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Foreword

As Scotland seeks to build a green economic recovery from the current pandemic it is vital that we keep our sights
firmly set on our commitments to get to Net Zero by 2045.

This will involve ingenuity in how to make the most of our natural resourcesaradtesult, build a more

sustainable future. We are fortunate in Scotland to have some of the best natural marine resources in the world, ¢
finding ways of unlocking their potential will help us tackle climate change and futureproof our economy
simultaneously. Offshore wind offers us a potential path for doing exactly that.

We recently fired the starting pistol on Scotl andd:
Leasing, which forms part of our wider joined up approach to hefgean opportunity to tap in to the potential

our marine resources have for the expansion of offshore wind. This includes work to promote and enhance supply
chain development, through measures included in our leasing process, as well as making invedgauiities

such as the Zero Four site in Montrose, capable of hosting vital support bases for future projects.

While ScotWind is aritical first step in securing the opportunity which lies ahead, it will only work if various

other stepsaretakn al ongsi de this. One of those steps is en
ready to support the rapid expansion of offshore wind and play host to the major projects we hope to see in the
years to come.

This report seeks to providaeute map for doing exactly that, by examining the future trends, needs and
requirements of the offshore wind sector, and highlighting some of the ways in which our ports can maximise the
benefit from the opportunity that is within reach.

Scotland, of cowge, already has a strong and thriving ports sector, and a world leading energy skills knowledge
base established throughout decades of oil and gas exploration. Now, as we make the transition to a Net Zero
future, we have the opportunity to build understagdetween the ports and energy industries on what each
otherb6és needs are |ikely to be in the years to com
we be satisfied that both sectors are making the most of the prize on offer.

Thiswill be a collective effort, a Team Scotland effort, which will involve public and private sectors working
closely together on a shared vision.

Such collaboration between public and private sectors has already led to the creation of the Scottish\hxfihore
Energy Council, and the ScotWind Leasing process will ensure greater transparency than ever before in how
offshore wind developers will engage with their potential supply chain partners.

In order tomove forward though we need to have the best possible understanding of what a thriving offshore wind
sector in Scotland will look like, and port infrastructure is a vital piece of that jigsaw. We also need to understand,
and have an honest debate aboutitwhe main challenges and opportunities are going to be in the future
partnership between ports and offshore wind developers.

That means building a momentum of activity around issues like the use of marshalling ports, creating a strategic
approach for howffshore wind port facilities are established, and looking at how to support the development of
potential operation and maintenance facilities around Scotland.

We start this journey from a position of strength, and | am optimistic that we can builc
this and ensure that Scotlandds ports
a Net Zero future

Amanda Bryan
Chair,
Crown Estate Scotland
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Executivesummary

Crown Estate Scotland (CESpmmissioned Arup to undertakeeiewof the suitability ofport facilities in
Scotland tesupportfuture offshore winalevelopmentThis report provides a summary of the study. Its purpose is
to provide

1 asummary of thassessment of the capabilitytbé portssectorto support the offshore wind industry to 2040
at a strategic Scotlandide level

1 identification ofchallenges andpportunitiedor portinfrastructure provision in Scotlantb contribute to the
decisimn-making processes of parties across the indusig;

1 recommendations for consideration by CES and the wider public sector specificals not an objective of
the study to provide recommendations for consideration by private sector parties irtglagmffshore wind
sector. Nonethelessfindingswill be relevant to them.

A baseline revievef port useand requirementf®r offshore windwas undertaken. Ehreviewconsidered recent
major projects and possible future technology evahtamd took account of major components, logistics
methodologiesandvesselgirawing onexamples from the UK and continent&urope. Three main port uses in
support of offshore wind were considered: operations and maintenance (@&dvthe constructiophase uses of
marshalling/assembly and fabrication/manufactuk®r the construction phase uses, the study focussed on
foundation and turbine components on the basis that tiygisally drive thelargest sharef port use on a project.
Fixed-bottom and floatingffshore wind technoldgswereconsidered. fe baselinereview provided the basis for
assessment of the capability of ports.

All existing ports and harbours in Scotland with potential significance felnafe windwere considered in the
study. A screening approach was used to focus data collection, and a mix of quantitative and qualitative
assessment identifige ports with aminimum level of suitability for eacbffshore winduse, as well as those
ports most likely to be suited to supporting future developneémiultiple future offshore wind projectsA range

of port attributes were characterised, including exidtatpnicalcapability, potential for upgrade and proximity to
offshore development n@€. Technical and operational criteria were considered in the study. Economic and
social factors were not quantitatively considerelilgh-level projections for onshore laydown agsamand
identified as a critical variable, wegeneratedo informthe assessment.

