for
and used irthis project forphase 1Figure4 shows this framework. Ithe following @ragraphsthe three domains

are introduced.

Nature

Wind industry
domains

Smarter ‘product’ use
and manufacture

Circular l
strategies
domains '

Ecological /
Environmental
domains

* Sustainable design

« Circular sourcing

* Resource efficiency:
product, manufacturing
& installation and O&M

Cable  Foundation  Tower

-

Lifetime extension

Wind farm level: life
extension (including
repowering) of wind
farm

Structural elements
Level of parts
(subsystems, modules,
components): re-use,
repair, refurbish,
remanufacture, and
repurpose

- =

Overall nature /
environmental strategies

Nacelle

Blade

Re-application of

Materials Short term

action agenda

Recycling high grade (current WTG)

quality

Recycling mid grade Mid term
quality action agenda
Recycling low grade (future WTG)
quality

Energy recovery Long term

action agenda
(decommissioning future WTG)

Fgure4: Wind industry circularstrategiesframeworkby ECHTinspired bye.g.Billieu (2020), PBL (201&nhd PwC (2019)

8 Billieu (2020), PBL (2017) and PwC (2019)
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3.4 Domain iwind farm structural elements i

As indicatedthe created franework for elalorating circular stategies in the wind energy sextconsists of various
domains One of these domaings related to the structural elements of a wind farihis resarch ras set he scope
of circularity on the level of wind farmas theirentirety, contaningall structurd elements of wind turbineandthe
nature aroundthe turbines(and the wind farm) The following structural elements of a wind faaredistinguisted
within the boundaries of the current projeg¢figure 5)

1. Blades
Nacelle
Tower
Foundaton
Cable
Nature

ook wN

Infigure 5, a simplified schematicture shows the main differences between-@hd onshore turbines. The main
differences are that offshore wind turbines deegerthan onshore turbine#n terms of e.gheight, and capaity.
The comiig yearspffshore turbines may reach a capacity oxi MW with blades over 100 meters long and a 250+
meters tall tower. Due to logistics, noise, and visual reasons most onshdmi@es gap at around 5 MW, with
blades of 75 meters and ptheight of 175neters tall.On and offshore turbines also diffem its foundationMost
onshoreturbines have a concrete foundatiolVhile offshore, severateetbasedfoundation types aranostly
used

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

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

The hub is connecteaithe nacellewhich housesa drive trairanda gererator, togetherwith converting the kinetic
energy nto electricity.The housing of the nacellegeneraly made of composites. The generatond the drivetrain
are madeof a variety of materials, from ichrare earth elements(REEsyre the most critial.

The towersupport and gives the highto the nacelle and is primarily manufactured of steelnd stands on a
foundation The foundation of a wind turbine diffeper location.Most of the onshore foudations are madef
concrete (Carrara et al., 2020Ylonopiles madeof steel are by far the wst used faindation type for offshore
constructiondgn shallow watersdepth less than 40 mPther important foundation types fasffshore foundations
are the gravity-based structue, tripod, jacketand floating(Sanchez et al., 29). These foundation typeare dso
made of steelalthoughthe gravitybased structuralso containgoncrete structuresCables are used tvansport
power from the wind farm locatioto the grid infrasructure.

Qurrent reseach on circularity in the wind industrynainly focuse®n the turbine. For this reporthe focusis on
the whole wind farm The ecological environmesurrounding the wind farm is influenced kynd turbines.For
instance offshorewind turbinesprovide oysterswith a surfacavherethey attachthemselvedo andstaythere for
the rest of their life.Therefore the element'nature'is added to thestructural elementsin the framework Thus
the sixstructural elematsused in this reearchof a wind turbine arehie blades nacelle, tower, foundatioftable
and natue.

This report haset the scope othe wind farmlevel However,in this report not alelementsrelated towind farms
areincludedin the frameworkBalance of Plant (#) is a terngiven to all thenfrastructural components of a wind
farm, except forthe turbine and all its elementfart of the BoP ig.g.the substationand the export cableln
onshorewind farms the roads are also considered te la part of theBoP, Forfuture use of the framewdk in the
identification of other cicular strategies, it can be useful to include BoP in the framework.

3.5 Domain i p~g « cireydar stratdgies i
The core of the framework created and used in this priogensists ofhree groups of aicularstrategies:

1. Product design
2. Lifetimeextension
3. Re-applicationof materials

Topromote a transition to a circular econonfgr the wind industry product and material chains need to be closed
more effectively Various aproaches, known aR-strategies have been develagl to achieve less resource and
material consumption in product chains arid make the economy more circularo identify and classify these
circular strategies, théramework contains &ircular strategis domain withcircuar aspectsrelatedto the wind
industry.

This domain idoo<ely based on the concept of @rcular economyaccording toPBL (2017) anthe clustering of
their concept in three segmentsased on e.g. PBL (2017) @&wadC(2019) PBL (201)/state that a ciralar economy
can be expressed the 9w Qrafuse, reducere-use repair, refurbish, remanufacture, repurpose, recycle materials
andrecover (energynostly via incineration Thesew (péesent a range of strategies ordered from highds of
circularity (like refuseand reducg to lowlevelscircularity (ike recyding and incineratiof 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, 2107)

Product design

Product desigers carirefuse'(RO)the useof specific materials or offer the sarfimnction with a different material.
This carresult ina different production process to avortainwaste streanor fundamental lessisage ofvirgin
material. With the circular stratgy 'rethink' (R1) or'redesign’, product use is made more intensiegg., through
sharing products, or by putting mufunctional products on the marke#t the beginning of the design phase of a
wind turbine, there is thgossibilityof eliminating certan materials and therebgo have an influence on the waste
streams aftethe decommissioning of the wind turbin@he circular strategjeducS (R2)focuses on thefficiency

of manufacturinga wind turbine and the reduction of materials in their desigrwith the common goabf usng
fewer natural resources anthaterials

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 elenents(see paragraph 8) or ¢) parts of the windturbine. When

the life cycle of a wind turbineascome to an endthis does notmeanthe life sparof a turbine (components) has
come to an end. A circulatrategy applichle is 'reuse’ or 'resell' (R3)With re-use, a wind turliie hardly needs

any adapation and provides the same functionality with the same purpose on a different location. Another strategy
could be expanding the lifetime extension of adturbine. Repai(R4) and maintenance of defeati products or
componentsenaure they can be usedith their original function. Refurbishment (R5) is most adequate in cases
where the overall structure of a large muttbmponent product, like wind turbis, is used. Thigrategy focuses

on restoring arold' turbine and bringé up to date.

A wind tubine, consisting of mukitomponents, is remanufactured (R6) when it is disassembled, checked, cleaned
and when necessary replaced or repaire@ new poduct with the sare function This differs from refrbishment

when discardecparts are remanufacturedor a new product with the same function. When discarded parts are
adapted for another function, the circular strategy 'repurposing’' (R7) is in placalid¢srded parts ad materials

get a distinct newife cycle. For instanceedammissioned wind turlrie blades can be used in construction as the
foundation of a bridge.

Re-application of materials

RecyclingR8)includes processing material to obtain th@me (high grade)r lower (low grade) qualityThs means
that these materids can be useés a resource for new components within or outside of the wind sebtaterials
can also be used to recover (R9) energy by incinerating the materials.
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3.6 Domain i ®sdpanregardingc s g z"2 «®2"®kqgsk«i

The last domin of the frameworkis the time. This framework follows thdifferences in timeof Billieu (202pand
makes a distinction on shortmidand longterm actions.

- A shoat-term actionis focused on thewind turbine generatos (WTG$ that have already been italled.
Finding solutiondor the blades 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 installedtite coming yearg0 ¢ 5 years) A turbine
designedwith less material is aexample of a midterm circular strategy.

- Longterm actionsfocus on the decommissioning of WTGs that are to be installéde coming yea to
decades (& 30 years) When makilg certain parts othe wind turbine, like bladest will allow only
decommisioningof parts resulting irife extension.
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4. Findings phase 1. the
ideatio n process focused on
circular strategies in  the win d
iIndustry

4.1  Overview of the executed ideation process methodology

The deation process wherby ideas and solutiondave beengenerated consisted ofseveral activities like
stakeholder sssionsandworkstops Workshops, stkeholder sessions, intervieyand literature research have led
to the ddfinition of specific circular themedhese could be transformed intmncrete circulaactionagenda to
be pickedup by wind energy industry stakeholders durirtape 2 (see chapt®).In this chapter, theommitment,
challengesandideation processowardscircularaction agendaare described

To get a clear overview of the stakeholdarghe wind ndustry,the current value chairof the wind industrywas
simgified andvisualsed infigure 7. Interviews withstakeholders ireach areaof the value chainincludingNGOs
(nongovernmental organisationsjeseart institutes, branch organisationananufacturers, transportabn and

installaton companies decommissioning andvaste treatment companieswere held to understand tleir

motivationfor and challengesf a circulawind energyindustry. The framework as pposed in chapr 3, provided

a guideline to identify and clasy thecircularty situationof the wind industry. Informationgatheredviainterviews
was used toptimize thestakehotler sessions.

