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Executive Summary

Ireland is on the cusp of an energy revolution.

Over the next ten years Ireland will connect a new generation of offshore wind farms, providing
enormous amounts of clean energy to power homes, farms and businesses. This will accelerate the
ongoing decline in CO, emissions from the electricity sector and drastically cut Ireland’s bill for foreign
fossil fuel imports.

Offshore wind energy is at the heart of the Climate Action Plan’s ambition to cut CO, emissions in the
electricity sector by two-thirds and increase the renewable energy share of electricity demand to 70
per cent by 2030 from its current 35 per cent.

Already Ireland has an offshore wind energy pipeline of more than 12 GW at various stages of
development, enough to supply more than Ireland’s electricity needs. Beyond 2030, as the costs of
developing and connecting floating offshore wind energy continue to fall, progress towards a net-zero
electricity system will become unstoppable.

With the necessary levels of interconnection there is no reason why Ireland’s offshore wind industry
cannot provide increasing amounts of power to its neighbours, turning Ireland into a consistent net
energy exporter for the first time.

The technology, the resources, the skills and the commitment from industry and policymakers to
achieve all of this is — finally — beginning to fall into place.

The momentum provided by the Climate Action Plan is driving planning and investment from industry
alongside the necessary policy development and strategic thinking required from Government.

Unanswered questions

However, as the path to a new indigenous Irish energy industry becomes clearer, so do unanswered
guestions prompting concerns that Ireland may — again — miss an opportunity.

Delivering just the 3.5 GW of offshore wind energy required under the Climate Action Plan will require
an initial investment worth €8.6 billion, create thousands of jobs in planning, development and
construction and hundreds of long-term jobs in operations and maintenance.

For the Beatrice offshore wind farm in Scotland, approximately 1,500 people were employed during
construction with the creation of approximately 90 full time and local roles for the duration of its 25-
year lifespan.

But where will that money go? At best, Irish firms would be able to attract only 22 per cent of the life
time multi-billion euro investment.

From where will wind farm developers find the workers needed to see these projects through to the
end when there are substantial skills shortages in engineering, financial services, logistics and technical
expertise?

Unless investment is provided — either from the Government or the private sector — not a single Irish
port will be capable of servicing the requirements to install an offshore wind farm and developers will
be forced to look to ports such as Belfast or those on the British coast for assistance.



Ireland has neither the infrastructure nor the resource capacity to capture the benefits of the coming
energy revolution and this creates a question-mark over Ireland’s ability to develop the 3.5 GW it
needs by 2030 to deliver on the Climate Action Plan.

Unless the very few years available - before construction starts on our first offshore wind farms since
2004 - are used to develop and support a strong Irish supply chain, many of the social and economic
benefits created by this new industry will go outside of Ireland.

Key recommendations
There is still time to act, but none to lose.

This report is a detailed analysis of the opportunities Ireland faces in building an offshore wind energy
supply chain.

And while it identifies many of the difficulties faced, it also comes with solutions and ideas that are
clear, practical and achievable. It identifies the tools with which to build an infrastructure and an
industry that can thrive and grow domestically; and compete internationally.

Among the dozens of recommendations made in the report to increase readiness for the development
of offshore wind energy, there are four that are particularly urgent.

First, strategic investment driven by the Government or the private sector must be directed
into one or more Irish ports to take advantage of the commercial opportunity of delivering 3.5
GW of offshore wind by 2030. This report includes a detailed analysis of the suitability of 16
ports around Ireland to support the development of offshore wind farms and to provide
operations and maintenance services.

Then, Government must bring together industry, ports and local communities to develop
offshore wind enterprise zones. These should be located around those ports identified as
suitable to support offshore wind energy projects and must serve as hubs to attract
international investment and create links to Irish businesses and suppliers.

Next, Enterprise Ireland should be supported to continue its excellent work to date on
developing offshore wind clusters for Irish companies. This would enable those businesses to
develop their resources and capacity to a point where they can not only support the
development of offshore wind domestically but also compete effectively in the European and
even global markets.

Finally, Ireland must address the skills shortage faced in trying to maximise local employment
opportunities. The Government must coordinate the work of schools and universities, existing
training bodies and skills development programmes, to identify the most cost-effective ways
to eliminate the skills gap. Central to this must be the development of specialist marine
apprenticeship schemes and working with academic institutions to develop a skills
development plan for offshore wind.

There is limited amount of time to act. As momentum grows behind offshore wind energy, the window
of opportunity shrinks.

If Irish ports and businesses are not able to take advantage of this opportunity, there is no doubt
others will step in and the money invested will flow out of Ireland.

The chance to develop a skills base and an industry that can compete internationally in a rapidly
growing global renewable energy industry will be lost.



This is the time for Ireland to seize the opportunity, to bring together industry, policymakers and
communities to ensure the benefits are maximised from multi-billion-euro investments in zero
carbon generation that creates thousands of skilled jobs at home and regenerates coastal
communities right around the island.

Detailed Recommendations

Focus Area

Delivering
Offshore Wind

No. Recommendation

#1

Implement the required regulatory regime as soon as possible by delivering on the
CAP 2019 actions.

#2

Assess how much additional offshore wind to 2040 is required for Ireland to meet a
net zero emissions target by 2040 giving further clarity to the industry of the longer-
term target which would incentivise investment in projects and supply chain.

#3

Clarify and ensure floating wind can compete in RESS to incentivise its
commercialisation and allow the technology to demonstrate its competitiveness.
However, this should not be done in a way that restricts near term fixed-bottom
opportunity which will deliver the lowest LCOE for Ireland in the delivery of the
3.5GW up to 2030

#4

Create a formal programme to facilitate dialogue between all industry participants
regularly to progress the industry including government departments & agencies,
project developers & investors, supply chain companies including port
authorities/companies.

#5

Ensure offshore wind can participate in the future contracts for system services to
demonstrate their ability to provide services to ensure the stabilisation of the
electricity network.

#6

Plans should be put in place now to consider how the technical potential of offshore
wind can be fully exploited. Consideration should be given to the advancement of an
offshore wind grid network that has the potential to export to the UK and mainland
Europe.

Increasing
local supply
chain

#1

The Irish Government should consider the creation of offshore wind enterprise hubs
at ports under an enterprise zone model to incentivise international companies to
set up in Ireland which will increase the number of companies available to the
offshore wind projects and increase local content. To facilitate the creation of
enterprise hubs, a roadmap for developing an Enterprise Hub should be completed in
the near future to outline the requirements.

#2

Enterprise Ireland to continue their work with regards to their offshore wind cluster
for Irish companies, to facilitate capacity building and promote Irish companies
within the UK & European offshore wind supply chain.

#3

The Irish Government should include supply chain plans as a mandatory requirement
within the offshore wind specific RESS auction to promote local content using a
flexible and non-constraining approach. These supply chain management plans
should be scored within the RESS award process, which places a quantifiable value
on the importance of the supply chain and local content. The plans could be used as
tools to identify the specific weaknesses in the Irish Supply Chain that require
addressing to increase local content

#4

Develop a skills development plan to ensure the skills and people requirements of
offshore wind are met. Involve academia and training bodies to ensure the correct
initiatives are in place to meet requirements.




#5

Consider apprenticeship schemes relating specifically to maritime and marine skills
sector including specialist areas such as drill and ROV operation.

#6

Creation of a Competency Framework for offshore wind to ensure the skills
development required to deliver an offshore wind industry in Ireland.

#7

Identify high-risk occupations that are likely to be made redundant due to the energy
transition and identify upskilling potential for the deployment of offshore wind.

#8

Using the supply chain strengths for offshore wind in Ireland, identify specific
technological aspects and create technology roadmaps to capitalise on the specific
aspects of the supply chain (data analytics/digitalisation).

#9

Progress a development plan for the possible fabrication of floating wind
substructures at a port on the west, north/south west coast of Ireland.

#10

Allocate significant resource into the research and development around floating
wind especially substructure mass fabrication, port requirements (draft, available
area, lifting capacity), substructure and turbine assembly, weather window
restrictions, substructure-cable dynamics, heavy maintenance or inspection and
maintenance of the mooring system.

#11

IWEA should consider the organisation of offshore wind supply chain specific events
for dialogue between all industry participants to collaborate, build partnerships and
network.

#12

Irish government should consider grant funding to encourage and support Irish
companies to become involved in the offshore wind sector.

Port
Infrastructure

#1

Create a formal group of representatives across the industry to regularly liaise with
ports to continue to capacity build in advance of offshore wind installation in Ireland.

#2

Irish Ports should consider joining WindEurope’s Ports Platform, a group that
provides an opportunity for exchange of best practice, know-how and to jointly
discuss opportunities and challenges that ports face as the offshore wind industry
grows.

#3

The Irish Government or the investment community should consider a strategic
investment at a port(s) on the east/south coast to take advantage of the commercial
opportunity of delivering 3.5GW of offshore wind where the majority is likely to be
on the east/south coast. This investment to come as soon as possible if this port is to
capitalise on the near-term opportunity.

#4

In time, the Irish Government or the investment community should consider a
strategic investment at a port(s) on the west coast to take advantage of the
commercial opportunity of delivering floating offshore wind where the majority is
likely to be on the west, north/south west coast.




OFFSHORE SUPPLY

CHAIN STUDY

THE TARGET

At least 3.5 GW of offshore wind by 2030
Offshore pipeline of 12.3 GW

THE PORTS

e Commercial opportunity for staging port -
€70 million

e Commercial opportunity for operations and
maintenance port - €350million

e Strategic investment decision required in
2020 for an east coast port

THE OPPORTUNITY

° 3.5 GW of offshore wind energy by 2030 equates to a
lifetime spend worth €17.9 billion

+  Post 2030 potential for €42 billion in fixed and
floating offshore wind energy.
°  Today Irish firms could only capture 22% of this

investment but, with the right support, this could quickly
grow to 31-36% and eventually as much as half.

THE JOBS

*  Offshore wind enterprise zones needed urgently
to ensure Ireland takes advantage of this opportunity.

*  Number of local e Number of local
development and permanent operations
construction jobs by 2030: and maintenance jobs:

2,500 700
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1. Introduction



The Irish Government has ambitious plans to develop its offshore wind industry to enable the
diversification of the energy system while creating a local supply chain to generate job opportunities
and economic growth. The publication of the Climate Action Plan (CAP) (2019) for Ireland by the Irish
Government has outlined a target to increase electricity generated from renewable sources to 70% by
2030 which would indicatively comprise of at least 3.5 GW of offshore wind. Given Ireland has a low
installed capacity for offshore wind, 25MW from the operational Arklow Banks Phase 1 offshore wind
farm, this target represents a significant rate of growth. Such growth will require substantial
investment in the national offshore wind supply chain. This is recognised in the CAP with
acknowledged actions including supporting innovation enterprise hubs and the supply chain for
offshore renewable energy.

Currently, and as expected given the installed capacity, there is a limited supply chain for offshore
wind in Ireland. In the report ‘Ireland’s Sustainable Energy Supply Chain Opportunity’, published by
the Sustainable Energy Authority of Ireland (SEAI) in 2014, it is estimated that the Irish supply chain is
in a reasonable position to facilitate growth in the offshore wind sector. This is due to an existing base
of well-established project development skills and logistical networks but a limited capability in the
manufacturing and provision of materials for offshore wind farm installation®. Given that significant
capital investment in offshore wind occurs during construction, the Irish offshore wind supply chain
needs significant development if it is to fully capitalise on its future potential. By building Arklow Banks
Phase 1, one of Europe’s first demonstration scale offshore wind farms, Ireland has already outlined
its capability to build offshore wind farms. This example should be used as indication of what Ireland
can achieve in their offshore wind industry and as a baseline to delivering their target of at least 3.5GW
by 2030.

Offshore wind over the last 15 years has continued to scale up with priority focus on reducing the cost
of deployment. The levelised cost of energy (LCOE) from offshore wind has continued to fall
dramatically over the last few years due to the research and innovation the industry has applied to
scale up technology and improve upon construction and operational standards. Currently 18.5GW of
offshore wind is installed in Europe. This represents most of the global capacity and has enabled the
region to establish itself as a market leader, both in terms of installed capacity and supply chain. For
this reason, a European and particularly a UK supply chain already exists to serve the Irish market and
can be used to both fill the gaps in the Irish supply chain and provide competition for a growing Irish
market. In all scenarios, the Irish supply chain will not meet all the needs of the offshore wind industry
and it should be assumed that the European & UK supply chain will play a significant part in meeting
supply chain needs. Despite this, significant opportunity exists for the Irish Supply Chain to make a
substantial contribution to the growth in offshore wind. Already there are Irish companies
contributing to the European supply chain and over time this will grow organically to meet Irish as well
as European/UK needs.

Current forecasts estimate that by 2030, Europe could increase its offshore wind installation capacity
to 99GW, with the UK alone aiming to install 30GW. Global markets are also aiming to grow
significantly with key countries such as China, the United States, Japan, Taiwan and other Asian nations
contributing towards an estimated global installed capacity of 120GW by 20302. While the lIrish
domestic market’s impact on tier 1 growth may be small in comparison to European and global
markets, overseas targets present a large export opportunity for existing and new Irish companies.
This economic benefit is in the background of the more pressing advantage of contributing to the
mitigation of climate change and the transition to a more sustainable energy system.

! lreland’s Sustainable Energy Supply Chain Opportunity, SEAI 2014
2 GWEC Global Wind Report 2018
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Beyond 2030, the technical resource available to both fixed and floating offshore wind off the coast
of Ireland is immense, with the SEAI and OREDP referencing 12.5GW for fixed and up to 27GW for
floating. Furthermore, if the right policy incentives were taken by the Irish government and existing
market barriers were removed, it is estimated that the Irish offshore wind industry could see
substantially more growth even than this. Such growth would enable the establishment of a local
supply chain for offshore wind in Ireland.

Carbon Trust has been at the forefront of both marine energy and offshore wind industry development
in the UK and EU for the past decade and, as a result, have a deep understanding of the various
challenges associated with offshore wind farm development. They work closely with governments,
developers, supply chain companies and other stakeholders in the offshore industry to inform policy,
support technology designers, identify opportunities to reduce the cost of energy, advance the
offshore wind supply chain and deliver innovation programmes to accelerate offshore wind growth.

In conjunction with IWEA GreenTech Skillnet, the Carbon Trust has sought to provide a comprehensive
review of the current status of the offshore wind supply chain in Ireland. The goal of this work is to
highlight the areas that need addressing if Ireland is to exploit the growth occurring in the offshore
wind industry and create a win-win scenario for all sector participants.

The aim of this work is to identify:
1. The needs of the offshore industry in Ireland,
2. The opportunities available for Irish Companies,

3. The gaps that will need to be filled by the international supply chain to service the emergent
offshore wind sector in Ireland, and;

4. The policies and signals that need to be implemented by the Irish Government to incentivise
investment by companies to meet the needs of the industry into the future.

To meet this aim, this report was broken into seven areas:
1 Introduction
2 Market Overview
3 Jobs & Investment
4 Supply Chain Mapping & Analysis
5 Port Infrastructure Assessment
6 Skills Development
7 Recommendations

Each section looks in detail at the contributing factors that will allow the Irish market to exploit the
opportunity presented by growth in the offshore wind industry, whilst also identifying the barriers to
maximising this exploitation. In an ever-changing market, it is envisaged that this report will provide a
baseline opportunity to the Irish Government and Irish companies in order to advance the dialogue
between all relevant stakeholders on how to capitalise on the win-win scenario. Offshore wind is
needed to decarbonise the Irish energy system, achieve emission reduction targets, meet increasing
electricity demand, increase the security of electricity supply and significantly build the green
economy.
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Public and private stakeholders have an integral part to play in realising the projected growth in
offshore wind in Ireland. The constructive relationships that need to be built and maintained in order
for the mutual benefits of offshore wind industry growth to be maximised can be best described in
Figure 1. The importance of a certain regulatory framework for offshore wind cannot be
underestimated as it acts as the key enabler to initial investment in the sector. Ireland’s current
regulatory transition has so far enabled the industry to accelerate. However, without a finalised
regulatory framework, projects will be unable to proceed. This increases the risk of losing out on the
full potential of a transformative industry. It's the Carbon Trust’s belief that when the Irish
Government implements the required regulatory framework, Ireland’s potential as outlined in this
report can be realised. The key to achieving this is for all sector participants to align on the objective
to deliver offshore wind and promote the synergetic relationships outlined in Figure 1. Such harmony
will advance offshore wind in Ireland and enable the nation to maximise its capitalisation on the many
associated benefits, which include supply chain opportunity.

Offshore Wind
Supply Chain

Offshore Wind
Growth

Regulatory Framework
(Marine Planning/Grid/RESS etc)

Offshore Wind
Developers/Investors

Government & public
i3 o - Investment
authorities/agencies ~ Electricity (Cost effective,

Clean, Reliable)

Figure 1: Offshore Wind Sector Synergetic Relationship3

3 Derived through feedback during consultation with Siemens Gamesa, Aug 2019
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2. Market Overview



Key Takeaways

» Climate Action Plan (CAP) for Ireland outlines at least 3.5GW of offshore wind by 2030
»  Specific actions within CAP to facilitate offshore wind growth:

o Transitional protocol to deal with ‘relevant’ projects to accelerate timelines to bring

generation online from 2023

o Offshore wind specific RESS auction planned for Q2 2021

o Marine Planning and Development Bill to be enacted in 2020

o Grid connection offer(s) are to be made to offshore wind applicants by Q2 2020
12.3GW of fixed bottom & floating wind in development in Ireland (9.4GW fixed/2.9GW floating)
3.5GW installed to 2030 equates to an initial Investment worth of €8.6 billion between 2023 - 2030
5.9GW fixed offshore wind beyond 2030 equates to an initial Investment totalling €14.45 billion
2.9GW floating offshore wind currently equates to a lifetime Investment totalling €12 billion when
taking a 40% cost reduction into account as floating wind costs will significantly reduce as the
technology commercialises

VVVYYV

With the publication of the Climate Action Plan* (CAP) in June 2019 by the Irish Government, a clear
signal has been given that urgent action is required to meet the ambitious target of connecting at least
3.5GW of offshore wind and ensure Ireland meets its 70% Renewable Energy Sources for Electricity
(RES-E) target by 2030. There are clear indicators that rapid development of the Irish offshore wind
market is possible including evidence that industry is ready and willing to make this happen. However,
the framework for success for offshore wind development in Ireland needs to be established, as
detailed in the CAP and this report.

To achieve Ireland’s 2030 target, there is an urgent need for the actions set out in the CAP to be
completed on time, or if possible ahead of schedule. Three of the most significant areas that need a
regime acceleration to ensure the offshore wind industry can develop in line with targets include
Consenting, Route to Market and Grid connection. These issues are well known and detailed with
accompanying rectifying actions in the CAP. The lead and development times for offshore wind farms
should not be underestimated. If Ireland is to connect at least 3.5GW of offshore wind by 2030, urgent
and effective action is required from a range of different stakeholders now.

The potential opportunity for increased renewable generation and further securing Ireland’s energy
supply is even greater when you consider the 1.4GW of fossil fuel generators coming offline by 2025
and an additional 700MW offline by 2030 as detailed in EirGrid’s recent consultation, Tomorrow’s
Energy Scenarios (TES) 2019° (Table 1). Ireland needs to work to reverse its heavy reliance on energy
imports and develop into a renewable energy exporter while further securing its supply. The timely
commissioning of the two planned interconnectors (500MW Greenlink in 2023 and 700MW Celtic in
2026) will be critical to meeting this ambition, as set out in the CAP. These measures will support
Ireland to meet its RES-E targets, avoiding heavy fines from the European Union for missing its
emission targets®.

Increasingly, the capability of offshore wind to provide a range of different system services to ensure
that grids with high levels of renewable penetration remain stable is being evaluated’®®. EirGrid’s DS3
programme aims to accommodate 75% of variable non-synchronous renewable generation onto the

4 https://www.dccae.gov.ie/documents/Climate%20Action%20P1an%202019.pdf

5 http://www.eirgridgroup.com/site-files/library/EirGrid/EirGrid-TES-2019-Ireland-Consultation.pdf

5 https://www.dccae.gov.ie/en-ie/climate-action/topics/eu-and-international-climate-action/2020-eu-
targets/Pages/default.aspx

7 https://www.nationalgrideso.com/innovation/projects/enhanced-frequency-control-capability-efcc
& https://www.nationalgrideso.com/innovation/projects/distributed-restart
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grid® and there is a significant role for offshore wind in enabling this transition and keeping the grid
stable. It's important that the future contracts for system services enable renewables to contribute
and that there are incentives for doing so. This will ensure Ireland’s grid can cope with a higher
penetration of renewables into the future. EirGrid’s obligations to ensure the facilitation of high levels
of renewable penetration are detailed in Action 24 of the Climate Action Plan Annex of Actions!® (CAP
AOA).

Primary fuel source Generator Capacity (MW) Expected offline

Coal Moneypoint 855 2025

Heavy fuel oil Tarbert 590 Pre 2025

Distillate oil Edenderry OCGT, Rhode & | 324 Pre 2030
Tawnaghmore

Peat Edenderry, West Offaly & | 346 Pre 2030
Lough Ree

Total: 2.1 GW

Table 1: Fossil fuel generation coming offline (TES 2019)?

For gas plants, CCGTs of approximately 3GW and gas CHP of 291MW are expected to remain constant
with an increase in OCGT of approximately 200MW by 2025. This reduces to 70MW above current
levels by 2030 due to older capacity coming offline3.

Market size

The offshore wind sector has observed considerable cost reduction over the last decade. Ireland’s first
and currently only offshore wind farm, the 25MW Arklow Banks Phase 1, was commissioned in 2004
as a demonstration project for General Electric’s 3.6MW offshore wind turbine. Since then there has
been substantial technology advances, particularly around turbine size, but the market barriers to
offshore wind remain unresolved in Ireland, namely grid capacity, marine planning and the availability
of revenue guarantee for offshore wind. Ireland’s geographic location provides an abundant wind
resource with relatively benign sea conditions in certain regions indicating that there is now a
considerable opportunity to capitalise on the industry’s cost reduction and utilise its abundant
indigenous renewable energy resources, and ensure it leads with regard to climate action rather than
continue to fall further behind its European peers?..

There is a growing interest by the offshore wind industry to utilise Ireland’s wind resource; there is
now over 12.3GW of offshore wind in the development pipeline (see Table 2) with 1.6GW consented
and an additional 2.3GW in the current planning system?? (applications made for a foreshore lease to
the Department of for Housing, Planning and Local Government). Over 4.3GW of offshore wind has

9 http://www.eirgridgroup.com/how-the-grid-works/ds3-programme/
10 https://www.dccae.gov.ie/documents/Climate%20Action%20P1an%202019%20-
%20Annex%200f%20Actions.pdf

11 https://www.climate-change-performance-index.org/
12 https://www.housing.gov.ie/planning/foreshore/foreshore-consenting
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applied for a grid connection from 2007 to 20172, although only 210 MW of this has been contracted
(Oriel wind farm in 2015)**. From 2018, an Enduring Connections Policy (ECP) was opened for grid
connection applications. The first phase of the policy (ECP-1) had a total of six offshore wind projects
with a cumulative capacity of 1,247MW applied for. However, no offshore wind project was deemed
to meet the criteria and they were not included in the ECP-1 ‘2018 batch’®®. The regulation and policy
mechanisms have not been in place to enable offshore wind development. The immediate potential
to develop at least 1.5GW by 2025 is quite real given the ‘relevant’ projects existing in the Irish
development portfolio since the mid 2000’s. If these projects were to be enabled by the Irish
Government and even accelerated knowing the regulatory timelines, it would give a welcome boost
to the industry and begin a likely consistent delivery of offshore portfolio up to and beyond 2030
creating an initial supply chain that would grow in line with project delivery. However interim
requirements would be needed to accelerate these projects such as facilitating any amendment to
planning approvals to allow for an update to project design to incorporate the latest technology,
allowing projects grid access given the availability of grid along the east coast (see below) and
providing an appropriate off-take avenue to guarantee revenue.

The majority of the development pipeline is located on the east and south east coasts which could
easily deliver 3.5GW alone. In assessment of Ireland’s total offshore development potential, the
Offshore Renewable Energy Development Plan'® (OREDP) determined the overall potential for both
fixed and floating offshore wind to be between 34.8GW and 39.5GW, without any significant adverse
effects on the environment.

EirGrid’s TES 2019 has detailed three scenarios, 1) centralised energy, 2) delayed transition and 3)
community action. The “centralised energy” scenario expects Ireland to achieve the 3.5GW target of
offshore wind by 2030, with 4.8 GW connected by 2040. Across the three scenario’s EirGrid expect
that the total electricity requirement in Ireland will increase by between 15% and 40% in 2030 and
between 36% and 56% in 2040, compared to 2020 levels. The increase up to 2030 is predominantly
due to large energy user growth, such as data centres, which are expected to be located primarily in
the Greater Dublin area in all scenarios. This increase in demand in the Greater Dublin area provides
further evidence for the need for offshore wind off the east coast of Ireland. Beyond 2030, more of a
focus on the south and west coasts is expected, where floating wind is likely to be deployed and
contribute significantly.

The CAP sets a 70% RES-E target by 2030 (up from 55%)*’ which is welcomed, however, if Ireland has
an ambition to achieve net-zero CO, emissions in the electricity sector, let alone across all other
emission sources by 2050; plans for increased capacity of offshore wind is required, especially
considering Ireland’s forecasted increase in electricity demand.

EirGrid’s median scenario for increase in electricity demand? by 2030 expects that a 70% RES-E would
require 29TWhs/yr of renewable electricity generation. In 2017, there was only 8.1TWhs of renewable
electricity generation. Filling the significant gap between current state of play and 2030 targets will
require generation from many renewable sources. With a capacity factor of 45%2, offshore wind could

13 http://www.eirgridgroup.com/site-files/library/EirGrid/TSO-Connection-Offer-Disclosure-of-Applications-
current-as-of-19-April-2018.pdf

14 http://www.eirgridgroup.com/site-files/library/EirGrid/Contracted-TSO-Wind-Farms-30-January-2018.pdf
15 https://www.esbnetworks.ie/docs/default-source/publications/2018-batch-(ecp-1)-results---joint-so-
publication_nov2018.pdf?sfvrsn=f42704f0_10

16 https://www.dccae.gov.ie/documents/20140204%20DCENR%20-
%200ffshore%20Renewable%20Energy%20Development%20Plan.pdf

17 https://www.dccae.gov.ie/en-
ie/energy/consultations/Documents/42/consultations/Draft%20NECP%20Ireland.pdf

18 https://www.dccae.gov.ie/documents/RESS%20Design%20Paper.pdf
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provide 13.8TWhs/yr for 3.5GW connected capacity alone which would provide a very positive boost
towards meeting set targets. If an industry is established with a maturing supply chain, consideration
should be given to increasing offshore wind’s role even further to realise its potential and contribute
significantly to filling the clean electricity gap.

Ireland’s floating offshore wind market

Floating offshore wind presents an exceptional opportunity to harness some of the best wind
resources in Europe. The OREDP determined 25GW-27GW of development potential for floating wind.
While there are already five floating wind projects (>2.5GW) in Ireland’s development pipeline, it is
expected that these are unlikely to be connected before 2030 due to the existing market barriers (E.g.
the competition for grid capacity) for offshore wind in Ireland and the immaturity of the technology
and associated high cost. France is currently the only European country that is running floating wind
specific support auctions but both Scotland and the rest of the UK through The Crown Estate and
Crown Estate Scotland’s award competitions will allow floating wind technology to compete for
seabed rights. With the commercialisation of floating wind predicted to be in advance of 2030 which
would reduce costs significantly, it could be considered to include floating wind in latter rounds of the
RESS to incentivise its commercialisation and allow the technology to demonstrate its
competitiveness. It should be noted however, that this should not be done at the expense of the near
term fixed-bottom opportunity which will deliver the lowest LCOE for Ireland in the delivery of the
3.5GW up to 2030. Giving an indication that floating wind could participate in RESS would incentivise
the industry to meet the timelines outlined for the support scheme increasing competition and
reducing costs. This would also have the knock-on effect of companies applying research and
development to the supply chain to take advantage of floating wind deployment across Europe.
France, Scotland and Norway are already establishing themselves as leaders in floating wind
technology and continued uncertainty around the sector in Ireland will only disadvantage the country
in the long run. If Ireland can place significant resource in maturing the technology and facilitating the
research into floating wind foundations, moorings, dynamic export cables and logistics, it will place
itself in a strategic position to capitalise on the domestic and European floating wind markets over the
long term. One of the largest constraints to floating wind in Ireland will be the need to address grid
issues given the majority of resource is off the west and south/north west coast where proximity to
large load centres will likely require grid investment. Discussions on this point should advance as early
as possible so possible solutions can be identified to address this issue.