The study was undertaken as a dieaked exercise utilising data from the public domain, CES andtifirem
public sector partner agencieScottish Enterprise, HighlandsidIslands Enterprise, and Transport Scotfand
Engagement with other tidi parties includinghe ports, offshore wind developerisyestorscontractors and the
wider supplychain was notvithin the scope of thistudy. It is recognised thdii$ could be the key next step in
further progression of #findings and recommendatiopsesented in this study.

1 A port supporting multiple marshalling/assembly and fabrication/manufacturing fumetagxist in and are under

devel opment in some countries are c¢ommon l-lpcatedeMaraifactuendg t o
Hubs 6.

2 The offshoe development zones considered in this study were tiedf6Plan Areas expected to be available for leasing in
the forthcoming ScotWind process (detified in the Draft Sectoral Marine PIHL), referred to as the ScotWind zones in

this report five pre ScotWind Scottish windfarmsnder developmentvhich did not havereferred ports announced as of
November 2019and the resof-UK Round 4 zones.

3 Arup wastasked with writing the repovtith inputfrom Crown Estate Scotlangvho commissioned the work. The report
does not necessarily reflect the views of the other parties mentioned.
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Headline finding

Scotland has good technical capability to support offshore wind port functions in some, but not all locatic
However, we believe th#éltere is a significant risk thakisting port capacityill be insufficient to support the
offshore windbuild-out rates requireth Scottish waterso meet the UKwide netzero target There are
multiple portlocationswhich arelikely to be suitable for development of additional capacitgddress this risk
This is true for both the large consttion phase uses of ports, agkrations and maintenan@@&M).

The locationsand distributiorof the ScotWind Leasingones are such thatmix ofsmaller, shorterange Crew
Transfer Vessel (CTV) and largéongerrange Service Operation Vessel (SOV) based O&tvategiewill likely
be required We expect there to be significantdyeater SOV use than in the offshore wind industry to, diaiged
on distance from port alon®f the21 pre-ScotWind and ScotWindonesconsideredsix have no ports withian
assumed ideal sailing distance for CT¥8d a furthesevenare within thisdistance of onlyne or twaoports.

Figurel: Ports meeting the assumed minimhard criterigfor O&M uses, with assumed ideal sailing distance indicated
Refer to Appendix C for full page versions.
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There is broadly adequate technical port capability to support both CTV and SOV based O&M strategies.
Capability is well distributed, with appropriate ports available for all the offshore development zones considered.
However, we expect capacity to benstrained due to existing port uses and the scale of future offshore wind

4 Hard criteria were set based on judgement of minimum requirementsdhlat wdicate a port had reasonable potential for
use for multiple projects and consider existing capability and upgrade within reasons. If a port does not medodsaset it
mean thatheport would notor could notbeused on an individual projecfll businesses have their own decisioaking
criteria. See main body of report for more details.
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development, and that infrastructure upgrades will be justified in multiple locations to facilitate expansion of both
berthing/water space and areas for associated onshore facilities

Marshalling/assembly ports have been used as local final staging points between globally distributed supply chain
and offshoresites on recent major projects across the UK and continental Europe. They are a key feature of the
logistical methodologies, approach to risk management, and contractual arrangements of these projects and as st
their use can be inferred to have be@oatributing factor to increasing project scale and lower project costs.

Scotland has ports with adequate technical capability to support marshalling/assembly. However, they are limited
in number, capacity and geographic distribution when comparbe foture ScotWind zones. Several existing

ports, although meeting minimum hard criteda,not currentlyrovide the same standard of infrastructure as is
typically desired bysomeoffshore wind developers and contractors to limit constraints on ecprojr example

onshore storage area to accommodate a buffer stodkeasanabl@ercentage of components, or unrestricted

water depth of 112m below Chart Datum that is sufficient to allow the majority of the North Sea installation and

transport vess fleet to tender for work on a project.

A small number of ports in Scotland host a single offshore wind manufacturing function. Port capability for a
single manufacturing function is typically less critical than for marshalling/assembly. For exafnipteir2/essel
access irrespective of tides may be less critical if components are being shipped to an intermediate location and n

directly to the offshore site.