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

Figure7: Simplifiedvalue chainwind industry

Thewillingnessof the industryto contribute tothis transitionbecame clear durinthe variousstakeholder sessions.
More than 10Qparticipants fronthe whole value chaiactivelyparticipatedand shared their viewand knowledge
At thesestakeholdersessims, the goal vas tounderstand the status of the industry, emthuse the industy for
circular transitionsandto explore vitalaction toward acircularindustry.With contributions of among otherfrom
the CEO of WindEurope artle European Commissiondor Energythe urgency ofaccelerating the circular
transition has been reinfoced.

The valuable input giveoy thestakeholders was gatheregingamongother online conersationsand discussions
poll questionsand indepth workshop sessionsor eah stakeholdesession dferent tools, themes and models
were usedto give stucture to the discussiowith the involved stakeholdersiAn extensive overview of bottine
process and the content of the stakeholder sessions can be found in appendix A.
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Thenext sectionprovidesan overview of the key findingsf the information sharel during thesessions by the
participating st&eholders.

Giles Dickson, CEO of WindEurope
August 28, 2020

"Circularity is at the heart of the European Green Deal. Ang ariority fa the wind industry as sustainability is at tbere
of our businss.

The first generation of wihturbines are now starting to come to the end of their operational lifefateeof decommissionet
wind turbines and in particular bladesssbject to mub media attention and stakeholder interest. 1@wind turbine
blades will be decommissioned inr&jee in the coming years. And this number will continue to grow. We neeceteacd
rapid action to move further towards zeweaste turbinesThis will regire collaboration from the whole value chaincai
across industrgectors.

We are delighted to seso many stakeholders gathered here today to participate in#te2 2 y A K2 t NR 2
Farm @ 2 S { K| goyerninéhSoEEdaiiv\Kairs andClimate, the Dutch government of Infrastructared Water
Managenent, and ECHT for this initiativérojects like these are key to enable the development oflyadutular wind
industry"

Kadri SimsorEuropean Commissioner for Energy
October 9", 2020

"As you surgl know the EU has satsight on climate neutrality in 2050. This is the central goal of the European Green
A few weeks ago, executive vice president Frans Timmermanshandthhe greathonour to propose a cut in greenhou:
emissims by atleast 55%by 2030. Renewable energy istla¢ core of our vision for 2030.

To reach our target we have tnassivelyupscale both offshore and onshore wind enefmt we are focussing particular

on offshorewhere we se¢he greatestuntouchedpotential. At thestart of this year, whn traveling 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 1991approximately30 years agoYou can see therwith your own eyesthe progress made in turbine
technology over the years.

New solutions are bigger and better graf courseproducing more power. At the same time, constantly, evolving sys!
also havenew questionghat need anwers. The first geeration of wind turbies is quikly reaching the end of thei
operational life. In the coming years around @D, wind turbine blades will be decommissioned. That humber is groy
meaning we need rapid actidfrom you, tle wind powerenergy sector. Tmove towards zero wastend makerenewable
energy fully circular.

¢KS OANDdzZ I NJ SO2y2Ye Aa | (1Se StSYSyid 2F GKS 9dzNR LIS
by the year 2050. fiularity is o importantfor how we generge wind power.While the energysi renewable, the winc
turbines are not. Not yet. Working together across the entire value chain is crucial and | am glad there are so many
organisatiors represened today. We need collaoration between stakeholdes; public and prate secbr. In Europe and
beyond. Let us take the next steps together
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4.2 Key findings circularity in the wind energ vy sector

Generalopportunity

The main conclusion that can be drawn from the stakeholdssisas is thiafor the wind ndustry to accelerate
the transition from a linear to a circular economy, the calsiven focusshouldbe shifted into a balanced focus
between ecological and economical val@urrently the entire process of a wind farnms designed aroundhe
lowest levdized cost of kectricity (LCOE)This is reflected in every link in the value chain.

Thestakeholders involved in the sessgindicaed that the industryis aware of the challenges that it experiences
concerning circularityThe windindustry value chai is very committed tanaking the tansition towards a circular
industry. However, the stakeholders involved in the sessions expressed that they are hesitant about incorporating
circular business propositions in the current@éstment climée, becausef apotential lack of business cas&wvery
stakeholder in the value chain has its expertiBer implementing a circular strategy, thalue chain needs to
collaborate Even a slight modification in the design of a wind turbine could haigndisant impaton the rdated
processes furthein 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 Sleéaboration across the chainrigeded

when itcomes to esearch, innoation, andimplementation. Theesults of the stakeholder sessions show that this

is most effective on a small scale with a good representation efetitire value chain preferably with relevant
crosschain and crossector represetation. Diferent stakelolders haveemphassed 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 @ilgevchain is rguired to make a
signifcant 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 fraework, there ae three man categoriesfor circula strategies in the wind industri#roduct
desigQWfetime extensioand Wevapplicationof material€©During the stakeholdesessions came to light that
current initiatives are mainly focused on theaterial streans that become available t@&fr 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 skiobé broadened ad include circular stragies
focused i '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 cirauileitives?

o "Currenty the focuslies on the competitivaess of price instead of sustainable or circular innovafidris price
driven focus already starts at the beginning of the value chain in the tender criteria. Awarding in selection
tenderswill makea difference”

"Collaboration in design will selt 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 transportation and bgistics."

"Gain consensus on themcept of leaving eclriendly materials on the bedpost decommissioning where they s
an ecesystem net gain."

o "Keep in mind that circularity and sustainability will not always complement e&eh. dirale-offs have tdoe made

between sustainability andircularity."

O O o0 o
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Reflectionsper structural element

Appendix C gives more information aircularity options related to the structural element$ a windturbine.
Appendix Dcontains a case study based the residual fow of offshorewind turbines and itgnaterialsin the
southern North Sea by Hajonides et &£020) This case studprovides a good indication dhe siz of future
offshoreannual material residual flonand the potential for circular buséss cases pestructural element.

It is not thepurpose of thigeport to give a complete overview of all the circularity options and barriers in thd wi
energy seatr. However, the key findings for circular strategies on structural element leveéxplaned belov.

Blades

When looked at the opportuities for the drcularity of blades, a lot gbrojects havebeeninitiated. Within these
initiatives a distinction ca be made forshort-term, focused on blades that are already installadd mid-term
initiatives, dedgn of blales that will be installedh the future.For both short term, asidterm initiatives cross
sector collaboration is key.

As was sited by one ofthe participants involved in the stakeholdeessions'loss of materialoccurs when
choosing the wong materials in product design. Forstance, using composite fibres as a filler material for
concrete”. Currently, there are techniquesrexycle the man material out of blades, composite. However, initially
composite is higiguality material. When shedded and used as filler in concreté loses its higiguality
characteristics.

For the redegn of blades, crossector collaboration iseeded. The ainis that the materials used to produce a
wind turbine blade can be recycled in a higiality way athe end of life A stakeholder partipating in the session
suggested building bridges, litelabnd figuratively. Current initiatives on arierm circula strategies are among
others about modular design and recyclable materials.

Nacelle

The nacek of a wind turbine housesthe generator Offshorewind turbines currently mainly use a direct drive
configuration which has asimple and reliabé designthat is more efficient at low speeds and requsrkess

maintenanceby using permanent magne{Carrara et b, 2020) The rare earthelementsused in permaant

magnetsof wind turbinesare neodymium, terbium, dysprosium, and pemdymium. In 2015nost offshorewind

generators consist &#-4% dysprosium and 29% neodymi@8mith Steger2015) The materialsn the nacelleare

discussed in more detail lppendix CThe stakeholders involved in the sessions suggestectircular strateges

for the rare earthelementsused in wind turbines For the circular strategyReapplication of materials; the

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

The recycling rees ofneodymiumare below 1%(Crocket al., 2016) Thedistillation of REEs is difficult andst of

the REEs are lost when the wind turbénare at theEoL. The price of REEs is relatively high and there is a large
economic incentive to wik on this poteatial business casédainly becauseEurope lacks large scale REE natural
resources and mining facilities, which makies EUdependent on coutries outsideof the EU® With the run on
renewable energy, these materials could become scarceir@rdase in tleir value.Many initiatives aravorking

on recycling REEs, but the recycling methods are not yet commercially viable to be implementetherseaake.