The CAP AoA has identified a number of actions that will support the research, development and
demonstration of floating wind in Ireland. Before the end of 2019, the Atlantic Marine Energy Test Site
(AMETS) in Bellmullet, Co. Mayo will be able to accommodate floating wind demonstrations and
Sustainable Energy Authority of Ireland (SEAI) should have commissioned a report to consider
additional requirements to support the floating wind sector from 2020-2030. Ireland’s west and south
coasts have incredible wind resources and floating wind can be a vital cog in Ireland’s energy system
beyond 2030.

The AFLOWT (Accelerating market uptake of Floating Offshore Wind technology) project which is led
by the European Marine Energy Centre (EMEC) working in partnership with SEAI and oil and gas
contractor SAIPEM has secured €31 million in funding from Interreg North West Europe. The project
aims to have a full-scale floating offshore wind turbine installed in Belmullet, Co. Mayo by 2022.
SAIPEM’s ‘Hexafloat’ concept is designed to support turbines with up to a 15MW capacity. The project
hopes to support supply chain development in the region and the AFLOWT consortium anticipate that
this demonstration project will lead to commercial uptake on five sites by 2032, potentially providing
an additional 2GW capacity of floating offshore wind.
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Wind Farm Capacity (MW) Developer Foundation

Arklow Banks 2, Wicklow 520 SSE Renewables Fixed
Codling Wind Park, Wicklow 1100 Fred Olsen, EDF Fixed
Oriel, Louth 330 Oriel, Parkwind, ESB Fixed
Codling Wind Park Extension, 1000 Fred Olsen, EDF Fixed
Wicklow
Dublin Array, Dublin 600 Innogy, Saorgus Fixed
Skerd Rocks, Galway 400 Fuinneamh Sceirde Fixed
Teoranta
Braymore Point, Louth 800 SSE Renewables Fixed
Celtic Sea Array, Waterford 800 SSE Renewables Fixed/ Floating
Clogherhead, Louth 500 ESB, Parkwind Fixed
Cooley Point, Louth 500 ESB Fixed
Helvick Head, Waterford 1000 Energia Fixed
Kilmichael Point, Wexford 500 ESB Fixed
NISA, Louth/Meath 750 Statkraft Fixed
Inis Ealga, Cork 700 DP Energy Floating
Clare Offshore Wind Farm 700 DP Energy Floating
Sligo Offshore Wind Farm 500 DP Energy Floating
South Irish Sea 1000 Energia Fixed
Block 30 (Off Shore Wind), 600 Lightfield Limited Floating
Clare

Table 2: Ireland’s offshore wind pipeline!®
Potential domestic benefits

Economic Growth

Development of 3.5GW of offshore wind in Ireland by 2030 could lead to approx. €8.6bn of initial
investment at financial close for these projects. This is based on WindEurope’s? recent analysis of
twelve offshore wind farms which reached their Final Investment Decision (FID) in 2018. This indicates
that the investment cost of offshore wind in Europe has continued to fall and averaged at €2.45
million/MW in 2018. To maximise the opportunities for domestic economic uplift, it is paramount that
there is support for the supply chain and that policies are implemented that will ensure an adequate
percentage of this investment will remain in Ireland, while also remaining an attractive market for
developers.

The opportunity offshore wind presents towards economic growth is even more significant when
considering lifetime spend in developing, constructing, operating and eventually decommissioning the

19 https://www.4coffshore.com/ and IWEA members survey 2019
20 https://windeurope.org/about-wind/statistics/offshore/european-offshore-wind-industry-key-trends-
statistics-2018/#explore
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projects over a 34-year period. In bringing online 3.5GW of fixed offshore wind by 2030, these projects
over their lifetime will spend €17.9 billion on supply chain provision. Beyond this 3.5GW and
considering the current development portfolio in Ireland, another 5.9GW of fixed offshore wind could
be developed which would spend over €30 billion over their 34-year lifetime. Furthermore, when the
floating wind potential in Ireland is realised, the current portfolio of floating wind projects which
currently amounts to 2.9GW would spend over €12 billion assuming a 40% reduction in the cost of
floating wind technology. Finally, the remaining development potential of floating wind in Ireland is
enormous (24.1GW) —if the challenges of delivering this capacity can be overcome and a vision put in
place to at least maximise this potential given the economic and technical constraints, it could
contribute €102 billion in lifetime cost, again assuming a 40% reduction in the cost of floating wind
technology.

There are successful examples of promoting local economic benefit which could be replicated in
Ireland. For example, SSE Renewable’s 588MW Beatrice?* wind farm off the east coast of Scotland
which was completed in May 2019 totalled £2.5bn?? investment, 45% of which was in the UK. The
construction of the project was expected to add approximately £1.13bn of value to UK GDP.
Additionally, there has been £5bn worth of investment for 6.9GW of offshore transmission assets
alone in the UK to date, which equates to £750m (€827m) per 1GW of transmission assets?3.

In 2017, Renewables made up 10.6% of Ireland’s gross final consumption. Although this is a long way
from where Ireland needs to be (with 2020 target set at 16%); this avoided 4.1 million tonnes of CO;
emissions and €439 million of fossil fuel imports?*. This is further evidence of the need and benefit in
urgent action to increase the penetration of renewables onto the Irish grid and reap the rewards from
reducing Ireland’s energy imports and ensuring Ireland does not receive hefty EU fines.

Looking beyond 2030, the investment pipeline of 8.8GW of fixed and floating wind projects would
equate to a value of €26.5 billion. This is based on current costs for floating wind which is expected to
reduce significantly but the opportunity for Ireland remains substantial.

Job and skills creation

Ensuring there is a supportive policy and regulatory environment will assist sector growth and can
offer domestic economic and social benefits including large scale employment onshore and offshore
during development and operation of an offshore wind farm.

For example, it is estimated that the development of a typical 500 MW offshore wind farm equates to
2.1 million person-days (IRENA, 2018)?°. For the Beatrice offshore wind farm, approximately 1,500
people were employed during construction with the creation of approximately 90 full time and local
roles for the duration of its 25-year lifespan?. For the Arklow Bank Wind Park, SSE has estimated that
there will be 60 sustaining jobs for the duration of the project lifespan in addition to many more
created during the construction and installation phase?’.

21 https://sse.com/media/475202/Beatrice-Socio-economic-impact-report-v2_BMF_FINAL_200717.pdf

22 https://sse.com/newsandviews/allarticles/2019/07/beatrice-offshore-windfarm-celebrates-hard-work-
innovation-drive-and-collaboration/

2 https://www.ofgem.gov.uk/publications-and-updates/infographic-promoting-sustainable-energy-future
24 http://www.epa.ie/pubs/reports/air/airemissions/ghgemissions2017/Report_GHG%201990-
2017%20April%202019_Website.pdf

2 https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/May/IRENA_Leveraging_for_Offshore_Wind_2018.pdf

26 https://www.beatricewind.com/

27 https://ireland.sse.com/what-we-do/our-projects-and-assets/renewable/arklow-bank-wind-park/
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Taking IRENA’s figures, developing 3.5GW of offshore wind will create over twenty thousand
employment opportunities during the life cycle of these projects.

Of these jobs, 675 will be permanent, highly skilled and local jobs over the 25-year operational
phase of these projects.

There is the potential for 2,532 direct jobs in Ireland to be created during the development &
construction of 3.5GW of offshore wind with the majority of these jobs created between 2025
— 2030. A further 1,312 jobs will be created during the decommissioning stage of these
projects between 2050 — 2055.”

The proportion of Irish and locally based jobs will be dependent on the availability of the
required people and skills in Ireland.

There will be a need to train the required number of people and develop the necessary skills
to maximise the level of employment created in Ireland.

Due to the lack of manufacturing capability in Ireland, the majority of the sixteen thousand
employment opportunities created during the manufacturing of the components, required for
3.5GW of offshore wind, will be based internationally.

However, there is potential for Ireland to be a first mover in floating offshore wind technology
where if successful it could develop these large number of manufacturing jobs for floating
offshore wind in Ireland, looking to 2030 and beyond if the correct strategic investment is
made in the coming years.

As part of this, investment is required across multiple sectors, but primarily to grow the workforce in
the installation, commissioning and O&M areas of the supply chain. A particular focus needs to be on
development and provision of highly skilled engineers into the industry. Further detail on this is
provided in section 5.

Decarbonisation

One of Ireland’s key targets for 2030 is to achieve at least 40% reduction in GHG emissions from its
1990 level. In 2017, Ireland was 9.6% above its 1990 level?®®,

Ireland’s percentage of renewable energy sources across Electricity, Transport and Heat are listed
below for 2017 against their sector wide 2020 targets.

Ireland’s RES-E was 30.1% (2020 target is 40%)
Ireland’s RES-T was 7.4% (2020 target is 10%)

Ireland’s RES-H was 6.8% (2020 target is 12%)

The conclusion over the last decade in Ireland is that not enough has been done to meet these targets
and Ireland is lagging behind. Offshore Wind can play an integral part in preventing Ireland from
missing future targets. Macro trends like energy system decarbonisation and electrification will fuel
the growth in sustainable technologies. Offshore Wind is already an established technology and one
that can be utilised to allow Ireland to become a world leader in sustainable energy systems.

28 http://www.epa.ie/pubs/reports/air/airemissions/ghgemissions2017/Report_GHG%201990-
2017%20April%202019_Website.pdf
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Community benefits

The CAP AoA has identified that appropriate community/enterprise mix should be included within the
Renewable Electricity Support Scheme (RESS)* which should enable an efficient delivery of
renewables. One of the tasks for the Department of Communications, Climate Action and Environment
(DCCAE) is to ensure that the community benefit fund is equitable and there is strong citizen
participation in renewable projects. Having community support will be critical to the industry’s
development and can also provide massive benefits to local communities. As an example, the Beatrice
Community Benefit Fund is worth a total of £34m over the lifetime of the wind farm and is focused on
supporting and promoting sustainable economic growth. While determining the social return on
investment of the first round of the fund, they found that for every £1 invested by the fund, it was
expected to generate £3.21 in wider value®®. There are many mechanisms through which community
benefits from offshore wind development can be delivered. These are detailed further in section 3
along with the potential benefits in Ireland to 2030.

Regulatory landscape

To understand the market size and potential opportunities for growth, it is important to consider the
regulatory environment. The Climate Action Plan Annex of Actions (CAP AoA) under Action 25 which
is solely focused on offshore wind, has detailed a number of enabling actions that are to be completed
to ensure 3.5GW of offshore wind is connected by 2030.

These actions are split into three focus areas;
e Development Management / Consenting
e Route to Market (RESS)
e Offshore Grid Delivery

These focus areas are then split between ‘relevant’ and enduring projects. ‘Relevant’ projects being
defined by the Governments publication of the Transitional Protocol. The expected aim is to accelerate
the realisation of relevant projects while delivering an improved framework for the development of
enduring projects.

The main enabling actions required for both relevant and enduring projects as detailed in the CAP AoA
are detailed below with the aim of bringing offshore wind online by 2023 and installing at least 3.5GW
by 2030.

To date a number of projects have received consent under the foreshore act but have never
progressed due to the lack of a support regime for offshore wind. Outside these projects a further
2.33GW of project capacity sits under this current planning regime with applications pending. Within
this 2.33GW, one project has a grid offer to connect 210MW under Gate 3 grid connection process.

= Development/Consenting: Consenting of a number (capacity not defined) of relevant projects
will be facilitated through the 'Transitional Protocol' and include an agreed structure for the
sequencing and delivery of onshore consents, approvals and state supports.

= Route to Market: RESS auction volumes and frequencies should be increased and the detailed
design and implementation of RESS should be finalised in Q3 2019; Action 25 details that the
offshore specific RESS auction should take place in Q2 2021 and that further RESS auctions will
be held in Q3 2022 and 2024.

2 https://www.dccae.gov.ie/documents/RESS%20Design%20Paper.pdf
30 https://www.beatricewind.com/

| 25



= Grid: The Commission for Regulation of Utilities (CRU) policy decision on grid connection
offers are to be made in line with ECP-2 by Q4 2019. Grid connection offer(s) are to be made
to offshore wind applicants by Q2 2020. This will enable application to offshore RESS in Q2
2021.

Enduring Projects

= Development/Consenting: The Maritime Planning and Development Management (MPDM)
Bill was tasked to be delivered by the end of 2019 and was published in the last cabinet
meeting of the year. This will provide development consent regimes for the maritime area.
The MPDM, alongside secondary legislation should be enacted by Q3 2020 with the National
Marine Planning Framework finalised by Q4 2020. This will provide a single consent system
for the maritime area incorporating both onshore and offshore components, replacing the
current system. The new regime is similar to the consenting process applied in England and
Wales.

= Route to Market: Further RESS auctions are expected in Q3 2022 and 2024. The RESS High
Level Design paper>! provided a roadmap for auctions from 2019 to 2025 which would provide
11TWhs/yr of new RES-E to ensure Ireland meets the 55% RES-E 2030 target. However, the
CAP has now targeted 70% RES-E by 2030 and with forecasted increase in electricity demand?,
significant increases to the volumes and frequencies of RESS auctions are required.

=  Grid: Initial steps outlined in this process are; set up a working group to define the framework
for the offshore grid, development of an options paper on offshore grid models by EirGrid,
followed by a government decision on the framework by Q2 2020. Planning consents
(foreshore leases) are to be secured by Q3 2021.

=  Grid: For Enduring projects, The CAP suggests a grid connection offer will be made to offshore
wind farms ~ 8 months after they are successful in a RESS auction, meaning grid connection
offers will not be part of their RESS criteria. The responsible body for grid connection is still
undecided and will be dependent on the agreed offshore grid delivery framework.

The timescales set out in the CAP are quite ambitious especially considering the current policy and
regulatory environment and the lead and development times required for an offshore wind farm.
However, if 2030 targets are to be met, it’s paramount that the actions set out in the CAP AoA are
delivered effectively and if at all possible, ahead of schedule. Anything less than this will delay the
renewable energy transition and put Ireland at risk of failing to meet its emission reduction targets
again.

Corporate Power Purchase Agreements (PPAs) also have a considerable role to play in Ireland
meeting its 2030 targets. The CAP AoA actions that 15% of electricity demand is met by renewable
sources contracted under Corporate PPAs. Ireland and especially the Dublin area (considering the
high density of large corporates) has a very significant opportunity to ensure this 15% target is
achieved which will be a considerable contributing factor in achieving wider 2030 targets. A
Corporate PPA Policy Paper is due to be published in Q3 2020 by the Department of
Communications, Climate Action and the Environment.

31 https://www.dccae.gov.ie/documents/RESS%20Design%20Paper.pdf

| 26



Lz

Jpd-"uejd uonoe T a1ewl) 0£0Z AQTPUIM T R40YSHO JO MDS'E 8ulldsuuo)/qndTsiydisul smau/speojdn/sa|iy/wod Apogpoodiemmm//:sd1iy,e

ue|d UoIY Aewl|) Y1 JO §Z UOIIIY Ul 1IN0 135S PUIM DIOYSHO 10} SAAI1IR[Q0 Judwuidano Ad)| ay) Jo ;cApogqpooD 13y Aq uonejuasasdaa aiydess :z 24nsi4
‘suogedijdde ul uoyyadwoo Juayns SulNssy ,

UOLONSUOD UOIONE LS Jryssa0ons swueondde SUOGISUU0Y JOMBWEY puB puo Aqpouzzey
uoEINDSUoD  couswwo)  SuEdndde uuelpuA O} Eh.ﬁc:»w» puB as0ysyo puB asousyo ajoysyo SI0YSHO J0}
swo)  0UEMGA0DE  SIBHOLOHISULCO PUD ?mwm_w.ot i) uo uoisiep Uo UoED3p Jay sadeg HOMBUEL] UD pu3 310ysyQ
sieak p+ 13JJ0 J3Ye uogone Suasu0> Bunuad AsoyenBay JUSWALBADD suoydo dnouo Bupuops,
syuow £+ 150d sypuow g + 1202 €D 0202 ¥O/ED 0202 2O 0202 1O 6102€D
sa|gEMaUal (suogoe Ade33) / W
ﬂ_ga..“ EMW&E 04 |euoLyisueyl Os|e 335) m.
suoany 5534 e (SS3)
202 220250 J9)JewW 0] 23N0Y W
pomauey || uoges(s) (v Aususioy) 8 (NG
| Pt 1| | weusSeus, wewdosnag JusuR3euew
s 5 \Hﬁu%wo Wad Suiueld SULEBl 33 0 P
asyeuy Jusweu3 610240 BLEYS [RIBUSO PasNay juswiaopAsqg
0z0z#0 || ozozedbha 6102 €0
SULEJPUIV
E s || "2 e ||
apdwo) 23UBWWOD X ] 2Uayo Uo LoEDEp U—.—w 210YsyO
sk + /1A te) 20z 50 0202 20 Aoned N
6102 YO
=3
pm— S
5534 553y 3
oSS || aiousuo s bhdopiting U pUM BI0YHO (SS3W) 3 seW =
ﬁuou“ ! tuco sOpuest S 4o} UOLEILGON 75 0} 910y
1202 10 0202 €D 6102 €D
spaloy foeBa, W
103 j0omaly JuswRdeuew 2
jBuogsUR) uawdojarsqg
6102 70 ¥ |

AV A [AAVA 1202 0coc 6102



Overview of the offshore wind sector

The global offshore wind market has experienced an incredible rise to prominence in the last 10 years
and is now forecast to become the generation backbone of the decarbonised electricity system in

many European countries.

At the end of 2018, there was 18.5GW of offshore wind already installed in Europe with UK and
Germany leading the way with 8.2GW and 6.4 GW respectively.®* WindEurope’s ‘2030 high scenario’
forecast which was completed at the beginning of 2019, estimates that there could be nearly 99GW

of offshore wind installed in Europe by 2030.

= Belgium, 1.2 —_* Other, 0.3
= United
u The .
Netherlands, nggom
1.1 ’
Denmark, 1.3

® Germany, 6.4

Figure 3: Offshore wind capacity in Europe (2018) — countries

98% of the offshore

wind installed

capacity in Europe

is concentrated in 5

countries.

Country 2018 (Installed WindEurope High NECP 2030
Capacity) Scenario
Belgium 1.2 4 4
Denmark 1.3 6.1 3.7
France 0 111 5
Germany 6.4 20 15.7
Italy 0 0.65 0.9
Netherlands 11 18.5 11.5
Poland 0 6 5
UK 8.2 30 30
Ireland 0 2 1.8 (CAP =3.5)

33 https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Offshore-

Statistics-2018.pdf
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Table 3: WindEurope’s annual offshore statistics 20183°

The majority (~ 78%)3* of global installed capacity of offshore wind is in Europe but the Asian market
is likely to experience very significant growth and may overtake Europe by 2030. There are multiple
projections for global offshore wind capacity by 2030 with 4C Offshore expecting a total of 223GW of
offshore wind projects will be underway (in construction or operation) in 2029. This is quite ambitious
in comparison to other estimates and largely driven by significant growth in the Chinese market (99.4
GW).

21.00

14,00

7.00 | |
0.00 _-_-JJ_IIIIJII —

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2006 2017 2018

GW Installed

® Europe m Asia ® North America

Figure 4: Global offshore wind capacity (end of 2018)

Technological Advances

In 2004 when Arklow Bank Wind Park was constructed, it was the world’s first erection of wind
turbines rated over 3MW. The industry has gone through incredible growth and technology advances
since then. In 2018, MHI-Vestas installed two 8.8MW turbines in Scotland, the largest capacity
turbines installed to date. WindEurope recently carried out a review into the average rated capacity
of newly-installed offshore wind turbines. In 2018 the average turbine installed was 6.8MW but this
yearly average is expected to increase to 15MW by 2030.

Looking to the near future, MHI Vestas’ 9.5 MW will begin to be installed in wind farms in 2020 while
GE’s 12MW Haliade-X and Siemens Gamesa’s 10MW turbine should be commercially available by 2021
and 2022 respectively. An increase in turbine rated capacity is also increasing the capacity factor of
offshore wind - expectations are that offshore wind farms will be operating with annual capacity
factors in excess of 50% in the very near future. The size of wind farms has also dramatically increased
in recent times with the average offshore windfarm size in 2007 of 79.6 MW rising to 561 MW in

34 https://www.4coffshore.com/

| 29



2018%. Wind farms are also moving further offshore especially in the UK as the wind resource is
greater and many of the near shore sites have already been developed.
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Figure 5: Average Rated Turbine3>
Floating Wind

In 2018, The Carbon Trust completed a review of the floating offshore wind market and expected that
approx. 12GW could be realised globally by 2030, but that this will be largely dependant on favourable
government policies, supportive regulatory frameworks and the pace of technology innovation in the
industry®®. The report highlighted, from the 2015 Market & Technology Review for the Scottish
government, that the potential for floating offshore wind is vast and with 80% of Europe’s offshore
wind resource in waters 60m+ deep, providing a potential resource of 4,000GW.

As of the end of 2018, total cumulative capacity of 55MW of floating offshore wind power had been
installed globally, distributed in countries located in Asia and Europe (Table 4 and Figure 6 below). A
series of individual prototypes installed between 2009 and 2016 have demonstrated the viability of
the technology in single units, performing well in harsh environmental conditions and paving the way
for larger arrays. Hywind Scotland, installed in 2017, is the first of this next phase of technology
development, proving that the technology can perform in array formation and with larger turbines.
Early indications suggest that performance has exceeded expectations, with high yields confirming the
technical and commercial viability of the technology.

First Country Project Total Turbine Project Technology Concept Turbine
power capacity rating developer developer supplier
2009 Norway Hywind | 2.3 MW 2.3 MW | Equinor Equinor Hywind Siemens
2011 Portugal | WindFloat 2 MW 2 MW EDPR, Repsol, Principle Power WindFloat | Vestas

Atlantic Phase Chiyoda,
1* Mitsubishi
2013 Japan Kabashima 2 MW 2 MW Toda Toda Hybrid Hitachi
Corporation Corporation spar

35 WindEurope: Offshore Wind in Europe - Key trends and statistics 2018

36 https://www.carbontrust.com/resources/floating-wind-joint-industry-project-summary-report-phase-1
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2013 Japan Fukushima 2 MW 2 MW Marubeni Mitsui Semi-Sub Hitachi
FORWARD Engineering &
Shipbuilding
2015 Japan Fukushima 7 MW 7 MW Marubeni Mitsubishi V-Shape MHI
FORWARD Heavy Industries | Semi-Sub
2016 Japan Fukushima 5 MW 5 MW Marubeni Japan Marine Advanced Hitachi
FORWARD United Spar
2017 UK Hywind Pilot 30 MW 6 MW Equinor Eginnor Hywind Siemens
Park
2018 France FloatGen 2 MW 2 MW IDEOL IDEOL Damping Vestas
Pool
2018 Japan IDEOL 3 MW 3 MW IDEOL & Hitachi IDEOL Damping Aerodyn
Kitakyushu Zosen Pool
Demo (Steel)
2019 UK Kincardine** 2 MW 2 MW Pilot Offshore, Principle Power WindFloat | MHI-
(50MW) x1 Cobra l, Vestas
(9.5 MW WindFloat
x5) I

Table 4: Commissioned floating offshore wind projects

* WindFloat 1 decommissioned in 2016. The WindFloat 1 substructure redeployed in the Kincardine pre-commercial project in Scotland.

** As yet only Windfloat 1 device has been installed and is producing power, remaining 5 devices due for commissioning 2020
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Figure 6: Cumulative global deployment of floating offshore wind (2009-2018)
Upcoming pilot projects

Building on the demonstrations to date, there is a pipeline of pilot projects that will further
demonstrate the technical and commercial viability of a range of floating wind designs, as well as the
supporting infrastructure and component technologies (mooring systems, dynamic cables, etc.). The
majority of activity will be located in Europe, with additional demonstration projects in the United
States and Japan. By 2021, installed capacity is expected to reach ~200-260 MW, with ~5-6 concept
designs suitably de-risked for deployment in larger commercial projects.
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As shown below there is significant floating wind development globally and it’s important that Ireland
doesn’t waste time in exploiting its exceptional opportunity to harness some of the best wind
resources in Europe. To ensure floating wind is supported over the next 10 years, consideration should
be given towards catering for floating wind in future RESS auctions, providing floating projects a better
opportunity to gain support and prove their commercialisation.

Country Project Total Turbine Project Technology Concept Turbine
[£]:EL13% rating developer developer supplier
2019 Portugal WindFloat 25 MW 8.4 MW EDPR, Repsol, Principle Power WindFloat MHI-
Atlantic: Phase 2 Engie, Chiyoda, Vestas
Mitsubishi
2019 Norway Tetraspar 3.6 MW 3.6 MW Innogy SE, Shell, | Steisdal Offshore Tetraspar Siemens
demonstration Steisdal Technologies
Offshore
Technology
2020 USA Aqua Ventus | 12 MW 6 MW University of University of VolturnUS TBC
(Maine) Maine Maine
2018/ UK Kincardine* (1x2 MW) Pilot Offshore, Principle Power WindFloat MHI-
2020 50MW 5x9.5MW | Cobra l, Vestas
WindFloat
I
2020/ France Groix Pilot Farm 24 MW 6 MW Eolfi, China Naval Energies Sea Reed GE
2021 Guangdong
Nuclear (CGN)
2020/ France Leucate Pilot 24 MW 6 MW Engie, EDPR, Principle Power WindFloat GE
2021 Farm Caisse des
Depots
2020/ France EolMed (Gruissan) 24 MW 6 MW Quadran IDEOL Damping Senvion
2021 Pilot Farm Pool
2020/ France Provence Grand 24 MW 8 MW EDF EN SBM Offshore TLP Siemens
2021 Large
2021 Japan Goto City 22 MW 2-5 MW Toda Toda Corporation Hybrid Spar | TBC
Corporation
2021 Norway Hywind 88 MW 8 MW Equinor Equinor Hywind Siemens
Tampen**
2022 Ireland AFLOWT 15MW 15MW European TBC TBC TBC
Marine Energy
Centre (EMEC)

Table 5: Commissioned List of upcoming floating wind projects

* From a variation order with the Scottish government, the Kincardine project will now consist of up to seven turbines installed over two
phases. A single 2MW turbine was installed (Q3 2018) and Kincardine Offshore Wind Limited (KOWL) has stated that the second phase
installation period will be in 2020
**power generated from the Hywind Tampen project will supply the Gullfaks and Anorre offshore oil fields in the North Sea
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3. Jobs & Investment



Review of the Offshore Wind Jobs & Investment Landscape

Key Takeaways ‘

» Developing 3.5GW of offshore wind will create over twenty thousand employment opportunities during the life
cycle of these projects.

»  Of these jobs, 675 will be permanent, highly skilled and local jobs over the 25-year operational phase of these
projects.

» There is the potential for 2,532 direct jobs in Ireland to be created during the development & construction of
3.5GW of offshore wind with the majority of these jobs created between 2025 — 2030. A further 1,312 jobs will
be created during the decommissioning stage of these projects between 2050 — 2055.

» The level of Irish and locally based jobs will be dependent on the availability of the required people and skills in
Ireland.

» There will be a need to train the required number of people and develop the necessary skills to maximise the
level of employment created in Ireland.

» Due to the lack of manufacturing capability in Ireland, the majority of the sixteen thousand employment
opportunities created during the manufacturing of the components, required for 3.5GW of offshore wind, will
be based internationally.

»  Howeuver, there is potential for Ireland to be a first mover in floating offshore wind technology where if successful
it could develop these large number of manufacturing jobs for floating offshore wind in Ireland, looking to 2030

and beyond if the correct strategic investment is made in the coming years.

Supply Chain Investment and the Opportunities for Irish communities to 2030

It was outlined in section 2 that up to 3.5GW of offshore wind capacity will be installed in Ireland up
to 2030 and it will be detailed later in section 4 how this 3.5GW of projects will spend nearly €18 billion
over their lifetime. These projects will predominantly be built off the east coast overlapping with those
communities within the project area of impact. These potential local areas will benefit from the
development of the supply chain to implement these projects, in particular from the installation,
operation and maintenance of the wind farms.