Figure2: Ports meeting the assumed minimbard criteriafor large constructiorphaseuses, with assumed ideal sailing
distancefrom those portindicated. Refer to Appendix C for full page versions.
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fabrication/manufacturingn a scale comparable to the facilities that have been developed in the past 10 years of
the offshore wind industry at ports in etiNorth Sea countrieExamples of these includ®otterdam and
Vlissingen (both Netherlands), Cuxhaven (Germany) and Esbjerg (Denmark).
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Significant additional marshalling/assembly port capacity in Scotland is likely to be required in tioé &oes

with adequate laydown areas, quays to simultaneously accommodate multiple large teaasimsiallation

vessels and component transfers, and opportunities for development of floating storage mobisngrmclusion

is based on a higlkevel assessment of demand using onshore laydown area as a representative port characteristic.
The capacity gap is predicted to occur irrespective of whether fabrication of components occurs in Scotland or
elsewhere.

Four of the ScotWind zones have three ports or fewer within an assumed ideal sailing distance ¢128&km
for marshalling/assemhblylso taking into account other assurhadd criterid. Based on recent examples
including the largest projects in Scotland to date, a nomindl®W offshore wind project requires two
marshalling/assembly ports in parallel during construdtibmther emphasising that these ports have a high
chance of use if the relevant zones are developed.

Finding 3: Suitability of current port development plans for offshore wind

A sample of port masterplans and development propfisaisn portS assessed to have significant potential for
offshore wind usevas reviewed Severalports have existing development proposals that would provide additional
technical capability and capacity support offshore windThe majority of development proposals are not solely
targeted at the offshore wind sector.

ConsideringSOV based&M use individual proposals ateroadlytechnically appropriater in excess of what

would be requiredor this use alone The adequacy of development proposals to support
fabrication/manufacturingnd marshalling/assembly is mixed; some proposals contain quay lengths and laydown
areas that risk restricting the methodologies available to offshore developers/contractors to a greater extent than i
the case elsewhere in the UK and Europe.

The highlevel demand assessment indicates that there is likely to be demand for larger and/or more facilities than
those currently contained in the sample set of development proposals we have had Sigktaifnclusion could

be further substantiated by a moreemsive review of port development proposals in dialogueSvitho t | and 6 s
ports.

Finding 4: Floating offshore wind and compatibility of facilities

Specialised infrastructure is likely to be requitedsupport floating deploymertbut requirements are nmeor
uncertainthan for fixedbottomdue to the stage of development of the various competing technologies.

For semisubmersibles, this could include deeper water22@) quays for floating assembly and large scale
sheltered floating storage areas of samidepth or greatemNo quays of this depth currently exist in the URhe
Cromarty Firth and Orkney (Scapa Flow) stand out as having significant pofensaimisubmersible assembly
facilities, based omxistingor potentialtechnical capability antheir centrajpositiors relative to thedevelopment
zones

For spars, methodology requirements for additional infrastructure appear more uncertain but could include ports
with the same capability as for fixdmbttom technology,dilowed by use of sheltered water areas e98M+

depth if vertical assembly processes are used. Alternatively, there may be a demand for quays or linear piers over
20-30m+ water for initial vertical formation of spar bases, followed by further vertibaichtion and ballasting
alongside vessels or heasyty pontoons i80-90mor greatewaterdepths Assuming these requirements, Loch
Kishorn stands out as having the most significant potential

We expect thafacilities developed for the large poras for fixedbottom technology would also have capability
and be in demand as part of the supply chain for floafligs is because the quantum of floating componients
terms of mass and sieexpected to beroadly similar or greater than for fixdmbttom. Specialisedort
infrastructurewill be higher cost, whiclshouldincentivisethe use of conventionglortfacilities wherever possible
at intermediate stages in the supply chain

5 As available in the public domain.
5 We note thah 2018 study for Scottish Governmeasoconsidered similar quay depths in the context of oil and gas

decommissioning, and recommended Dales Voe (Shetland) as a potenid]site
Issue| 2" SeptembeR020 9
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Finding 5: The strategic decarbonisation case for porinvestment created bythe netzero targets

Scottish ports operate in a free marlées suchexpansionipgrade decisiorare basedn businessonfidence in
future demand Therapidrate of offshore wind market evolutioand hence emergence of certaintdgemand,
compared to the relatively lodgadtime for port upgrademeans that there is a risk of continual ursigoply in
suitable port capacity

Therapidoffshore wind buildout raterequired to meethe netzero targetsis such thatheremay ke a strategic
decarbonisatiocase for takingportinvestment decisionsooner anét greater risk thahashistoricallybeenthe
norm.