9 An outlookfor the materials with the largestesdual flowsin the southernNorth Sea is given in appendix D. Below arentiagerials
categorized per structural element
blades are mainly made from composite materidigufe 25)
tower and foundatiorare mainly mad fromsteel figure 21) and cast iro (figure 22)
the housing of a nacelie mainly made from composites amtthe generatordNdFeBneodymium) is use(figure 24)
cables use coppefigure 23)
10 China dominates the mining, processingd manufacturingof REEsFormoreh Y F 2 NI GA2yY &S8SS aSOliAz2zy Wbl O
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Tower

Steelisthe main material used in the towelt offers considerable advantages filne constriction of wind turbine
constructon elanentdue to its strength and durabilitysteel is fully recyclabléowever,there are different levels

in quality of seel. According to the stakeholders involved in thessionsit regularlyoccursthat high-quality steel

gets recycled into lower quajitsteel. When turbines are decommissioned, normally the parts of the same material
are assembled and recs the same wste treatment. While some parts may still be relatively strong, and they
might be diectly reused they are still recycled and therebgducingits 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 researdhg thedifference inimpact on natureby either removing the foundation
or keeping(some) sections place aftethe Eolin offshore wind farms

Duringthe stakeholder sessions, it waslicatedthat the rock aposits in ofshore wind farmdorm a shelter for
marine life andthat removal of the rockseriously damagethe surroundingecosystemNot only NGOsbut also
variousother stakeholdersoppose the removal of these rocKsegislationcan determineindusty standardson
whether the roclkscan stay in placer if theyneed to be removeavhen the wind farm is decommissionegesides
the removal of the rocksentails extra costs. Wherthe removal of rocks is not taken into account in the
decommissioning of aiwd farm, theprofit can (partly) be used to invest active nature enhanceemt, and thereby
resulting in both ecological and economic vaknhancement.

Anotherinitiative suggested during the stakeholder session iagsessvhich technical requiremesttheoffshore
foundation must meet per location,ot impact theecologicalenvironment as little as possibleThis could be a
modular structire or for exanple,a structure madef biodegradable scourotection material.

Cableqarray cables and export d¢des)

Accordng to stakeholders involved in the se®ns,large amounts omaterials get lost athe end of lifeof awind
turbine. Althoughthe materialsused in(array and exportyables arerelatively easy to recycléhesecablesusually
remainin plae after deconmissianing. Nature is disrupted in theommissioning of the cableSherefore, normally
the cables are left osite when the wihd farm is deommissioned, not to disrupt the surrounding nature again.
However, copper is becoming more scaic¢he coming yees, anda lot of copper is being losivhen the cables
are left in situ. There is an economic incentivesmsiderremoving thecables withot further (excessive) harm to
the surrounding nature.
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4.3 Nine action agenda themes

The various stakeholdesessios have resulted in arextensive overview gbossible circular strategies fproduct
design lifetime extensiopandre-applicationof materials Thereafter, the industry was asked whitlemesshould
have priority in the next yeardine themes wee distilled to form the basidor concrete circulaaction agenda
(chapter 5) to accelerate the transition towards a circular wind ingu3tneninethemesare:

=

Circular tender criteriadzegarding wind farm projects

The modulardesignof the structuralelements

Colaboration in desigrwith partners in and outside the wind energy sector
Environmentalspecificfoundation design and usage

Retainingdata (e.g. onrmodules, components and material leveis) decommissioning and EoL strategies
Responsibility d materialsto enhance circularity

Rare earthelements (RE[refinery strategies

Circular cluster®f companiesaround ports

A platform for European wide circlar collaboration

©COoNOORWN

4.4  Wrap -up

The circular strategief®r the wind energy industry can lekvided into shat-term and midterm strategiesWhere
short-term strategies focus on the WTGs that are alrebdyse, the mieterm strategies focusnturbines that are
to bebuilt. The shoriterm strategies have to dealith the waste of turbines that are lieg decommésioned in the
coming years anthe carcomitant environmental impact.

The midterm strategies ardocusedon the large volumes of wthpower that will beinstalled in the next decades
(WindEurope, 2020bThe redesign and fasal of certain omponents andnaterials could have a greahpacton
the acceleration of the circular transition.

A focus point that was mentioned several timagidg the stakholder sessions that the industry fould find a
balance between the current cosiriven foais and the eological impactt creates.ldealy, a balance is found
between a costdriven industrywith high levels of circularityThis resultsri severalchalenges that should be
tackledin severalareas simultaneoushf.he urgency of this mattewasreflectedduring the stakeholder sesshs
with more than 100 professionaldrom the wind industryattending. Theindustry is committedo act now ad
tackle thefirst few steps towards a circular economyia workshopspolls,and interviews the firs® circular action
themes are chosen by the indugtrThese themeswill not cover all actions that have to be conductedr fa
completely circular windextor. Howeverthese are the first rdastic stepsfor product designlifetime extension
andre-application of materiak.
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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 expresed their commitment to act upon geral themes in the
first phase of the projectThese themeform the foundation for the second ise of the projectThisaction agenda
will bedivided into severgbrojectsthat deal with the aforenentioned themes

Adhieving a climateneutral and circwdr ecoromy requires the full mobilisation of industry. It takes 25 ygaas
generationg to trandorm an industrial s¢or and all the value chain. To be ready in 2050, decisions and actions
need tobe taken in the nexb years (paragraph 2.1.2f The BropeanGreenDeal, European Commissio2019).

The goal of phase 2 is s®t objectivesfacilitate decisionsandtake actions that will accelerate the road towards
circularity. The stakeholders participing in the frst phaseof this projectmentionedthat decisions cannot be
forced bya few industry actors and/or govemental organisationsTherdore, international ciaboration and
(cross)sector collaboration is needed to mgkegress towardémpact. The action agndasand associated projects
havea practical approach and aim to deliver tangible impact in the form of a new design, lifetimesexteor re-
applicatian of materials.

As a disclaimerheseaction agendaslo not cover all thenecessaryteps towardsa circular industryThere are
manyongoingprojectswith a focus on circularityTheseaction agendaare based on (cross)sector opgionities
and collabomtions in the value chaiwith themes that have not been at the centre of establishadjgcts
Gollaboration within the value chain castart now and could have aubstartial impact on the material streams.
Phase 2 will therefore aito alignorganisatiors, sectorsandEU state members factualimplementation in phase
3 (see figurgin 3.2).

The road towards circularity is an incremtal learningby doing process, that may change during its course.
Therefore, the action agendshauld be read as a guidelindat is not setin-stone and could change over time.
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5.2 Intro duction action agenda model

The projects associated with the action elgdasare clasifiedaccording to the frameworkortrayed inthe table
below. Each project is s@d onits expected impacbn circular strategies, structural elements, and tispan.
Besides, the tablprovidesan outline which can be used at the start phase 2. The financial resources are noted
in this frameworkbut are more elaborately explained appendixB, as well as poteial funding for future pilot
projects.

Action agenda themé project

Ambition Problem ckfinition and goal of thisproject
. 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 Readines$or implementation of theprojecton several levels such as costs, technology | legsocial
readiness readiness.
Challenges What are the main challenges for this project?

Required value chain  Who is requireda applyfor this project?
partners

CGomplementary What initiatives cover (parts) of this project and can we tefaom?

initiatives

Other industries might have dealt wiimilar challengethat the wind industry is currently facing. \&h
Compatible industries  can be learned from othendudries that have already dealt with this theme? Besides, other industries
could rave crosssector collaboration opprtunities.

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

Arrangements for the ~ The practical plan pgyroject
working group

Financial resurces Financial resources needed for theject
for working group
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nine action agenda themes / projects

This paragrgh elaborates furtler on the nine themes of the action agenda by using thetion agendanodel
explainedin paragraph 5.2.

1. drculartender criteria

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatibk 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 bidsHerddwest
levelizedcost of Energy (LCOE). This cdninder the industry from the road to more ctular business
models and processes. Including circularity aspects and criteria in tenders could stimulate comganie
change their businesprocesses and maals towards circular strategies. dtvever, new tender policies
should beworkable 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 industndaauthorities cane
together and find new circularcostefficient and workable tender citeria.

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

Short term Mid term Long term

Circula tender criteria can be implemented after several consultation meetings between the industry
governments that lead to workable criteria.

- Determining tenderrelated circular aspects and criteria that can be assessed on impact.

- Searchfor workable criteria that comply with the circular ambitions of Europe while being
workable forthe industry.

- Search for possible necessity of governmental intervention, e.g. government funding.

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

IEAWINnd Task

To be furtter considered during phase 2. Possibly relev@otistructionand infrastructure industry.

Governmental involvement is essentialgm/ernmentsestablishthe tender.

