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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 resources and, as a result, build a more 

sustainable future.  We are fortunate in Scotland to have some of the best natural marine resources in the world, and 

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 Scotlandôs first offshore wind leasing round for a decade, via ScotWind 

Leasing, which forms part of our wider joined up approach to help create an 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 investments in facilities 

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

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

other steps are taken alongside this. One of those steps is ensuring that Scotlandôs ports are ideally equipped and 

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 provide a route 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 course, 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 understanding between the ports and energy industries on what each 

otherôs needs are likely to be in the years to come. Only through this increased understanding and collaboration can 

we be satisfied that both sectors are making the most of the prize on offer.  

This will 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 Offshore Wind 

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 to move 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 about, what the 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 how offshore 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 I am optimistic that we can build on 

this and ensure that Scotlandôs ports can write an exciting new chapter and help us deliver 

a Net Zero future. 

 

 

 

 

 

 
 

Amanda Bryan 
Chair,  

Crown Estate Scotland 
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Executive summary 

Purpose 

Crown Estate Scotland (CES) commissioned Arup to undertake a review of the suitability of port facilities in 

Scotland to support future offshore wind development. This report provides a summary of the study.  Its purpose is 

to provide; 

¶ a summary of the assessment of the capability of the ports sector to support the offshore wind industry to 2040, 

at a strategic Scotland-wide level;  

¶ identification of challenges and opportunities for port infrastructure provision in Scotland, to contribute to the 

decision-making processes of parties across the industry; and 

¶ 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 wind 

sector.  Nonetheless, findings will be relevant to them. 

Methodology 

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 of major components, logistics 

methodologies, and vessels drawing on examples from the UK and continental Europe.  Three main port uses in 

support of offshore wind were considered: operations and maintenance (O&M), and the construction phase uses of 

marshalling/assembly and fabrication/manufacture1.  For the construction phase uses, the study focussed on 

foundation and turbine components on the basis that these typically drive the largest share of port use on a project.  

Fixed-bottom and floating offshore wind technologies were considered.  The baseline review provided the basis for 

assessment of the capability of ports.  

All existing ports and harbours in Scotland with potential significance for offshore wind were considered in the 

study.  A screening approach was used to focus data collection, and a mix of quantitative and qualitative 

assessment identified the ports with a minimum level of suitability for each offshore wind use, as well as those 

ports most likely to be suited to supporting future development of multiple future offshore wind projects.  A range 

of port attributes were characterised, including existing technical capability, potential for upgrade and proximity to 

offshore development zones2.  Technical and operational criteria were considered in the study.  Economic and 

social factors were not quantitatively considered.  High-level projections for onshore laydown area demand, 

identified as a critical variable, were generated to inform the assessment.   

The study was undertaken as a desk-based exercise utilising data from the public domain, CES and from three 

public sector partner agencies - Scottish Enterprise, Highlands and Islands Enterprise, and Transport Scotland3.  

Engagement with other third parties including the ports, offshore wind developers, investors, contractors and the 

wider supply chain was not within the scope of this study.  It is recognised that this could be the key next step in 

further progression of the findings and recommendations presented in this study. 

  

 
1 A port supporting multiple marshalling/assembly and fabrication/manufacturing functions as exist in and are under 

development in some countries are commonly referred to as óIntegrated Manufacturing Hubsô or óCo-located Manufacturing 

Hubsô. 
2 The offshore development zones considered in this study were the 16 Draft Plan Areas expected to be available for leasing in 

the forthcoming ScotWind process (as identified in the Draft Sectoral Marine Plan [1]), referred to as the ScotWind zones in 

this report; five pre-ScotWind Scottish windfarms under development, which did not have preferred ports announced as of 

November 2019; and the rest-of-UK Round 4 zones. 
3 Arup was tasked with writing the report with input from Crown Estate Scotland, who commissioned the work.  The report 

does not necessarily reflect the views of the other parties mentioned.  
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Findings 

Headline finding 

Scotland has good technical capability to support offshore wind port functions in some, but not all locations.  