In addition, the long desigiife of port infrastructure is such thahy upgrades implemented nowst be
compatible withafuturefully decarbonisedifecycle foroffshore wind, includingupply chairstagesuch as
manufacturingshippingand inport componenthandlingand assembly

Finding 6: Suitable locations for expanding capacity foroperations and maintenance (O&M) and
development of potential hubs

We expect O&M activities to be developed at a wide range of ports dinedeographicatlistribution ofexisting
capability and alsthedistributed nature of the future development zones.

We believe that ports with the greatest potential to serve aspnjtict hubs includéout are not limited to

Montrose, Aberdeen, Peterhead, Scrabster, Kirkwall, Stromness and Lerwick. This assessment is based on posit
relative to the potential development zones, existing capatuilgypporboth SOV and CT\Iethodologies

potential for future developmenta@ appropriateness of O&M use (iiewould notprecluce larger offshore wind
uses).Fraserburgh, Wick and Stornowase similarly well geographically placg@raserburgh and Wick already
support CTV based O&M. However, thepuld likely require moe significant upgradeto support SOV based

O&M.

Other pots may ke suitable fosupporting one class of O&M vessel onty for use on individual projectgve also
notethat allport use on actualrojects is subjedb thedecisionmaking processes of the organisations involved.

Finding 7: Suitable locations for expandingcapacity for large construction phaseuses and development of
potential hubs

Of the locations reviewed imis study, the Cromarty Firdindinner Moray Firth, and OrknegndCaithness areas
were found to be centrally locateglative to the development zonés such, theyvere assessed as being
technically suitabléo support multiple fixedbottom and flating projects (particularly semsubmersible
technology) providing longterm potential

Aberdeenshire is geographically well located relative talthelopment zorssand Aberdeen Harbour is already
undegoingmajor expansion. However, furthegawardexpansion of the type and scale required for the offshore
wind industryon the Aberdeenshire coasbuld be expected to be costly relative to the other options due to the
topographyln addition,the greater water depths tmaaybe required for floating component assendrgnot
available.

Further infrastructure development may be justified elsewheneduabnsider thaheir viability will be more
dependent on which areas are leased in the forthcdBuiotyVind Leasingound these includé&tornowayArnish,
Lerwick, Hunterstonandthe ports in the Forth and Tay are@he later may also find their business case
strengthened bglevelopment of The Crown Estate Round 4 Dogger Bank,Zuittethe same also trder ports in
the Nath-East of England with respectfisture Scottish offshore development.

Fabricatiodmanufacturinguse of ports is noted to be product and business specific and significantly influenced by
non-port factors as well as existing or potential port capaypili

”We have assundethat a Z2GW/year offshore wind buitdut rate will be required in Scotland after 2025. This would enable
Scotland to provide 50% of the -‘2B0GW of UK installed capacity estimated to be required as part ofzereenergy
system, based on the Comreéton Climate Change Net Zero Technical Ref3)rand Arup irhouse analysis.
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We make the following recommendations based on the above findihgsiecommendations ai@geted at CES
and the other public sector project partneraccordance with the scope of the study.

Development of large port capacity in Scotland that is well suited to the needs of the modern offshore wind sector
for marshallingassemblyand manufacture/fabricatiactivities has been limited, both in terms of scale and

number of locationsThis contrasts wittother North Sea countries such as the Netherlands, Germany and
Denmark.This study has not explored ttgversfor developmenof thesefacilities in other countries

Contributing factorsare understood tmcludehistorically different models for port ownershimvestmenand

industrial strategy, and in some but not all casady development dhe manufacturing facilitieshat have acted

as O6anchor tenantso

Irrespective of the reasons for any historic diffees with other countried)eé context focconsidering port
development irscotlandnow s radically different compared to three years.afjpthat time the significant cost
reductiors offshore wind has achieved in the UK has become appaeetiie Contacts for Difference (CfD)
processthe importance of achieving Re¢ro has become more widely recognised, anddgmnitudeof offshore
wind development required to achievetzerohas become apparent.