Direct employment

Most recent figures on unemployment in Ireland (July 2019) in Table 19 show 111,400 persons
between the age 15-74 years unemployed, corresponding to an unemployment rate of 5.3%. The
general unemployment trend in the country over the past 3 years has shown a steady decrease of
around 1.8%. As detailed in section 6, the offshore wind supply chain has the potential for significant
and diverse employment opportunities. Table 6 below details the breakdown of labour requirement
for each supply chain area to build out 3.5GW in Ireland, as based on figures estimated from the life
cycle of a typical 500MW offshore wind farm?’.

37 https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/May/IRENA_Leveraging_for_Offshore_Wind_2018.pdf
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Area of Supply Chain Estimated workforce required to Number of people working

deliver 3.5GW (person-days) per day (FTE Jobs)
Planning & Development 166,796 214
Procurement 51,093 131
Manufacturing 8,767,598 16,861
Transport & Logistics 15,113 58
Installation & Connection 1,660,743 2,129
Operation & Maintenance 4,387,775 675
Decommissioning 682,171 1,312
Total 15,731,289 21,380

Table 6: Workforce to deliver 3.5GW

Jobs within the installation and commissioning, operation and maintenance and decommissioning
supply chain areas are predominantly based in the vicinity of the host port. Therefore, these
opportunities have the potential to directly impact and benefit the local area. As an example, the
588MW Beatrice offshore wind farm located 13km off the Caithness coast, Scotland, was completed
in June 2019 and is estimated to create 800 jobs across the UK supply chain on average each year, of
which 370 jobs a year will be in Scotland during its operational phase. Of these, around 90 people, the
majority from the local area, will be based in the O&M building. For Ireland, implementing 3.5 GW of
offshore wind energy by 2030 has the potential to create 2,532 direct jobs during the development &
construction stages, with the majority of these jobs created between 2025 — 2030. A further 675
permanent jobs will be created in Ireland across the operations and maintenance stage while 1,312
jobs will be created during the decommissioning stage of these projects between 2050 — 2055.
However, there is concern over whether the skills are available within the Irish workforce to meet this
demand (See section 6 for further detail). Furthermore, due to the lack of manufacturing capability in
Ireland, the majority of the sixteen thousand employment opportunities created during the
manufacturing of the components, required for 3.5GW of offshore wind, will be based internationally.
This highlights further the need for investment in the supply chain and skills required to maximise the
opportunity offshore wind presents in Ireland. For example, there is potential for Ireland to be a first
mover in floating offshore wind technology where if successful it could develop a large number of
manufacturing jobs in Ireland, looking to 2030 and beyond if the correct strategic investment is made
in the coming years.

Indirect Employment

The supply chain also has potential to result in indirect employment opportunities within the local
area to benefit the local community. This relates to employment generated through the purchase of
supplies and services in the local area by the offshore wind contractor. This can include industries such
as generic manufacturing, construction, utilities, business services, finance, insurance, motor trades,
accommodation and health.

Direct and Indirect Gross Value Added (GVA)

One of the main benefits from offshore wind development is GVA to the local economy. As an
example, over the full lifetime of the 588MW Beatrice project in Scotland it is estimated £1bn GVA
will be generated to the Scottish economy. £460m was contributed during the development and
construction phases and it is expected that £850m will be contributed during the O&M phase over the
25-year operational life of the wind farm. A significant proportion of the added value from offshore
wind projects is focussed in the local areas impacted by the development.

| 35



Local infrastructure upgrades

The development of an offshore wind farm also brings benefit to the local community through local
infrastructure upgrades required to facilitate the supply chain work. The most significant of these
being upgrades to the local ports and port infrastructure. As well as this, there are potential
requirements for upgrades to local road and rail infrastructure, enabling new and improved transport
connections between other regions and the potential for bringing economic growth to the local area.

CASE STUDY #1. PORT OF WICK, SCOTLAND

Aeral view of
Wick Harbowr

' Images courtesy of SSE

The Port of Wick, in the far north east of Scotland, is the Operations and Maintenance base for the
588MW Beatrice Offshore Windfarm. £20m was invested in Wick, sensitively renovating two largely
derelict harbour front buildings to provide O&M facilities including offices, warehousing and
welfare facilities. A formerly disused corner of the inner harbour area was also re-purposed through
the construction of pontoons and all the required infrastructure to support the berthing and
operation of up to 6 Crew Transfer Vessels. The renovated port will host the O&M base for 25 years,
guaranteeing the Wick Harbour Authority 25 years of rental and harbour fees. As well as this,
supporting up to 90 full-time personnel, and further support staff on occasion, with over 75% of
which from the local community.

Mechanisms & Strategies Used to Materialise Jobs & Investment
Opportunities

Supply Chain Plans3®

Supply chain plans are used under the Electricity Market Reform regime through the application for
Contracts for Difference in the UK. This approach allows for a level of flexibility to ensure both the
project can be delivered at an affordable cost to the consumer and that there is significant local
content within offshore wind installation and operation. The level of flexibility allowed the supply
chain to grow as offshore wind capacity grew with the main enabling factor the commitment of budget
through CfD allocation to ensure a guaranteed revenue stream for projects. With a certain pipeline of
projects brought on by a certain regulatory framework, percentages in the UK for local content have
reached 50% during construction (CapEx) with a commitment to increase this to 60% under the Sector
Deal in delivering 30GW of offshore wind by 2030.

38 https://www.gov.uk/government/publications/supply-chain-plan-guidance-contracts-for-difference-allocation-round-3
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CASE STUDY #2. UK CONTRACT FOR DIFFERENCE SUPPLY CHAIN PLAN ASSESSMENT PROCESS

Low carbon electricity generation projects in the UK of 300MW generating capacity or more must
have certification of an approved Supply Chain Plan for their project in order to be eligible to apply
for a Contract for Difference (CfD). Assessed by the UK Government, the aim of this process is to
encourage the effective development of low carbon electricity generation supply chains. In
particular, the development of open and competitive supply chains and the promotion of
innovation and skills. A Supply Chain Plan is assessed on three main criteria:

1. Competition - the extent to which it supports development of competition in the supply chain.
This encourages the broadening of the supply chain, cost reduction and reduced supply chain risks,

along with removal of barriers to entry to the supply chain. This increases competition from smaller
local suppliers.

2. Innovation - the extent to which it supports innovation in the supply chain.

This encourages the deployment of more efficient equipment and installation methods, and new
types of procurement and contracting strategies which, via innovation, support less established
suppliers.

3. Skills - the extent to which it supports the development of skills in the supply chain.

This encourages investment in skills to ensure the supply chain workforce has, and continues to
have, the necessary skills so that skills shortages are minimised and productivity increases. It also
encourages skills investment to allow for further deployment of low carbon electricity generation.

Local or Regional Employment Strategies

Local Enterprise Partnerships (LEP) are business led partnerships between local authorities and local
private sector businesses in England. They play a central role in determining local economic priorities
and undertaking activities to drive economic growth and job creation, improve infrastructure and raise
workforce skills within the local area.?® Local Enterprise Zones (LEZ) are designated areas in the UK
that provide tax breaks and government support, attracting and expanding business in these areas
and thus enabling local economic growth.

CASE STUDY #3. HUMBER LEP EMPLOYMENT AND SKILLS STRATEGY 2014 - 2020

The Humber LEP is a partnership between business, education and the four Humber local
authorities. The partnership recognised the regions expected growth in the offshore renewables
sector and the potential 10,000 jobs it was to create. The LEP therefore set out an Employment
and Skills Strategy with objectives to ensure that the appropriate infrastructure, supply of skilled

labour and business support services were in place to drive the region’s growth, maintain the
Humber’s competitiveness and maximise the benefits of new inward investment for local people
and businesses. Activities included working with partners and stakeholders to help make the area
a renowned centre of excellence for training in offshore wind and support for employability
initiatives to enable local residents to access employment opportunities linked to new
developments.

39 https://www.humberlep.org/wp-content/uploads/2014/11/Employment-and-Skills-Strategy-October-2014.pdf
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Apprenticeships, Studentships & Educational Programmes

Offshore wind developments provide the potential for creation of apprenticeship and training
schemes within the local area. Developers can agree to fund educational programmes that benefit
both themselves through building the offshore wind workforce they need as well as benefitting the
local community through job creation and skills development. Other types of schemes available
include bursary schemes where bursary funding is made available to a select number of local students
to enable them to study a science, engineering or other offshore wind related subject at university or
college. In a similar way, funding can be provided to support education in schools and communities to
raise awareness of climate change, offshore wind, renewables and related subjects and encourage
uptake of careers in these areas.*® 4

CASE STUDY #4. KERRY TRAINING BOARD WIND TURBINE MAINTENANCE TECHNICIAN
TRAINEESHIP

The Kerry Training Board currently offers wind turbine training in Tralee, County Kerry, designed to
supply currently the onshore Irish wind industry with competent wind turbine technicians. They
train the participants to develop the practical and technical skills needed to carry out planned and
unplanned maintenance on the electrical, mechanical, gearbox and hydraulic systems of wind
turbines. The training also develops other transferrable skills such as working independently, in a
team, how to climb and work at heights.

The course last 38 weeks in total. This consists of 26 weeks off-the-job training and 10 weeks work-
based training. By the end of the training, a trainee will have obtained a certification in a City &
Guilds Level 3 Diploma in Electrical Power Engineering Wind Turbine Operations & Maintenance
(2339-18/53)

The first allocation of trainees to the scheme is expected in late 2019 and over the next few years
the scheme will generate a high number of skilled trainees ready to serve the Irish and European
market. The possibility to expand this traineeship for offshore wind remains a consideration if the
industry grows at the required pace.

CASE STUDY #5. LONDON ARRAY UNIVERISTY BURSARY SCHEME

The London Array is a 175 turbine, 630 MW offshore wind farm located 20km off the Kent coast in
the outer Thames Estuary in the UK. The wind farm became fully operation in 2013. The developers
of the London Array partnered with Kent County Council to launch a University bursary scheme in
2010. The scheme awards three-year bursaries of £3000 a year to one local student each year to
enable them to study a course in a subject related to sustainable development, science or
engineering. Only students from schools within a 15-mile catchment area of the onshore Cleve Hill
substation are eligible. The successful scheme is London Array’s way of supporting the next
generation of renewable experts.

40 https://www.londonarray.com/bursary-scheme/
41 https://hornseaprojectone.co.uk/News/2019/04/Orsted-Launch-Round-3-of-the-Skills-Fund-for-the-East-Coast
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CASE STUDY #6. @RSTED EAST COAST SKILLS FUND

Offshore wind developer @rsted set up an annual fund available through an open application
process to organisations that can develop and deliver Science, Technology, Engineering and Maths

(STEM) related training, education courses or educational events. The Skills Fund is part of the
community engagement programme for @rsted’s Hornsea Project One and Race Bank offshore
wind farms, which are located off the Yorkshire, Lincolnshire and North Norfolk coast. Previous
years have seen funding awarded to facilitate projects such as after-school STEM clubs as well as
support for students in STEM academies to undertake paid internships and work experience.

Community Benefits

Defining ‘Community Benefits’ and the ‘Community’

Community benefits are defined in this report to be additional voluntary measures which are provided
by a developer outside of the planning and licensing processes*?. Community benefits outlined here
also include and focus on those relating directly and indirectly to the supply chain. As defined here,
community benefits are also independent of compensation provided to a local stakeholder for any
disruption, losses or perceived negative impacts resulting from the implementation of a project.

In the context of community benefits packages and delivery mechanisms, it is important to consider
how the local area of impact is perceived and therefore how the communities who are most deserving
of benefits from offshore wind developments are identified. The community benefits discussed in this
section apply to communities in the ‘local area’ of the offshore development. Communities in
geographical proximity to a renewable energy development tend to desire more direct benefits as a
result of the local impact of a project. In the case of offshore wind, these communities are primarily
those who house the port from which the wind farm development is carried out, and the relevant
stakeholders are those who live and work in this local area.

Although wider socio-economic benefits from offshore wind developments are highlighted in this
section, this study focusses on benefits to the local community specifically resulting from the offshore
wind supply chain. As such, the ‘local area’ of impact and therefore the communities with which supply
chain benefits are focussed, geographically centre on the following identified epicentres of supply
chain impact:

Operational base and ports

- Construction base and ports
Landing site of the main cable

- Onshore infrastructure (substations)

Potential stakeholders in these epicentre locations, and therefore prime recipients of supply chain
community benefits have been identified as:

- Local residents
- Local workforce

City & County Councils
Irish Government

42 https://www.localenergy.scot/media/77721/Good-Practice-Principles-for-Offshore-Community-Benefits. pdf
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Drivers for Providing Community Benefits

Community benefit schemes are beneficial for both the community in the local area of the wind farm
as well as the offshore wind developers. They facilitate a positive relationship between the two parties
and allow sharing of the economic benefits of capturing a nation’s wind resource. For the
communities, the benefits allow for essential socio-economic development. For the project
developers, delivering the benefits are in their interest in order to gain local public acceptance and
support for the project. Development of the schemes are a voluntary act by the developer, usually
following ‘good practice’ guides laid out by local authorities. Although there are no current legal
obligations in Ireland, community benefit schemes have the potential to be statutory, with regulations
imposed by local or national authorities. Preference on how communities receive and distribute
community benefits through funding mechanisms will be project and community dependent.

Outside of the supply chain, the development of an offshore wind project has multiple wider
community socio-economic benefits, including:

- Contribution to charitable causes

- Development and support of natural capital, e.g. upgrades to areas of cultural or
environmental interest

- Educational support

- Environmental support

- Local business support

- Combating fuel poverty through local electricity discounts

- Creation and development of local facilities or services

- Support for local tourism facilities i.e. museums or visitor centres

- Building capacity in the community

- Support for local marine management issues

- Support for and development of women’s empowerment networks.

Mechanisms & Strategies Used to Materialise Community Benefit
Opportunities

In order to materialise opportunities for community benefits, Ireland must put in place strategies to
encourage good practice within the industry and assess if there are requirements for introduction of
formal legislation. The mechanisms outlined below highlight some of the potential opportunities for
ensuring the delivery of community benefits alongside case studies from which Ireland can replicate
the positive experiences of the global offshore wind industry in order to create a supply chain with
maximum benefit to Irish communities.

Community Funds

These are pre-agreed annual payments made by the developer to specific communities local to the
development during the operating lifetime of an offshore wind farm. The fund is set up specifically for
funds from the specific offshore project. The fund can then be used by the community to support
initiatives and projects that directly benefit community groups such as schools, NGOs and local/parish
councils. Local groups can apply for funding, and depending on the agreed model, funding decisions
are made by either the developer, local authorities or an independent community panel or trust. In a
similar way, developers of wind farms can also pay into pre-existing funds that were not set up for the
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specific offshore project, such as regional development funds and wildlife/nature trusts.*® The outline
design of the RESS has indicated a mandatory Community Benefit Fund for projects seeking support
under the scheme which would include offshore wind. This is a first for offshore wind given the size
and scale of projects but it would represent significant opportunity for community funding under the
scheme.

CASE STUDY #7. GWYNT-Y-MOR, WALES COMMUNITY FUND

Gwynt-y- Mor is a 576 MW offshore wind farm 18km off the North Wales coast, operated by Innogy,
Stadtwerke Minchen, Green Investment Bank and Siemens. The Gwynt-y-Mo6r Community Fund
was established in 2015 to ensure that the wind farm development delivers lasting socio-economic
benefits to communities in close proximity to the project. The Fund represents a £19m investment
that will be made available to community schemes in Flintshire, Denbighshire and Conwy over the
lifetime of the project. Grants of up to £10,000 are available to fund both capital and revenue
projects that focus on three core themes:

1. Building strong, cohesive and sustainable communities
2. Developing prosperous, enterprising communities with strong economic growth
3. Reducing poverty and inequality in communities

The fund is administered independently of Gwynt-y-Mér by Community & Voluntary Support
Conwy (CVSC), with support from Denbighshire & Flintshire Voluntary Services Councils, to ensure
impartiality and community ownership of the funding. As of end-August 2017, just 2 years into the
scheme, nearly £900,000 of funding had been committed to 36 community projects, unlocking
£1.7m of match funding.

Opportunity for Community Investment

One of the intended secondary objectives of the Renewable Electricity Support Scheme (RESS) for
Ireland is to deliver opportunities for community benefit from renewable electricity projects. To
qualify for RESS auctions projects have to meet community investment criteria. One of these criteria
is the requirement for projects entering auction to establish a project website where citizens can
express interest in investing. RESS ambition is to open these investment opportunities to all residents
within a 10km radius of the project development but gives priority to those living within a 5km radius.
This is the likely project impact radius to be used as a basis for identifying the potential local areas of
impact that will benefit from the implementation of Ireland’s current development portfolio, outlined
in section 2. The following details the potential benefits that these communities could be exposed to
as a direct or indirect result of the supply chain itself.

Community Ownership

Community ownership provides benefits through revenues generated from partial ownership of the
wind farm. The profit is shared across the community, administered by local authorities or
independent community panels or trusts. Depending on the circumstances the shareholding is usually

3 https://www.innogy.com/web/cms/en/3783042/innogy-renewables-uk/in-your-community/gwynt-y-mr-
fund/
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minority but has the potential to be majority if a cooperative is developed with local utility
companies.*

CASE STUDY #8. MIDDELGRUNDEN OFFSHORE WIND FARM, DENMARK
Middelgrunden offshore wind farm is a 40 MW, 20 turbine wind farm built in 2000, 3.5km off the

coast of Copenhagen. Despite the scale of the project and proximity to the coast, the project
received remarkable public support, largely due to the local community’s 50% ownership of the

farm. A Wind Turbine Cooperative was created half-owned by the city-owned utility company and
half owned by 8,650 members of the local community. Each share sold to the community members
represented production of 1000kWh/year and was sold for €570. Inspired by the success of
Middelgrunden, and the creation of subsequent energy cooperatives, the Danish Government in
2011 made it law for all new wind farms to be at least 20% community owned.

Direct Investments & Project Funding

This mechanism provides community benefits through an offshore developer providing one-off
financial investments or donations to support specific local projects or initiatives. This funding support
can be instead of or in addition to the establishment of annual funding schemes. Funding can be
provided to the likes of museums, exhibitions, community & visitor centres, infrastructure
improvement (internet, mobile phone coverage and community transport), nature conservation and
local events.

44 https://stateofgreen.com/en/partners/city-of-copenhagen/solutions/middelgrunden-wind-turbine-co-
operative-middelgrunden-vindmollelaug/
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4. Supply Chain Mapping & Analysis



Delivering offshore wind

Key Takeaways

»  With the support of Enterprise Ireland, Irish companies involved or with potential to be involved in offshore
wind were analysed to assess the Irish offshore wind supply chain

» Companies were assessed and mapped in terms of supply chain position

» Tier 1 companies are unlikely to set up manufacturing facilities in Ireland due to market size but considerable
opportunity exists around the provision of services and equipment by Tier 2 & 3 companies

»  Current technical local supply chain capability for Ireland is 22% over the life of a project but factoring market
conditions into account, percentage is likely to be lower especially where market competition constrains the
supply chain

»  With support, the near-term growth could increase to 31 — 36% local technical capability over the life of a
project which would equate to a commercial opportunity of between €2.38 billion to €2.77 billion

»  With support and strategic planning, long term growth to 2030 could equate to a commercial opportunity of
between €3.18 billion to €3.69 billion

»  Beyond 2030 in developing the remaining 5.9GW fixed offshore wind portfolio, this would open a commercial
opportunity of between €14.5 billion and €16 billion

»  With support and strategic planning, long term growth for floating wind could increase to 39 — 43% local
technical capability equating to a commercial opportunity of between €4.8 billion to €5.2 billion

»  While floating wind costs are expected to significantly reduce as it commercialises, the potential in Ireland is
vast with a technical resource worth 27GW according to the OREDP

Offshore wind generation capacity at scale requires large projects to get off the ground, to be
developed and to operate for their entire service life or even beyond. It involves various stakeholders
and a chain of activities and coordinated actions across these different stages of the project life cycle.

Delivering offshore wind comes down to having the industrial capacity and know-how to complete
project work. This means to have the infrastructure, the suppliers and the skills necessary to complete
each key activity throughout the project lifespan. As offshore wind evolves towards new technology
frontiers — bigger turbines, deeper waters, floating platforms — requirements become even more
sophisticated and specialised.

Markets tend to build and leverage their local capacity and know-how as much as possible. Local
content is often mandated to a specific level by policy with mixed results (see examples of the UK and
France below®) as such measures need careful design to avoid negative impacts on project cost,
timeframes and market attraction. Investment in commercial-scale projects or some offshore wind
activities such as turbine manufacturing are capital intensive and thus deliberated with care by
developers and first-tier suppliers.

Whilst windfarms need to be technically feasible, cost-competitive and bankable, construction
facilities and other infrastructure investments are often made based on the realistic potential to
competitively and sustainably supply market demand that is long-term and in sufficient volume. As a
result, not all facilities and infrastructure will be present in every offshore wind market and these
inevitably compete for attracting such investments.

The Irish supply chain will organically grow to meet the industry needs in areas Ireland is already strong
in. With support from government and industry, the Irish supply chain can also grow to serve areas

45

https://bvgassociates.com/wp-content/uploads/2016/12/161215-BVGA-MDE-Windustry-Supply-chain-plan-

presentation.pdf
http://iea-retd.org/wp-content/uploads/2017/03/IEA-RETD-REWind-Offshore-report.pdf
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beyond where Ireland is traditionally strong but this requires time and investment so in the near term
to meet targets, the Irish market will still require significant contribution from the European and
international supply chain. This will still likely be the case for Tier 1 suppliers given the market size in
Ireland, thus encouragement to the European and international supply chain should always be given
where the Irish supply chain falls short. It would be the ultimate aim to increase local content over
time but in a way that ensures projects still get built without hindrance.

How markets create, deliver and retain value from offshore wind to benefit the wider economy is
important and requires a strategic approach to the sector, particularly from Governments
understanding the nature of the industry, the activities and transactions involved, and the near-term
and long-term opportunities.

CASE STUDY #1. LOCAL CONTENT POLICY FOR OFFSHORE WIND — UK AND FRANCE

The UK has adopted a market-driven and flexible approach to local content. In the industry’s early
days, no binding local content targets were placed on offshore wind. The market developed
significantly under this approach and is now the global leader by installed capacity. The flexible
approach taken was a crucial factor in this, even though there has been some criticism to the effect
that greater economic benefit could have been achieved.

Currently, to secure off-take agreements under the Contract for Difference (CfD) regime, developers
need to present their supply chain plans for proposed offshore wind projects. Again, the aim of the
Supply Chain Plan under the CfD regime is not to place a binding target for local content, but to
allow for open and competitive supply chains to grow as installed capacity grows, and promote
sector innovation and skills. It was hoped that such an approach would drive down the cost of
offshore wind and lower costs for consumers, which has seemed to be the case given the latest
rounds of CfD allocations; the Electricity Market Reform’s CfD Round 3, announced in October 2019,
saw the strike price break £40/MWh (2012 real*) for delivery year 2023/2024 for offshore wind. The
allocation to offshore wind represented a 67% decrease in strike price since CfD Round 1 and, given
the prices came in under the reference prices, there will be no impact on the allocated government
budget.

The UK approach has allowed the supply chain to mature. Figures from projects currently under
construction are indicating around 50% UK content. The UK’s ambitions for offshore wind and the
level of activity in the market has led to significant investment in local supply chain — for example,
blade manufacturing facilities built in Hull (Siemens) and the Isle of Man (MHI Vestas). With the
signing of the sector deal in early 2019 between government and the offshore wind industry, there
is increased confidence that the UK can meet its’ capacity target of 30 GW by 2030, in which meeting
60% UK content has been committed.

France placed a much higher emphasis on local content in its initial tender rounds for offshore wind
development (2012 and 2014), making it just as important as price in the competitive process. While
no local content targets were issued, industrial plans were required as part of the tender for offshore
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wind capacity and used in the evaluation process with a 40% weighting. This meant that companies
who committed to build significant local supply chain (manufacturing etc.) won in the first 2 tenders,
but at costs significantly more than the price in other markets at that time (>€200/MWh).

To date, the first 6 projects under Round 1 & 2 representing 3GW have not been completed in
France, nor has the full supply chain potential been realised. Significant investment in local
manufacturing was made but it currently serves the wider offshore wind market — two examples
include the GE manufacturing facilities in Cherbourg and Saint-Nazaire which are producing the
107m blades and nacelles for the 12MW Haliade X, the largest offshore wind turbine to date.

In contrast to the first two tender rounds, local content rules were removed as an evaluation criteria
for Round 3 (2016) for the 250 — 750MW Dunkirk offshore wind farm. The winning price for 600MW
at Dunkirk came in at €44/MWh representing a drastic reduction from the first two tenders with
technology cost reduction also a factor in this. However, as this tender aligned more with the
approach taken by the UK, similarity in prices were expected.

The two approaches outlined came with differing level of success which the Irish market can learn
from. It’s clear that the UK approach was far more successful. It placed priority in cost reduction to
ensure a secure development pipeline allowing the supply chain to mature with growing offshore
wind capacity and build up over time to eventually provide for up to 50% UK content. This also led
to the UK establishing itself as the largest offshore wind market in the world (>9GW installed) with
record low prices.

*The monetary budget for the third CFD allocation round was calculated in real terms on the basis of a 2011/12
price level. To convert this into a more recent price base, a CPI index can be used.

Nature of the industry

Large scale, sophisticated and specialised. These are some of the key features of offshore wind, both
on a project-basis and as an industry, mainly driven by the technical challenges of installing and
operating offshore and the commercial pressures for availability and cost-efficiency.

The nature of offshore wind meant that the industry since the very beginning had to understand and
offer technical solutions against the challenges of the ocean in order to harness the attractive wind
resource offshore. These challenges include met-ocean and seabed constraints to project design and
operations, health and safety risks, corrosion risk, offshore wind and wave loads, distance to shore or
water depth.

Furthermore, recent projects and others in the pipeline are now moving further offshore and towards
deeper waters (See Figure 7 below), limiting the technical or commercial feasibility of past solutions
and strategies. But the industry so far has adapted — even leveraged in some aspects —to these factors
with recognised success. It understood the benefits and the potential to scale as well as the critical
importance of high availability in offshore wind, which in turn has driven the international trend for
larger projects with larger turbines (See Figure 8 below) relying on increasingly sophisticated and
optimised technologies, logistics and processes.
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Figure 7: Industry trends on maximum water depth (m) and size of offshore wind in Europe: fully commissioned, under-
construction and pre-construction windfarms only, in blue (0-200MW), green (200-500MW), orange (500-750MW) or red
(750+MW) (adapted from: 4C Offshore*5)

2000 | Two V66 2MW turbines from Vestas deployed in the
Blyth project (UK)

2004 | Seven GE 3.6 turbines (3.6MW) from GE deployed in
the Arklow Bank Phase | project (Ireland)

2007 | Two 5M turbines (5.075MW) from Senvion deployed

in the Beatrice Demonstration project (UK)

2014 | Thirty-five SWT-6.0-154 turbines (6.0MW) from
Siemens deployed in the Westermost Rough project (UK)

2016 | Thirty-two V164 8.0MW turbines from MHI Vestas
deployed in the Burbo Bank Extension project (UK)

2020 | Seventy-seven V164 9.5MW turbines from MHI
Vestas to be deployed in the Borssele 3 and 4 project
(Netherlands)

2023 | One-hundred GE_12MW Haliade X wind turbines
from GE to be deployed at the Doggerbank A project (UK)

Figure 8: The turbine size ‘race’ illustrated (adapted from: 4C Offshore*?)

This ability to deliver projects competitively in established offshore wind markets will be expected in
emerging markets. The industry has learnt and developed significantly since its first project, and this
experience and know-how will be critical. But it is important to note the market factor, and how site-
specific characteristics, inadequate policies or a developing supply chain can influence the economics
of offshore wind. Industry players are taking these factors into consideration when considering their
market strategies and investment decisions.

46 4C Offshore windfarm database — August 2019 edition
47 4C Offshore windfarm database — August 2019 edition
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The increasing scale and complexity managed in offshore wind requires larger financial commitments.
To make such commitments, investors need reassurance of sufficient market interest and demand, as
well as an attractive, cost-efficient proposal to have increased chances of success in a competitive
landscape. It is then more important in offshore wind projects to consider specialised skills and know-
how where these can have significant positive impact and to understand how best to source the
required expertise, components and equipment throughout the project cycle, and how best to
manage the whole process.