However, we believe that there is a significant risk that existing port capacity will  be insufficient to support the 

offshore wind build-out rates required in Scottish waters to meet the UK-wide net-zero target.  There are 

multiple port locations which are likely to be suitable for development of additional capacity to address this risk.  

This is true for both the large construction phase uses of ports, and operations and maintenance (O&M).   

Finding 1: Port capability and capacity for operations and maintenance (O&M)  

The locations and distribution of the ScotWind Leasing zones are such that a mix of smaller, shorter-range, Crew 

Transfer Vessel (CTV) and larger, longer-range, Service Operation Vessel (SOV) based O&M strategies will likely 

be required.  We expect there to be significantly greater SOV use than in the offshore wind industry to date, based 

on distance from port alone.  Of the 21 pre-ScotWind and ScotWind zones considered, six have no ports within an 

assumed ideal sailing distance for CTVs, and a further seven are within this distance of only one or two ports.   

Figure 1: Ports meeting the assumed minimum hard criteria for O&M uses, with assumed ideal sailing distance indicated4.  

Refer to Appendix C for full page versions. 

CTV based O&M, 75km (41nm) zone highlighted 

 

SOV based O&M, 150km (81nm) zone highlighted 

 

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 be constrained due to existing port uses and the scale of future offshore wind 

 
4 Hard criteria were set based on judgement of minimum requirements that would indicate a port had reasonable potential for 

use for multiple projects and consider existing capability and upgrade within reasons.  If a port does not meet these it does not 

mean that the port would not or could not be used on an individual project.  All businesses have their own decision-making 

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. 

Finding 2: Port capability and capacity for large construction-phase uses (marshalling/assembly and 

fabrication/manufacturing)  

Marshalling/assembly ports have been used as local final staging points between globally distributed supply chains 

and offshore sites 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 such 

their use can be inferred to have been a contributing 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 compared to the future ScotWind zones.  Several existing 

ports, although meeting minimum hard criteria, do not currently provide the same standard of infrastructure as is 

typically desired by some offshore wind developers and contractors to limit constraints on a project; for example 

onshore storage area to accommodate a buffer stock of a reasonable percentage of components, or unrestricted 

water depth of 10-12m below Chart Datum that is sufficient to allow the majority of the North Sea installation and 

transport vessel 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 example, 24-hour vessel 

access irrespective of tides may be less critical if components are being shipped to an intermediate location and not 

directly to the offshore site.   

Figure 2: Ports meeting the assumed minimum hard criteria for large construction-phase uses, with assumed ideal sailing 

distance from those ports indicated4.  Refer to Appendix C for full page versions.  

Marshalling/assembly, 200km (108nm) zone highlighted 

 

Fabrication/manufacturing, no sailing distance highlighted 

 

There are currently no major óhubô ports in Scotland providing co-located marshalling/assembly and 

fabrication/manufacturing on a scale comparable to the facilities that have been developed in the past 10 years of 

the offshore wind industry at ports in other North Sea countries. Examples of these include Rotterdam and 

Vlissingen (both Netherlands), Cuxhaven (Germany) and Esbjerg (Denmark).   



Crown Estate Scotland Ports for offshore wind 

A review of the net-zero opportunity for ports in Scotland 

 

Issue | 2nd September 2020  9 

Significant additional marshalling/assembly port capacity in Scotland is likely to be required in the form of sites 

with adequate laydown areas, quays to simultaneously accommodate multiple large transport and installation 

vessels and component transfers, and opportunities for development of floating storage moorings.  This conclusion 

is based on a high-level 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 of 200km (108nm) 

for marshalling/assembly, also taking into account other assumed hard criteria4.  Based on recent examples 

including the largest projects in Scotland to date, a nominal 0.5-1GW offshore wind project requires two 

marshalling/assembly ports in parallel during construction ï further 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 proposals for ten ports5 assessed to have significant potential for 

offshore wind use was reviewed.  Several ports have existing development proposals that would provide additional 

technical capability and capacity to support offshore wind.  The majority of development proposals are not solely 

targeted at the offshore wind sector.   