In Q1 2021, the fgt kickoff meeting will be held with th@articipants. Before this meeting, participants
will be consulted to elaborate on their ambition and practical arrangement preference. After thefkiek
select group of parties will further daborate in recuring meetings aiming for the practical
implementation of projects starting in 202Additional practical arrangements are to be further discusse
during phase 2.

National government and/or membershipriding. Other ptionsareto be further considered during
phase 2.
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2. Modular design

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 resouwres
for working graip

The lifetime of components of WTGs differs. With a (more) modular design of (subsystems of) WTG
components that have reached EoL can be repla¢eihin the economic lbundaries of the wind farm)
while the components that are still intact can be left in place. A modular design of (subsystems of) W
is highly demandingwhich is whythis work package will deal with what is involved in designing
(subsystemsf) WTGs in anodular way.

Produwct 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.
- Deermining thecosteffectiveness of replacing parts concerning excessive maintenance an
transportation costs.

Turbine OEMgamain suppliers of turbine OEMs (subsystems, modufeandation and tower
manufacturers anduppliers, O&M rvice providerswind farm owners and operators.

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

To befurther consdered during phae 2. Possibly relevant: construction indusglectronics industry
truck manufacturing industry.

No governmental involvement is needed. However, including modularity in tender critérispeedup
the process.

In Q1 2021, the first kietff meeting will be held with the participants. Before this meeting, participant:
will be consulted to elaborate on their ambition and practical arrangement prefererftas. the kick-off, a
select goup of parties will further collaborate in recurring meetings aiming for the practical
implementation of projects starting in 202&dditionalpractical arrangements are to be further discusse
during phase 2.

National government and/or membership funding. Other optiareto be further considered during
phase 2.
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3. Collaborationin design

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Compgementary
initiatives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Firancial resouces
for working group

The design of a WTG does not always facilitate efficient processes of the other @extn the value
chain. Sight modifications in the design of a WTG could on occasion significantly impact the related
processes down the value chaifthisproject 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 ér implementdion

- 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 irstiraestep ofthe value
chain. Arexample: different transport companies have different sizes of ships. Which size v
the standard?

All value chain parties could be involv@tie 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 governmenal involvement is needed.

In Q1 2021, the first kietff meeting will be held with the participants. Before this meeting, participant:
will be consulted to elaborate on their ambition and practical arrangenpegfierence. Afte the kick-off, a
select group of parties will further collaborate in recurring meetings aiming for the practical
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. Industry standards for (marine) nature enhancement

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Compatible indstries

Governmental
support/involvement

Arrangements for
work package

Financial resources
for working group

There ismuchuncertainty on theecological integration ofoffshore wind farms with marine nature.
Removing monopiles during thdecommissioningavours the recycling ofmaterials. However, nature
flourishes around foundations, so some voices claim that part of the foundatimald be left in place.
Cabeks are left inthe 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 performig research on design stadards for ecologial integration with marine
nature that favours both coseffectiveness and the enhancement of the environment.

Product Lifetime NN Reapplication
design extension of materials
Nature Foundation Nacelle
Cable Tower . Blades
Short term T Mid term Long term

The development of nature standards requires expertise in the ecologtegration of foundaton ard
cables.

- Ecological integration with nature should be ceffiective or included in regulations.

- Determining whether the standards for fodation designs are transferablbroughout the
industry, as foundation degms differ per compayn

- Harmful, but moe costeffective designs are preferred over designs that are more suitable fc
integration with nature.

- Cable decommissioning related business casesmghect for the envonment.

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

E.g.Rigstoreefsand DeRijkeNoordze.

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

If costeffective, (a part of) the offshore wind indug will most likelywant to implement the standards.
However, governmental involvementrngeded as ths will requireadjusting theregulationsor tender
criteria.

In Q1 2021, the first kietff meeting will be held withhe paticipants. Béore this meeting, participants
will be consulted to elaborate on their ambition dpracticalarrangement preference. After the kidif, a
select group of parties will further collaborate in recurring meetings aiming for the practica
implementation of pojects starting in 2022Additionalpractical arrangements are to be further dissed
during phae 2.

National government and/or membership funding. Other optiansto be further consideed during
phase2.
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5. Retaining data for decommissioning and Eraf-Life

Ambition

Circular strategy

Structural element

Time-span

Implementation
readiness

Chdlenges

Requred value chain
partners

Complementary
initiatives

Compatible indistries

Governmental
support/involvement

Arrangements br
work package

Financial resources
for working group

The component and/o material quality of WTGs is welhonitored duringthe lifetime (operations
phase), but this is primarily used to determine the technical oroeomic status durirg the lifetime. At
the EoL, most (sub)components are combined and processsidgthe same stategy. This working
group will focus on gathering information during the lifetime, which can be used to determine the
technical quality of Eol(sub)components regaling regycling orre-usepotentials.

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

Short term Mid term Long term

Ready o implement

- Possible (business) sensitivityioformation, meaning that a limited amount of parties should
have access to the information. However, it must be considered that it is more useful if mai
EoL parties can access the inforinatso that they carexpress their interest in the
components/materials.

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

Wind farm owners and operator©EM turbine companie®©&M service providers (repair and
maintenance, EoL companies (recycling and waste treatmgnansport and decommissioning
companies.

Circulaise.

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

Governmental involvement could be relevdat providing regulations on EoL measures. Governments
could also facilitate, for example, qualgyandards.

In Q1 2021, the first kicloff meeting will be held with the participants. Before this meeting, participant:
will be consulted to elaborate on their ambition and practical arrangement preference. Aftéidkeff, a
select groupf parties will further coliborate in recurring meetings aiming for the practical
implementation of projects starting in 202&dditionalpractical arrangements are to be further discusse
during phase 2.

Nationalgovenment and/or memberkip funding. Other optionareto be further considered during
phase 2.
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6. Responsibility of materials

Ambition

Circular strateg

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

Every partner loses ownership after their product is passed on in the valoain, which leads to loss of
material (qudity) at the EoL. Tis working group will work on the goal of rasing materials or
components with minimal loss of quality. To achieve this goal, a party must have responsibility for th
materials. Possibilitiegontain material passports, leasgof materials or setting upa material market
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 @irther considered during phase Rnowledge of material passports or leasing of materials is
required.

- The requirement of a broad range of expertise, as WTGs contain a variety of materials.
- Cooperation of every partner in the value chain ceming material passports.

- The need to make agreements by the industry on incentivesefponsibiliy regarding
materials.

- Determining where to make a distinction between components and materials.

All parties in thevalue chain, but specifically: manufacturers of componeRisL parties 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 governmental involvement is needddoweverjncluding modlarity intender criteria will speed up
the process.

In Q1 2021, the first kietff meeting will be held with the participants. Before this meeting, participant:
will be consulted to elaborate on their ambition aptactical arrangement preference. After the kiok, a
select groupof parties will further collaborate in recurring meetings aiming for the practical
implementation of projects starting in 2022dditionalpractical arrangements are to be further discuss¢
during phase 2.

National gorernment and/or membership funding. Other optioasto be further considered during
phase 2.
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7. REHecovery strategies

Ambition

Circudar strategy

Structural element

Time-span

Implementation
readiness

Challenges

Required value chain
partners

Complementary
initiatives

Campatible 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 demahfor the energy transitionwill surpassthe total critical metalproduction®, Currently, both
the Netherlands and Europe are highly depa#nt on countries outside of Europe for their critical
metals. The current recycling rate of Neodymium anther REEss bebw 1%. New recycling techniques
need to be developed and implemented to keep the scare metals in the value chain. The goal of this
projectis to identify REE recovery strategies and to improve the recycling of REE within the value ct
of Europe.

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

Short term Mid term Long term

To be @rther considered during phase 2.

- Finding workable business cases éschnology
Practically executing business cases

EoL companieREE recycling initiativeSEM turbine companies (and/or their suppBesf generators or
generator components).

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

To be further considered during phase 2. Possiigvant:battery industry, solar industry.

Both national and European governmental support can be useful in research and technological
developmen. Local and regional authoriti€ivolvement is essential for the practical recovery part.

In Q1 2021, the first kietff meeting will be held with the participants. Before this meeting, participant:
will be consultedd elaborate on theiambition and practical arrangement preference. After the lotk a
select group of parties will further collaborate in recurring meetings aiming for the practical
implementation of projects starting in 202&dditionalpractical arrmgements are to be furter discussed
during phase 2.