The scale of the industry in Ireland up to 2030 will mean that only around 6 or 7 projects will be built
out by developers and investors with the capital to do so. The timelines likely mean that 2/3 projects
will be under construction before 2025 with the remaining in construction from 2025 onwards. The
installation timeline is unlikely to attract Tier 1 supply chain to establish a presence in Ireland and thus
Ireland will be served from the international supply chain for Tier 1 components. Recognition should
be given to this fact and encouragement to these suppliers to consider Ireland as a competitive but
certain market should be outlined. This does not mean however that Ireland will miss out on a
significant commercial opportunity. The contribution of Tier 2 & 3 supply chain to offshore wind
cannot be underestimated and Ireland has a strong pedigree in these areas that will serve offshore
wind farms in Ireland. This recognition can allow the supply chain in Ireland to focus on these areas to
prepare in advance of a domestic market so it can take full advantage when offshore wind starts to
deploy from 2023 and onwards. Over time learning rates and investment in supply chain will further
increase local content and with support from government and industry reach the percentages outlined
in ‘Opportunities in the near and long term’.

Project stages and supply chain

The project cycle of an offshore windfarm comprises different stages of deployment, operation and
end-of-life. A more detailed breakdown of the cycle includes:

= Development and consent,

=  Turbine supply,

= Balance of plant and offshore substation supply,
= |Installation and commissioning,

= Qperations and maintenance, and

= Decommissioning.

These are discrete works with their own timelines and requirements completed throughout the
project lifespan by developers and suppliers — further details and activity breakdown per work can be
found in Appendix 1: Project stages and supply chain.

The project is typically lower risk the further it progresses, from development and consent to its end-
of-life, partly because the uncertainties of investment decision, construction performance and net
returns become clearer and disappear completely as the cycle advances. Developers take the initiative
as prime project movers but do it very strategically, not least from a supply chain perspective.

Developers —and lead contractors —typically define their approach to supply chain taking into account
the relationship between delivery capacity, quality, cost and timings for each work package. These are
main factors prioritised but other factors such as local content targets — mandated or self-imposed —
can also influence their plan.

| 48



Notably, the activities across the various stages of the project cycle have different levels of
sophistication, complexity and constraints and this also determines the supply chain decisions made
by developers or lead contractors. As such, proximity to the project or the local nature of a supplier is
not always the main selection factor.

Proximity to the project site can be a second order factor for turbine, balance of plant and substation
supply since these are critical, sophisticated structural elements of the windfarm and developers
typically prioritise delivery capacity, quality and cost. Suppliers of these elements typically need scale
to thrive in their business and thus the market is often consolidated. However, the growth of offshore
wind and supply bottlenecks may justify further public or private investment in expanding current
facilities or building new ones to meet this demand.

Conversely, proximity to the project site typically increases in importance once offshore works begin
and the windfarm is operating. For installation and commissioning stage this allows a chance to reduce
both transit times in installation campaigns and vessel costs. Thus, local or nearby ports and vessel
operators are likely to have an advantage, particularly if they are competitive in terms of available
capacity, expertise and cost. Bottom-fixed offshore wind requires specialist heavy-lifting and cable
installation vessels whereas floating offshore wind may require less sophisticated, lower cost vessels
for installing the turbine units and floating substations — specialist vessels are likely needed for
installing mooring systems and dynamic cables.

Similar rationale is used for the operations and maintenance stage. The requirements for this work
are usually relatively less sophisticated nor require complex infrastructure, equipment or logistics —
except for heavy maintenance or repair campaigns. Thus, these activities are often performed by the
local supply and workforce, from local ports.

Most activities are port-centred. These are fundamental to offshore wind work and have the potential
to attract both suppliers and developers or EPCI contractors. And whilst the requirements for
operations and maintenance ports are not very stringent, deployment ports (fabrication or assembly
and off-load of large components or turbine units) have greater requirements in terms of facilities,
quayside access, water depth, storage space or lifting capacity.

Ports looking to serve offshore wind market will need to consider the level of investment required and
judge these against the market opportunity (See section 5 and ‘The case for Irish Ports’). Operation
and maintenance ports may require smaller investment but are likely to serve the local market mainly.
This is discussed in greater detail in section 5. On the other hand, deployment ports can require
significant investment but may become an important cluster for fabrication or installation activity that
is able to serve not just the local market but also overseas.

Procurement and contracting strategies

The development of an offshore wind farm concludes when the project sponsors
(developers/investors) make a positive Financial Investment Decision (FID). In advance of a decision,
the developer will seek to acquire the network of contracts needed to progress the project into
construction. Part of this process is procurement of the many different wind farm components and
services required to install the wind farm. These agreements will usually be signed with Tier 1 supply
chain companies. Under subcontract, these Tier 1 companies will procure different elements of their
equipment supply or service provision from Tier 2 & 3 supply chain participants. Thus, for these
companies the Tier 1 suppliers/service providers will be the client rather than the developer of the
windfarm. This is an important point given the majority of Irish supply chain will be Tier 2/3. It would
be recommended for Irish companies seeking to participate in the Irish offshore wind market to
establish links with Tier 1 companies who are likely to be European/international companies.
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Typically, offshore wind developers decide the strategy for sourcing the components, equipment and
operations needed throughout the project lifespan. The project cycle comprises different stages of
installation, operation and end-of-life in which developers define different packages of project work
to be completed. Prior to FID the developer will engage with the supply chain to estimate costing,
which will feed into acquiring finance for their projects and ultimately a route to market.

Deployment

eDevelopment including supply chain engagement, financing and route to market
eTurbine supply and installation

eSupport structure supply and installation

eCable supply and installation

eSubstation supply and installation

Operation

*Monitoring and control

eTurbine inspection and maintenance
eBalance of plant inspection and maintenance
*Vessel supply

End of life

eDecommissioning

Figure 9: Breakdown of the typical work packages of a windfarm project
Part of the strategic debate is twofold:

= Whether to insource or to subcontract the different project work packages as per Figure 9
above, and

=  Whether to subcontract the project work packages to multiple tier 1 suppliers or to a more
limited number of tier 1 suppliers.

In relation to the first aspect, offshore wind developers typically subcontract the turbine supply and
installation work package to a turbine OEM, through a turbine supply agreement. Turbine OEMs
typically provide the in-warranty turbine inspection and maintenance, during the initial years of
operation. The approach to the remaining work packages varies between developers but typically is
as follows:

- Development work is managed by the developers, contracting suppliers for specialist or
ancillary services/equipment;

- Balance of plant work (support structure, cable) is either managed by the developer or
subcontracted to one or more tier 1 suppliers who manage the work;

- Substation work is either managed by the developer or subcontracted to one or more tier 1
suppliers. However, in some markets®® this work (and the export cable) is not the
responsibility of the developer but of the Transmission Network Operator, who also typically
opt for a similar approach to subcontract to one or more tier 1 suppliers;

- Monitoring and control work is managed by the developers, assuming their role as operators,
and sometimes by the turbine OEM as well;

8 Examples include the Netherlands, Belgium, Germany or Denmark



- Balance of plant inspection and maintenance is managed by the developers, contracting
suppliers for specialist or ancillary services/equipment; and

- Vessel supply is managed by the developers, who can either opt to own a vessel or vessel
fleet, charter as required or a combination of both approaches. Sometimes the turbine OEM
also assumes responsibility for vessel supply (e.g. jack-up vessel supply for turbine component
repair or exchange)

Decommissioning work has been limited to date but based on the few initial cases and the similarities
with installation work this is (or is expected to be) typically managed either by the offshore wind
developer or by one or more tier 1 suppliers.

Interestingly, the approach to out-of-warranty turbine inspection and maintenance varies between
developers, with some opting to utilise their in-house expertise to manage the work, instead of leaving
it fully to the responsibility of the turbine OEM, contracting suppliers for specialist or ancillary
services/equipment as required.

These decisions take into account what developers consider should be their core competences and
involvement in the project and the trade-offs between know-how ownership and development,
management effort, resource requirements and overall efficiency and cost.

The second aspect relates to whether a multi-contract or an Engineering, Procurement, Construction
and Installation (EPCI) strategy is adopted — this is particularly important at the deployment stages. A
multi-contract strategy allows the developer to award one or more suppliers the completion of each
work package, establishing multiple contracts that need to be managed as well as the interface
between work packages — it puts more management onus, along with the need for additional technical
resource, on the developer whilst it allows further control of the work completion process. On the
other hand, an EPCI strategy often reduces the number of contracts awarded by enabling suppliers to
deliver one or several work packages — it puts more work and interface management onus on the
supplier whilst it reduces the level of involvement required from the developer.

EPCI providers typically focus on either the turbine or the balance of plant. These are large companies
with specialist offshore wind know-how, often partnered with several other suppliers to meet the full
scope of work proposed to developers. EPCI providers also supply developers under a multi-contract
strategy.

Turbine suppliers such as MHI Vestas or Siemens-Gamesa are typically the natural option for a turbine
supply and installation EPCI contract, whereas balance of plant and substation supply and installation
EPCI contracts are typically awarded to transport and installation suppliers such as DEME NV, Subsea
7, Boskalis or Van Oord, who are also involved in the turbine supply and installation work.

It is not straightforward whether a multi-contract strategy or an EPCI strategy is better in terms of
cost-efficiency. A lot has to do with ensuring a competitive supply market held to high standards of
competence and properly allocating risk between the parties involved, making sure these are reflected
in the contractual arrangements.

Thus, the strategies adopted vary depending on the developer and the nature of the project. Large
developers can typically manage and deliver under a multi-contract strategy whereas smaller
developers often opt to deliver under an EPCI strategy and thus reduce work involvement and
management complexity on their end for an additional fee.
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Another important factor is project financing. Debt financing is becoming increasingly sourced as
developers seek to increase the funding leverage of their projects, but lenders place a premium on
project cost, schedule or interface risk, as well as on how risk is mitigated and allocated, and on the
track record of developer(s) and contractor(s) involved. Thus, a multi-contract or EPCI strategy is
sometimes chosen to reduce this risk premium by ensuring that the parties involved are attributed
roles for which their track record is strong. It is also not unusual for EPCI contractors to hold an equity
stake in the project, which is often acquired during late development or early construction stage. This
reduces project risk from a lenders’ perspective and incentivises suppliers to deliver project work to
collect the long-term project returns.

The context is slightly different for tier 2 suppliers or below, who often have a more limited or specific
scope within the project work. These are the providers of structural component details, special
purpose mechanisms, electronic components, engineering services, marine services, logistic services,
support equipment, support vessels, storage services, offshore works, quayside works or raw
materials etc.

Typically, tier 2 suppliers are either contracted directly by developers under a multi-contract strategy
or by EPCI contractors under an EPCI strategy, and the possibilities increase when considering lower
tier suppliers —directly contracted to developer or EPCI, contracted by supplier at any tier level above.

CASE STUDY #2. CONTRACTING STRATEGIES — PROJECT EXAMPLES

Gemini WindPark (Developed by Northland Power: 600MW, Netherlands)
Two EPCI contracts — turbine supply (Siemens) and turbine installation plus balance of plant
supply and installation (Van Oord)

Merkur (Developed by joint venture including DEME NV: 396 MW, Germany)
Two EPCI contracts - turbine supply (GE) and turbine installation plus balance of plant supply and
installation (DEME NV)

Beatrice (Developed by SSE: 588MW, UK)

Three EPCI contracts - turbine supply and installation (Siemens-Gamesa), substructures and array
cables supply and installation (Subsea?7), and export cables and substation supply and installation
(Siemens and Nexans)

Moray East (Developed by EDPR: 950MW, UK)

Multi-contract approach with six EPCl work packages — 1) turbine supply, 2) substructure supply,
3) array cable supply, 4) export cable supply, 5) substation and 6) onshore works. This is
complemented by direct engagement with lower tier suppliers to competitively involve them in
the project.

Vineyard Wind One (Developed by Avangrid Renewables: 800MW, USA)

Multi-contract approach with six EPCI work packages — 1) turbine supply and installation (MHI
Vestas), 2) substructure supply, 3) substation supply, 4) substructure and substation installation,
5) array cable supply and installation, and 6) export cable supply (Prysmian).

For tier 2 suppliers or below, it is important to understand how best to engage in the procurement
process led by developers and lead suppliers/EPCI contractors to better understand the market — its
main customer(s), typical requirements and timelines — and prepare an adequate offer. These
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suppliers can often bid for work via a competitive tender or, alternatively, they can be contracted via
direct award or establish a strategic partnership with a lead supplier. Developers and tier 1 suppliers
typically have vendor databases that lower tier suppliers can register, whilst they can also be found
participating in industry exhibitions and trade events. Other ways to keep track of project work
opportunities include trade publications, online platforms and industry-specific news.

Ultimately, suppliers need to demonstrate to their end-customer their compliance to project
requirements, competitive proposal and undisputed competence to increase their chances of success.
They must achieve this in one or several of the developed and emerging offshore wind markets,
considering the demands of each market and the ability to establish a relevant and sustainable market
base and competitive advantage. The reality is that not all suppliers will target all markets, creating
different market profiles in terms of internal supply chain capacity, export potential and import
requirements.

Floating offshore wind

As discussed already in ‘Ireland’s floating offshore wind market’ Ireland’s potential for floating wind is
substantial. Already there is at least 2.9GW of floating wind under early development in Ireland with
the OREDP determining that there could be a potential to develop up to 25 — 27GW. The majority of
the current development and likely any future development is/will be off the west, north west, south
west and south coast. The global market for floating wind is in its early days but commercialisation of
the technology will accelerate in advance of 2030 and likely well in advance. This presents an
opportunity to Ireland to become a market leader in floating offshore wind.

The market size is available but ultimately the biggest constraint will be the ability of Ireland to connect
this resource to the grid and export the excess to other markets. To facilitate taking a lead in the
market, Ireland needs to apply significant investment to research & development to solve this market
barrier, along with looking to reduce the cost of floating wind technology. In doing so, capacity building
through research activities in Ireland will place it at the forefront of the industry allowing a supply
chain to develop well in advance of project construction opening a domestic and international market
to Irish companies who have established themselves in the floating wind supply chain. Consideration
should be given to establishing floating wind technology hubs along the south, west & north west
coast preferably at ports. All ports of national & regional significance along this coast such as Cork,
Shannon-Foynes, Galway and Killybegs are strategically placed to take advantage of the resource
available.

From a supply chain perspective, the global floating offshore wind market has yet to mature but is
progressing fast, particularly from a technology and project perspective, creating further
opportunities for offshore wind deployment in developed and emerging markets. Other than the
provision of wind turbines, the supply chain for floating wind is significantly different for bottom-fixed
given the requirement for such infrastructure as dynamic cabling, floating platforms and mooring
systems. Different types of substructure exist for floating offshore wind. The most prevalent types are
semi-submersible platforms, barge-type platforms, spar-buoys and tension-leg platforms, and these
are designs with different features, strengths and weaknesses that have been adapted from oil and
gas and are still under development to best suit offshore wind and commercial scale deployment.

These support structures float at site, kept in place by an effective system of moorings and anchors.
This fundamental difference to bottom-fixed offshore wind enables a range of possibilities, namely:

- deployment at greater water depths due to inherent limitations of fixed-bottom structures in
deep water; offshore wind becomes feasible in a number of new areas and markets;

| 53



- reduction of the amount of offshore work required; both substructure and turbine can be
assembled and coupled in port or sheltered waters;

- reduction or elimination of the need for heavy-lift transport and installation vessels such as
the large (and limited) jack-up vessels; substructures can be towed to site, with or without the
turbine coupled;

- increased flexibility to perform maintenance work, particularly heavy maintenance or repair;
substructures can be towed to port or sheltered waters to perform work as required; and

- reduction or elimination of the need to customise the substructures of a project to the specific
features of the site (water depth, soil conditions); standardised designs could be used and
mass fabricated.

Semi whmerible Spar Tension Lag Platiorm Rarge

Figure 10: Most common substructures for floating offshore wind turbines (source: DNV GL*%)

Floating offshore wind has the potential to bring offshore wind to new markets and truly globalise the
industry, whilst enabling developed and emerging markets to further expand their offshore wind
ambitions for installed capacity and value creation. From a cost perspective, the industry believes that
further development and learning from experience will soon bring the technology to cost-parity with
bottom-fixed offshore wind. The expectation is that floating wind will have lower installation costs
when compared to bottom-fixed offshore wind, whilst also enabling access to better wind resource
and deployment of larger turbines to obtain better energy vyield. According to a report from
WindEurope, floating offshore wind could cost €40 to €60 per megawatt hour by 2030°°.

There is no clear market preference for one of these support structure types and it is likely that all will
find their share of the market — project requirements and economics will dictate the choice of
developers.

The supplier base to deliver floating offshore wind is mostly available, particularly given the synergies
with bottom-fixed offshore wind and oil and gas in a number of technologies, processes and logistical
requirements, but there are still some gaps and aspects needing validation.

49 DNV-GL-ST-0119: Standard on Floating wind turbine structures — July 2018 edition
%0 Floating Offshore Wind Energy: A Policy Blueprint for Europe, a report from WindEurope (2018)
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Perhaps the major gap at the moment relates to the availability of specific technologies such as high-
voltage dynamic cables, optimised mooring systems or floating substations. Some concepts also
require bespoke installation vessels that are not readily available in the market. Furthermore, design
standards also need to develop further and become fit-for-purpose to floating offshore wind.

The industry also needs to validate some of the practicalities of floating offshore wind, namely around
commercial scale construction, installation and operation and maintenance of this technology. This
will require additional levels of sophistication, competence and capacity from developers and
suppliers to deliver cost-efficiently and on time. Some of the aspects to consider include substructure
mass fabrication, port requirements (draft, available area, lifting capacity), substructure and turbine
assembly, weather window restrictions, substructure-cable dynamics, heavy maintenance or
inspection and maintenance of the mooring system.

There is ongoing industry investment and activity at the moment attempting to bridge these gaps and
to validate these practicalities. Thus, it is likely that specific solutions will come out and developers
and suppliers will identify adequate strategies to participate in the floating offshore wind market.

Few commercial projects have been developed so far but procurement and contracting strategies for
floating offshore wind projects have been and should remain fairly similar to those observed for
bottom-fixed offshore wind. Interestingly, some substructure developers have been heavily involved
and hold an equity stake in some of these early stage projects®..

The Irish supply chain

This section outlines the current capacity and level of experience that Irish companies and regions
have in each stage of the offshore wind project cycle. This information is combined with the levers
and barriers that suppliers face when developing content, to determine the areas that would deliver
the most significant economic benefits to Ireland in the near (next 5 years) and long term (up to 2030
& beyond).

Working with Enterprise Ireland, Irish companies that already work in offshore wind in the UK/EU
markets or Irish companies that have the skills base to serve the offshore wind industry were
identified, assessed and mapped out in terms of where they sit in the offshore wind supply chain. This
enabled an initial conclusion on the current capability of the Irish supply chain to serve near term
growth and with maturation and support, serve the long-term growth in the sector in Ireland and
possibly the UK & Europe. It is hoped that this work outlines the baseline from which growth in supply
chain in Ireland can be assessed to inform the industry of the potential but also the constraints if
capacity targets are to be reached.

In identifying and mapping the current supply chain, an evaluation of the potential supply chain
growth was completed to outline the opportunity for Ireland. Appendix 1: Project stages and supply
chain breaks down the different delivery components of an offshore wind farm to detail a clear
framework to understand the industry including a delivery components relative life time cost towards
the total project cost. In general lifetime cost is broken over the percentages shown in Figure 11.

51 Two examples include Principle Power and IDEOL, floating offshore wind substructure developers, in the
WindFloat 1 and Floatgen projects respectively.
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Figure 11: Lifetime costs for a typical offshore wind farms2

In assessing current capability through the below analysis at different stages of an offshore wind farm,
it allows the quantification of current, near term and long term targets for local content presented in
sections on ‘Current scenario’ and ‘Opportunities in the near and long term’ towards the end of this
section. It must be stressed however that these percentages are subject to a certain regulatory
framework being implemented along with continued dialogue between all sector participants as
illustrated in Figure 1 and supply chain support provided by Government and the industry. These
percentages also represent the technical capability of the Irish Supply Chain but it does not take into
account the likely market competition Irish companies will face against an already established UK/EU
supply chain in an industry that is committed to keeping costs low. This will influence final local
content percentages over the lifetime of a project and the objective for Ireland now should be to make
the local supply chain as competitive as possible to ensure maximising local content given the
estimated technical capability. Floating wind local content percentages will also heavily rely on
research & development that Ireland will need to invest in to mature the technology to reduce cost
which will indirectly create an established supply chain in time for floating wind project construction.

Development and consent

The following specialist areas are key to the development and consenting stage of an offshore wind
farm, with existing companies in Ireland capable of carrying out the environmental, geotechnical and
geophysical surveys required by the offshore wind industry with some already having significant
offshore wind experience.

Specialist Areas for development and consent

Environmental Impact Assessment

Legal services

Software development

Offshore & marine consulting

Industrial diving

Technical benthic and pelagic studies

Project Management

52 Offshore Wind Energy Council Offshore Wind Energy Prospectus, October 2018
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Geophysical & geotechnical surveys

Aerial & vessel monitoring for seabirds & marine mammals

Energy analysis & measurement campaigns

For those companies that have yet to gain offshore wind experience but have the skills base to serve
the industry, their capabilities could easily be expanded with the right capacity building activities.
These companies present high near-term opportunity in the development and consenting stage of the
offshore wind supply chain.

Life-cycle activity Current Irish Main levers Main barriers Opportunity for
supply Ireland
Environmental High number Significant synergies to Requires specialist staff in High
Impact Assessment multiple offshore a range of technical
Medium-High industries and onshore disciplines Near or longer
experience renewable energy term
Site surveys High Number Significant synergies to Requires specialist staff High
multiple offshore and equipment
Medium-Low industries Near term
experience
Front end Medium Significant synergies to Requires specialist staff, High
engineering and Number other industries (e.g. oil software and know-how
design studies and gas). Near term
Medium-High
experience Low set-up cost;
exportable

Turbine supply

Turbine components are large and require specialised and expensive manufacturing facilities. The
large project pipeline required to justify investment of such facilities, as well as the preference of
developers to utilise existing suppliers for these components, make them a low opportunity area for
Irish offshore wind supply chain development.

Life-cycle activity Current Irish Main levers Main barriers Opportunity for

supply Ireland

Blades Low number Synergies with onshore High investment - large Low
(one) wind industry pipeline required
Longer term
Medium Large facility required
experience
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Tower Low number Synergies with other Large facility required Medium
(one) industries
Near or longer
Medium Standardised, relatively term
experience simple to fabricate
Nacelle None Synergies with onshore Experience is preferred by Low
wind and other power turbine OEMs
industries Longer term
Other large None Less specific skills Large facilities required Medium
fabrications required
Longer term
Synergies with large
components required by
other industries
Nacelle assembly None Synergies with onshore Large facilities required Low
wind
Experience is preferred by Longer term
turbine OEMs

Balance of plant supply

Large balance of plant components also requires large facilities and significant investment. Suppliers
need scale to thrive, making it a potentially difficult market to break into without clear signals of
market demand.

Ireland could have clearer opportunities in secondary steel works or the supply of electrical systems.
For secondary steel, existing steel fabrication facilities and companies could perform this with minimal
or some adaptation.

Ireland has some experience in the design of cables and substations for the onshore wind sector. If
they can build an offshore wind pipeline that justifies the investment in associated manufacturing
facilities, they could utilise this onshore experience to build a cable and electrical offshore wind supply
chain for the offshore industry.

Life-cycle activity Current Irish Main levers Main barriers Opportunity for

supply Ireland

Support structure Low number Moderate synergies with Large facilities required Medium-Low

oil & gas and other

No tier 1 High investment- large Longer term

manufacturing industries

fabricators pipeline required

(e.g. welding, painting,
corrosion protection)
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Mooring system

supply

Low number

Medium
Experience in
design, low in

supply

Market is still developing -
no monopoly

Synergies with oil and gas
and the shipping industry

Large facilities required

Optimised solutions
needed

Medium-low

Longer term

Subsea cables (array
and export)

Low Number

Synergies with other
power industries and

Large facilities required

Medium-low

works

Medium-Low

experience

steelwork industries —
Ireland has the capacity
and experience

Relatively simple to

fabricate

market

Medium subsea lines High investment- large Longer term
experience pipeline required
Offshore substation None Synergies with oil and gas Large facilities and deep Low
ports required
Longer term
Electrical systems Medium Synergies with other Requires specialist staff Medium
(offshore & onshore) Number power industries and manufacturing
facilities Near or longer
Medium term
experience
Secondary steel Low Number Significant synergies with Potentially a cost driven Medium

Near or longe
term term

r-

Installation and commissioning

The market for lead installation and commissioning work is consolidated between a reduced number
of tier 1 suppliers with significant track record and expertise, making it difficult for new entrants.
Nonetheless, Windhoist is an Irish supplier that installs offshore wind turbines and is building its
capacity and track record in this area. Furthermore, there may be opportunities to provide cable
installation services given some of the existing capacity in Ireland.

Life-cycle activity

Support structure
installation

Current Irish
supply

None

One company

with high
grouting
experience

Main levers

Synergies with oil and gas

Ireland has the required
port infrastructure to
support this market

Main barriers

Requires large facilities

Expensive investment-

large pipeline required

Key market players exist

Ireland

Low

Long term

Opportunity for
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Substation Medium Synergies with other Experience is preferred by Medium-Low
installation Number power industries procurers
Near or longer
Medium Key market players exist term
experience
Cable installation Medium Ireland has the vessel Offshore installation Medium
Number capability to support this requires specialised
market. equipment and skill Long term
Medium
experience High risk so experience is
preferred by procurers
Turbine installation Low number Ireland has the vessel and High risk Medium-Low
(one) port capability to support

High experience

this market.

Key market players exist

Near or longer
term

Operations and maintenance

Ireland has a strong history in vessel design, building and repair. This industry has recently begun to
lend expertise to the offshore wind industry through production of industry specialised vessels and
equipment. The same trend has been seen in the design of ROVs, training of industrial divers and
repair of electrical equipment. This has allowed Ireland to begin developing an operations and
maintenance supply chain that has a good possibility of serving current and future offshore wind

projects.

Life-cycle activity Current Irish

supply

Main levers

Main barriers

Opportunity for

Ireland

Monitoring, High number Synergies with many Requires specialised skills High
inspection and offshore industries and equipment
maintenance Medium Near term
experience Low investment cost
Vessel and High Number Ireland already has large Facilities are expensive Medium-High
equipment supply vessel building experience
Medium- high Near term
experience Synergies with oil & gas
Decommissioning

Decommissioning is still a developing market, untested at commercial scale and not critical for Ireland
in the near term. However, Ireland could be well placed to deliver this work in the long term with the
adequate port infrastructure and local vessel supply.
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Life-cycle activity Current Irish Main levers Main barriers Opportunity for

supply Ireland

Decommissioning Low number Developing market Developing market — low Medium-low

demand or experience yet
Low experience Synergies with other Longer term

offshore industries

Current scenario

At present the Irish supply chain for bottom-fixed offshore wind, as to be expected, is immature and
would capture only a limited proportion of total value of a windfarm project. It’s possible in Ireland
that up to 22% of an offshore wind farms supply chain could be sourced locally with the majority of
this (~16%) from vessel provision, vessel services & associated equipment supply during the operation
and maintenance stage (25 years). During construction, limited opportunity (~5%) exists for the Irish
supply chain given current technical capability. These percentages represent the technical capability
only where an offshore wind farm took an aggressive approach to ensuring local content, which is
unlikely given market practices, competition and the need to keep costs low.

In reality while Irish companies do exist and are capable of delivering the required services, it’s likely
that current capability would be much lower due to supply chain constraints and the level of offshore
installation predicted. Some Irish based companies such as Windhoist, Gavin and Doherty
Geosolutions (GDG), SUIR Engineering and Kirby Engineering & Construction have considerable
experience in offshore wind. These along with other possible sector participants have been successful
as their services are relevant to multiple industries and therefore do not have to rely on a pipeline of
offshore wind projects to remain financially stable. For example, vessel manufacturers and companies
that carry out offshore site surveys in Ireland primarily serve the fishing and oil and gas industries
whilst substation designers can rely on the electrical requirements of onshore power industries.

Commitment to the installation of at least 3.5GW of offshore wind in Ireland by 2030, as well as an
increase in government support will give companies that are more or solely reliant on the offshore
wind supply chain a greater investment case for setting up in Ireland. This pattern, which has been
seen in other countries including the UK, should encourage the development of an Irish offshore wind
supply chain. The solution to maximising current capability to reach the targets shown is to increase
the number of Irish companies working in offshore wind. Enterprise Ireland’s work in setting up an
Irish offshore wind supply chain cluster group to ‘capacity build’ will enable Irish companies to assess
the UK opportunity. This is one such activity that will also benefit the domestic market allowing these
companies to gain experience and upskill in advance of offshore wind farm installation in Ireland.
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Figure 12: Strength of the Irish supply chain for bottom-fixed offshore wind, broken down by contribution to project
cycle cost. The colours represent the strength of the Irish supply chain per activity, determined through an assessment
of both the number of companies operating and their level of experience in supplying the offshore wind industry. Red=

low, amber= medium, green= high.