Considering SOV based O&M use, individual proposals are broadly technically appropriate or in excess of what 

would be required for this use alone.   The adequacy of development proposals to support 

fabrication/manufacturing and 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 is 

the case elsewhere in the UK and Europe.   

The high-level 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 sight of.  This conclusion could 

be further substantiated by a more extensive review of port development proposals in dialogue with Scotlandôs 

ports.  

Finding 4: Floating offshore wind and compatibility of facilities 

Specialised infrastructure is likely to be required to support floating deployment, but requirements are more 

uncertain than for fixed-bottom due to the stage of development of the various competing technologies.   

For semi-submersibles, this could include deeper water (20-25m) quays for floating assembly and large scale 

sheltered floating storage areas of similar depth or greater.  No quays of this depth currently exist in the UK6.  The 

Cromarty Firth and Orkney (Scapa Flow) stand out as having significant potential for semi-submersible assembly 

facilities, based on existing or potential technical capability and their central positions relative to the development 

zones.   

For spars, methodology requirements for additional infrastructure appear more uncertain but could include ports 

with the same capability as for fixed-bottom technology, followed by use of sheltered water areas of 80-90m+ 

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 vertical fabrication and ballasting 

alongside vessels or heavy-duty pontoons in 80-90m or greater water depths.  Assuming these requirements, Loch 

Kishorn stands out as having the most significant potential.  

We expect that facilities developed for the large port uses for fixed-bottom technology would also have capability 

and be in demand as part of the supply chain for floating.  This is because the quantum of floating components in 

terms of mass and size is expected to be broadly similar or greater than for fixed-bottom.  Specialised port 

infrastructure will be higher cost, which should incentivise the use of conventional port facilities wherever possible 

at intermediate stages in the supply chain.  

 
5 As available in the public domain. 
6 We note that a 2018 study for Scottish Government also considered similar quay depths in the context of oil and gas 

decommissioning, and recommended Dales Voe (Shetland) as a potential site [30]. 
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Finding 5: The strategic decarbonisation case for port investment created by the net-zero targets 

Scottish ports operate in a free market. As such, expansion/upgrade decisions are based on business confidence in 

future demand.  The rapid rate of offshore wind market evolution, and hence emergence of certainty in demand, 

compared to the relatively long lead-time for port upgrades means that there is a risk of continual under-supply in 

suitable port capacity.  

The rapid offshore wind build-out rate required to meet the net-zero targets7 is such that there may be a strategic 

decarbonisation case for taking port investment decisions sooner and at greater risk than has historically been the 

norm.   

In addition, the long design-life of port infrastructure is such that any upgrades implemented now must be 

compatible with a future fully decarbonised lifecycle for offshore wind, including supply chain stages such as 

manufacturing, shipping and in-port component handling and assembly. 

Finding 6: Suitable locations for expanding capacity for operations and maintenance (O&M), and 

development of potential hubs 

We expect O&M activities to be developed at a wide range of ports due to the geographical distribution of existing 

capability and also the distributed nature of the future development zones.    

We believe that ports with the greatest potential to serve as multi-project hubs include, but are not limited to; 

Montrose, Aberdeen, Peterhead, Scrabster, Kirkwall, Stromness and Lerwick.  This assessment is based on position 

relative to the potential development zones, existing capability to support both SOV and CTV methodologies, 

potential for future development, and appropriateness of O&M use (i.e. it would not preclude larger offshore wind 

uses).  Fraserburgh, Wick and Stornoway are similarly well geographically placed; Fraserburgh and Wick already 

support CTV based O&M.  However, they would likely require more significant upgrades to support SOV based 

O&M.   