Given this context, & recommend thatublic and pivate sectors collectively recogniget marshalling/assembly
capacity should be prioritised, basedtba following key factors

T thebuild-out rate of offshore wind required to meet

ngtz_e_ro targets may hot be achlgvable without Figure3: 200km(108nm)sailing distance perimeters
significant expansion of marshalling/assembly pori from nine groupings of ports witarshalling/assembly
capacity This riskneeds to beonsideredigainst the potential. Refer to Appendix C for full page version.
counterrisks of overdevelopingof additionalport
capacity

1 development of offshore wind in Scotland at a Y-
competitive cost may not be achievable unless )
further marshalling/assembly capacity is develope: / o
Recernly completed or under development-0.5
1.0GW+ projects in Scotland and the reshofthern /’ >
Europe have made extensive use of marshalling/ - PO
assembly facilities; } :

1 the expected continued buitdit associated with arnisH

°
offshore wind from the lat€020s onweds should N
provide a more consistent stream of work and X b
employment than has been perceived in theipast i / swonn CrowARTY P &

this will enhance the overall value caangd

1 marshalling/assembly should not be seen as a dist “
opportunity to fabrication/manufacture. On recent \*4 & :
projects we are aware that moresite works than Lochine -
planned have typically taken place in /"jv/ MRS
marshalling/assembly ports indicating the potentia
for organic growth into more manufacturing
functions. Prospective investors in

fabrication/manufacturing facilés wouldlogically

“\CLYDE

N
T Y.
yopes 1 @

82 2

be likely to favour locations with adequate port cer e
capability alreadyvailable. b )
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The UK ports sectarincluding Scotland, currently operate afree marketwith a limited role for the statdn this
context, werecommendhatthe followingideascould beexplored further

1 mechanisms for ports to be provided with lédagm marketonfidence in offshore winand earliecertainty
in individual offshore wind projects

1 mechanismghat encouragpooling of funds from multiple projesto supportport infrastructure
enhancementd his couldhave synergies with the existing industry collaboration clusters (Forth and Tay, and
DegpgWi nd) , and could | ead to the fofrrmatsitenmr sdf fmaor é |
collaboration. The recent shift from0.51GW projectstoIGWO pi pel i ne proj ectsd un
may alsoassist thisand

1 whether substantiallglifferentmodels of public and private collaboratiare requiredn the ports sectorA
keyissuein the offshore wind context the utility-like nature of portsarising becaus®&M and
marshalling/assemblyort uses sensitive to distana@nd locatio, arguably more so than many traditional port
uses

We alsonotethat here is significant international interésthe offshore wind and ports sect@sundthe idea of
major hubports where multiplenanufacturing and marshalling functicer® celocated This study did not
considelin detailthe merits of such a faciliyompare to the alternative of enore distributed modelcross
multiple ports However, we do make the following observations

1 amajor manufacturing hub woulte mostosteffective if it had a large area of offshore wind development
within its own marshalling/assembly catchmevgrything else being equal. However, to achieve
manufacturing economies of scale it would likely also need to ship componemsstaallingdssembly ports
elsewhere fonon-local projects

1 amajor manufacturing hub would be unlikely to produce all, or even the majority of components, required for
an offshoravindfarmdue to the complexity and scalembjects A modernnominal 1GW poject may source
foundation and turbine components alone ftemor more manufacturers

1 based on the ScotWind zonesture offshore wind development off the coast of Scotlamédlatively well
distributed No single port in Scotland is withthe assumed ideal 200kih08nm)sailing distancéfor
marshalling/assemblyf all ScotWind zoneéseeFigure3). However, therare ports with significant potential
for establishment of a hub that are within &BDkm(162-189nm)of 14 of the 165cotWindzones ignoring
the twomore remotavest coast zon&sand

1 even if significant domestic manufacturing faciliteegestablished, there will be competition from
international manufacturing facilitiesrhose productdevelopers and lead contractors magcure insteadA
major hub facility would need to allow fonultiple developers, manufacturers and contractors, who may be
commerciarivals, to work in parallel on multiple manufacturing and marshalling/assembly functions.

Recommendation2: Support strategic port planning for offshore wind

There may be inadequdtme available foaé b u s-asussual 6 approach of all owing
towards asystem that providesppropriateadditional capacity, given the re¢ro targetsConversely, there is also
a risk for ports that they develop either excess or-specified capacity comparédt he i ndustryds n

This creates an argument for a more strategic approach to plarfimog developmesttargeted abffshore wind.
We recommend that any approach to strategic planning would require a partnership of public and private bodies
from both the ports and offshore wind sectors.