Regional breakdown

The following maps provide an overview at regional level of the number of Irish suppliers that are
active or have the potential to serve the offshore wind market. Overall, the regions of Dublin and
South-West have the greater presence of relevant suppliers, followed by the Mid-West, South-East
and Border regions. In terms of project cycle stages, Ireland presents relevant suppliers able to
perform development and consent, installation and operations and maintenance activities, whilst it
lacks a significant number of suppliers able to perform turbine supply, balance of plant supply and
decommissioning works.
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Very High: >25
High: 20-25
Medium: 15-20
Low: 10-15

Very Low: <10

Figure 13: Regional split of companies with potential in the Irish offshore wind industry. Colours are based on number of
companies, not experience.

Development and Consent Turbine Supply Balance of Plant Supply

Installation and Commissioning Operations and Maintenance

Decommissioning

Figure 14: Regional split of companies with potential in each section of the Irish offshore wind industry. Colours are
based on number of companies, not experience.
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Opportunities in the near and long term

Where a local supply chain is facilitated by Government and Industry, the following diagrams
summarise our understanding of where Ireland could make the most economic gains through offshore
wind in terms of total project value captured, both in the near and long term. This evaluation is based
on Ireland’s current capability and knowledge gained from historic strengths as well as the market
barriers and incentives that are commonly felt by new entrants and local suppliers within each supply
chain sector of the offshore wind industry.

Near term opportunity — bottom-fixed offshore wind

Small
comp, 3%

Other, 3%

Figure 15: Potential near-term opportunity for the Irish bottom-fixed offshore wind supply chain. Red= low, amber=
medium, green= high.

In the near term (up to 2025) Ireland’s offshore wind supply chain could grow to capture between 31-
36% of total project value over the lifetime of a project. Again, the majority of this would be in the
O&M (~25%) stage while some capability (~10%) within the construction stage could be increased
especially around electrical system installations and other secondary installation services. Similar to
the current capability, near term capability will be heavily influenced by market conditions at the time
of procurement, so allowing a flexible approach to support supply chain growth would also ensure the
primary objective of delivering offshore wind.

| 64



The best near-term opportunity for Ireland is to grow support services and vessel supply. Ireland
already has consultants with experience in advising on offshore wind development and consenting
processes and companies with the capability to carry out offshore site inspections and onshore
logistical operations. The best near-term supply chain development opportunity for Ireland, in terms
of offshore wind support services, is in the maintenance and inspection of cable and turbine
components. Ireland can build capability in this space by leveraging skills and knowledge from existing
companies that monitor assets in the onshore wind supply chain. Ireland has a large data science and
storage market that has begun to combine with the offshore wind industry in the form of support
services. For example, the measurement and control of demand side response, prediction of asset
performance and forecasting of meteorological conditions. Investment in such companies could
enable Ireland to create their own niche within the offshore wind industry.

Ireland has a strong history and current capacity in the provision of ship building and repair services.
The knowledge from this industry can be applied to the offshore wind sector in the near term through
the development of specialised vessels. Some maritime engineering companies have begun to supply
vessels for the industry, for example offshore wind crew transfer, service and tug vessels have been
produced by Irish companies. Sector support companies in Ireland, such as those that produce
hydraulic pumps and specialise in marine welding should be utilised to begin the construction of larger
vessels that are more specific to the offshore wind industry (e.g. heavy-lift, cable laying and large jack-
up vessels).

Investment in construction and installation facilities in Ireland is unlikely to be driven by — or to serve
— the pipeline of offshore wind projects in Ireland in the near term. But given Ireland’s historic
experience in steel fabrication, investment in the manufacture of secondary steel components is more
economical. Existing steel and welding companies in Ireland are likely capable of manufacturing these
components and developers commonly procure them locally - this makes them a good starting point
for Irish offshore wind manufacturing. The focus should be on scaling up maximum supply capacity of
existing welding and fabrication companies. Another focus for fabrication should be on towers. These
are relatively simple components to manufacture and procurers commonly source them locally. Irish
steel welders and fabricators should be able to supply towers with limited adaptations and upskilling.

Further opportunities for local content in Ireland could come from cable and substation installation.
Existing companies, such as Irish Sea Contractors and SUIR Engineering, have significant experience in
providing these services to synonymous industries and are hoping to extend further into the offshore
wind industry. Investment, as well as support from vessel manufacturers and education facilities could
enable this to occur.

The large port infrastructure that Ireland has, in terms of space, logistics and component and cargo
handling is well placed for adaption to support the offshore wind industry in the medium term.
Investment is needed to support this transition along with continuous dialogue with port authorities
and industry representatives. The opportunity for port development is discussed in further detail in
section 5 of this report.
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Long term opportunity — bottom-fixed offshore wind
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Figure 16: Potential long-term opportunity for the Irish bottom-fixed offshore wind supply chain. Red= low, amber=
medium, green= high.

In the long-term Ireland’s offshore wind supply chain could grow to capture 48-53% of the total project
value. This should be seen in projects close to 2030 as both the Irish market and European markets
grow significantly with an increased participation from Irish companies. The approximate spilt
between OpEx & CapEx at this stage would be ~35% and ~18% respectively. To realise such targets
significant supply chain support will be required such as creating offshore wind hubs around ports that
incentivise Irish companies to build up their experience in offshore wind and provide for collaboration.
The UK model of establishing offshore wind enterprise zones is one particular successful model that
could be considered which would be similar to such initiatives in Ireland like the Shannon free zone.

Developers generally source the manufacture of large components from trusted and experienced
suppliers because their failure is high risk in terms of cost and project delay. For this reason, as well as
the large and costly facilities required, it can take a long time to build supply chain capability in this
sector. Ireland has strong experience in the design of cables and substations in the onshore wind and
oil & gas industries and, specifically in the installation of cables, is beginning to move these skills into
the offshore wind industry. The experience of these existing companies should be utilised in the long-
term to create Irish supply chain capability in offshore wind cable and electrical manufacture. This will
require building cable manufacturing facilities close to ports, procuring cable installation vessels and
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training electrical engineers, all of which will require a large project pipeline to justify. Growth in
provision of these components should be supported by vessel, port and education facilities.

Long term opportunity — floating offshore wind

Figure 17: Potential long-term opportunity for the Irish floating offshore wind supply chain. Red= low, amber= medium,
green= high.

In the long-term Ireland’s offshore wind supply chain for floating wind could grow to capture 39-43%
of the total project value (OpEx ~27%/CapEx ~16%) if significant investment was committed to
research and development of floating wind both in terms of costs reduction but also to enable the
substantial technical resource to connect to the Irish grid which would include long distance
connection to export markets.

Ireland currently has a low level of contribution to the design of floating offshore wind turbines. Their
limited experience comes from Marine and Renewable Energy Ireland (MAREI), who have undertaken
several decades of research on floating substructures; GDG, who have undertaken anchor, mooring
and substructure engineering that is relevant to the industry; Dublin Offshore Consultants, who have
undertaken a feasibility study for the design, manufacture and operation of a floating wind farm
mooring spring; and Subsea Micropiles Ltd., who have developed micro piling techniques for floating
platform anchors. This experience, combined with Ireland’s successful history in the maritime
industry, could give Ireland some opportunity in the design and manufacture of mooring and anchor
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systems. The design of floating wind platforms will require a level of specific skills and engineering
facilities that Ireland do not have. Therefore, the main opportunities for Ireland in the floating wind
supply chain will come from elements that are fully or partially synonymous with the fixed offshore
wind long term opportunity (Figure 17).

Potential economic benefit to Ireland

If Ireland develops 3.5GW of offshore wind by 2030, and considering this could lead to €17.93 billion
of lifetime spend on supply chain provision, the opportunity for the local supply and potential
economic benefit could be between €5.56bn and €6.46bn over a 34-year period — see Table 7 (see
next page). This is based on the assumptions below:

- The 3.5GW of offshore wind in the pipeline for Ireland are likely to progress at different
timescales until 2030;

- The supply chain opportunity for the first 1.5GW in the pipeline is likely to resemble our
analysis for the near term since these will be early stage projects and it will take time, stronger
policy signals and stronger market activity for the local supply chain to develop further; and

- Thesubsequent 2GW and beyond in the pipeline could possibly be developed under a scenario
closer to our analysis for the long term, provided that clear policy signals and critical
investments have been achieved, particularly in port-side infrastructure.

Looking at the longer term and beyond 2030, there is potential for the Irish supply chain to capture
between €19.3bn and €21.3bn from the further deployment of 8.8GW of fixed and floating offshore
wind based on the analysis completed for this report. This is just one part of the story — a mature and
developed supply chain will also create further jobs and export opportunities.

The possible opportunity will be subject to some uncertainty. If Ireland develops 3.5GW of offshore
by 2030 the market is likely to develop organically to meet the strong opportunity — up to a possible
53% in the long term (CapEx ~18%/0OpEx ~35%). But appropriate support and market conditions are
required to achieve this higher level of local content and value creation over the entire project life
cycle (See section 7 for recommendations on how to capitalise on this opportunity).
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Scenario Installed Total Potential value  Associated Potential Associated
Capacity Lifetime to Irish supply  project spend value to project spend
Spend — low estimate  provided by Irish Irish supply | provided by
supply chain — — high Irish supply
low estimate estimate chain — high
estimate

Near-term (by | 1.5GW €7.69 31% €2.38 billion 36% €2.77billion

2025) billion

Long term (to 2GW €10.2 31% €3.18 billion 36% €3.69 billion

2030) billion

Long-term 5.9GW €30.2 48% €14.5 billion 53% €16 billion
billion

(beyond 2030:

Fixed Offshore

Wind)

Long-term 2.9GW €12.34 39% €4.8 billion 43% €5.3 billion
billion

(beyond 2030:

Floating

offshore wind)

*assuming 40%

cost reduction

Floating Wind 24.1GW €102.6 39% €40 billion 43% €44.1 billion

remaining billion

development

potential

*assuming 40%

cost reduction

Table 7: Potential value to be captured by the Irish supply chain over project lifetime

| 69



5. Port Infrastructure Assessment



Review of Irish Ports

Key Takeaways

» 21 ports/harbours considered

» 16 met scoping thresholds for installation and operational stage

» 7 ports with capability to act as staging ports during construction with some requiring significant investment to
become fully capable

»  All ports assessed have some level of capability of serving as O&M bases

Y

As new development is identified, future assessments could consider ports scoped out of assessment

Y

Commercial opportunity to act as staging ports for 3.5GW of offshore wind equates to €70 million while for
O&M this represents €350 million over the life time of the projects

Without willingness to capitalise on opportunity, Irish projects will be served by UK ports

Possible export opportunity exists for Irish ports to compete in UK & European supply chain

Strategic investment in port on east/south coast and in time west coast should be considered by Government

YV V V VY

Creation of offshore wind hubs at selected ports under an enterprise zone model to be considered to promote

supply chain growth

Current and significant future growth in global offshore wind development has the potential to
contribute 8% to the global ocean economy by 2030%. The case for investing in port infrastructure to
support the growth in offshore wind and create local supply chain cannot be underestimated. Ports
act as focal points during the installation and operation of offshore wind farms. A factor in the success
of European offshore wind growth is the fact that port infrastructure capitalised on the commercial
opportunity presented by offshore wind. To do so however, Port Authorities and supply chain
companies needed market risk to be addressed to ensure a consistent pipeline of opportunity to
return on their investment. According to WindEurope’s Offshore Wind Ports Platform, investing in
port infrastructure can also reduce the levelised cost of energy (LCOE) from offshore wind by up to
5.3%>%. Thus, there are mutual benefits offshore wind developers, supply chain companies and port
authorities can take advantage of due to the development of offshore wind farms.

In Ireland, the Irish Maritime Development Office (IMDO) is the national dedicated development,
promotional and marketing office for the shipping and shipping services sector. Included in their
mandate is supporting the development of Irish ports to maintain their commercial viability. In their
2018 IPORES Report, ‘A Review of Irish Ports Offshore Renewable Energy Services’ a detailed
assessment was completed on the ability of existing Irish ports to capitalize on the opportunity
offshore wind presents. The report finds that Irish ports are well positioned to support the growth in
offshore wind given the expected deployment timeframe in Ireland. In this report, a further look into
the degree to which Irish ports are technically ready to capitalize on the opportunity given the supply
chain analysis in Section 3 is detailed. Presented in this section is a review of current Irish port
infrastructure in light of the supply chain needs for offshore wind along with a readiness assessment
to highlight the stage of preparedness of Irish ports to capitalise on the opportunity. In identifying
areas in where Irish ports will need to invest, it is hoped that this information can be used by the port
authorities to prepare in advance of offshore wind farm construction. This would allow them to take

3 OECD ‘The Ocean Economy in 2030 Report’, 2016
> WindEurope Press Release ‘Investments in port facilities could help offshore wind cut costs by 5.3%’,
September 2018 (link)
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advantage of the offshore wind opportunity under a scenario in which market risk is addressed as
recommended in the IPORES Report.

In Ireland, 19 ports are included in the National Ports Policy 2013 where classification of ports is
divided into three categories:

1) Ports of National Significance: Tier 1,
2) Ports of National Significance: Tier 2, and;
3) Ports of Regional Significance.

Ports of National Significance: Tier 1: These are the ports that are responsible for at least 15% to 20%
of overall tonnage through Irish ports, and have clear potential to lead the development of future port
capacity in the medium and long term, when and as required. In Ireland, these include Dublin Port,
the Port of Cork and Shannon-Foynes Port.

Ports of National Significance: Tier 2: These are ports that are responsible for at least 2.5% of overall
tonnage through Irish ports, have the clear, demonstrable potential to handle higher volumes of
unitised traffic and have the existing transport links to serve a wider, national marketplace beyond
their immediate region. In Ireland, these include Rosslare Port and the Port of Waterford.

Ports of Regional Significance: 14 other ports handle commercial traffic in Ireland and function as
important facilitators of trade for their regional and local hinterland. They collectively handle 8% of
total commercial traffic in the State and thus have regional significance with some privately owned.
See Table 8 for list of these ports/harbours.

Beyond these 19 ports, a further two (Arklow & Rossaveal), which are not classified within the NPP,
can be considered within this report due to their proximity to current & future offshore wind farm
development and their physical characteristics. However, the objective of this report is to identify
ports already capable of serving the offshore wind farm sector in the near term and long term up to
2030 and where possible highlight further areas of investment required to maximise the exploitation
of commercial opportunity. To focus this analysis to look at ports/harbours that show the most
potential to capitalise on the growth of offshore wind in Ireland, four constraints were used to scope
a port into the analysis. These included:

1. ‘7m port water depth’ for construction,

2. ‘3m water depth for O&M’,

3. ‘within 150km of an offshore wind farm development’ for construction,
4. ‘within 60km’ for operations & maintenance.

Where a port/harbour is scoped out, this does not rule out the ports/harbours involvement in a future
offshore wind industry but highlights only the existing capability to serve the current market which
will evolve as the industry grows. The evolution of the industry and the growth in both fixed and
floating Offshore Wind in Ireland will require frequent review to evaluate the Irish ports/harbours
capability to serve this market to maximise any commercial opportunity. All ports considered within
this assessment are shown in Table 8. The assessment can be considered relevant for both fixed and
floating wind in terms of vessel accessibility and general port infrastructure noting the medium-term
outlook is dominated by fixed offshore wind projects.

The IPORES 2018 Report has been an important reference in reviewing the characteristics and facilities
of Irish Ports. Along with further research and stakeholder engagement, a detailed review of Irish ports
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and has been used with the assessment

has been included in this report as Appendix 2: Irish Ports
presented below.

NPP Designation Closest OWF  Screened Justification
(2013) (Sailing into
distance) Analysis

Ports of National | Dublin 11m 17km Yes Ireland’s largest port with good

Significance: Tier facilities and proximity to OWF

1 development.

Ports of National | Cork 13.5m 27km Yes One of Ireland’s largest ports

Significance: Tier with good facilities and

1 proximity to OWF
development.

Ports of National | Shannon 32m 144km Yes One of Ireland’s largest ports

Significance: Tier | Foynes with a strategically

1 advantageous deep-water
channel. Proximity to floating
offshore wind technical
resource an advantage.

Ports of National | Waterford 9Im 26km Yes One of Ireland’s largest ports

Significance: Tier with good facilities and

2 proximity to OWF
development.

Ports of National | Rosslare 10m 35km Yes One of Ireland’s largest ports

Significance: Tier with good facilities and

2 proximity to OWF
development.

Not Designated | Arklow 4m 7km Yes Good proximity to OWF
development where water
depth sufficient only for the
provision as an O&M base

Ports of Bantry 4dm 205km No Water depth sufficient only for

Regional the provision as an O&M base

Significance but no proximity to offshore
wind development. However,
advancement of floating wind
sector will require frequent
review of ports potential.

Ports of Castletownbere | 8m 185km No No proximity to offshore wind

Regional development. However,

Significance advancement of floating wind
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sector will require frequent
review of ports potential.

Ports of Drogheda 6m 13km Yes Regionally important port in
Regional proximity to offshore wind
Significance development where water
depth sufficient only for the
provision as an O&M base
Ports of Dundalk 1.5m 21km No Insufficient water depth
Regional
Significance
Ports of Dun Laoghaire | 8.5m 12.5km Yes Regionally important port with
Regional good proximity to offshore
Significance wind development
Ports of Galway 8m 65km Yes Regionally important port in
Regional (Gated proximity to offshore wind
Significance Docks) development
Ports of Greenore 5.5m 10km Yes Regionally important port in
Regional proximity to offshore wind
Significance development where water
depth sufficient only for the
provision as an O&M base
Ports of Killybegs 12m ~60km Yes Proximity to some offshore
Regional floating wind development.
Significance Significant marine engineering
experience is available at this
harbour that could serve the
offshore wind sector through
the provision of vessels.
Ports of Kinsale 6m 42km Yes Locally important port within
Regional proximity to offshore wind
Significance development where water
depth sufficient only for the
provision as an O&M base
Ports of New Ross 2.5m 39km Yes Good proximity to OWF
Regional development where water
Significance depth sufficient only for the
provision as an O&M base
Not Designated | Rossaveal 5.8m 32km Yes Locally important port in

proximity to offshore wind
development where water

| 74



depth sufficient only for the
provision as an O&M base

Ports of Sligo 2m 240km No Insufficient water depth and no
Regional proximity to fixed offshore
Significance wind development but
advancement of floating wind
sector will require frequent
review of ports potential.
Ports of Tralee Fenit 4.5m 115km Yes Locally important port within
Regional proximity to offshore wind
Significance development where water
depth sufficient only for the
provision as an O&M base
Ports of Wicklow 3.2m 12km Yes Locally important port within
Regional proximity to offshore wind
Significance development where water
depth sufficient only for the
provision as an O&M base
Ports of Youghal 1.5m 20km No Insufficient water depth
Regional
Significance

Table 8: List of Irish Ports
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Figure 18: Irish Ports scoped into assessment

The case for Irish Ports

The exponential predicted growth in offshore wind highlights an opportunity for Irish ports to serve
the Irish, UK and even European offshore wind industry. The need to upgrade existing infrastructure
to capitalise on this growth needs to be justified against this opportunity taking the market risk into
account. In the absence of justification, Irish ports will miss the opportunity to serve the developing
offshore wind industry, a gap which will be readily filled by UK & European ports. The competition for
ports in the likelihood of simultaneous construction of offshore wind across European markets will
hinder the offshore wind industry in reaching projected targets. Ports in close proximity to offshore
wind development will also support the reduction in project costs so the case of port upgrades will
also be of benefit to the Irish offshore wind industry.

Ireland will seek to grow its offshore wind industry by up to at least 3.5GW by 2030. The realistic case
for Commercial opportunities for Irish ports to service offshore wind installation and operation include
acting as a staging port, acting as a construction base, acting as an O&M base and finally acting as a
decommissioning base.

If Irish ports were chosen for the provision of staging during the 18 — 24-month installation phase, the
financial opportunity could be as much as €70 million®® to deliver 3.5GW by 2030. As outlined in Table
9, the main requirement for staging is area and handling equipment/infrastructure. There will be a
need for Irish ports to upgrade their ports to capitalise on this opportunity in which a commercial
evaluation will be required to understand the justification of such investment in upgrading given the
commercial opportunity. Beyond 2030 and in Ireland alone with a significant development portfolio
for fixed and floating wind, the opportunity beyond 2030 is equal to €176 million. Ports usually operate

55 Carbon Trust LCOE Model — Construction ports
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as bases during the installation phase where the offshore wind farm’s requirements would be similar
to that of the O&M phase but with shorter lease agreements. Where a port does not act as a staging
facility for a project but possibly act as a construction base, this would represent a commercial
opportunity of €21 million up to 2030 and €53 million beyond 2030.

During operations, a port would sign a lease for at least 25 years to serve as an O&M base for an
offshore wind project. For 3.5GW up to 2030, this could represent a total commercial opportunity of
€350 million®® over the operational lifetime (25 years) of the offshore wind farm projects. If area was
available and technical criteria as outlined in Table 10 met, Irish ports could easily capitalise on this
commercial opportunity. Beyond 2030, the opportunity could be as much as €880 million during the
operational phase.

Once the lifetime of the project has been reached and decommissioning is required, some commercial
opportunity exists to service this stage of an offshore wind. Large scale decommissioning of offshore
wind is currently not well practiced creating uncertainty of what part a port will play in this process
and what the requirements would be. However current estimates in decommissioning 12.3GW could
represent a commercial opportunity of around €369 million*” but no earlier than 2048 and onwards.

Beyond the first fleet of projects that will be deployed in Irish waters, it is also worth mentioning the
cyclical life cycle that offshore wind may take. While predicting what happens when the first fleet of
projects reach 25 years old is problematic, it’s likely that new and better technology will exist that will
allow for repowering of existing wind farm sites and thus the need for ports will continue to exist.

Commercial Opportunity for Irish Ports

B DECOM Base (over 18 months)

O&M Base (over 25 years)

(%)
4
o
=
=
3

M Construction Base (over 18
months)

Staging (over 18 months)

To 2030 Beyond 2030
PRE/POST 2030

Figure 19: Business Case for Ports

56 Carbon Trust LCOE Model — Operational ports
57 Carbon Trust LCOE Model — Decommissioning Ports
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CASE STUDY #1. Belfast Harbour

LAT: 54°37'34.68"N LONG: 5°52'53.62"W
Port Depth: 11.5m
Channel Depth: 9.3m

Quay Loading Capacity: 50 T/m?

Image courtesy of Belfast Harbour website

» s o™
Image courtesy of Belfast HarbourWebsite
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In recognising early, the UK government’s support for offshore wind and knowing their proximity (~150km)
to a large pipeline of offshore wind projects, Belfast Harbour positioned themselves to capitalise on the
opportunity to support the offshore wind sector. Belfast Harbour invested £53m into becoming the first
offshore wind terminal in the UK with a capacity to support the construction and assembly of around 50 wind
turbines and foundations per year.

Their facilities now include:
= A 50-acre logistics and assembly site

= A 480m heavy duty quay fronting onto the port’s main deep-water channel complete with bespoke
quayside vessel jack-up capability.

*  Heavy duty infrastructure with 50t/m? loading capacity.

Factors of success:

= Successful negotiation of a lease agreement with Dong Energy (now Orsted) to lease acreage for a
new assembly facility.

= The quay space had capacity to cater for the increasing size of the offshore wind turbines and
foundations being deployed.

=  Belfast Harbour assumed all management and execution risks.

= Belfast Harbour were responsible for liaising with contractors, the local planning authority and
relevant government bodies to facilitate a fast-tracked timescale.

= Belfast Harbour facilitated project completion within 22 months of the initial enquiry — on time and
within budget

= 20-30% operating costs in Northern Ireland are on average around 20 to 30% cheaper than in the
rest of the UK and Europe

= 100 acres of strategic development sites

=  Adjacent to Belfast City Airport with good access to road network

Note on market risk

As stated, port authorities require market risk to be addressed before large capital investment can be
made to upgrade a port to capitalise on the offshore wind opportunity. While Belfast Harbour can be
seen as a case study in capitalising on such opportunity, market risk remains and if not addressed can
ultimately hinder further investment and lead to job losses and possible liquidation. The primary
market risk in justifying investment is securing a pipeline of service contracts that provide a return on
investment. Securing contracts can only come about when developers and supply chain companies
(mainly Tier 1) are awarded project rights and EPCI contracts themselves. For developers to progress
projects, a financial investment decision needs a positive outcome. Conditions precedent to allow a
positive FID are the procurement of project rights, planning consent, grid access and a route to market.
These along with EPCI & O&M agreements are all secured to advance the project into construction. In
assessing such market risk, the timing of port investment will need to be balanced with securing
service contracts all in time for a project to commence construction on schedule. Dialogue between
project developers, supply chain companies and port authorities/companies will be needed regularly
in conjunction with an offshore wind market that is certain and facilitated by government.
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CASE STUDY #2. GreenPort Hull

Images courtesy of'Siemens Gamesa

Associated British Ports and Siemens invested £310million in an offshore wind turbine production at Hull’s
Alexandra Dock, directly creating 1,000 new jobs and many more during the construction phase and in the
supply chain.

The timeline for developing the port was well in advance of the port securing supply contracts from UK
projects. In 2010, Hull City Council obtained planning consent for a wind turbine manufacturing facility at
Alexander Docks in the city. In January 2011, Siemens and ABP signed an MOU to develop plans for the port.
In March 2014, the parties announced the investment of £310 million into the port.

ABP appointed the GRAHAM Lagan Construction Group Joint Venture to develop the Alexandra Dock site for
Siemens, including building three new berths and a roll-on, roll-off ramp. Siemens appointed UK contractor
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VolkerFitzpatrick to build its 40,000m? wind turbine blade factory. Construction began in August 2015, just a
month after the facility secured its first supply contract, from the 580MW Race Bank Offshore wind farm. The
factory officially opened in December 2016 and has since been contracted to supply the Hornsea Project One
(1.2GW) and Two (1.38GW) offshore wind farms.

Factors of success®®:

e Hull City and East Riding Councils and Associated British Ports (ABP) along with partner organisations
worked together to ensure that this ambitious vision became a reality,

e Over 500 hectares of employment land, some with direct quayside access,

*  Strategic location within 12 hours’ sailing time from three major UK Round 3 wind farm zones,
e Within an Enterprise Zone with associated incentives,

* Designated Centre for Offshore Renewable Engineering,

e Extensive infrastructure and logistics capability,

e Excellent connectivity by road, rail, sea and air,

e Askilled workforce and an emerging supply chain,

e Civic leadership committed to realising these opportunities

Ports Readiness Assessment

Section 2 of this report outlined that the offshore wind market in Ireland is targeted to grow up to
3.5GW by 2030. This section assesses the technical capability of the current port infrastructure in
Ireland to support the growth in offshore wind up to 2030 & beyond.

Both the installation (construction) and operation & maintenance (0&M) phases will require different
services from ports. Storing and assembling the wind farm components at a port for delivery to the
site is the common approach in the offshore wind sector. During the O&M phase, ports are used to
service the windfarm allowing technicians to monitor the plant and when necessary, transport to the
site via vessel or helicopter to carry out maintenance work.

The following tables list the requirements and factors taken into account if a port is to support the
installation and O&M of an offshore wind farm. A readiness assessment is then completed taking the
existing infrastructure and facilities at Irish ports into account to determine their technical capability
to service the growing offshore wind sector with capability assessed under five levels:

1. Staging: Is the process of storing offshore wind farm components port side from when they
are delivered from the manufacturing facility prior to being delivered to site for installation.
Staging is dependent on sufficient distance between the wind farm and manufacturing facility
allowing the coordination of installation to be handled at a closer port. Pre-Assembly of wind
turbine components (usually tower sections) may also be done during the staging period.

58 https://greenporthull.co.uk/about-green-port
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Unloading & loading of vessels with components will require certain infrastructure such as
handling equipment (e.g. cranes) and prepared loadbearing storage area.

2. Manufacturing: is the production of the different types of components required to install and
operate a wind farm including foundations, transition pieces, towers, nacelles, blades, export
cables and electrical substations. Manufacturing requires factory space with specialised
equipment, labour and raw material. If a manufacturing facility is close to a wind farm project,
the components could be delivered direct to site reducing the needs for a staging port.