Other ports may be suitable for supporting one class of O&M vessel only, or for use on individual projects. We also 

note that all port use on actual projects is subject to the decision-making processes of the organisations involved. 

Finding 7: Suitable locations for expanding capacity for large construction phase uses, and development of 

potential hubs 

Of the locations reviewed in this study, the Cromarty Firth and Inner Moray Firth, and Orkney and Caithness areas 

were found to be centrally located relative to the development zones. As such, they were assessed as being 

technically suitable to support multiple fixed-bottom and floating projects (particularly semi-submersible 

technology), providing long-term potential.   

Aberdeenshire is geographically well located relative to the development zones and Aberdeen Harbour is already 

undergoing major expansion.  However, further seaward expansion of the type and scale required for the offshore 

wind industry on the Aberdeenshire coast would be expected to be costly relative to the other options due to the 

topography. In addition, the greater water depths that may be required for floating component assembly are not 

available. 

Further infrastructure development may be justified elsewhere but we consider that their viability will be more 

dependent on which areas are leased in the forthcoming ScotWind Leasing round; these include Stornoway/Arnish, 

Lerwick, Hunterston, and the ports in the Forth and Tay area.  The later may also find their business case 

strengthened by development of The Crown Estate Round 4 Dogger Bank Zone, with the same also true for ports in 

the North-East of England with respect to future Scottish offshore development.   

Fabrication/manufacturing use of ports is noted to be product and business specific and significantly influenced by 

non-port factors, as well as existing or potential port capability.   

  

 
7 We have assumed that a 2-3GW/year offshore wind build-out rate will be required in Scotland after 2025.  This would enable 

Scotland to provide 50% of the 75-100GW of UK installed capacity estimated to be required as part of a net-zero energy 

system, based on the Committee on Climate Change Net Zero Technical Report [3] and Arup in-house analysis.  
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Recommendations 

We make the following recommendations based on the above findings.  The recommendations are targeted at CES 

and the other public sector project partners in accordance with the scope of the study.   

Recommendation 1:  Scotland should collectively aim to increase large port capacity that is suitable for 

marshalling and assembly activities, acting as a key enabling action for growth of domestic manufacturing 

Development of large port capacity in Scotland that is well suited to the needs of the modern offshore wind sector 

for marshalling/assembly and manufacture/fabrication activities has been limited, both in terms of scale and 

number of locations.  This contrasts with other North Sea countries such as the Netherlands, Germany and 

Denmark. This study has not explored the drivers for development of these facilities in other countries.  

Contributing factors are understood to include historically different models for port ownership, investment and 

industrial strategy, and in some but not all cases, early development of the manufacturing facilities that have acted 

as óanchor tenantsô. 

Irrespective of the reasons for any historic differences with other countries, the context for considering port 

development in Scotland now is radically different compared to three years ago.  In that time the significant cost 

reductions offshore wind has achieved in the UK has become apparent via the Contracts for Difference (CfD) 

process, the importance of achieving net-zero has become more widely recognised, and the magnitude of offshore 

wind development required to achieve net-zero has become apparent.  

Given this context, we recommend that public and private sectors collectively recognise that marshalling/assembly 

capacity should be prioritised, based on the following key factors; 

¶ the build-out rate of offshore wind required to meet 

net-zero targets may not be achievable without 

significant expansion of marshalling/assembly port 

capacity. This risk needs to be considered against the 

counter-risks of over-developing of additional port 

capacity; 

¶ development of offshore wind in Scotland at a 

competitive cost may not be achievable unless 

further marshalling/assembly capacity is developed. 