National government and/or membership funding. Other optiansto be further considered during
phase 2.
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11 Neodymium, dysprosium, and praseodymium are not only used in generators of wind turbines hinteatscelectric vehicles (magnets

and batteries).
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8. drcular clusters aroundports

36

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

E\ery offshore wind project utilisesports, during the installation phase (prassembly and vessel
loading), the O&M phase (warehousing, hub for transport of maintenance teams and (‘circular’) part:
and the decommissioning and end of life phase (transpbub for decommissbning and/or repowering
activities, hub for inland logistics regarding ‘circular' parts and (raw) materials). From a collection an
treatment perspective, the scale is paramount to close a recycling business case. lexrggystems of
companiesaround ports, which facilitate information sharing, could search for optimization in the
application of material strategies, especially there where (sub)components have different EoL purpc
The desired outcome of thiprojectis to assess andesignpotential hubs that could be developed
around ports to deal with material return streams when wind farms come to their end of life.

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

Short term Mid term Long term

The idetification 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 lifeime extension andeoLstrategies with valuable business cases
- Relocating companies or setting up specific business units around ports

Ports wind farm operatorsdecommissioning and EoL companies.

Interreg DecomToo|<ircularindustriesSURFACE etc.

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

Bath localand regional governmental involvement is essential.

In Q1 2021, the first kietff meeting will be held with the participants. Before this meeting, participant:
will be consulted to elaborate on their ambition apthcticd arrangement preference. After the kidiff, a
select group of parties willrther collaborate in recurring meetings aiming for the practical
implementation of projects starting in 2022dditionalpractical arrangements are to be further discuss¢
during phase 2.

National government and/or nrabership 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
initi atives

Compatible industries

Governmental
support/involvement

Arrangements for
work package

Financial resources
working group

Industry partners mentimed the wgency 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 corgin similarities. A
European wide circular wind alliance, that colleatieas and searches for connections could create mc
stability and an overview of the next steps towards a circular wind industry. The desired outcomeisf
projectis to cannectcircular initiatives, find complementing areas and give input for a European Circu
Wind Action Agenda.

Product Lifetime Reapplication
design extension of materials
Nature Foundatian Nacele

Cable Tower Blades

Short term Mid term Long term

This work package can be implemented right away.

- Gaining funds and support from the European Cassim.
- Estallishing the right mix between governmental and industrial input
- Search for possible sea basin collaboration across nationaéksrd

R&D/universities/institutesindustry associations.

EurgeanBattery AllianceEuropean Raw Materials Alliance (ER)}@A)apult,and SusVind.

To be further considered during phase 2. Possibly rele\mttery industry

European governmeal involvement isessential.

In Q1 2021, the first kiekff meeting will be held withhe participants. Before this meeting, participants
will be consulted to elaborate on their ambition and practical arrangement preferefter the kick-off, a
select group of parties will further collaborate in recurring meetings aiming for the practical
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 citgula
in thewind energy sector, and to indicate specific themes that lead to a set of concrete circular action agendas
driven by the industry and witlpbtential) support fromgovernmens.

The various sessions and workshop of phase 1, including inputdieskmesearch, have resulted in a diverse set of
themes regarding circularity in the wind energy sector for this moméhe themes cover all threeircular
strategies domaingproduct design,lifetime extension ande-application of materials)it shouldbe naed that
these circular action agenda themes deserve more reflection during phase. Pegagding impact and business
case potentials.

It ispositive that at least 4 themes hagtrong connections with the challenge of design for circyjatitcaild be

stated that smartprodud design (including the smart design on the level of subsystems, module, components, and
subcomponenty takinginto account design for circularitys essential to make fundamental progress in higher
levels of circuldty in the wind erergy sector (onshore and offshore). Design for circularity is also valuable for the
strong drive of the wind industry sector and gommentto 1) reduce the cost of electricity as much as possible
(low LCOE) and Bjtegrate large amonts of renewabk eledricity into the energy system.

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 framavork introduced i thischapter could help to make during phase 2 swift progress in converting the
themes into concrete circular action agendarggambition, stakeholders, complementary initiatives, action plans
and milestones, funding for workingaups 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 othis projec@participantson the most viable next steps towasa circular wid eneigy industry. The
conclusions ee derived from the first phase of this project and are essential input for phagka2n{ng ofcircular
initiatives) that will further elaborate on the action agendas. Besides, some conclusions may alresdyjoaf]
term solutians or challenges that could aacin phase 3 (implementation of circular initiatives) of this project.

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

With the Green Deathe EU ha set its diection towards a carboneutra society that is less dependent

on the use of virgin materials. The combinatiorthaé factor with the large residual flow of wind turbines
the coming years has created an urgetwynove towards a circulandustry. The wid energy indistry has
shown its commitment to the transition towards a circular industry by its participation in the first phase of
this project and the number of registratiofer the second phase.

Conclusior?: The costdriven focushinders the transiion to a circular industry.
The wind energy industry hass&rong focus on costfficiency, which is fundamental feine contribution
of wind energy for the energy transition aed¢onomic developmenithin the sestor but can hinder the
transition to a cicular industry.The wird energyindustry is committedto acceleratingthe transition
towards a circular industryput the actualmplementation ofcircular business processes remains a complex
challenge.Many indwstry stakeholders havenagphasked the crittal role the government can play to
promote andstimulatecircular business propositions.

Conclusior: Current circular projects tend to focuserely on the recyclingof materials.
Currenty, circularity in the wind industryis stronglyfocusedon challerges andbpportunitiesrelatedto the
recyclirg of materials However, more attention is coming for complementary circular strategies related to
smart product desigr(e.g. designfor circularity) and lifetime extension (e.grelated to modules and
components).

Conclusiord: Thequality of material mustbe better conserved
Within the circularrecyclingstrategy, a distinction can be made between high quality, mid quadihd low
guality recycling.Eventhough 8590% of a wind turbinecan be recycled wih currently available
technologiesreality shows tha materialsregardless of theiquality receive the same waste treatment.
This results in high quality materials bemgycledand processedhto low quality raw materialsThis can
be prewented whendecommissionedcomponentsand materials aréabelled and the gathered data during
the wind turbinelifespan isused asnput for the recycling process.

Conclusion 5: Collaboration between partrs in the wind industry value chains and outside of the seci®r
required to implement circular strategiesand most efficiently pursued by having a joint (digijaliscussion

Often, changes from linear to circular business processes not only affect the processes of one company but
will alsoaffect other section®f the value chainThe value chain of the wind energy sector is large and very
diverse, so it is impoant to utilise the expertise of every partiscussion groups (including online
sessions) with stakeholders from different sections in the value chdimyea discussion leadehave

proved to be very effective in phaskof this project.
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Caclusion6: The participants of this project mainly want to pursw@rcularstrategies in thedomains of
product designandre-application of materials

The circulastrategies in tts poject are categorized according to three domaipaduct design lifetime
extension ande-applicationof materials.The result of the elaboration on circular action agenda themes
with the project'sparticipantsin the following: 9themes were distild that are relevant for phase 2 of the
project. Each theme has bearssessed on its relevander the domains (themes can be relevafur
multiple domains).

- 4 out of 9 themes are fully focused productdesign
- 2 out of 9themes are filly focused orifetime extension
- 5out of 9 themes are fully focused on the-applicationof materials.

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

Theframeworkspecifically operationalised for the wind industry amskd inthis report- and the
frameworks on which this framework is basegrovided the tooldo identifyloss of quality ora
component or materialevel. The framework as usedasareference to elaborate on iularity strategies
for the wind industryand to define relevant action agda topicslt showswhat aspect®of circular
strategies diffeffrom each otheand howthey can be compared or clustered.
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7. Recommenda tions

The reeommendations of this report aim to inform and highlight steps that would support the transition towards a
circular industry. This section covers recommendations on various themes like action agendas,aia|wathar
strategies andthe European dimesion.

7.1 Recommendations related to the circular action agendas

Recommendation 1: Pursue the action agendas as identified in phase 1 of this project, because the industry
participants have indicated the importareof and commiment for phase 2

During fhase 1 of this project, multiple action agendagre identified from varias interviews and
stakeholder sessions. These action agendas contain themes that the industry participantsemafiedd

as vital for the tanstion towards a circular industry, iaddition to the initiatives that already make
progress. The participantgave also committed themselves to work on these action agendas in the second
phase of this project. It is recomméed to maintain the momentm and use the commitment of the
industry. The followingconcreteagendas have begproposed for the second phase thiis project:

Circular tender criteriaegarding wind farm projects

Modular desigrof the structuralelements

Collaboration in desigwith partners in and outside the wind energy sec
Environmentalspecific foundation design and usage

Retaining datge.g.on modules, componentsind material levelsfor decommissioning
and EoL strategies

Responsibility of matrialsto enhance circularity

Rare earthelements(REErefinery strategis

Crcular clusterof companiesaround ports

Platform for European wide circulaollaboration

arMwDdNRE

© N

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

One of thegoals of the secand phaseof this projectis to establish, implement and execute industry
standards like modular desigdoining project(s) working on the action agen@asvides participantsthe
opportunity to collectively shape and accelerate the circtansiion. Addtionally, includinga largeand
diversenumber of partidpants willmost lkely result ina higher acceptance ondustry standards and
regulatiors.