3. Staging plus manufacturing: Incorporates the two activities at the one port which maximises
the benefit to a wind farm project that is close to the port. Cost savings during construction
can also be expected under this scenario.

4. Cluster: Refers to a port that can provide staging, multiple manufacturing facilities, a logistical
network set up to facilitate offshore wind and act as O&M base.

5. Operations and Maintenance: A port that is capable of providing a base for the operational
phase of the wind farm providing office and workshop space along with a certain level of
storage.

It should be noted that during consultation with supply chain companies during completion of this
report, the point was made that in the majority of markets where offshore wind has been developed,
ports that could meet all levels of capability were extremely rare and success stories such as Cuxhaven,
Bremerhaven or Hull required significant investment before they were able to meet the capabilities
they have today. In Ireland, the immature status of offshore wind already highlights that no port will
meet all five levels of technical capability without investment. However, the objective of this report is
to conclude what is possible with or without investment to highlight the readiness of Irish ports to
support the growth in offshore wind.

Ports Physical Characteristics

Ports Connectivity Ports Layout

Characteristic Requirement

1. Port Depth 9Im 1. Distance from 1. Space availability
- wind farm - Staging 12ha
Approach 7m 90% of the time (150km) - Manufacturing
Gl il Distance from 8ha
Quay Length 200m the key - Staging plus
component manufacturing
Quay Loadbearing | 15— 50T/m? suppliers 20ha
Capacity Distance from - Cluster 24ha
Heavy lift quay 3,000m? road/rail 2. Workshop area
side area networks 3. Office facilities
Distance from 4. Potential for expansion
Seabed suitability | ISO 19905-1 Heliports
Assessment for Jack
Up vessel*
Component Lo-Lo:
handling - Heavy Lift (>2 x
equipment 80T cranes)
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8. Storage
loadbearing
capacity

6T/m?

9. Horizontal
Clearance

130m

Table 9: Installation Requirements

* 1SO 19905-1:2016 specifies requirements and guidance for the site-specific assessment of independent leg jack-up units for use in the

petroleum and natural gas industries. It addresses:

1.  manned non-evacuated, manned evacuated and unmanned jack-ups;

2. theinstalled phase at a specific site.

Ports Physical Characteristics

Characteristic

Port Depth 3m
Quay Length 200m
Loadbearing Capacity | 5 T/m?

Ports Connectivity

Requirement

Distance from
wind farm (60km)
Distance from
road/rail
networks
Distance from
Heliports

Ports Layout

Storage space
availability —
2000m?
Workshop area
Office facilities

Table 10: Operation & Maintenance Requirements
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Summary

Given the low installed offshore wind capacity in Ireland, the results of the technical assessment can
be expected. All Irish ports assessed show technical capability for the operation and maintenance
phase of the current development pipeline which would open a commercial opportunity of €350m
over the life time for 3.5GW installed pre-2030 and €880m over the life time for 8.8GW installed post
2030 but currently under development in Ireland.

From a construction point of view, Shannon-Foynes port, Port of Cork, Port of Waterford and Killybegs
harbour are currently best placed for the provision of ‘staging’ given the availability of area already
available at the port/harbour. Some improvements would still be required in terms of handling
equipment for Shannon-Foynes and Killybegs while geographically the port/harbour is at a
disadvantage due to the majority of the first 3.5GW likely to be developed on the east/south coast.
For floating wind however, the port/harbour is currently well placed to serve this future market. With
significant investment or change in strategic direction, Dublin, Galway & Rosslare also show capability
and good potential to act as staging ports with Galway already progressing expansion plans which
would allow the port to capitalise on the development of offshore wind on the west coast of Ireland.
If further decisions were made to support offshore wind, this would open Irish ports to a commercial
opportunity of €70 million for the provision of staging during the installation phase in delivering 3.5GW
by 2030 and €176m post 2030 for an 8.8GW pipeline of fixed/floating wind. To ensure the ports
develop their capability now to capitalise on the near-term opportunity, assessment of the economic
case and decision to invest need to be made now given the likely development timeline the ports
would need to follow to improve their capabilities which could require land acquisition and planning
approvals. This being a key factor in the development of port extensions at the Port of Hull & Belfast
in the UK (See case studies 1 & 2).

However, for any investment or change in strategic direction to be made, market risk needs to be
addressed and a consistent pipeline of opportunity needs to be realised. For this to happen, a certain
offshore wind regulatory framework needs to be implemented. Under a ‘do nothing’ scenario where
Irish ports fail to take advantage of the offshore wind opportunity; the market will be served by ports
such as Belfast and those on the west coast of Britain including the Port of Mosytn and Barrow.

Even where Irish ports do develop capability, market competition from UK ports will still exist.
However, this would also be the case for Irish ports competing for opportunity in the UK market where
significantly more capacity is targeted by 2030. The exit of the United Kingdom from the European
Union will impact the commercial case for ports in the event no agreement can be reached to facilitate
cross border trade. This may provide a strategic advantage for UK projects to be served by Irish ports
given the likelihood that major wind farm components will be manufactured in Europe. The
complexities of such permutations will need to be monitored and factored into any strategic and
commercial decision made by an Irish port.
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Industry Skills & Workforce Requirements

‘ Key Takeaways

»  Shortages identified within engineering, financial services, logistics
»  Opportunities for Ireland to develop and implement strategies to address these shortages. These can
include:

o Facilitating the engagement between industry employers and educational institutions to
incentivise students to remain in education beyond secondary level and in particular enter
engineering related degrees.

o Funding training and introducing new apprenticeships in skills related to off-shore wind, in
particular, in marine and maritime skills, welding, crane drivers, HGV drivers and specialist
areas such as drill and ROV operation.

o  Working with higher education bodies to introduce new degree fields of study in areas linked
to off-shore renewables such as environmental protection technology and marine related
subjects.

o  Putting in place and promoting an initiative that acts as a talent network for the industry that

looks to bring together employers and those seeking employment

In order to identify the skills development needs of the offshore wind industry in Ireland, as well
as the policies and support mechanisms that need to be implemented by the Irish Government,
a detailed understanding of the labour and skills requirements across the supply chain is
required. The following section of the report outlines these requirements. From this, an
assessment has been made of the current Irish labour market and its ability to deliver Ireland’s
offshore wind ambitions. This section also reviews and recommends development strategies
adopted for the offshore wind sector for developing the competencies shortage identified.

The offshore wind industry demands a diverse workforce with jobs in both transferrable and
specialist disciplines. This workforce therefore requires a range of specific skills. The following
section aims to outline the skill requirements of each area of the offshore wind supply chain,
sub-divided in to the core supply chain areas:

e Development and consent

e Procurement & Manufacturing
e |nstallation and commissioning
e Operations and maintenance

e Decommissioning

Table 6 estimates the numbers of jobs created in developing 3.5GW of offshore wind. Alongside
a skills breakdown to highlight the job roles within each sector, an indication is given of the
relevant qualification levels required for these roles.

| 96



Development and Consent

\

e Ship Crew
= Legal, Regulatory, Taxation Exparts
» Mechankal Engineers
Flectrical & Flectronic englneers
® Telecommunications and Computer Engineers,
* Financial Analyst
= LOgistc Experts
« Geotechnical experts
= Drilling system operators
= Civilengneers
8 Naval coginece s
» Environmental & Marine/biology experts
= Technicians

* Physicists and weather data experts

Figure 20: Skills breakdown within Development and Consent>?

Key
Qualification
Requirements

Third level or above disciplines including:

Oceanography, hydrography, geophysics, environmental sciences, ecology,
biology, marine biology, meteorology, economics, engineering, project
management, graphic design, law, accounting and taxation, finance and

insurance.

Apprentice level in skills including:

Marine logistics, drilling operators and engineering technicians.

Additional low-level certifications including:

Maritime and vessel crew.

Table 13: Key qualification requirements within Development and Consent

%9 Source: IRENA Renewable Energy Benefits — Leveraging Local Capacity for Offshore Wind
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Procurement & Manufacturing

= Legal, Regulatory, Taxation Experts
= Mechanical Engineers
= Electrical & Electronic engineers
Logistic Experts
= Material Engineers
= Industrial Engineers
= Factory Workers
= Marketing and sales personnel
m Administrative and accountant personnel
» Quality, Health and Safety experts

m Design and R&D engineers

Figure 21: Skills breakdown within Procurement and Manufacturings®

Key Third level or above disciplines including:

Qualification | Manufacturing production engineering, structural engineering, textile
Requirements | technologies, civil engineering, mechanical engineering, fabrication
engineering, design, marine engineering, geophysics, environmental
science, electrical engineering and product design engineering.

Apprentice level in skills including:

Welding, plating, fabrication, blasting, electricians, engineering technicians,
metal fabrication, manufacturing engineering, plant assembly and
construction.

Table 14: Key qualification requirements within Procurement and Manufacturing

60 Source: IRENA Renewable Energy Benefits — Leveraging Local Capacity for Offshore Wind



Installation and Commissioning

= Ship Crew

= Legal, Regulatory, Taxation Experts

= Electrical & Electronic engineers
Naval engineers

= Quality, Health and Safety experts

= Crane operators

= Drilling systems operators

= Cable plough operators

» Trenching ROV operators

= Jetting systems operators

= Technicians

Figure 22: Skills breakdown within Installation and Commissioning61

Key Third level or above disciplines including:

Qualification | Engineering, naval architecture, marine engineering, product design,
Requirements | electrical engineering, mechanical engineering, project management and
geophysics

operation

Apprentice level in skills including:
Marine and naval logistics, engineering technicians, ROV operation and drill

Additional low-level certifications including:
Diving, maritime, vessel crew, crane operation and HGV drivers.

Table 15: Key qualification requirements within Installation and Commissioning

61 Source: IRENA Renewable Energy Benefits — Leveraging Local Capacity for Offshore Wind
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Operation and Maintenance

4“‘

45

Figure 23: Skills breakdown within Operation and Maintenance62

‘ Qualification Requirements

8 Ship Crew
o Logal, Regulatory, Taxation Experts
s Mechancal Engmnoeers
Eloctrcal & Electronic engineers
» Telecornmunkations and Computer Engngers
& Naval engineers
® Environmental & Marina/blology experts
® Industrial Engineers
o Administrative and accountant personnel
e Qualilty, Health and Safety experns
e Crane operators
e Techncans
e Chilworkers
» SA¢ Lecurity and cloaning personned

« Mehcopter pllots

Third level or above disciplines including:
Electrical engineering, mechanical engineering, QSHE and marine biology.

Apprentice level in skills including:

and marine logistics.

Electrical, instrumentation, engineering technicians (specifically working at high voltage)

Additional low-level certifications and training including:
Diving, maritime, vessel crew and helicopter pilot.

Table 16: Key qualification requirements within Operation and Maintenance

62 Source: IRENA Renewable Energy Benefits — Leveraging Local Capacity for Offshore Wind
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Decommissioning

Figure 24: Skills breakdown within Decommissioningé3

‘ Qualification Requirements

Third level or above disciplines including:
Project management, mechanical engineering, electrical engineering, QSHE and naval
architecture.

Apprentice level in skills including:
Naval and marine logistics, electricians

Additional low-level certifications and training including:
Diving, vessel crew, crane operation, HGV drivers and engineering technicians.

Table 17: Key qualification requirements within Decommissioning

Current Irish Labour Market & Skills Shortages

To assess the labour market’s potential for delivering the current Irish offshore wind portfolio
and identify where skills shortages lie, a review has been made of the current landscape of
relevant skills and workforce available in Ireland. In addition to this, an assessment has been
made of the supply of relevant workforce entering the market as well as consideration for cross-
sector supply. Alongside this, a range of factors are also identified that highlight the
uncertainties in the future of the offshore wind labour market and therefore the potential skills
shortages.

Table 18 below summarises data obtained from the SOLAS national skills bulletin and highlights
the current Irish statistics on occupations relevant to the offshore wind supply chain.

63 Source: IRENA Renewable Energy Benefits — Leveraging Local Capacity for Offshore Wind
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Occupation Description Number Irish Third Shortage?
Employed | Nationals Level
(annual Graduates

average)

Science and Engineering Occupations

Engineering professionals (incl. 14,200 84% 79% Yes
mechanical, electrical, electronics &
technicians)

Chemical, biological & physical 17,900 79% 95% Yes
scientists (incl. environment
professionals)

Product, design & QC engineers 13,000 89% 91% Yes
Science & engineering technicians 24,800 93% 70% Yes
Production managers in manufacturing, 19,000 93% 69% No

mining & energy

\ Business & Financial Occupations

Accountants & tax experts 40,400 93% 94% Yes
Actuaries, economists & statisticians [5,800] 92% [92%] Potential
Financial analysts 16,000 90% 86% Yes

\ Legal Occupations
Legal professionals 13,500 97% 98% No

\ Construction Occupations

Civil engineers & construction project 11,000 90% 86% Yes
managers

\ Other Craft Occupations

Metal forming, welding & related trades 10,200 76% - Yes

Metal machining, fitting & instrument 23,300 95% [31%] Yes
making trades

Electrical & electronic trades (incl. 36,200 92% 34% Potential
telecommunications & IT engineers)

\ Transport & Logistics Occupations

Truck & van drivers 29,300 86% - Yes

Mobile machine drivers & operatives 14,400 75% - Yes
(incl. crane drivers)

Other drivers & transport operatives 37,000 90% [14%] No
(incl. marine transport)

Sales & Customer Service Occupations
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Marketing & sales directors 8,600 91% 75% No

\ Operatives & Elementary Occupations n.e.c

Plant & machine 9,600 85% - No
Assemblers & routine operatives 33,300 70% 32% No
Process operatives (incl. metal making 16,500 71% - No
& treating)

Table 18: Breakdown of skills in Ireland by occupation with shortages identified by SOLAS ¢4

This data highlights that there is a national shortage of engineers in Ireland. As detailed earlier
in the skills requirements overview, the offshore wind workforce is heavily weighted in the
engineering sector throughout the supply chain. This indicates that Ireland currently lacks the
engineers required for developments in the offshore wind industry and emphasises the need for
substantial increases in the number of engineers, in particular in civil, mechanical and electrical
disciplines.

Focussing on the skills required for the development and consent area of the supply chain, in
addition to the engineering shortages it was reported that there are also shortages in
economists, data scientists and accountants with specific experience in legislation, regulation
and compliance. In addition to this there is clearly a significant number of shortages in skills
relating to the procurement and manufacturing supply chain area at both apprenticeship and
degree level. This includes shortages in welders, metal machining, fitting and instrument making
tradesmen, as well as production, design and QC engineers with sector-specific experience.

It is also identified that there is a shortage in science and engineering technicians in areas of
quality control, process and maintenance. These are crucial skills for all areas of the supply chain,
but primarily in installation, commissioning, operation and maintenance. Also crucial for
installation, commissioning and decommissioning are crane and HGV drivers as well as
construction project managers. These have all been highlighted as being in short supply in the
Irish labour market.

Supply of Talent

Following the review of the current Irish labour market and the shortage of skills associated with
the offshore wind supply chain, this section looks in to the supply of skills to the Irish labour
market along with current trends, in order to identify the extent to which this supply can deliver
the necessary offshore wind workforce needed and it’s potential for bridging the identified skills
shortages gaps.

Regional Labour Markets

An assessment has been made of the labour market in each of the NUTS 3 regions® in Ireland.
A map of these regions can be seen in Figure 25. Table 19 below identifies the unemployment
distribution across these regions. Regional statistics have been sourced from the most recently
available data from 2017.

4 Source: SOLAS National Skills Bulletin

5 NUTS 3 = Nomenclature of Territorial Units for Statistics
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Unemployed Persons (15-74-year Unemployment Rate (15-74-year

olds) 2017 olds) (%) 2017
Border 13,800 6.6
Midland 11,000 8.3
West 13,800 6.9
Dublin 42,000 6.3
Mid-East 15,200 5.8
Mid-West 11,500 6.7
South-East 18,800 8.1
South-West 15,300 4.8
Ireland* 111,400* 5.3*%

Table 19: Unemployment in Ireland by NUTS 3 region®6 (national statistics from 2019)

<30 31 - 35 36 -40 ®41-45 @ 46-50 @ > 51

Figure 25: Map of percentage of persons aged 25-64 with a third level qualification in 2018 by region®’

Ireland has seen a significant reduction in unemployment rate over recent years, dropping by
7.6% over the past 5 years from a national unemployment rate of 12.9% in 2014. From the above
it can be seen that unemployment rate ranges from 4.8% in the south-west region to 8.3% in
the midlands. The largest potential source of persons available to enter the market with
appropriate training and qualifications is from the region of Dublin with 42,000 unemployed
persons in 2017.

%6 Source: CSO Labour Force Survey (*National statistics from 2019)
57 Source: CSO Quarterly Educational Attainment Thematic Report, 2018
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Highest Level of Education Attained (% of persons)

Primary or Lower Higher Post Leaving  Third

Below Secondary Secondary Certificate Level
Border 9 15 20 18 38
Midland 5 9 18 11 58
West 5 12 23 14 46
Dublin 6 14 26 19 35
Mid-East 6 11 23 20 41
Mid-West 6 16 20 19 38
South-East 3 12 22 16 47
South-West 6 11 27 13 43
Ireland 5 12 21 15 47

Table 20: Highest level of education attained in Ireland by NUTS 3 region®8

Assessing the educational attainment in the whole of Ireland, 5% of citizens have primary level
education or below, 12% lower secondary education, 21% higher secondary education, 15% post
leaving certificate and 47% hold third level qualifications or above. With 40% of Irish citizens not
undertaking higher education qualifications, this shows great potential for Ireland to put in
measures to incentivise education and training beyond secondary level.

Higher Education

Universities, colleges and institutes of technology supply the labour market with the third level
and above graduates whom are crucial to the offshore wind industry. The following Table 21
outlines the number of people graduating from Irish institutions with higher education degrees
relevant to employment within the offshore wind supply chain.

Related Field of Study Undergraduate  Postgraduate | Total Higher 5-year trend
Qualification Qualification Education (2012-2017)

Awards 2017 Awards 2017 Awards 2017

Engineering, Manufacturing and Construction

Civil and Building Engineering 776 174 950 -47%
Electricity and Energy 456 85 541 -16%
Electronics & Automation 1123 112 1235 +25%
Mechanics and Metal Trades 789 66 855 -3%
Engineering (undefined) 845 314 1159 n/a
Motor Vehicles, Ships & 351 7 358 +103%
Aircraft

%8 Source: CSO Quarterly Educational Attainment Thematic Report, 2018
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Communication Technologies

Natural Sciences

Manufacturing and Processing 356 59 415 +219%
Environmental Protection 79 17 96 (new field of
Technology study since
2012)
\ Information and Communication Technologies (ICT)
Information and 2765 1556 4321 +50% *

Business, Administration and Law

Environmental Sciences 271 129 400 -10%
Biological Related Sciences 1693 423 2116 +41% **
Physics and Physical Sciences 607 78 685 +59%

Accounting and Taxation 918 279 1197 -25%
Finance and Insurance 169 522 691 +14%
Law 1234 587 1821 +18%
Marketing 844 739 1583 +39%
Management and 2794 2728 5522 +37%

Administration

Table 21: Higher education qualifications achieved from Irish institutions in 2017 in subjects relevant to offshore
wind® (*Computer science and computer use. **Includes biochemistry.)

In addition to these figures, every year, a number of Irish-domiciled students enrol in
programmes at higher education institutions in the UK and elsewhere abroad. In 2017, 3,730
Irish-domiciled learners gained qualifications from UK higher education institutions. However,
these numbers have seen a significant decline, reducing by 42% since 2012, likely due to the
introduction of fees and uncertainty around Brexit. There is also potential for these graduates
to take their skills and enter work outside of Ireland, however according to recent reports’®, 90%
of Irish graduates in 2017 who went in to work found work in Ireland.

There is a clear trend in a lack of graduates in engineering related fields of study. This
corresponds to the skills shortage of engineers in the country and shows a clear opportunity for
addressing this shortage through incentivising engineering degrees and improving the annual
number of graduates in these disciplines. Another opportunity for improving these statistics is
through addressing the issue of female representation in these subjects. Recent 2018 reports by
Engineers Ireland’* state that the gender gap persists with just 16% of engineering graduates
being women. The introduction of new degree fields of study in areas linked to renewables such
as environmental protection technology will also aid in the supply of relevant talent to the
sector.

%9 Source: Higher Education Authority: Graduates from HEA Funded Institutions in 2017

70 https://hea.ie/2019/02/18/90-of-working-graduates-staying-in-ireland/
71 https.//www.engineersireland.ie/Communications/Press-Archive/Engineering-2018.aspx
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Apprenticeships

Following a steep decline during the economic recession, take up of apprenticeships saw an 81%
increase between 2012-2017. Apprentices play a vital role in the offshore wind industry, in
particular in the procurement, manufacturing, operation and maintenance supply chain areas,
in job roles such as engineering technicians as well as manual labourers. As well as this,
apprenticeships provide a pathway to further study for higher level qualifications in the likes of
engineering.

Table 22 below outlines the annual population of apprentices in Ireland in apprenticeships
relevant or transferrable to the offshore wind industry.

Apprenticeship Total Apprentice 5-year trend (2012-
Population 2017 2017)
Electrical
Aircraft Mechanics 140 +24%
Electrical 3823 +114%
Electrical Instrumentation 275 +235%
Instrumentation 35 +105%
Mechanical Automation and 587 +64%
Maintenance Fitting
Metal Fabrication 655 +104%
Sheet Metalworking 115 +161%
Toolmaking 245 +93%
Industrial Electrical Engineering* 12 *Introduced in 2017
Manufacturing Engineering (level 6)* 9 *Introduced in 2017
Manufacturing Engineering (level 7)* 7 *Introduced in 2017

Construction Plant Fitting 225 +77%
Heavy Vehicle Mechanics 481 +68%
Motor Mechanics 1288 +59%
Vehicle Body Repairs 159 +20%

Insurance Practice* 70 *Introduced in 2017

Table 22: Apprenticeship population in Ireland in 2017 in schemes relevant to offshore wind’2 (*scheme
introduced in 2017)

72 Source: Engineers Ireland: Engineering 2018, A Barometer of the Profession in Ireland
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Since the release of the above statistics, additional apprenticeship schemes have been
introduced. Those applicable or transferrable to the offshore wind industry are:

- Original Equipment Manufacturing (OEM) Engineer
- Logistics Associate

- Accounting Technician

- Computer Network Engineering

The rapidly growing uptake of apprenticeships in Ireland is promising for the future supply of
talent to the offshore wind supply chain. In general, apprenticeships appear to cover many skill
areas required for offshore wind apprentice level qualification, in particular the emphasis on
manufacturing, engineering and metal working. There is however a clear lack of apprenticeships
relating specifically to maritime and marine skills. To deliver the Irish portfolio, the supply chain
would benefit from the introduction and development of these kinds of marine apprenticeship
schemes as well those in specialist areas such as drill and ROV operation. Developing welding
schemes would also aid in addressing the national shortage identified by SOLAS in this skill area.

Transferrable Skills from Other Sectors

There is also potential for supply of talent to the offshore wind industry from existing industries
with synergistic skill sets. Offshore wind has many skill synergies with industries including:
onshore wind, electricity generation, transmission and distribution, automotive, nuclear,
aerospace and general manufacturing. However, the biggest transferrable skills opportunity
arises from the industry’s overlap with the offshore oil and gas sector. Within the core supply
chain areas, a recent study’® has identified the following key potential opportunities for cross-
sector skill transfer:

Development and consent:
- Project management
- Environmental surveying
- Site investigation

Procurement and manufacturing:
- Array cables manufacture
- large fabrication and tower manufacture
- Substation structure design and manufacture

Installation and commissioning:
- Installation port logistics
- Installation support services (including diving, ROV services and marine consultancy)
- Turbine and foundation installation
- Cableinstallation

Operation and maintenance:
- Offshore maintenance and inspection services
- Offshore logistics
- Vessels and equipment
- Communication systems

73 https.//www.offshorewindscotland.org.uk/media/1116/sesdi-oil-and-gas-div-quide-offshore-wind.pdf

| 108



Decommissioning
- Ports and logistics
- Marine operations
- Salvage and recycling
- Project management

The oil and gas work force has many high skilled roles including engineers, geoscientists,
technicians, mariners, divers and ship crew, posing huge potential for employment in the
offshore wind industry globally. In Ireland the offshore O&G sector is a relatively small area due
to its size thus the transferrable skills from O&G that could be available to offshore wind in
Ireland is limited. Given the decarbonisation of the heat, transport and electricity sector, high
risk occupations that are likely to be made redundant due to the transition should be identified
now and an assessment to determine skills transfer should be made. It’s likely given the technical
skills required in these sectors that there could be significant overlap or significant potential to
upskill those who are at most risk (Conventional power plant operators/workers).

Uncertainty Factors

The Irish labour market is subject to multiple uncertainty factors that have the potential to affect
the size and distribution of the occupations and skillsets within the workforce. The shortages
identified to deliver the Irish offshore wind portfolio are therefore subject to these uncertainty
factors as well as factors that could affect the demand for employment within the Irish offshore
wind supply chain. These factors include:

Policy change: Policy has the power to influence the speed of deployment of the offshore wind
portfolio and the extent to which the portfolio is delivered. A large part of this is ensuring the
attractiveness of offshore wind to investors. Policy can also hugely influence the uptake of
relevant apprenticeships and degrees. Alongside this, demographics of the industry can be
influenced. For example, changes to the likes of improving childcare facilities and support has
the potential to increase the number of dual-working couples and support for STEM initiatives
can increase the female representation with parts of the industry.

Migration: There is also risk to changes in the workforce resulting from Irish residents opting to
take their skills abroad and enter employment outside of Ireland. As well as this, changes in
immigration to the country has the potential to affect the workforce population, in particular in
lower level jobs. Current net migration stands at +33,700 (i.e. an average of 33,700 more people
entered the country than left) and as shown in Figure 26 below, trends show this figure is rising.

Figure 26: Estimated total annual immigration (left) and emigration (right) by nationality
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Female Representation: The current global drive for increased female representation in Science,
Technology, Engineering and Maths (STEM) subjects has the potential to benefit Ireland’s
national labour shortage of engineers and scientists and hugely benefit the offshore wind sector.

Brexit: In the event of the United Kingdom leaving the European Union, it will play a part in the
future of the lIrish labour market. A recent report published by the Irish Government’s
Department of Business, Enterprise and Innovation (DBEI)’* has forecast that Brexit will
negatively impact Irish wages for all skill groups. These wage adjustments will lead to
redistribution of workers across sectors. In one modelled scenario, it is predicted that
approximately 20,000 jobs will be reallocated between sectors, around 6,300 of which are
predicted to be in manufacturing and construction.

Demographic Changes: The extent to which future population dynamics will affect the labour
force size and distribution is uncertain. Population projections show that the size of the working
age population (comprised primarily of those aged 15-64) will rise under all modelled scenarios
by 2051, as shown in Figure 27. The labour force participation rate due to the 15-24-year-old
age group has declined in recent years largely due to more young people staying in education.
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Figure 27: Actual and projected labour force participation by sex (2016-2031)75

Technological Changes: These have the potential to alter the skills requirements within the
industry. An example of this is advancement in turbine design, which could increase turbine
reliability and therefore reduce the frequency of maintenance and the requirement for
maintenance workers. There is also potential for reduced requirements of on-site human work
through a move to the likes of artificial intelligence (Al) and robotics, however this would also
hold the potential for an increase in data analytic requirements.

Technological progress

Recent years have been marked by accelerated technological progress and disruption with
business as usual. There is now an unprecedented level of computing power, data creation and

74 https.//dbei.gov.ie/en/Publications/Publication-files/Ireland-and-the-Impacts-of-Brexit.pdf
75 Source: CSO
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connectivity accessible to most and monetised by businesses that are managing to create
innovative solutions — physical or digital — to both existing and emerging market needs.

Notably, considerable progress has occurred in the areas of data analytics, robotics,
communications technology and artificial intelligence. These are wide-ranging areas that are of
interest to various industries, including offshore wind.

Data analytics

One of the effects of advancements in computing power and connectivity has been the ability
to process and share data faster than ever before. Businesses across industries are leveraging
this and digitising various aspects of their operations and assets to create large datasets that can
be stored and analysed to support decision-making. The expectation is that this digital
transformation will support companies to create value.