We also believe there are smalleadily achievable discrete activities that could be of valud ag

1 encouraging a focus across industry on taking actions that enhandenonsupply chain confidencé/e note
that the ScotWind.easingprocess already contains requirements targeteulsat

8 See full report for more details.
W1 and SW1.
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1 further development and publication of dem@nojections, noting the higlevel nature and uncertainties
associated with those published in this study;

9 crossindustry involvement in the generation of a standardised, concise set of guidance@otsliredustry on
infrastructure requirements for effore wind, includingnore certaimequirements versus unknowns in relation
to floating wind. Various sets of port requirements already exist in industry reports in the public domain and
port requirements are discusseautlinein this study. Howevefurther clarity may be beneficial in the
industry to ensure appropriate and efficient upgrade proposals are developed and to provide further market
confidenceand

1 greater standardisation of forms of contract and leases between port omerdtibrair offhore wind
customers (i.edevelopers and contractpro help reduce contract formation costs and maximise time
available for infrastructure improvements.

Recommendation3: Encourage development of optimal O&M facilities

The study has identified that tieeare existing facilities that are adequate for both CTV and SOV based O&M
However these facilities ardispersedand the optimum facilitieare likely to require additional capacityhe
industrycollectivelyshould consider

1 development o&dditional capacity athelikely hublocationswheremultiple projectscould bebased Multi-
project O&M hubsnay be more beneficial impidly developing skills baseand lowering costs. Thereould
be a role for botlthe public and privatesectordn promotion of hubocations O&M is an area of relative UK
strength in offshore wind, and as the industgtinues to develofm Scotland this can be further builipon

1 development of shardd&M facilities and infrastructure. Ports and harbours suited to O&M are typically in
historic townbased locations with relatively constrained expansion potential. Shared facilities, such as office
buildings, warehousing and berthirgpuld maximise available land and tea space, andeduce the risk
associated witindividual offshore wind projects developing bespoke facilities in time for project completion
and

1 whethersmaller, remote harbounscluding those on islandthat could be used as O&M bases for individual
projectsshould be supportedThese locations may require more proactive promotion from outside parties,
whetherpublic or private sector, if they are e used. Remote harboursould offer different benefits to more
established harbouend potentiahub locationssuch agnhancedbocal community support for offshore wind
and achievement dfifferent social an@conomicobjectives.
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1. Introduction

Crown Estate ScotlandCES)r ecogni ses the need t o s ufapgescakoffshaet | an
wind deployment as keypart of its netzero futurgf3]. In the area of port infrastructure provision, current and

emerging offshore wind market demand as well as technology development are driving a requirement to consider
how port infrastructure in Scotland can playapagmppor t i ng Scotl anddés offshor

CEScommissioned Arup to undertakeeiew of the suitability ofport facilities in Scotland teupportfuture
offshore winddevelopment The study compriska review of likely port requirements for the offshore wind
industry up to 2040; cataloguing of existing port capabilities in Scotkmadysis of port locations relative to
future offshore development zonessessment of existing capabilities agairdaistry requirements; and
identification of opportunities tpositivelyinfluence port infrastructure provision.

This report provides a summary of the study.pligpose is tgrovide

1 asummary of the assessment of the capability of the potts sesupport the offshore wind industry to 2040,
at a strategic Scotlandgide level;

9 identification of challenges and opportunities for port infrastructure provision in Scotland, to contribute to the
decisionmaking processes of parties across the imguand

1 recommendations for consideration by CES and the wider public sector specifically. It was not an objective of
the study to provide recommendations for consideration by private sector parties in the ports and offshore winc
sector. Nonethelessnflings will be relevant to them.

A baseline review of port use and requirements for offshore wind was undertaken. The review considered recent
major projects and possible future technology evolution, and took account ofcorjoonents, logistics
methodologies, and vessels drawing on examples from the UK and continental Europe. Three main port uses in
support of offshore wind were consideregderations and maintenance (O&M), and the construction phase uses of
marshalling/asembly and fabrication/manufactur&he characteristics of these port uses are desdrilsedtion

2. For the construction phase uses, the study focusdedietation and turbine components on the basis that

these typically drive the largest share of port use on a project. -Botemin and floating offshore wind

technologies were considered. eliaseline review provided the basis for assessment of theilagtports.

All existing ports and harbours in Scotlaoidpotential significance for offshore wind were considgidure4).

A screening approach was ugedocus data collection, and a mix of quantitative and qualitative assessment
identified the ports with a minimumnequiredevel of suitability for each offshore wind use, as well as those ports
most likely to be suited to supporting future developméntutiple future offshore wind projects. A range of port
attributes were characterised, including existing technical capability, potential for upgrade and proximity to
offshore development zones. Higlvel projections for onshore laydown area dematehtified as a critical
variable, were generated to inform the assessment.