Recently completed or under development 0.5-

1.0GW+ projects in Scotland and the rest of northern 

Europe have made extensive use of marshalling/ 

assembly facilities; 

¶ the expected continued build-out associated with 

offshore wind from the late-2020s onwards should 

provide a more consistent stream of work and 

employment than has been perceived in the past ï 

this will enhance the overall value case; and 

¶ marshalling/assembly should not be seen as a distinct 

opportunity to fabrication/manufacture. On recent 

projects we are aware that more on-site works than 

planned have typically taken place in 

marshalling/assembly ports indicating the potential 

for organic growth into more manufacturing 

functions.   Prospective investors in 

fabrication/manufacturing facilities would logically 

be likely to favour locations with adequate port 

capability already available.      

  

Figure 3: 200km (108nm) sailing distance perimeters 

from nine groupings of ports with marshalling/assembly 

potential.  Refer to Appendix C for full page version.  
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The UK ports sector, including Scotland, currently operates in a free market with a limited role for the state.  In this 

context, we recommend that the following ideas could be explored further; 

¶ mechanisms for ports to be provided with long-term market confidence in offshore wind, and earlier certainty 

in individual offshore wind projects; 

¶ mechanisms that encourage pooling of funds from multiple projects to support port infrastructure 

enhancements. This could have synergies with the existing industry collaboration clusters (Forth and Tay, and 

DeepWind), and could lead to the formation of more geographically localised ósub-clustersô for industry 

collaboration.  The recent shift from ~0.5-1GW projects to 3-4GW ópipeline projectsô under single developers 

may also assist this; and 

¶ whether substantially different models of public and private collaboration are required in the ports sector.  A 

key issue in the offshore wind context is the utility-like nature of ports, arising because O&M and 

marshalling/assembly port use is sensitive to distance and location, arguably more so than many traditional port 

uses. 

We also note that there is significant international interest in the offshore wind and ports sectors around the idea of 

major hub ports where multiple manufacturing and marshalling functions are co-located.  This study did not 

consider in detail the merits of such a facility compared to the alternative of a more distributed model across 

multiple ports.  However, we do make the following observations; 

¶ a major manufacturing hub would be most cost-effective if it had a large area of offshore wind development 

within its own marshalling/assembly catchment, everything else being equal.  However, to achieve 

manufacturing economies of scale it would likely also need to ship components to marshalling/assembly ports 

elsewhere for non-local projects; 

¶ a major manufacturing hub would be unlikely to produce all, or even the majority of components, required for 

an offshore windfarm due to the complexity and scale of projects.  A modern nominal 1GW project may source 

foundation and turbine components alone from ten or more manufacturers; 

¶ based on the ScotWind zones, future offshore wind development off the coast of Scotland is relatively well 

distributed.  No single port in Scotland is within the assumed ideal 200km (108nm) sailing distance8  for 

marshalling/assembly of all ScotWind zones (see Figure 3).  However, there are ports with significant potential 

for establishment of a hub that are within 300-350km (162-189nm) of 14 of the 16 ScotWind zones, ignoring 

the two more remote west coast zones9; and    

¶ even if significant domestic manufacturing facilities are established, there will be competition from 

international manufacturing facilities, whose products developers and lead contractors may procure instead.  A 

major hub facility would need to allow for multiple developers, manufacturers and contractors, who may be 

commercial rivals, to work in parallel on multiple manufacturing and marshalling/assembly functions.  

Recommendation 2: Support strategic port planning for offshore wind 

There may be inadequate time available for a óbusiness-as-usualô approach of allowing the market to iterate 

towards a system that provides appropriate additional capacity, given the net-zero targets. Conversely, there is also 

a risk for ports that they develop either excess or over-specified capacity compared to the industryôs needs.  