Data acquisition systems, databases and digital analytical tools are increasingly important. In
offshore wind, these can be used for several purposes, namely to collect, store and analyse:

- Data from the windfarm site (e.g. met-ocean conditions) or data from the turbine or
other instrumented structural element in the operation stage,

- Data from the fabrication process (e.g. inspection results), or
- Data from vessels performing offshore campaigns (e.g. vessel motion, transit times).

The level of complexity of this process is dependent on aspects such as the scale of data
retrieved, the complexity of the interrogations to the data or whether the data collected is highly
structured and consistent or not. These are all dependent on the specific use cases envisaged by
offshore wind developers or suppliers.

There is a need in the offshore wind sector for more effective data analytics that creates value.
Particularly on the operation stage, developers have to handle large amounts of data from a
number of instrumented components, and can benefit further from improved analytics to
inform decisions on current operations and future windfarms. In addition to analytics, data
security is a critical aspect for the offshore wind industry, particularly as the market becomes
more diverse (more players, different geographies) and companies move more data and
communications to the digital space.

Robotics

The global robotics market has grown steadily for decades and in recent years has received
greater uptake - motivated by the improved capability and economics and the development of
new solutions applicable to new use cases. And whilst these systems are sophisticated they are
becoming simpler to use, easier to integrate and lower cost, which has strengthened their
business case in various industries.

The range of systems for industrial applications is varied and difficult to categorise, but two
typical types are stand-alone robots and mobile robots. These robots are typically designed to
perform precision, fast-paced and/or logistical tasks. They may have built-in safety mechanisms,
depending on whether they need to be operated under a restricted area, or in the presence of
humans.

| 111



Robotics are central to automation, which is of particular interest to industries seeking to
standardise their processes, to increase productivity, to have greater operational flexibility or to
limit human intervention in tasks that are deemed high risk. Robotics are highly integrated in
the automotive and electronics industry, and increasingly in offshore wind.

The opportunities for robotics and automated systems in offshore wind span across the project
cycle. Some examples of how these systems may be applied include:

- Logistical support at fabrication or in port,

- Inspection of critical structural details (e.g. welds, blades) at fabrication or during the
operation stage,

- Inspection in confined areas of the turbine unit, below sea level or at height, or
- Manipulation tasks in the turbine unit.

For the purposes above, these systems typically should have built-in technology to produce and
transmit the pre-established key data parameters to a database, enabling useful data analytics.
The ability of these systems to efficiently perform important tasks on a continuous or ad-hoc
basis and to provide additional flexibility to the completion of certain activities is an attractive
prospect to several offshore wind players.

Communications

Communications technologies provide the link between data acquisition systems, databases and
digital analytical tools. The unprecedented advancement in connectivity is largely driven by the
need to transfer large amounts of data.

Technology has evolved to meet the demand. Communication networks are now moving to their
fifth generation — the 5G — which is expected to be wider in coverage, more stable and much
faster than its predecessor’®. In practice, this means that data-driven industries can expect
faster, more reliable and less restricted data transmission, reinforcing the opportunity to
leverage data creation and analytics. For offshore wind, this could mean opportunities to further
instrument windfarms or to increase data collection from systems already in use, particularly if
the benefits of additional data outweigh the costs of handling and processing the same data.

Artificial intelligence

Artificial intelligence is the next frontier in the digital transformation. It allows the leap from
systems that perform big data analytics to systems that have the ability to learn how to
understand data, solve problems and make decisions. This combination can have significant
impact in a wide-range of processes across industries, from detecting variances or correlations
in data to deciding actions independently and in real-time in physical or digital systems (e.g.
analytical or reporting tools, autonomous vehicles).

The opportunities for offshore wind span across the project cycle and some examples include:

- Fault or damage detection in instrumented or inspected structural details, at fabrication
site or offshore, or

76 https://www.bbc.co.uk/news/business-44871448
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- Pattern detection in acquired data from the windfarm (e.g. malfunctions, unknown
recurring events).

Artificial intelligence is predicated on machine learning — the underlying algorithms need
training data to develop the ability to accurately process and interpret data. This is a
fundamental link with big data and businesses digitising and automating their work.
Furthermore, the algorithms typically can be integrated in databases, data acquisition systems,
analytical tools or even robotic systems.

The technological progress is creating further opportunities for value creation in industries such
as offshore wind but also for businesses to serve this and other industries. The digital
transformation, robotics and artificial intelligence markets will be more in demand by offshore
wind players that seek either to supply to specific needs of the industry or to leverage the value
potential of their assets, processes and resources. In the UK, the Offshore Wind Innovation Hub
has identified data and digitalisation as critical aspects to the sustained success of the industry,
requiring offshore wind players to better understand what data to collect and how best to use
it, what standards and governance models to have in place and how to create a culture that
enables this transformation’’. Thus, offshore wind is a clear opportunity for both businesses and
workforce active in this space who can assess, design, supply, operate or maintain these
technologies.

There are good indicators that Ireland could be well placed to materialise these opportunities.
The country is the base of a number of multinational technology and security businesses active
in this space and perceived as one of the top nations in the world on innovation — 12" according
to the Global Innovation Index 201978, Ireland also has had a strong focus on research and
development, entrepreneurship and foreign direct investment, particularly in areas such as data
analytics or cybersecurity — for example, Ireland’s Insight Research Centre is Europe’s largest
publicly funded R&D centre for data analytics’®, and Cyber Ireland is a local cluster that joins
industry, academia and government with the aim to develop and strengthen the cybersecurity
community in Ireland to capture the global market opportunity in this area®°.

Skills Shortages & Opportunities for Development
Strategies

From the review of the current labour market’s skills shortages and the supply of talent to the
market, it can be concluded that the output from the education and training system is not
expected to be enough to meet growing demand. In order to prevent skills shortages severely
impacting offshore wind development, strategic measures must be taken. There are many
opportunities for Ireland to develop and implement strategies to address these shortages. These
can include:

e Putting in place and promoting initiatives to encourage students to study relevant STEM

subjects.

e Setting targets to increase the number of women in STEM subjects.

77 https://offshorewindinnovationhub.com/wp-content/uploads/2019/08/OREC01 8743-OWIH-
Report Data-Digital Cross-Sector-Lessons-v4.pdf

78 https://www.globalinnovationindex.org/gii-2019-report

73 https://www.idaireland.com/how-we-help/resources/infographics/internet-of-things-(iot)

80 https://cyberireland.ie/
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e Facilitating the engagement between industry employers and educational institutions
to incentivise students to remain in education beyond secondary level and in particular
enter engineering related degrees.

e Funding training and introducing new apprenticeships in skills related to offshore wind,
in particular, in marine and maritime skills, welding, crane drivers, HGV drivers and
specialist areas such as drill and ROV operation.

e  Working with higher education bodies to introduce new degree fields of study in areas
linked to offshore renewables such as environmental protection technology and marine
related subjects.

e Puttingin place and promoting an initiative that acts as a talent network for the industry,
which looks to bring together employers and those seeking employment.

A selection of case studies are detailed below, identifying successful mechanisms and strategies
implemented in other countries, from which Ireland could learn.

CASE STUDY #1. RENEWABLES TRAINING NETWORK (RTN), UK

The Renewables Training Network (RTN) is an industry led initiative to tackle the skills
shortages in the Wind and Marine Renewables industry. Established in 2011 with support
from the UK Commission for Employment and Skills, the RTN’s main aim is to work
collaboratively with the industry to support delivery of high quality, industry approved
training. It achieves this through developing UK wide national standards of industry training
and Industry Assured courses through its Train the Trainer Programme. The RTN also provides
recommended pathways to assist organisations and individuals to develop knowledge and
expertise suitable for employment in the renewables industry. The RTN’s also provides
knowledge sharing and networking opportunities through its Educational Series.

CASE STUDY #2. ENERGY SKILLS PARTNERSHIP, SCOTLAND

Established in 2011, the Energy Skills Partnership is a collaboration of colleges and industry
partners across Scotland, with the aim to increase Scotland’s skills capacity and capability in
the energy, engineering and construction sectors to meet demand. The established
community can then respond flexibly to industry requirements by pooling expertise and
resources. It achieves this through actions such as: developing and delivering demand led
skills programmes, promoting careers in the energy, engineering and construction sectors,
developing pathways through schools to college to university, building capability and capacity
across Scotland’s colleges and promoting and supporting innovation in education.

CASE STUDY #3. GREEN PORT HULL — GREEN PORT GROWTH PROGRAMME & PATHWAY
TO EMPLOYMENT PROJECT, UK

The employment and skills development strand of the project aims to increase the strength
of the local engineering workforce and raise skill levels to meet the needs of the emerging
renewable energy sector. To do this, it provides funding to employers to train and upskill
employees through apprenticeships and direct training in areas such as engineering
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manufacturing, logistics operations, power sector and electro-technical. It also provides
incentives to businesses in the sector to employ people from disadvantaged groups through
wage subsidies.

CASE STUDY #4. UK INDUSTRIAL STRATEGY OFFSHORE WIND SECTOR DEAL, 2019

As part of a sector deal made between the UK government and the UK offshore wind industry
designed to maximise the advantages for the industry from the global shift to clean growth,
in March 2019 the Government outlined their strategy, including that for skills development.
These actions included:

Establishing an Investment in Talent group to identify skills needs across the sector.
Developing an Offshore Energy Passport (recognised outside the UK) to accredit
offshore workers and facilitate job mobility between offshore wind and extractive
industries.

Use of an established model to continue to track and report on workforce data to
establish measures to encourage widespread access to opportunity and agree clear
targets and metrics.

Setting a target to raise the number of women in the workforce to a third by 2030,
with a desire to stretch the ambition to 40% if feasible. It also committed to setting a
new target for BAME representation by the end of 2019.

Support for development of Institutes of Technology to develop a sector-wide
standardised curriculum. This will facilitate skills transfer within the offshore wind
industry and strengthen links between employers and providers of higher-level
technical training, providing work experience to deliver a skilled and diverse
workforce to support Regional Clusters.

Review apprenticeship standards and increase apprenticeships with a target to be set
by end of 2019.

CASE STUDY #5. TRANSITION TRAINING FUND, SKILLS DEVELOPMENT SCOTLAND

The Transition Training Fund was a £12m fund set up in 2016 by the Scottish Government to
support those affected by the oil and gas turndown in the country. The fund was available to
Scottish residents who have been made redundant or were at risk of redundancy from the oil
and gas sector or its supply chain. It provided funding to people actively seeking employment
for training courses that would help improve their likelihood of gaining employment. In the
lifetime of the fund (2016-2019) 4,075 funding applications were approved. Applications were
reviewed on a case by case basis with funding approvals of up to £4000.
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7. Recommendations



Potential of the Irish Offshore Wind Market

Main Opportunities

Currently there is a development pipeline of 12.3GW in Ireland with a total lifetime spend on supply
chain of €60.5 billion. A representation of the likely investment timeline is shown in Figure 28. Up until
2030, there will be at least 3.5GW of fixed offshore wind installed with the majority on the east/south
east coast. This could represent an initial investment value at financial close of €8.6 billion from 2023
onwards with 3.5GW installed between 2023 — 2030 and operational up to 2048 - 2055. During the
lifetime of these projects, they are expected to spend nearly €18 billion during the development,
construction, operation and eventual decommissioning which would represent a further €9.4 billion
of spend beyond the initial investment at financial close. Beyond 2030, development timelines are
more uncertain without specified national targets but with 5.9 GW of fixed and 2.9GW of floating wind
installed from 2030 onwards, they represent a possible lifetime spend of €42.6 billion.

» Flxed offshore
wind
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* Fived offshore
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= Fixed (5.9GW) &
Flosting (2.9GW)
offshoce wind

156W

Ievestment investment « €42.6 bilion In
5 e * €7.68 billion In § » €£10.25 biliion in Rt
tozozs lifetime spend lifetime spend ey e 3
B Ly = = Up to €£21.3 billion
* Up 1o €2.77 bilon * Up to €3.69 billion frish Supoly Chain
. Irish Supply Chain Irish Supply Chain p
< opportunity
opportunity Opportunity

Figure 28: Potential Investment Timeline

While the investment values represent the current pipeline in development, it does not reflect the
actual potential given the offshore wind resource available in Ireland. The real potential of fixed
bottom offshore wind in Ireland as quoted in the Strategic Environmental Assessment (SEA) 2010%! is
12.5GW. Discounting the 3.5GW to be built up to 2030 which will likely be fixed offshore wind and the
further 5.9GW under development, the remaining potential of 3.1GW within current SEA constraints
in Ireland would represent a further initial investment of €7.6 billion at financial close of these projects
and a further €8.3 billion spent during the lifetime of these projects representing a total lifetime
investment and spend on supply chain of €15.9 billion. This would add another €8.4 billion of
commercial opportunity for the Irish Supply Chain given its capability in the long term. The real
potential for floating wind is even greater regardless of the current status of the technology which is
likely to commercialise well in advance of 2030. With the wind resource and sea area open to the
technology across Ireland’s Exclusive Economic Zone (EEZ), the overall opportunity, based on the
OREDP’s 27GW potential minus 2.9GW already under development would be in the region of €102
billion when even taking a 40% reduction in the costs of the technology today which will significantly
reduce as the technology commercialises. This development potential could be worth up to €44 billion
to Irish companies serving the industry if the supply chain were to be established. Regardless, the
opportunity presented to Ireland to be a leader in floating wind technology is substantial.

81 Strategic Environmental Assessment (SEA) of Offshore Renewable Energy Development Plan (OREDP) in the
Republic of Ireland
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Given the investment timelines, the below table now outlines the opportunity open to Ireland if it
were to capitalise on the growth in offshore wind and grow its supply chain.

Near term Long Term Long Term — Long Term
Growth Growth Fixed Floating Wind

(to 2025) (2025-2030) (beyond 2030) | (beyond 2030)

Capacity 1.5GW 2GW 5.9 -9GW 2.9-24.1GW

Potential Irish
Supply Chain
Capability 22 -36% 31-36% 48 - 53% 39-43%
over project
lifetime

Irish Supply

Chain Value
over project €1.69 billion - | €3.18 billion- | €14.5 billion - €4.8 billion -

lifetime €2.77 billion | €3.69billion | €24.4billion | €44.12 billion

*incl 40% cost reduction

Table 23: Irish Market Potential

The supply chain growth will grow organically to meet offshore wind needs but ultimately that will
only go so far to increase local content of projects. To ensure local content percentages, like the above
are achieved, supply chain incentives (tax incentives, enterprise hubs etc.), investment in research &
development, development of the skills base and providing a regulatory regime that is certain is
required.

The case for Ports to play a significant part in the supply chain is also there. While the results of a
technical capability assessment are to be expected given the lack of offshore wind in Ireland, the actual
capability of the ports to invest resource, make strategic decisions and complete necessary actions in
time to serve offshore wind exists. From a construction point of view, Shannon-Foynes port, Port of
Cork, Port of Waterford and Killybegs harbour are currently best placed for the provision of ‘staging’
given the availability of area already available at the port/harbour. Some improvements would still be
required in terms of handling equipment for Shannon-Foynes and Killybegs while geographically the
port/harbour is at a disadvantage due to the majority of the first 3.5GW likely to be developed on the
east/south coast but for floating wind, the port/harbour is currently well placed to serve this future
market. With significant investment or change in strategic direction, Dublin, Galway & Rosslare also
show capability and good potential to act as staging ports with Galway already progressing expansion
plans which would allow the port to capitalise on the development of offshore wind on the west coast
of Ireland. The Commercial opportunity during installation open to Irish ports would be €70 million
for 3.5GW to 2030 and €176 million beyond 2030 based on the current development portfolio. Current
development plans outline existing investment plans and with time available, further decisions could
be made to capitalise on offshore wind growth. However, the decision to capitalise and commence
development planning needs to happen now or the near-term opportunity will be missed. The
majority of ports assessed are technically capable to serve the O&M phase of the current development
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portfolio with the closest ports to a development likely to have the strategic advantage. The
commercial opportunity during operations for 3.5GW over 25 years would be in the region of €350
million, beyond 2030 for the remaining 8,8GW and over 25 years of their operations, it would equate
to €880 million.

Skills developments as outlined in section 6 will be required to meet the offshore wind needs.
Developing 3.5GW of offshore wind will create over twenty thousand employment opportunities
during the life cycle of these projects. Of these jobs, 675 will be permanent, highly skilled and local
jobs over the 25-year operational phase of these projects. The level of Irish based jobs and locally Irish
based jobs will be dependent on the availability of the required people and skills in Ireland. There is
the potential for 2,532 direct jobs in Ireland to be created during the development & construction of
3.5GW of offshore wind with the majority of these jobs created between 2025 — 2030. A further 1,312
jobs will be created during the decommissioning stage of these projects between 2050 — 2055”. There
will be a need to train the required number of people and develop the necessary skills to maximise
the level of employment created in Ireland. Due to the lack of manufacturing capability in Ireland, the
majority of the 16,861 employment opportunities created during the manufacturing of the
components, required for 3.5GW of offshore wind, will be based internationally. However, there is
potential for Ireland to be a first mover in floating offshore wind technology where if successful, it
could develop these large number of manufacturing jobs for floating offshore wind in Ireland, looking
to 2030 and beyond if the correct strategic investment is made in the coming years.

In terms of community funding, one of the measures put in place by RESS to achieve community
benefits is for all renewable electricity generation produced and seeking support via RESS auctions to
contribute €2/MWh to a Mandatory Community Benefit Fund. 3.5GW will amount to €30.7m of
community investment annually or €459m over the 15 years of the project’s participation in RESS as
per the scheme’s requirements.

Main Challenges

At this moment in time, a regulatory regime in Ireland to deliver offshore wind does not exist. It is
absolutely imperative this is established as soon as possible knowing the development timelines for
offshore wind projects. Actions under the CAP to accelerate the delivery of ‘relevant’ projects would
enable an initial offshore wind industry to grow in Ireland but in the long term given the potential of
the sector, an established framework to consent planning applications, facilitate grid access and
provide revenue certainty under RESS is needed. The investment commitments by industry are large
and until such a certain regulatory framework is in place, Ireland will continue to miss out on the
opportunity presented above.

The Marine Planning and Development Management (MPDM) Bill is currently being prepared with the
revised general scheme published in July 2019. The Climate Action Plan set a deadline of Q4 2019 for
the publication of the bill and in the last cabinet meeting of the 2019 year this occurred signalling
further confidence in the offshore wind regime establishment by the Irish Government. Confidence
cannot however be taken from the fact that the general scheme for the Maritime Area and Foreshore
Amendment Bill was first introduced in 2013 and the evolved Marine Planning and Development
Management (MPDM) Bill is not likely to be in place until Q3 2020 or beyond. It’s imperative that the
bill be enacted quickly as seeking planning in Ireland remains a high development risk. The importance
of offshore wind as nationally significant infrastructure should be considered. Defined timelines and
clarity around appeal procedures should be outlined with procedures in place to prevent unjustified
appeals that have the ability to delay projects. What the industry requires most is clarity on when the
bill will be in place and that the central authority managing applications under the bill is resourced
effectively and understands the complexities of offshore wind construction and operation. The pre-
application process will also require significant resource from statutory consultees and it’s also
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important that steps are taken in advance to ensure these organisations are not overwhelmed by the
process and are prepared in advanced of pre-application consultation.

The scale of offshore wind in connecting it to a relatively small and islanded power system with limited
interconnection means it will always present a challenge. However, with the first 3.5GW likely to be
in the east coast close to grid capacity and load centres, the 2030 target is achievable and this is
outlined by EirGrid in their Tomorrow’s Energy Scenarios. The further addition of energy storage and
more interconnection to mainland Europe along with conventional generation coming offline will
facilitate the delivery of offshore wind. The Enduring Connection Policy (ECP) can be a framework in
which offshore wind is connected to the national grid. In line with the CAP and CRU, expanding upon
the ECP to specifically address offshore wind connection as a priority will ensure at least 3.5GW of
offshore wind capacity can be built. Grid connection offer(s) are to be made to offshore wind
applicants by Q2 2020. This will enable application to offshore RESS in Q2 2021. It’s vital this action is
complete to enable offshore wind to participant in RESS at the earliest possible timeframe. Beyond
2030, further research will be required to develop a plan to maximise offshore wind given the technical
potential is well beyond the 4.8GW outlined in EirGrid’s Centralised Energy Scenario under their TES.

The RESS Industry briefing in September 2019 outlined the timeline for RESS-1 which is expected to
open in June 2020. The current offshore wind development pipeline is unlikely to meet RESS-1 draft
eligibility requirements outlined in the industry briefing. The requirement of planning consent and
holding a grid offer means no project is likely to be ready in time given ECP-2 will advance around Q3
2020. Oriel offshore wind farm already holds a connection offer but lacks the necessary planning
consent to participate in RESS-1. Thus, the offshore specific auction outlined in the CAP becomes the
key feature to enable projects to reach a positive financial investment decision. Ensuring ECP contracts
offshore wind in time for a RESS offshore wind specific auction in Q2 2021 will be the condition
precedent to ensuring a significant capacity of offshore wind competes in such an auction that delivers
cost effective strike prices.

Bringing in the above framework will deliver offshore wind in Ireland which is the main priority.
However, to ensure Ireland maximises the benefits of this opportunity, developing a local supply chain
is necessary. A local supply chain will grow organically, but with support and incentives, it can be grown
to significant percentages. European and international supply chain participation will still be required
to significant levels so actions around ensuring Ireland remains a competitive market for these
companies knowing the global competition for supply chain due to unprecedented international
growth will be important. European supply chain constraints is a risk to the industry as a whole, so
developing a significant local supply chain in Ireland will benefit the sector and in time reduce sector
costs. This with creating employment opportunities and regional economic growth should place
offshore wind in the centre of any industrial strategy in Ireland.

Recommendations

In assessing the offshore wind supply chain in Ireland and recognising the many benefits the sector
will bring, the below recommendations should be considered by decision makers to enable the
delivery of at least 3.5GW by 2030 and even more beyond it along with growing a significant local
supply chain.

Delivering offshore wind in Ireland

The best way to create a local supply chain is for the Irish government to provide the necessary
regulatory framework for developers to build and operate their offshore wind projects. The
historical lag within the offshore wind sector in Ireland has meant Ireland to date has missed
out on a significant opportunity. Until such a time that a certain framework is in place, the

| 120



opportunity will continue to be missed and this is not something Ireland can afford to do given
the current climate crisis and the overall benefits of offshore wind as a transformative
industry.

Acknowledging the good work and commitments made by the Irish government through the
Climate Action Plan and associated actions has allowed the offshore wind industry to gain
confidence. This confidence is evidenced in the commitment to risk development capital on
marine surveys and wind measurement campaigns which is currently happening and
contributing to the Irish supply chain. As more actions for the CAP are closed out, further
confidence will be taken and the industry will grow. Thus, the importance of the CAP actions
cannot be understated.

The interim requirements to accelerate ‘relevant’ projects such as facilitating any amendment
to planning approvals to allow for an update in project design to incorporate the latest
technology, allowing projects grid access given the availability of grid along the east coast and
providing for an offshore wind specific RESS auction are all key.

Consideration should be given to assessing how much additional offshore wind to 2040 is
required for Ireland to meet a net zero emissions target by 2040. While emission reduction
targets extend to 2050, offshore wind presents an opportunity to Ireland to accelerate its
emissions reduction and lead the race to a net zero world. Identifying also the further level of
offshore wind needed beyond 2030 will give the industry a longer-term target in which to
invest in projects and the supply chain.

With the commercialisation of floating wind predicted to be in advance of 2030, it should be
clarified and ensured that floating wind can compete under RESS. This will incentivise its
commercialisation and allow the technology to demonstrate its competitiveness. However,
this should not be done in a way that restricts near term fixed-bottom opportunity which will
deliver the lowest LCOE for Ireland in the delivery of the 3.5GW up to 2030.

Dialogue between all industry participants including, government departments & agencies,
project developers & investors, supply chain companies including port authorities/companies
will be needed regularly to progress the industry.

Ensure offshore wind can participate in the future contracts for system services to
demonstrate their ability to provide services to ensure the stabilisation of the electricity
network.

Research and investment will be required to maximise the penetration of offshore wind
beyond the 4.8GW by 2040 stated in EirGrid’s TES under the Centralised Energy scenario. The
technical potential including floating wind far exceeds this 4.8GW and plans should be put in
place now to consider how the technical potential can be fully exploited. Consideration should
be given to the advancement of an offshore wind grid network that has the potential to export
to the UK and mainland Europe.

Increasing local supply chain

The Irish Government should consider the creation of offshore wind enterprise hubs at ports
under an enterprise zone model to incentivise international companies to set up in Ireland
which will increase the number of companies available to the offshore wind projects and
increase local content.
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o To facilitate the creation of enterprise hubs, a roadmap for developing an Enterprise
Hub should be completed in the near future to outline the requirements.

Enterprise Ireland to continue their work with regards to their offshore wind cluster for Irish
companies to facilitate capacity building and promoting Irish companies within the UK &
European offshore wind supply chain.

The Irish Government should include supply chain plans as a mandatory requirement within
the offshore wind specific RESS auction to promote local content using a flexible and non-
constraining approach. These supply chain management plans should be scored within the
RESS award process, which places a quantifiable value on the importance of the supply chain
and local content. The plans could be used as tools to identify the specific weaknesses in the
Irish Supply Chain that require addressing to increase local content. Develop a skills
development plan to ensure the skills and people requirements of offshore wind are met.
Involve academia and training bodies to ensure the correct initiatives are in place to meet
requirements.

Consider apprenticeship schemes relating specifically to maritime and marine skills sector
including specialist areas such as drill and ROV operation.

Creation of a Competency Framework for offshore wind to ensure the skills development
required to deliver an offshore wind industry in Ireland.

Identify high risk occupations that are likely to be made redundant due to the energy
transition and identify upskilling potential for the deployment of offshore wind.

Using the supply chain strengths for offshore wind in Ireland, identify specific technological
aspects and create technology roadmaps to capitalise on the specific aspect of the supply
chain (data analytics/digitalisation)

Progress a development plan for the possible fabrication of floating wind substructures at a
port on the west, north/south west coast of Ireland

Allocate significant resource into the research and development around floating wind
especially substructure mass fabrication, port requirements (draft, available area, lifting
capacity), substructure and turbine assembly, weather window restrictions, substructure-
cable dynamics, heavy maintenance or inspection and maintenance of the mooring system.

IWEA should consider the organisation of offshore wind supply chain specific events for
dialogue between all industry participants to collaborate, build partnerships and network.

Irish government should consider grant funding to encourage and support Irish companies to
become involved in the offshore wind sector.

Port Infrastructure

Create a formal group of representatives across the industry to regularly liaise with ports to
continue to capacity build in advance of offshore wind installation in Ireland.

Irish Ports should consider joining WindEurope’s Ports Platform, a group that provides an
opportunity for exchange of best practice, know-how and to jointly discuss opportunities and
challenges that ports face as the offshore wind industry grows.
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The Irish Government or the investment community should consider a strategic investment at
a port(s) on the east/south coast to take advantage of the commercial opportunity of
delivering 3.5GW of offshore wind where the majority is likely to be on the east/south coast.
This strategic investment to come as soon as possible for this port to capitalise on the near-
term opportunity.

In time, the Irish Government or the investment community should consider a strategic
investment at a port(s) on the west coast to take advantage of the commercial opportunity of
delivering floating offshore wind where the majority is likely to be on the west, north/south
west coast.
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Appendix 1: Project stages and supply chain

The project cycle of an offshore windfarm comprises different stages of deployment, operation and
end-of-life. A more detailed breakdown of the cycle includes:

Development and consent,

Turbine supply,

Balance of plant and offshore substation supply,
Installation and commissioning,

Operations and maintenance, and

Decommissioning.

These are discrete works with their own timelines and requirements completed throughout the
project lifespan by developers and suppliers. Further details can be found in this section, including a
breakdown of the main activities that need to be completed, their scope, requirements, cost and
synergies with other industries. Reference is also made in each activity to the nuances or particular
needs of floating offshore wind.

Development and consent

Development and consent activities advance the project to the point of final investment decision. This

stage is

typically higher risk since it may lead to no project development and/or investment decision.

It is typically managed by developers, who contract suppliers as required for specialist or ancillary
services/equipment. Notably, it includes:

Site surveys

Front end engineering and design studies

Site surveys

Scope

A number of site surveys need to be carried out to inform project design and
consent.

Environmental surveys assess the proximate impact that construction of a
wind farm would have on species frequenting the surrounding sea and air
space. The organisms typically evaluated in these surveys include local bird,
marine mammal, benthic plant and pelagic fish species.

Wind resource assessments are used to assess the potential energy
production that a wind turbine would have at a specific site.