Re®mmendation 3: Keep he action agendas up to date, as it is a continuous road towards a cacwind
industry.

Action agendas have been identified for the second phase of this project, but these may change over time.
Future commitment migt change, the temes of the action agnda might overlap when started working

on them, or they might not leadtthe desired resultdt isthereforerecommended to keep an open mind
andadjustthe (focus of theYhemes of the action agendas whenever neszy.
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7.2 Recomm endations re lated to the v alue chain

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

Implementing circular strategies as a company influences the businesatafdrstakeholders in the Wae

chain. Itis therefore recommended to align related stakeholders for optimakgnation of circular
strategies. For instance, using alternative metals in the gearbox will influence the material supply chain
before installatbn and will influence the mintenance andlecommissioning after installation.

Recommendatiorb: Create synergie with related sectors for a smoother transition towards circularity.

Industries likeoil & gas (decommissioning), aviation (composite EoL sgias) or ifrastructure (qality-
based enders)might have undertaken the same circular cbaties ashe windenergy sector is confronted
with. Therefore, it is valuable to learn from these industriBesidesthese industries malge corfronted
with similar challengeshat can be mae easily tackledthrough crosssector collaboratior(an example is
the collabordion of WindEurope, Cefiand EUCifegardingcomposite recycling

7.3 Recommendations related to ¢ ircular strategies

Recommendatior6: Implement circular strateges ntheorderfr2 Y wn QNBFdzaSQ (2 wop Q
muchcomponent andmaterial value as possible.

In the transition towards a circular industry, companieasso in the wind energy industritend to search
for recycling slutions while this i®ne of the lowestvalueretaining circulastrategies Circular strategies
are ordered fom high levels of circularity (like refuse and reduce) to low lexetsrcularity (like recycling
and incineration)lt is therefore recommened for companiesctive inor for the windenergy sectoto
focus on circularity opportunities startingith refuse (R0) and reduce (Rb)retain the highestomponent
andmaterial value and make the highest impact.

Itis also inportant to notethat accderatingthe circular transition doesnot automaticallymeanthe industry
is more sustainable. A balarttdecidon hasto be madeabout thesustainalility impactwith every circular
strategy implemented

Some circular strategiem(particubr recycling may require a substantial aount of energy.Sometimes,
using virgin materials or using another circular strateggy be more energy efficient. The tradé
between material use and energy use is a complicated matter that shoutdrisderel when developing
circular strategies. Thisade-off may dhange by technology development and will therefore change over
time.

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

The framewok has proven to be very useful in gaining insight circular stréegies.When other topics
are added to the circular action agenda, the framework can be used as a tool to quicldyfeatdely
understand the potential impacof thesetopicscanmake and the mactical arrangements that need to be
made.This also applieto the framework used to categorise and classify circular strategies.
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7.4  Recommendations related to European dimensions of th e wind ind ustry

RecommendatiorB: Elaborate on the addedalue ofan EUwide collaborationplatform in the wind industry
that is focused on the transitiortowards acircular windindustry.

EUwide collaboration in the wind industry is key for compariieshe wind hdusty to charge to more
circular value chaion a Europeanelel. It isrecommended to start m EUwide platformthat aims at
increasing transparency between projecthie EU Battery Alliance is an excellent example ehEtdber
states working togethewith companiesto make large scale progress on complex traosgi A Circlar
Wind Energy Alliance may be the ansvi@rthe wind industry ints road towards circularity.

Recommendatior®: It is recommended to keep the momentum and enthusiasm in thiangtion through
amongothers, stakeholder sessions and webinars.

During thefirst phase of this project, the enthusian and input from the industry made the insights of this
report possible A committed industry in the complex road towasdcticularity is important to acelerate

this transition. Thereforgit is reommended to continue organisirggssions to keep the momtm and
enthusiasm in this transition. This results in higher levels of awareness on circularity challenges and
opportunities across the wind industryBesides, these sessions tblead toadditional circular action
agenda projects that can be furtherdoped and tackled by the industry

Recommendation 10Createnational focal points for European financinglegislation, and collaboration to
support austainableand circulardevelopment.

The European Camission and itsnember states havebeen (and are)creatingfinancing platforns'? for
circulareconomyandwind energyprojects offering major opportunities to deelop pojectsona European
scale.In sone casesEU legislation, member state legislatjicand seeral EU collaborationgroject,
alliances mke it challengingto find the appropriate building blocks for sustainable and circular
development. Thereforeit is recanmendedfor member statesto hawe afocal point that could help
companies with B legislation,finance and collaborations, while helpg EU collaborations with finding
relevantnationalstakeholders.

12 Through instrumentsuch as IPCEIBlorth Sea Win@ower Hub, Connecting Europe Fagcibityd the Industrial Forum.
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Appendix A: overview of

sessions and workshops In
phase 1

Thisappendixis an extensiomo chapter 4(phase 1)The content of the sakeholdersessions (also known as Value
Chain Meetings) and workshofggvenduringvalue chain meetin@ and, theCIRCO Traclk)shared.Thisappendix
aimsto show the resultof these activities. This will giweu a beter understanding of the commitant of the
industry. Besides, it vllicontainthe workshop materiathat is ugd to concludethe main report.

Session 1 was an moiduction to this ideation process, sessiondhtained 7 workshops to define aidar building
blocksand session &ddresgd crosssector collaboration and an outline of phase 2. Thereafter; day long
workshop wagperformedwith help of CIRC® creak a better understanding of the circular strategies that could
be used in phase 2.

Stakeho Ider Session 1

August 28' 2020

Goal At the first online stakeholder session more than 100 participavhere present. The goal diie first
stakeholder sessiowas to enthuse and excite the different stakeholders from throughout the wt
vaue chain.Besides, the session contain@dany polls and open questions, to gather insight
dilemmas that the wid industry experiences. The &&holders expressed their dnitions and projects,
and the reactions afterwards were overwhelmingly positive.

Agenda The following speakers castiné A AKi 2y GKS Od2NNBy (i LINROSaas$s
their goals for a circular arslistainable future:

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

2. Erwin Coolen, CEO of ECHT, continued by explaining the goal obtimshbtProject Grcular
Wind Farmsand hosted thaest ofthe meeting.

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

4. Afterwards, Thomas Wegman of EuQifesented the recyelg techmiques of composite
materials.

5. This was followed by a presentation from Kristerel@in from Siemens Gamesa. Sl
presented he market position of Siemens Gamesa and their work on their sustatya
commitments and turbine cirdarity.

6. llse van Adel, Sutinability officer procurement of Eneco, presented next. She discuss
producerresponsilility, modular design and collalation between the entire value chain.

7. Lastly, Joost Eenhuizen, Busmenanager offshore industry fno the Port of Rottedam,
presented their current operations in the wind industry. Furthermore, the cast lightheir
goal to move towards climate nerglity by 2050 and the circular strategy that is incorporat
in that plan.

Method During this onlie stakeholder sessim it was actively encouraged to share information and disc
certain topics. This inforation wasgathered through polls, open gstons and general statement:
The polls are visualised in graphs. Thetipgants answered the open @stions and genera
statemerts by answering in the chat of the Zoom meeting.

Results The industry shows tit they u® many different circular stratges. The most commonly used circu
strategy is to recycle, reduce, raip, re-useand refurbish as aabe seen in figure 8. Theggonsibility
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for circularity remains an ambiguous topic. Whasked who is respoitde for drcularity within their
company the most replied answer was: no one specified (figure 9).

This confirns the general impression thabmpanies are willing to chae, but that they are still at the
beginning of this proces3his reflected in may invitaions and reactions of companigésat would like
to learn more about circularity and that would like toijoand speak during the secorahd third
stakeholder sessits.

Key takeaways The wind industry is aware of thehallenges that it expeznces conerning circularity. Many partie:
have their sustainability programme, but teamwork is required to makesignificant impact.
Responsiliity for circularity within he 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

6% 13%

Recycle

11%

Figure 8: Inventory ahe EoL sategies during the first stakelder 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 Ses sion 2

September 18th 2020

Goal

Agenda

Method

Results

Key takeawag

The main concern aftehe firststakeholder sessiowas that some participants only joined to retrie
information. Therefore, the secondtakehdder sessiorhad a slightly higher barrier to join.

The aim of the seconstakeholder session was fiie participants to get to kne each other and tc
gain indepth knowledge of the current linear business preses and ctular strategies. Participant
were asked to collaborate within workshops and to actively share theinghts in this session. Withi
this session, 7 workshops lely NWEA, Port of AmsterdamAYOP, Groningen Seapor
DeRijkeNoordzee and ECtDk place.More than 75 professionals agely shared their thoughts t
change the current linear value chain toward circular value chain. &hresults of this workshoj
confirmed the willingness of thandustry to cooperate in the transition to circulaind farms.