This creates an argument for a more strategic approach to planning of port developments targeted at offshore 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 smaller, readily achievable discrete activities that could be of value, such as; 

¶ encouraging a focus across industry on taking actions that enhance long-term supply chain confidence. We note 

that the ScotWind Leasing process already contains requirements targeted at this; 

 
8 See full report for more details. 
9 W1 and SW1. 
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¶ further development and publication of demand projections, noting the high-level nature and uncertainties 

associated with those published in this study; 

¶ cross-industry involvement in the generation of a standardised, concise set of guidance for the ports industry on 

infrastructure requirements for offshore wind, including more certain requirements 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 discussed in outline in this study.  However, further clarity may be beneficial in the 

industry to ensure appropriate and efficient upgrade proposals are developed and to provide further market 

confidence; and 

¶ greater standardisation of forms of contract and leases between port operators and their offshore wind 

customers (i.e. developers and contractors), to help reduce contract formation costs and maximise time 

available for infrastructure improvements. 

Recommendation 3: Encourage development of optimal O&M facilities 

The study has identified that there are existing facilities that are adequate for both CTV and SOV based O&M.  

However, these facilities are dispersed, and the optimum facilities are likely to require additional capacity.  The 

industry collectively should consider; 

¶ development of additional capacity at the likely hub locations where multiple projects could be based.  Multi-

project O&M hubs may be more beneficial in rapidly developing a skills base and lowering costs. There would 

be a role for both the public and private sectors in promotion of hub locations.  O&M is an area of relative UK 

strength in offshore wind, and as the industry continues to develop in Scotland this can be further built-upon;  

¶ development of shared O&M facilities and infrastructure. Ports and harbours suited to O&M are typically in 

historic town-based locations with relatively constrained expansion potential.  Shared facilities, such as office 

buildings, warehousing and berthing, could maximise available land and water space, and reduce the risks 

associated with individual offshore wind projects developing bespoke facilities in time for project completion; 

and  

¶ whether smaller, remote harbours including those on islands, that could be used as O&M bases for individual 

projects should be supported.  These locations may require more proactive promotion from outside parties, 

whether public or private sector, if they are to be used.  Remote harbours could offer different benefits to more 

established harbours and potential hub locations, such as enhanced local community support for offshore wind 

and achievement of different social and economic objectives. 
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1. Introduction 

 Project background 

Crown Estate Scotland (CES) recognises the need to support Scotlandôs ambitions to deliver large-scale offshore 

wind deployment as a key part of its net-zero future [3]. 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 play a part in supporting Scotlandôs offshore wind opportunities. 

CES commissioned Arup to undertake a review of the suitability of port facilities in Scotland to support future 

offshore wind development.  The study comprised a review of likely port requirements for the offshore wind 

industry up to 2040; cataloguing of existing port capabilities in Scotland; analysis of port locations relative to 

future offshore development zones; assessment of existing capabilities against industry requirements; and 

identification of opportunities to positively influence port infrastructure provision. 

 Purpose 

This report provides a summary of the study.  Its purpose is to provide; 

¶ a summary of the assessment of the capability of the ports sector to support the offshore wind industry to 2040, 

at a strategic Scotland-wide level;  

¶ identification of challenges and opportunities for port infrastructure provision in Scotland, to contribute to the 

decision-making processes of parties across the industry; and 

¶ 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 wind 

sector.  Nonetheless, findings will be relevant to them. 

 Methodology overview 

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 of major components, logistics 

methodologies, and vessels drawing on examples from the UK and continental Europe.  Three main port uses in 

support of offshore wind were considered; operations and maintenance (O&M), and the construction phase uses of 

marshalling/assembly and fabrication/manufacture.  The characteristics of these port uses are described in section 

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

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

technologies were considered.  The baseline review provided the basis for assessment of the capability of ports.  

All existing ports and harbours in Scotland of potential significance for offshore wind were considered (Figure 4).  

A screening approach was used to focus data collection, and a mix of quantitative and qualitative assessment 

identified the ports with a minimum required level of suitability for each offshore wind use, as well as those ports 

most likely to be suited to supporting future development of multiple future offshore wind projects.  A range of port 

attributes were characterised, including existing technical capability, potential for upgrade and proximity to 

offshore development zones.  High-level projections for onshore laydown area demand, identified as a critical 

variable, were generated to inform the assessment.   