The study was undertaken as a dieaked exercise utilising data from the public domain, CES and from Scottish
public sector bodie®ata was collected on a likeith-like basis verever possibléVorkshops were held with

CES ScottishEnterprise (SE), HighlandmdlIslands Enterprise (HIE) and Transport Scotland {It8)developan
understandingf their roles and interactions with the ports and offshore wind sectors, and r@exaotisand

10 Arup wastasked with writing the reportith inputfrom Crown Estate Scotlanavho commissioned the work. The report
does not necessarily reflect the views of the other parties mentioned.
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currentinitiatives'!. Engagement with othehird partiesncludingthe ports, offshore wind developeisyestors,
contractors and the wider supmliyainwasnotwithin the scope of thistudy. It is recognised thdtis could be the
key next step in further progression of fimelings and recommendatiopsesented in this study.

The study was conducted considering technical and operational criteria aolyoriic and social factors were not
guantitatively considered. We also note that fabricatiamufacturingise of ports is particularly dependent on
non-port factors.

11 Such asnvolvement inreference$4]-[6].
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2. What is an offshore wind port?

Key points:
i The distinguishing featuresof ports used for offshore wirete summarised in this section.
9 For the purposes of this studiie following port uses for offshore wind were considered
0 Operations and maintenan@&M) port, with two mainsub-distinctions:
A Crew Transfer Vessel (CTV) based
A Service Operations Vessel (SOV) based
o Marshalling and/or assembly port
o Fabrication and/or manufacturing port

These four uses are broad categories and are intended to capture the typical previous and reasonak]
foreseeable logistics approaches of offshore wind projects.

9 A port supportingnultiple marshalling/assembly and fabrication/manufacturing functiors is commonly
referred to asnIntegrated ManufacturinBortHub ora Co-located Manufacturin@ortHub. There are
currently no significant UK examples of such a facility, but they already exasidrare under developmer
elsewhere in Europand beyond.

Thekey characteristicthata port must typically haveo fulfil offshore wind porfunctionsare summariseih this

section Requirements are summarised for a nominal 1GW fb@ttbm project This istheapproximatescale of

major projecs recently constructed and currently under construetimiprovidesa u s e f-suil Zoed6u n i t
assessment purposeSomeUK projectsdue for completion in the mid020sar¢e a ki ng t he for m of
pr oj eardursd®4GW feach.

Theportrequiremerg describedare not prescriptive arareprovided to aid general understandittge division of
functions between ports and distinctions can vary between projutsiinimum hard criterisandideal criteria
that were assumed for the assessment stages of the study are outlined in Afppendix

An O&M Port is used to host activities associated with the ongoing reasopnattgéable operation and
maintenance activities associated with an offshore windfarm during its design life.

The facilities established by a windfarm developer or future project operator at an O&M port are specific to the
O&M strategy of the individualnoject (for example with respect to vessel choice). Typical facilities can include
dedicated or shared berthing facilities for the O&M vessels with utilities and craneage, and an onshore facility
containing office space for operations staff, a marineroboéntre for directing activities, terminal facilities for

turbine technicians (e.g. changing, welfare and briefing facilities), and a small immediate spares warehouse. The
same port and facilities, or similar temporary facilities, can be used foraringind support activities during the
construction phase of a windfarm.

Typically, northernEuropean projects to date have adopted a CTV based O&M strategygbythe vesselsand
technicians only stay at sea for a single shiftie to their elatively small size, CTVs are well suitamutilising
historic ports and harbours that may have experienced declines in their traditional industries.
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O&M facilities have typically beedeveloped on a singt#fshore windproject basislue to the nature of the
public financial support regimemdcontractual arrangements witlprojecs. Consolidation of O&M bases and
sharing of functions where theia common operator (typically the major energy company who wasiteal
lead developer), is beginning emergd7].

The typical primary requirements for CTV based O&M port facilities for a nominal 1igl-bottom project
include

1 0.751.%0ha onshore area for development of the onshore facilities (assuming new build), ideally adjacent to
the berthing;

1 1-2ha of sheltered water area for vessel berthing, in the case of CTVs typicallydudappntoonbased
berthing for 1530m long vessels and 3m minimum water deattt

1 no or minimal vessel access restrictions (e.g. tidal windows, locks, gates, opening bridges)

Major maintenance due to unexpected events, such as replacement of a major colikpanblade, would
require gport accessible to larger vessels described for marshalling/asserndotyl fabrication/manufacturing
below.