This meeting comjised two main parts. Firstly, speed dates were held in small groups o
participants to get to kne each other. Subsequently, disssions were held in breakout rooms. T
topics that were identified in the fit value chan meetings vere used as dis@sion topics.

Each participant had subscribed themselves toeakout room before the meétg. The focus of eac
breakoutroom was one of the four topics; Nature, Rare earth elements, Composites,ranspdrt &
Installation. In each breakoubom, a discussion was liebetween 815 participants with a discussic
leader that is an expert in thbreakout room's topic and a naierator by ECHT.

The Ellen MacArthur Foundation is a commonly used model t& wo a ciralar business proposition
It is commonly known as theutterfly model. Acircular economy seeks to relldiicapital, whether this
isfinancial, manufactured, humaspcial or natural. This ensures enhanced flows of goods and ser
The buttefly model llustrates the continuous flowf technical and biological materials thrgii the
WALt dzS OA &dgednsha@igurd: a Ol y 0o

Therebre, to structure the discussi this model was used. The discussion was held for an hour,
each buildingblock of themodel taking 15 minutes. Themodel's building blocks; product desig
busness models, reverse cyclelskand cross cycle and ceesector collaboration, were sl to trigger
the participants to give thought to every aspect of a transitiowards a cicular industry.

The moderator of the sultracks gathered theesults and added them to the malel. Each section ¢
the results contains a figure with ehlogos of the participants in the sdftack and a figure with the
findings.

Key takeaways

Moving towads a circular economy is a complpsocess which requires cooperation beten all
partners. Small disssion groups are the most efféve way of gaining insights and sheds light
shared problems.
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FigurelO: The butterfy model of the Ellen MacArtdoundation modified by ECHT.

Conpositeworkshop

Product 1 Linear process of building, using a 1 Expending lifetime by modulablades. Root
design destroying. section, midsection and tip-secton.
1 Blades are not interchargble. Blads 1 More standardization foeasierreuse
are made out of carbon, gladibres and 1 Synthetic fibres (and resins) that are fu
thermosets, which are difficult to recycle recyclable (forinstance FILAVA). Or biobas
1 Cost driven focusnakes the design focu composites (resins) that are easy to remelt
on larger blades and therefor large 1 Wood and other natural fibres
turbines. 1 Designing easier dismantlable ks (forreuse
or recycle)
1 Multilayer plastics containing  recycle
components.
Thermoplastics (Elium for example)
Business 1 Stakeholdes are only responsible for th 1 Sharing responsibility stang at the
Models product at a certain moment in thealue manufacturing of parts part stead of product
chain. level.

1 WTG could be used for the secehdnd market
is notused in its full potential

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

1 Lead$ng as a business model

Reverse cycle 1 Curently, the decommissioning pcess is 1 Arrange to decommission likehe aviation
skills not structured. There is no clec sector. Certify materials after decommissioni
understanding of this process. so they can be reused.

1 Keep control of raw matrials lke a warehouse
or material passpu.
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Cross cycle
and cross
sector
collaboration

ircular strategies in the wind industry

1 Currently, most of tle composite is beinc
landfilled in Europe.

Rare EartiEEmentsworkshop
Building blocks tdransition from alinear to acircular economy

52

1 The decommissioned composite could be us:
in other industries (with shorter fibres). Fo
instance, makingpicycles.

9 Building bridges! lterally and figuratively. The
recycled composite could be the raw materi:
of other industries, for exaple, infrastructure
or construction.

Product
dedgn

Business
models

Reverse cycle
skills

Cross cycle
and cross
sector
collaboration

1 Currently, the rare eartelementsare not
recovered from the decommsioned
wind turbines.

i The wvigin raw materials price o
Neock Y A dzY A a
to waste afterthe life cycle of a winc
turbine.

1 Rare eartlelementsare considered scra|
after decommisioning. There is nc
current business case for recovering re
earth elements

1 The current options are limited.

1 Reduce, reuse, recycle andbstitution should
be the main focus of the science projec
research and funding needed to turn it into
circular process.

e nn®dnns Two tracks:

1. New design: reduce as much as possible of
rare material use

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

1 There is an economic incentive becaudehe
virgin material price of Neodymium starts
40.000 euro/ton.

1 Refurbisiment or reuse of the magnets in i
whole or as raw mateal.

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 turhie.

1 Currently, Neodymium can only be refined
China, bere is an opportunity here.

Renting a wind turbine

Collaboation across the chain is needed wher
comes to innovation, research andow to
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 refiney opportunities in the EU if wi
work together and create scale. From
technical perspective, everything is possible.

Collaboration with metal associations.
Massbased recycling regulation for the wir
industry.

=a —a
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Nature workshop

ircular strategies in the wind industry
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Building blocks tdransition from a linear to a circular economy

Product
design

Business
models

=a =

= =

=a =& -9

Instal and decommissiowind turbines,
thereby destroying nature that has
developed during wind farm lifetime.

In situ, raw materials are losand area
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. Partare
bought for singleuse

Investin recoveringnature

Thereis no incentive for parties tc

monitor the state of natue

The owner owns the WTG

Do notwantto buyrefurbishedparts
Biggerand Bigger

= =

= =

= =

= =

= =

Packing as fertiliser

Leave turbines in situ, thereby skipping tt
waste phase.

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

Moving to other foundation tpes that are
easier to decommission. Jackad foundations
could be a solution for easy decommissioni
in a shallow emironment (highrisk). Asses
which foundation type is best suited per kind «
nature and asses which technical requiremer
the foundatim must meet per location, to
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.
Desigrnbiodegradablescourprotection

Build windfarms at less ecological areas
restore

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

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

Leasing parts will improve the quality ar
duration of parts

Prevent damage to naturé. O capture, (plant
seaweed or a we when you build a winc
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 thi private people

The substation can besed for floating solar.
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Reverse
cycle skills

Cross cycle
and cross
sector
collaborati
on

ircular 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 lef

1 Part of foundation left maybe cablesd
scour

1 The temporary hood of an offshor

monopile is scrapped

=a =

1 There is mistrust betweer
aquaculture/fishing industry and
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 alays picked up byhe
media

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

Trangortation 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 defgnated space of endf-life
scour proection. Then it is not occupyini
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 ecdunnel under the
highway

Use to temp hood for monopile as an artifici
reef

Biobasedlades

More collaboration between aquaculture an
offshorefor reuse of scour protection

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

Wind turbine
farmsand mediaaboutgoodnewsstories
Governmen legislation needed offshore ftc
leave certain structures behind

Tender criteria

Partnerships e.g. with chendl regcling
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 sabed

1 Materidls and design are fior-
purpose.

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

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

= =

Cables must be redesigned.

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

Use hydrogen nearby th&ind farm, so therés
no need for cables to the shore

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

Provide ingjht into the total \alue chain to
seek opportunities for standardization.
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Business
models

Reverse cycle
skills

Crosscycle
and cross
sector
collaboration

Companies do nagprovide insights ira
the value chain because of intellectu:

property

In tenders, the main point is being &
costeffective

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

Keep processes #sey are. Why change
a winning team?

Responsibility for decommissioning ar
waste treatment is solely for wind farm

There are companies located near tf
port that canreuse materials, but there
is not a structural plan to nee this

happen.

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

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

Ports are only responsible for thi
transportation part of tke value chain.
No or little communication between
party's design, project, anc
decommissioning phases. Short terr
planning and one hurdle at time.
Therefore, the last phasesust adapt to
choices made earlier in the process.
Transport is carried out byhéir own
company, services are not shared, par
because of i.p.

55

Tenders should incorpate circularity. Advice
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
sengtive 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 responsibilit for product/component to
last. If their product lasts or if it is #@pcycled
better, they should receive compeatson.

Keep the supply chain in the port. Team up wi
companies that are located near the por
keeping down the transportation cts

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 theteel from the tower
and selling itto German and Austrian stee
producers

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

Share transportation vehicles and processes



The ideation process focused on ¢ ircular strategies in the wind industry 56

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 successfulsacss
collaborations and d discuss the next steps for Moonshot phase 2. Several projects like Z
SURFACE, FIBROUS and ECOBULK presented the content odstheéctor projects in circularity
During the first 2 stakeholder sessions, the participants often pointed to teeriteria. Therefore, RV(
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 Comsiosier for Energy inspired the participants with a motivati
video message to take action.

2. Ruud de Bruijne from RVO spoke about therenttender process, the market outlook of
offshore wind in the Netherlands, and the importance to include circulagriiin tenders.