The study was undertaken as a desk-based exercise utilising data from the public domain, CES and from Scottish 

public sector bodies. Data was collected on a like-with-like basis wherever possible. Workshops were held with 

CES, Scottish Enterprise (SE), Highlands and Islands Enterprise (HIE) and Transport Scotland (TS)10 to develop an 

understanding of their roles and interactions with the ports and offshore wind sectors, and relevant previous and 

 
10 Arup was tasked with writing the report with input from Crown Estate Scotland, who commissioned the work.  The report 

does not necessarily reflect the views of the other parties mentioned.  
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current initiatives11.  Engagement with other third parties including the ports, offshore wind developers, investors, 

contractors and the wider supply chain was not within the scope of this study.  It is recognised that this could be the 

key next step in further progression of the findings and recommendations presented in this study.   

The study was conducted considering technical and operational criteria only.  Economic and social factors were not 

quantitatively considered.  We also note that fabrication/manufacturing use of ports is particularly dependent on 

non-port factors. 

 

  

 
11 Such as involvement in references [4]-[6]. 
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2. What is an offshore wind port? 

Key points: 

¶ The distinguishing features of ports used for offshore wind are summarised in this section.  

¶ For the purposes of this study, the following port uses for offshore wind were considered: 

o Operations and maintenance (O&M) port, with two main sub-distinctions: 

Á Crew Transfer Vessel (CTV) based  

Á 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 reasonably 

foreseeable logistics approaches of offshore wind projects.   

¶ A port supporting multiple marshalling/assembly and fabrication/manufacturing functions is commonly 

referred to as an Integrated Manufacturing Port/Hub or a Co-located Manufacturing Port/Hub.  There are 

currently no significant UK examples of such a facility, but they already exist in and are under development 

elsewhere in Europe and beyond. 

 Introduction 

The key characteristics that a port must typically have to fulfil offshore wind port functions are summarised in this 

section.  Requirements are summarised for a nominal 1GW fixed-bottom project.  This is the approximate scale of 

major projects recently constructed and currently under construction and provides a useful óunit-sizeô for 

assessment purposes.  Some UK projects due for completion in the mid-2020s are taking the form of ópipeline 

projectsô of around 2-4GW each.   

The port requirements described are not prescriptive and are provided to aid general understanding; the division of 

functions between ports and distinctions can vary between projects.  The minimum hard criteria and ideal criteria 

that were assumed for the assessment stages of the study are outlined in Appendix A.     

 Operations and maintenance (O&M) port - Crew Transfer Vessel (CTV) based 

An O&M Port is used to host activities associated with the ongoing reasonably foreseeable 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 individual project (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 marine control centre 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 for monitoring and support activities during the 

construction phase of a windfarm. 

Typically, northern European projects to date have adopted a CTV based O&M strategy, whereby the vessels and 

technicians only stay at sea for a single shift.  Due to their relatively small size, CTVs are well suited to utilising 

historic ports and harbours that may have experienced declines in their traditional industries.  
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O&M facilities have typically been developed on a single offshore wind project basis due to the nature of the 

public financial support regimes and contractual arrangements within projects.  Consolidation of O&M bases and 

sharing of functions where there is a common operator (typically the major energy company who was the original 

lead developer), is beginning to emerge [7].    

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

include; 

¶ 0.75-1.50ha onshore area for development of the onshore facilities (assuming new build), ideally adjacent to 

the berthing; 

¶ 1-2ha of sheltered water area for vessel berthing, in the case of CTVs typically heavy-duty pontoon-based 

berthing for 15-30m long vessels and 3m minimum water depth; and 

¶ 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 component like a blade, would 

require a port accessible to larger vessels, as described for marshalling/assembly and fabrication/manufacturing 

below.  

Ports suitable for CTV based O&M will generally be capable of supporting construction phase ancillary services, 

such as pre-construction survey campaigns and construction management. 