Ports suitable for CTV based O&M wikenerallybe capable of supporting construction phase ancillary seyvices
such agpre-construction survey campaigns and construction managemen

Figure5: Crew Transfer Vessg(CTVs)

2.3 Operations andhaintenanceort - Service Operations Vessel (SOV) based

SOVs are larger vessdlsan CTVsthat can fulfil a wider range of functions and eapable of operating offshore
for weeks rather than a single d&yOV based O&M strategidmve been used on a smaller number of prefect
date butaremorelikely to be usedor future projecs due tahegreater distance range of the vessels and
possibilities forefficiency savingsboth in terms 00&M and infrastructure on each turbifeindation

Compared to ports for CTV based strateg®3Y based O&M portaould typically require deepend longer

berths for the larger vessekeAppendix B, are betteable to share berthing with other port users and tolerate
vessel access restrictions (as vessels return to port less frequently) and may require fewer onshore facilities as so
functions can be located on the SO¥&ich as marine control and technician welfateis also feasible for

projects to adopt mixed CTV and SOV based O&M strategies.
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Helicopter access can form part@&M strategies, particularly with increasing distance ofdi&rms from shore
Helicopter facilitiesvere not considered in this study.

2.4 Marshalling andassembly

A marshallingor assembly poris used as an intermediate facility duriting construction phase of a windfarm
marshalling or assembly pavould belocated relatively close to the offshore constructionasitdvery likely
closerthaémo st o f  tfdbecatipnroonaeutactudirey portShey are used as temporary storage or
assembly locations for major components (such as foundatictuidniie components) originating from different
locations of original manufacture, before final collection for installation at the offshorEigitee6 illustrates tle
key concept role of marshalling/assembly ports relativaltadatiodmanufacturingn an offshore wind
construction procedsr the major turbine and foundation components

Figure6: Schematic illustration of ports intgpical offshore wind supply chain for the major turbine and foundation
components. It is feasible for individual ports to fulfil multiple roles. Note that there is no standard model, ahd that al
logistics processes are subject to the design and ctugtacrangements of individual projects.
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+ Port-based supply chains for other components (e.g. offshore substation, export cables, inter-array cables, scour protection)

Marshalling and assembly ports are characterised by flexibility and relative proximity to the offshore site. Their
inherent purpose is to desk the logistical processes of a project and to not act as a ¢onstraffshore
activities. For example, they would typically require quays with relatively unconstrained water depths and minimal
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tidal restrictions for the projectdéds major transpol
andlarge open onshotaydown areaand sheltered water areas for activities including storage of components,
inspections, final minor works and assembhhe need for a defined location for handovers of contractual
responsibility for components can alsatribute towards the case for a marshalling/assembly port.

Projects may make use of multiple marshalling and assembly ports, for example one each for foundations and
turbines. Not all projects make use of marshalling and assembly ports that are diistim¢he original fabrication
and manufacturing ports.

Port requirements can be broadbnsidereds onshore requirements and vessel access requirements. The former
may typically be driven by the component and logistics process design of an indirigjeat. The latteis also

driven by the desire for ports tmt act as a constraint on the competitive tender procEsg@®jectservices that

are dependent on timeajortransport and installation vessed$ which there are a limited numbagperatng in
northernEurope.

The typical primary requirements for marshallagsembly port facilities for a single function (esggher
foundatiors or turbinesfor a nominal 1GW fixedbottom project include

1 onshore area for storagadmarshalling of componentsomprisingan area ofi-8haas amabsolute
minimumto partially fulfil requirementdutideally around10-20ha. Thesize ofarea required is
dependent on the logistics processf a project Storage areas must also hadeqateload capacityfor
the componentandsufficient accessoutesto the quays

1 quays for simultaneous berthingtafo major component transport and/or installation vessels, each of
length 146240m and requiring-82m water deptlor greater

1 entrance width stable for relatively wide beam installation vessalsally 5660m or greater;

1 sheltered waterareasandii t abl e quays or moorings for o6fl oat
periods on vessets onbargesor in the case of floating foundatioimsselffloating storage

1 no or minimal vessel access restrictitimst would prevent higlost instdation vessel®iaving 24hour
accesge.g. tidal windowdor shallower entrance channels or bertbsks, gates, overhead lines, opening
bridges) and

1 proximity to the offshore site r 6 d i st a n ches keyvariatdeis tiscussed fyrther in Jéoh 3.

Figure7: Components imfabricationport (L) andmarshalling por{R)
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