3. This presentation was followed by Jelle Joustra, a researcher from the TU Delft and EC
on the design strateggefor @mposites in a circular economy. He illustrated general circul
strategies and he showed various practical exampfdbe reuse and recycling of blades.

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

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

6. Ultimately, Erwin Coolen illustratedh¢ next phase of the Moonshot Project Circular Wind
Farms. He explained the timeline, the workgroups, hadntroduced the subscription to
these groups.

Knowledge and information were shared during this lasgs@ using presentations by representativ:
of initiatives and consortia of practical examples. In response to these presentations, tileeth'
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 circulr industry because they might lose their market positianthe short term. Therefore
government action is requide This view is confirmed in figure 11. To gain insights about the t
circularity within the organisation of the different stakeholdensdlved in the sessions, the questic
of how circular is yor organisation was presented to the stakeholders invdlirethis session. Onc
more, this confirms the commitment of the industry towards a circular transition, but it also show
progress thais yet to be made.

In response to the presentation givdyy Jelle Joustra of the TU Delft about design stratefpes
composite, the stakeholders involved during the session were asked what the greatest opportt
in a circular design. Figure 13 eals widespread reactions with recycling as the frontrunaethe
moment. When asked which area the stakeholdergfibmost important composites is the frontrunne
closely followed by rare eartblements transport and nature inclusive life cycle as shawfigure 14.

This meeting providedaluable insights in crossector collaboration and showetie commitment of
the industry towards a circular economy. Many parties have already subscribed for the second
of the Moonshot Projec€Circular Wind Farms.
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Circular tenders are essential for creating
a circular industry

30
20

10

0 ]

Absolutely  Helpful, it will get We might get  We don't need
us there sooner there sooner  circular tenders

Figure 1: Poll question during the third stakeholder session

How circular is your organisation?

40
30
20

10

0 . | - -

Not circularOrientating Making Most of theWe are fully
(yet) steps  processes circular
are circular

Figure 12: Pbhuestion during the third stakeholder session
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What are the greatest opportunities when we
look at circular design?

20
15
10
5 I
0 []
Material Lifetime Structural Product
recycling extension reuse recovery

Figure 13: Opportunities for circular design

This subtrack topic has my interest

20
15
10
5 . I
. ]
Composite Rare-earth Nature Transport &
metals / critical Installation
materials

Figure 14: Question during thkird stakeholder session

Workshop

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

Compared to thestakeholder sessionshis track had a more-depth focus with a smaller group of paipants.
The track consisted of 12 participating companies.

During tese three daysthe participating companies worked together to identify value loss in the libaamess
model, to then see it aa circularbusiness opportunity. The value losseere ranked on influence and impact.
Various design strategies have beéought through, to see which one hélse most potential. The most potential
business case was further developed and presented to the othdicyants during a pitch.
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Appendix B: financial
resources

Thisappendixcovers the financial resources that areeded fa the second and third phase of thigoject. Firstly,
possible financial resources and funding will be identified foraton agena and relatedvorkgroupsof phase
2. Rction 2 covers the financial resources for (pilot) projects that follow ¢hiculr strategieshave been
establishedn the workpackages

Workgroups subsidies

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

Membershigfunding

The workgroups could be funded by a membership. An example othershipfunding 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 amemberpay their share depending on their amount of employees (RDR Wind E.v., 2019).

National government funding

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

Pilot project subsidies
This section contains alsetion ofsubsidies thatan be used for technological innovatio@thersubsidies might
be applicable, depending on thénk of technologyand the location of the companies.

Horizon 2020 / Horizon Europe

Multiple innovation projectsircular initiatves thatare mentioned in this repothaveused the Horizon 2020
subsidy Horizon 2020 is the EU's largester research atinnovai A 2y LINPINI Y A 0GK ySI NI &
After 2020, the program will change and it will become Horizon Eurbipetotal budget for Horizon Europe will
containe pt ®c O0Aff A2y d ¢KS LINRP2SOG O2 y26.8bkyGbbaliCkhaldhés &I f f
9dzNB LISF Yy Ly Rdza i NRI2706 t/y20Y LISYIR ( A @ $ ¢ Bobla)A TH& firs® pil@uppdts 6 €
reseachers. The second pillar (Global Challenges and European Industrial Competitiveness) will focus on cross
sector colaboraton. The third pillar (Innovative Europe) will focus on high potential breakthrough technologies and
innovative companies tit are trying to scale up.

Eurostars

Eurostargs a collaboration between EUREKA and the European Union, with someiestimrare located outside
Europe. EUREKA is an intergovernmental innovation netwonastaroffers to finance for R&Mdriven
SMEsEurcstarsis interesting if another company owns a technology that will benefit your company. A
Netherlandsbased compay shal receive the subsidy from RVO. A Germbhaged company will receive a subsidy
from the German governmerfRVO, sd).
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Innovatiekradiet (Dutch instrument example)
Innovatiekrediet is a loan from the Dutch Ministry of Economic Affairs and Clinotityy for a new product. Its

purpose is for the development of promising and challenging innovations (RVO, 2020). The budget forR@ € n
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 innovationsFor clinical innovations, the maximumaday &G A& € p YAff A2y ®

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 2 very promising ananust 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, Ontwikkeling en Innovatie (M@@ijch instrument example)

TheDutchMOOIsubsidy supports parties that work incansortium on arintegrated solution that contribute to
the climates (RVO, 2020Jhe Topconsortia voor Kennis en Innoveflls) andRrijksdienst voor Ondernemend
Nederland(RVO)support the applicatiorprocess.Futhermore these parties offer advice and help in finding
appropriate partners in their network.

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

had abudgetof mn dmMin20A X ABYNI 6 KAOK (GKS YI EAYdzY | YRAgegéct F2 NJ
can only apply for this subsidyitfis a partnership of aeast 3 companieand if it works on an integral
approachfor concretechallenges from the climate agreemeiihesubsidycontains 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 stakeholders to accelerate the transition into a circular
wind economy. Therefe, this chapter is nogéxhaustive but tries tgive an overvievef the current possibilities in
the field of circular strategies.

Circularity domains in wind / tech nical 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 properties the components contain. Thereafter, the
chapter identifies the cuent waste treatments of each wind turbine componets explained in chapter 3, the
commonlyuseddistribution of structural elements is aordingly:

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

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

Another substantial part of the blades is the polymer matrix. The polymer matrix is mac
thermosets or thermoplastics. These polymers aresslinked in an irreversible process. This i
key property to reach its desired strength and resistance against rahtéatigue. Unlike
thermosets, thermoplastics do not become crdis&ked. This simplifies the recycling process,

thermoplasticsmcomparable price ranges are limited in their applications compared to thermo
Therefore, currently, thermosets polymenake up most of the industryCefic, WindEurope ¢
EuCIA, 2020)

The combination of the reinforcement fies and the polymer matrix, also known as composil
make up the largest part of the blade @0% fibres, 3@10%polymer matrix by weightjCefic,
WindEurope & EuCIA, 202@omposites are excellent materials to use for blatlesause of their

properties:
1 They provide resistance to fatigue and corrosion for the expected lifetime (20ye&8).
1 Composites are flexible and can be used to incorporate very specific forms. This e

manufacturers to design blades in the magrodynamically efficient way.
Composites have a high strengitrweight ratio.
It generates high yields that reléin a low Levelized cost of energy.

=a =4
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Current EoL

Wind turbines blades are challenging to recycle. This issue increases over titrig,estimated
that 14,000 blades could be decommissioned by 2@ic, WindEurope & EuC020)
Landfilling of blades is prohibited in the Netherlands, Germany, Finland and Austria (WindEL
This means that in all othé&uropean countries landfilling of composite materials is still possibl

Although in the Netherlandendfilling composite waste is banned, there is an exemption from
which wind farm operators can benefit. If in principle the cost of alternative treatrieehigher
than 200EURM/t, landfilling is still an option. Mechanical grinding, a recysbhgion fr
composite, is offered in the Netherlands by recycling companies. The ground short fibres an
powder are recycled and used as raw materials for rivekspport, furniture and bridges
(WindEurope). Currently, this is only viable for glass fibre comgmsitithough cosegffective, 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, meaning th
landfillingis still practised (WindEurope). This shows that although regulation is in place, it is
fully effective due to the exemption.

Figurel5: Landfillban 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 plymers: cement cgrocessing (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 careduce thed 0§ 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 ceeeptocessing
(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 redudn in thed U 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 incinerationthe properties of the compositeare 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 chaptee eore promising but they are mc
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 ag with this statement, they ageethat 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) be saen in
figure 17, there i@ need for incentives to use recycled composite materials in new products,
increasing the attractiveness of the recycling industry.




