Figure 5: Crew Transfer Vessels (CTVs)  

 

 Operations and maintenance port - Service Operations Vessel (SOV) based 

SOVs are larger vessels than CTVs that can fulfil a wider range of functions and are capable of operating offshore 

for weeks rather than a single day.  SOV based O&M strategies have been used on a smaller number of projects to 

date but are more likely to be used for future projects due to the greater distance range of the vessels and 

possibilities for efficiency savings, both in terms of O&M and infrastructure on each turbine foundation. 

Compared to ports for CTV based strategies, SOV based O&M ports would typically require deeper and longer 

berths for the larger vessels (see Appendix B), are better able 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 some 

functions can be located on the SOVs (such as marine control and technician welfare).  It is also feasible for 

projects to adopt mixed CTV and SOV based O&M strategies.  
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Helicopter access can form part of O&M strategies, particularly with increasing distance of windfarms from shore.  

Helicopter facilities were not considered in this study. 

 Marshalling and assembly 

A marshalling or assembly port is used as an intermediate facility during the construction phase of a windfarm.  A 

marshalling or assembly port would be located relatively close to the offshore construction site and very likely 

closer than most of the projectôs fabrication or manufacturing ports. They are used as temporary storage or 

assembly locations for major components (such as foundation and turbine components) originating from different 

locations of original manufacture, before final collection for installation at the offshore site. Figure 6 illustrates the 

key concept role of marshalling/assembly ports relative to fabrication/manufacturing in an offshore wind 

construction process for the major turbine and foundation components.   

Figure 6: Schematic illustration of ports in a typical 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, and that all 

logistics processes are subject to the design and contractual arrangements of individual projects. 

 

Marshalling and assembly ports are characterised by flexibility and relative proximity to the offshore site.  Their 

inherent purpose is to de-risk the logistical processes of a project and to not act as a constraint on offshore 

activities.  For example, they would typically require quays with relatively unconstrained water depths and minimal 
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tidal restrictions for the projectôs major transport and installation vessels, minimal air draft (clearance) constraints 

and large open onshore laydown areas and sheltered water areas for activities including storage of components, 

inspections, final minor works and assembly.  The need for a defined location for handovers of contractual 

responsibility for components can also contribute 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 distinct from the original fabrication 

and manufacturing ports.   

Port requirements can be broadly considered as onshore requirements and vessel access requirements.  The former 

may typically be driven by the component and logistics process design of an individual project.  The latter is also 

driven by the desire for ports to not act as a constraint on the competitive tender processes for project services that 

are dependent on the major transport and installation vessels, of which there are a limited number operating in 

northern Europe.   

The typical primary requirements for marshalling/assembly port facilities for a single function (e.g. either 

foundations or turbines) for a nominal 1GW fixed-bottom project include; 

¶ onshore area for storage and marshalling of components, comprising an area of 4-8ha as an absolute 

minimum to partially fulfil requirements but ideally around 10-20ha.  The size of area required is 

dependent on the logistics processes of a project.  Storage areas must also have adequate load capacity for 

the components and sufficient access routes to the quays; 

¶ quays for simultaneous berthing of two major component transport and/or installation vessels, each of 

length 140-240m and requiring 6-12m water depth or greater; 

¶ entrance width suitable for relatively wide beam installation vessels, ideally 50-60m or greater; 

¶ sheltered water areas and suitable quays or moorings for ófloating storageô of components for shorter time 

periods on vessels or on barges, or in the case of floating foundations in self-floating storage;  

¶ no or minimal vessel access restrictions that would prevent high-cost installation vessels having 24-hour 

access (e.g. tidal windows for shallower entrance channels or berths, locks, gates, overhead lines, opening 

bridges); and 

¶ proximity to the offshore site or ódistance sensitivityô. This key variable is discussed further in section 3. 

Figure 7: Components in a fabrication port (L) and marshalling port (R)  

 

  




































