Metocean data is used to help developers to understand the meteorological
and oceanographic conditions of the wind farm site.

Geophysical and geotechnical investigations assess the bathymetric and
geological conditions of the seabed at the proposed wind farm site and cable
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lines. Examples of investigations include sonar and acoustic scanning, soil
core analysis and cone penetration tests.

A proper site survey is critical to ensure that a project is adequately designed
and fit for consent.

Infrastructure

Moderate
Environmental surveys are typically undertaken by experts in local vessels.

Wind resource data is collected using floating LIDAR technology. Fixed met
masts were used in earlier projects but less used currently. These are higher
cost and less flexible to install and use compared to floating LiDAR
technology.

Metocean data is collected using a combination of wave buoys, floating
LiDAR devices and/or vessel mounted technologies. This requires capable
vessels.

Geophysical and geotechnical investigations require different technologies
depending on the investigation being carried out. Sonar and acoustic
equipment is relatively low cost compared to the more expensive
technologies and vessels needed for soil core and cone penetration tests.
These surveys can require fit-for-purpose vessels.

Skills

Skilled staff such as surveyors, oceanographers, engineers and geophysicists
are critical to data collection, analysis and interpretation.

Synergies w/
other industries

Significant

This is synonymous with other industries that require the construction of
offshore structures, including the oil and gas sector.

Life cycle cost
(%)

Less than 2%.

Floating wind
case

Limited variance to bottom-fixed offshore wind but the need for mooring
systems and dynamic cables may be require specific considerations for the
environmental and geotechnical surveys.

Front end engineering and design studies

Scope

These studies develop the technical design of the project. Developers either
subcontract engineering firms or perform these studies in-house. The
engineering firms offering these services typically have vast experience and a
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strong track record in the offshore wind and oil and gas sectors. Widely used
organisations include DNV-GL, Ramboll and Atkins.

Infrastructure Minimal

Mainly software tools and computing power.

Skills Highly and specifically trained engineers are required.

Synergies w/ Significant

other industries
The engineering and design considerations required in the development of

offshore wind structures are similar to those used in other maritime industries.
Examples of knowledge that is transferable include that of structural fatigue and

ergonomics.

Life cycle cost Less than 2%.

(%)

Floating wind Limited variance to bottom-fixed offshore wind but aspects unique to floating

case offshore wind (e.g. the coupled analysis of turbine, substructure and the
mooring system) need to be studied in detail, perhaps needing alternative or
new software tools. As the technology is not as mature, engineers are less
experienced in the design of floating offshore wind farms.

Turbine supply

The turbine supply stage involves the fabrication and assembly of the offshore wind turbine
components. This commences after reaching final investment decision and establishing a turbine
supply agreement with one or more turbine OEMs, who typically lead the work. Turbines are critical
to a project and OEMs are thus involved early on in the process to ensure an optimal outcome. Key
activities include:

= Blade supply

=  Tower supply

= Nacelle (drive train and power conversion) supply
= QOther large fabrications supply

=  Turbine assembly

Blade supply

Scope Blades need to be fabricated and supplied to the project. Most turbine OEMs
have acquired blade-manufacturing facilities in recent years to perform this
activity in-house instead of subcontracting independent manufacturers. These
blades are typically made from fibreglass or carbon fibre and are one of the main
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components of the turbine rotor and a key determinant of turbine performance
and reliability.

Infrastructure Significant

The large dimensions of turbine blades (~50-100m in length), means that
manufacturing facilities need to be specifically designed and located at a
quayside. This helps to minimise complex onshore logistics and ensure their
efficient and reliable delivery to offshore sites. These facilities represent costly
investments due to their requirements — there are only a few of them in Europe
so far, delivering to projects across the region and potentially abroad.

Skills Manufacturing and logistical skills, Engineering, Project management

Synergies w/ Moderate

other industries
Onshore and offshore wind turbine blades have a direct synergy however; the

blades offshore are larger. Although no major aviation suppliers are active in the
offshore wind sector, the industry could be synonymous.

Life cycle cost 5-10%.

(%)

Floating wind No difference.

case

Tower supply

Scope Towers need to be fabricated and supplied to the project. Turbine OEMs

typically subcontract this activity to a third-party manufacturer, although some
manufacture them in-house. Towers are made of cylindrically rolled steel sheets
that are either flanged or bolted together. The rolled sheets are assembled at
ports so that the 80+ meter towers can be easily loaded and transported to the
offshore site.

Infrastructure Significant

Towers have a standardised design, enabling serial production. Manufacturing
facilities are located at port-side to minimise complex onshore logistics and
ensure their efficient and reliable delivery to offshore sites. Manufacturers need
scale to thrive in the market and thus there are only a few facilities in Europe so
far, delivering to projects across the region and potentially around the globe.
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Skills

Manufacturing and logistical skills, Engineering, Project management

Synergies w/
other industries

Significant

Onshore and offshore wind towers are directly synonymous. The simple
cylindrical structure of towers means that they could have synergies with other
steel rolling plants and their increasing size means that a synergy with monopile
fabricators could occur in the future.

Life cycle cost
(%)

3-5%

Floating wind
case

Limited variance to bottom-fixed offshore wind, namely in terms of design
requirements against fatigue.

Nacelle (drive train and power conversion)

Scope

Nacelles need to be fabricated and supplied to the project as well as its main
internal components (e.g. drive train, power conversion). The nacelle cover is a
sizeable element made of glass fibre or steel sections, typically subcontracted to
a third-party manufacturer. The components inside the nacelle are critical to the
performance and reliability of the offshore wind turbine and thus turbine OEMs
typically subcontract specialist suppliers with significant expertise and track
record. This makes it difficult for local suppliers to break into the market.

Infrastructure

Moderate to significant

Nacelle covers have a standardised design, enabling serial production.
Manufacturing facilities are located in port-side to minimise complex onshore
logistics and ensure their efficient and reliable delivery to offshore sites.

Specialist manufacturing facilities required to produce at scale the electrical and
mechanical components placed inside the nacelle.

Skills

Manufacturing and logistical skills, Engineering, Project management

Synergies w/
other industries

Significant

There is not only a direct synergy with onshore wind, but also many other
industries that utilise drive trains (e.g. conventional power generation, wave and
tidal energy and maritime vessel engineering).

Life cycle cost
(%)

Over 10%.
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Floating wind
case

Limited variance to bottom-fixed offshore wind; control system may need to be
adapted for floating offshore wind.

Other large fabrications

Scope

Additional large components need to be fabricated and supplied to the project.
This includes the rotor hub, the nacelle bedplate or the bearings and gearbox
housing. Turbine OEMs typically source components to third-party
manufacturers. These are relatively less complex and sensitive components and
thus turbine OEMs can be more flexible in their procurement process and open
to alternative suppliers but opportunities may be constrained by the drive to
source locally, close to the turbine assembly facility.

Infrastructure

Moderate to significant

Manufacturing facilities need to be relatively large to meet the high production
volumes required for offshore wind and to benefit from economies of scale.
These are often located in port-side to minimise complex onshore logistics and
ensure their efficient and reliable delivery to offshore sites.

Skills

Manufacturing and logistical skills, Engineering, Project management

Although trained engineers are still required, these fabrications are less complex
to manufacture when compared to other wind farm components.

Synergies w/
other industries

Significant

Similar components, in terms of size, fabrication and materials, are
manufactured for other offshore and maritime industries. Synergies can be seen
with these industries as well as more general steel works.

Life cycle cost
(%)

Less than 2%.

Floating wind
case

No difference.

Nacelle assembly

Scope

The nacelle components need to be assembled prior to turbine assembly and
installation offshore — this is performed by turbine OEMs.
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Infrastructure Significant

A nacelle assembly facility is required, typically in port-side to facilitate the
delivery of all components and the load-out of fully-assembled nacelles. These
are often large facilities to accommodate large production volumes and turbine
OEMs typically operate in a single or small number of facility sites, from which
they supply various markets — this is a strategic decision for them.

Skills Manufacturing and logistical skills, Engineering, Project management

Synergies w/ Significant

other industries
There is a direct synergy with onshore wind, but also other industries where

turbine generators are used (e.g. conventional power generation, wave and tidal
energy, maritime vessel engineering).

Life cycle cost 2-3%.
(%)

Floating wind No difference.
case

Balance of plant and offshore substation supply

The balance of plant and offshore substation supply stage involves the fabrication of the various main
components of an offshore windfarm apart from the turbine — this includes support structures,
electrical systems and power transmission assets. It commences after reaching final investment
decision, similarly to the turbine supply stage, but the work is often managed either by the offshore
wind developer or by the EPCI contractor or contractors. There are also some notable differences
between bottom-fixed offshore wind and floating offshore wind. Overall, key activities include:

= Substructure supply

=  Mooring system supply (for floating offshore wind)
=  Subsea cables supply (array and export)

= Offshore substation supply

=  Electrical systems supply

=  Secondary steel works

Substructure supply

Scope The design of wind turbine foundations are tailored to individual project and site
characteristics, based on FEED analysis. There are different types of foundations
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but they can be classified into foundations for fixed and floating wind turbine
designs:

e Fixed: Monopile, jacket, suction bucket monopile/jacket, gravity base
e Floating: Semi-submersible, spar, tension leg platform, barge

Fixed foundations have been the dominant foundation type to date, with
monopiles the predominant choice. Monopiles are better suited to shallow sites
(<45m). As offshore wind farms are moving into deeper waters, the use of jacket
structures that can be deployed in deeper sites (up to 60m) are increasing in use.

Infrastructure

Significant

Due to the scale of the substructures the manufacturing facilities need to be
large. The specific equipment and location of the facilities varies depending on
the substructure being manufactured:

e The fabrication of monopiles is highly automated and their transportation is
relatively low cost compared to jacket foundations. As such, structures are
delivered to the installation port from a small number of leading European
fabricators that developers procure them from.

e The fabrication of jackets is more complex and less automated and their
transportation costs are higher due to their larger size. The case for
procuring locally is therefore stronger in comparison. It is however still
common to import them from a handful of leading suppliers.

e Concrete structures (e.g., gravity-based structures) are more amenable to
local production, due to the challenges of lifting and transporting them
between different locations. Concrete fabrication facilities require
comprehensive facilities that may require considerable up-front investment.
A large pipeline of projects is usually required to justify such investments;
this is not likely to occur as the use of concrete structures is decreasing.

Skills

Manufacturing and logistical skills, Engineering, Project management

The design of offshore wind support structures is constantly developing to cope
with different sites and project types. This design, as well as structure
manufacture, requires highly skilled engineers.

Synergies w/
other industries

Moderate

Synergies can be drawn with the offshore structures designed and constructed
for the oil and gas and shipbuilding industries.

Life cycle cost
(%)

5-10%
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Floating wind
case

Significant variance to bottom-fixed offshore wind; similarities may exist within
the fabrication and assembly process but floating offshore wind concepts will
have specific needs of their own.

There are over 30 different floating wind concepts at different stages of
development but only 6 that have been deployed at full-scale.

e Semi-submersible are typically heavier and larger, but benefit from lower
cost mooring systems and installation.

e Spar-buoys are typically easier and cheaper to fabricate, but face notable
logistical challenges for turbine assembly.

e TLPs are typically the smallest and cheapest substructures to fabricate, but
incur higher costs in the mooring and anchoring systems due to higher
vertical loading. Installation costs can also be high for TLPs.

As the industry moves beyond demonstration to larger commercial wind farms,
greater emphasis will be placed on how substructures and mooring systems can
be fabricated and installed cost effectively at batch scale.

Mooring system supply (for floating offshore wind)

Scope

Mooring systems are an additional part of the balance of plant in floating wind
farms that provide station keeping for the foundation structure. A mooring
system consists of the mooring lines, anchors, and additional components, such
as shackles, clump weights, and buoyancy modules. The design of these
components will vary by substructure concept.

Steel chains are the most common design for catenary mooring configurations.
These however require long and excessive mooring lines and therefore complex
storage and transportation logistics. Synthetic mooring lines could support
reduced line lengths and improved logistics, but are at an earlier stage of
development.

The anchor types used in mooring systems for floating wind farms vary (e.g. drag
embedded, piled, suction) but are generally large steel fabrications.

Infrastructure

Significant

The large volume of chains needed in commercial floating wind farms (a 50-
turbine wind farm will require 150-300 mooring lines, each exceeding 100m in
length) requires considerable fabrication and storage facility and competency.
The manufacture of mooring system anchors requires steel fabrication facilities.

Skills

Manufacturing and logistical skills, Engineering, Project management
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The mooring systems are still in a developmental or early development stage.
Design engineers are needed to develop, manufacture and trial different
systems.

Synergies w/
other industries

Moderate to significant

Considerable synergies with oil and gas, as well as aquaculture and marine
energy (wave and tidal stream).

Life cycle cost
(%)

2-3%

Floating wind
case

This is only required by floating offshore wind structures.

Subsea cables supply (array and export)

Scope

Windfarms require array cables, which connect turbines to the offshore
substation, and export cables, which connect the offshore substation to shore.
Some cable suppliers are able to provide both array and export cables, while
others currently specialise at either medium voltages (array) or high voltages
(export). Some cable suppliers also offer installation within their scope of work.

Infrastructure

Significant

Similar to turbine supply, leading cable manufacturers often procure several
components from external suppliers, before bundling the cables at a separate
site. Facilities for fully bundled submarine cables need to be located at a port
and have large storage facilities, due to the logistical constraints of transporting
the high volumes required. Large order volumes would be needed to justify the
investment required to build a new facility.

Skills

Manufacturing and logistical skills, Engineering, Project management

Synergies w/
other industries

Moderate

Cables used in the offshore wind sector have primary synergies with land-based
power cables, subsea power cables, subsea telecoms, and umbilical’s from the
oil and gas sector.

Life cycle cost
(%)

3-5%
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Floating wind
case

Significant variance to bottom-fixed offshore wind. Floating offshore windfarms
require high-voltage dynamic cables. These require additional components to
fixed wind farms, such as bend stiffeners and buoyancy modules. The availability
of high voltage dynamic export cables is a gap in the existing supply chain.

Offshore substation supply

Scope

Offshore substation structures provide support and protection for the AC or DC
electrical system. Substations are often delivered as one element of a contract
to connect the wind farm to the grid. A substation, which weighs up to 2,000
tonnes, consists of both the foundation structure and the topside, which holds
the electrical equipment. These are large steel structures that can be complex in
their design and associated fabrication logistics.

Floating substations are expected to be necessary for floating offshore wind,
particularly at 100+m water depths, but the concept is still under development.

Developers typically procure the engineering, procurement and construction of
these structures to external suppliers.

Infrastructure

Significant

The large size of structure means that fabrication in advanced facilities with very
deep ports in Europe, the Middle East or East Asia is common.

Skills

Manufacturing and logistical skills, Engineering, Project management

Synergies w/
other industries

Moderate

There are synergies with the oil and gas sector.

Life cycle cost
(%)

2-3%

Floating wind
case

Significant variance to bottom-fixed offshore wind if using floating offshore wind
substations. Floating motion may impact the performance and reliability of the
electrical systems in-house and thus this risk needs to be understood and
mitigated.

Electrical systems supply
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Scope

Electrical systems are hosted in the offshore substations, at the interface
between the export and array cables and in the onshore substations. The
systems can be AC or DC systems. DC systems have a larger footprint and weight
compared to AC systems but allow for more efficient power transmission, a
factor which grows with relevance the longer the transmission distance.

Elements such as reactive power compensation systems, switchgears,
transformers or back-up generators are included as part of the electrical system.

Infrastructure

Moderate to significant

Electrical system components are often standard and provided by a small
number of established suppliers (e.g. ABB, GE Grid Solutions and Siemens Energy
Transmission).

Skills

Manufacturing and logistical skills, Engineering, Project management

Synergies w/
other industries

Significant

Electrical systems used in the offshore wind sector are synonymous with those
used by the wider power sector.

Life cycle cost
(%)

3-5%

Floating wind
case

Limited variance to bottom-fixed offshore wind.

Secondary steel works

Scope

Secondary steel components are attached to the turbine and substation
foundation structures. These steel works can include elements such as railings,
support frames, J-tubes or boat landings. They are normally smaller in size and
easier to transport compared to primary steel structures. These elements can
therefore be procured more flexibly.

Infrastructure

Moderate

As the components are smaller they are more amenable to smaller fabrication
facilities and efficient transportation logistics. There are often benefits to
sourcing from local contractors in close proximity to the installation port base
and project site.

Skills

Manufacturing skills, Engineering, Project management
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Synergies w/
other industries

Significant

There are good synergies with the maritime and general steelwork industries,
where similar small steel fabrications are produced.

Life cycle cost
(%)

Less than 2%.

Floating wind
case

Limited variance to bottom-fixed offshore wind; secondary steel requirements
for floating substructures and floating substations may have some distinct
differences to bottom-fixed offshore wind but should be mostly similar.

Installation and commissioning

The installation and commissioning stage involves the transport, installation and commissioning
offshore of all the main elements of the offshore windfarm project — this includes balance of plant
components, substation(s) and turbines. It is the last stage of deployment, typically managed either
by the offshore wind developer or by the EPCI contractor or contractors. There are some notable
differences between bottom-fixed offshore wind and floating offshore wind. Overall, key activities

include:

= Substructure installation

= Offshore substation installation

= Cable installation

= Turbine installation

Substructure installation

Scope

Large heavy lift vessels are required to transport and install the offshore
structures. Foundation installation vessels require considerable deck space and
crane capacity. There are a number of capable vessels from the oil and gas
industry with large lifting capacity and sufficient hook height that can be used in
the offshore wind industry. The majority of these are owned and operated by
European installation contractors.

Infrastructure

Significant

Installation vessels, installation equipment, such as piling hammers, cranes,
gangways or racks, support services such as support vessels, diving crew,
certifications and ROV operations are required.

Installation ports are needed to act as the construction base. These must have
sufficient quayside draught and onshore area for substructure and turbine
assembly.
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Skills

Vessel operators, skilled divers, engineers.

Synergies w/
other industries

Moderate

There are strong synergies with the oil and gas industry, particularly in offshore
installation logistics, vessel capabilities, and the handling of scour protection.
There are also synergies with other maritime industries that require similar
equipment and support services.

Life cycle cost
(%)

2-3%

Floating wind
case

Significant variance to bottom-fixed offshore wind. Floating wind farms adopt a
different approach to installation, which includes mooring system installation, a
separate process. Mooring and anchors are typically pre-installed using anchor
handling vessels (AHVs). The substructure is then towed to the site using
tugboats and AHVs for hook-up. For several concepts, the turbine will have been
assembled on the substructure at port prior to hook-up. This approach avoids
the need for offshore heavy lift vessels.

Offshore substation installation

The installation of offshore substations is generally part of the whole supply
contract. The activity involves installing the substructure (as above), followed by
individual installation of the substation topside.

Scope

Infrastructure

Significant

Specialist heavy-lift vessels with considerable crane lifting capacity are required,
particularly for larger DC substations. In addition, equipment such as piling
hammers, sea fastenings, certification, ROV operations and support vessels are
required.

Skills

Vessel operators, diving crew, electrical engineers and installation engineers are
required.

Synergies w/
other industries

Moderate

There are direct synergies with the offshore oil and gas industry, due to the
similarity between the installation of these structures and oil and gas platforms.
There are also strong synergies with other maritime industries where there is a
need for similar equipment and support services.
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Life cycle cost
(%)

Less than 2%.

Floating wind
case

Significant variance to bottom-fixed offshore wind if using floating offshore wind
substations. The need for a heavy lift vessel can be mitigated in floating
substation installation, as the topside can be installed on the foundation
substructure at quayside and floated to site for hook-up to a pre-installed
mooring system. This would reduce installation costs. Total cost savings from
lower vessel requirements need to be assessed against the possible additional
costs of the increased port activities and procurement of the more expensive
floating foundation structure and topside.

Cable installation

Scope

Cable installation is critical to wind farm construction as damaging power cables
during the cable lay, burial, and pull-in processes carries high risk. Cable failures
have been the primary cause of insurance claims in the offshore wind industry,
many of which are attributed to issues during installation.

Infrastructure

Significant

Cable installation contractors require access to suitable cable lay vessels. Export
cables require larger vessels equipped with larger carrousels because they are
both thicker and longer than array cables. In addition, equipment such as
trenching and burial tools, tensioners, and support services such as support
vessels, diving crew, and ROVs are required for cable installation.

Skills

Wind farm developers will contract established contractors in order to mitigate
cable failure as best possible. This makes it a difficult area for new entrants.

Synergies w/
other industries

Moderate to significant

There are synergies with the telecommunications and oil and gas industries, due
to likenesses with the installation of telecommunication and umbilical cables,
which utilise similar vessels and installation approaches. There are also good
synergies with other maritime industries where there is a need for similar
equipment and support services.

Life cycle cost
(%)

2-3%

Floating wind
case

Moderate to significant variance to bottom-fixed offshore wind. Installation of
dynamic export cables may increase the cost of cable installation in floating
offshore wind farms.
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Turbine installation

Scope Turbines are lifted onto towers using heavy lift vessels. Turbine installation can
vary in approach depending on the number of components that developers
chose to assemble onshore vs offshore. Greater onshore assembly reduces the
number of offshore lifts needed whilst greater offshore assembly better
optimises vessel space and reduces the risk of the lift.

Infrastructure Significant

Offshore assembly requires a vessel with large deck area, for component
transportation, and a large crane with sufficient hook height and lifting capacity
for the installation process. Jack-up vessels have been favoured to date due to
the improved stability that they gain from having planted legs.

Skills Installation engineers, vessel operators.

Synergies w/ Moderate

other industries
There are synergies with other offshore industries that utilise heavy lift vessels,

for example oil and gas.

Life cycle cost 2-3%.

(%)
Floating wind Moderate to significant variance to bottom-fixed offshore wind. For some
case concepts the turbine assembly can be completed in port-side or sheltered

waters, mitigating the need for large heavy-lift vessels but requiring greater
lifting capacity onshore/inshore.

Operations and maintenance

The operations and maintenance activities ensure that the offshore windfarm maximises generation
whilst maintaining the integrity of all main elements and compliance to commercial and regulatory
obligations. These activities span over the entire service life of the windfarm® and can account for
over a third of the life cycle cost. The approach by developers varies but typically these activities are
managed first by both turbine OEMs and developers during the in-warranty period of the turbine and
then by the developer during the out-of-warranty period of the turbine. Specialist or ancillary
services/equipment are contracted as required by turbine OEMs or developers. Notably, this stage
includes:

=  Monitoring, inspection and maintenance works

82 Typically windfarm have a design life of 20-25 years; this often corresponds to their consenting period. However, some windfarms may
be able to operate safely and to a satisfactory level beyond their design life, provided that developers obtain an extension to their consent
right.
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= Vessel and equipment supply

Monitoring, inspection and maintenance works

Scope

Inspection and maintenance involves providing windfarm support during its
operational lifespan to reduce downtime. This encompasses monitoring the
performance and integrity of the wind farm assets and undertaking both
scheduled and unscheduled maintenance and repair activities.

Turbine suppliers typically undertake the inspection and maintenance of the
turbines for their first 5 years of operation. After this, the developers either
extend the contract or take on responsibility in-house. Wind farm operators or
third parties are contracted to undertake the inspection and maintenance of the
balance of plant (e.g. foundation, array cables, and mooring system, if
applicable).

Infrastructure

Minimal

Crew transfer and maintenance vessels are required. The ability for O&M
technicians and vessels to access the windfarm efficiently, considering
transportation costs and weather constraints, is also essential. As a result,
parties performing inspection and maintenance activities usually locate their
operations base in the nearest suitable port that meets their criteria in terms of
vessel access and available facilities.

Skills

Inspection and maintenance work requires skilled technicians, engineers,
skippers and other qualified professionals to plan, manage, perform and assess
all off-site and on-site activities and data. Technicians are particularly important,
as they are responsible for accessing the turbines and undertaking the
inspection and maintenance work. They are usually certified and experienced
professionals able to work effectively in difficult conditions and in line with strict
health and safety requirements.

Synergies w/
other industries

Significant

There are strong synergies with onshore wind (turbine repairs, working at
heights) and other offshore and maritime industries, such as oil and gas
(structural integrity, remote inspection, weather management, and health &
safety).

Life cycle cost
(%)

Over 10%.

Floating wind
case

Moderate to significant variance to bottom-fixed offshore wind. Main variances
include inspection and maintenance of underwater elements, particularly the
mooring systems, and heavy maintenance or repairs, in which the turbine unit
is likely to be towed to port for complete the work.
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Vessel and equipment supply

Scope To undertake monitoring, inspection and maintenance activities, operators and
OEMs will usually procure the equipment, vessels, and wind farm technicians
from third parties. The benefits of having vessels and equipment readily
available can result in greater opportunities for local companies.

Operators typically select their vessels depending on requirements such as
transit speed, carrying capacity, fuel efficiency or personnel transferability. SOVs
are larger vessels that can effectively serve as an offshore base for inspection
and maintenance activities, whereas CTVs and other smaller vessels usually go
offshore and return to port on a more frequent basis. Selection of CTVs or SOVs
depends on the distance between the port base and wind farm, met-ocean
conditions, and the operator’'s O&M strategy.

Infrastructure Moderate to significant

Vessel and equipment for inspection and maintenance activities typically involve
workboats such as crew transfer vessels (CTVs) or service operations vessels
(SOVs), safety, inspection and maintenance tools or spare parts.

Major malfunctions can require large heavy lift vessels and larger ports to
accommodate the exchange of components and ensure unrestricted vessel
access.

Skills Turbine operations and maintenance staff are needed for inspection and are
able to fix most minor faults. Expert engineers may be needed for faults with
specialised components (e.g. electrical engineers) or for major malfunctions.

Synergies w/ Moderate

other industries
There are good synergies with other offshore and maritime industries that use

similar vessels and equipment.

Life cycle cost Over 10%.

(%)
Floating wind Limited to moderate variance to bottom-fixed offshore wind. Main variance is
case likely to be the vessels required to tow the turbine unit(s) to port for heavy
maintenance or repair work.
Decommissioning

The decommissioning stage brings the offshore windfarm project to an end. Decommissioning
activities have been limited to date and untested at scale with larger offshore windfarms and but are
expected to increase in number and scale over the next decade. Based on the few initial cases and the
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similarities with the installation and commissioning stage, these activities are (or are expected to be)
typically managed either by the offshore wind developer or by the EPC contractor or contractors.
There are some notable differences between bottom-fixed offshore wind and floating offshore wind.
For simplicity, a breakdown of this stage is not presented here but further details and requirements
can be found below.

Decommissioning

Scope Decommissioning involves the removal of the offshore assets of a windfarm,
including the turbine, foundation, scour protection, and subsea cabling. The
process is, in effect, a reversal of the installation process. Although there has
been little experience in the decommissioning of offshore wind farms to date, it
is planned that the removed components will be either reused, recycled, or
disposed of. Reuse might be possible for some turbine parts and the high volume
of steel in offshore wind farms means that recycling is an attractive option that
could return value to operators, in addition to the environmental benefits.

Infrastructure Significant

The removal of large components such as turbines or foundations will require
large vessels with the necessary lifting capacity and deck space for component
transportation back to shore. The port base will need to accommodate both the
vessels and decommissioned components. It is possible that some of these ports
may even develop specific infrastructure for decommissioning.

Skills Skilled staff will be needed for vessel operation, onshore disassembly and
sorting of wind farm components, including sale for re-use or recycling, and the
logistical planning and management of the port and offshore operations.

Synergies w/ Moderate

other industries
There are synergies with other maritime salvage and offshore industries, such as

oil and gas, where decommissioning activities are common.

Life cycle cost 3-5%.

(%)
Floating wind Significant variance to bottom-fixed offshore wind; floating offshore wind
case substructures and substations can simply be towed to port for dismantling but

mooring systems and cables will need to be decommissioned.
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Appendix 2: Irish Ports Analysis

The below information on the selected Irish ports was compiled based on an impartial analysis of
secondary sources from desktop research including the IPORES Report 2018, National Ports Policy
2013, Port Master/Development Plans, port presentation material and port websites. The information
is provided as a baseline from which a Port Infrastructure Assessment can be made. The intention is
for the baseline to be improved upon to ensure Irish ports can capitalise on the offshore wind
opportunity. This to be achieved through regular dialogue between ports and ports representatives
such as the Irish Ports Authority, relevant government dept. /agencies including the IMDO and
industry including IWEA and its members. This dialogue and outputs will inform future assessments of
port infrastructure in Ireland to ensure delivery of this sector.

Dublin Port

Structure: Port Company

National Ports Policy Category: Tier 1

Development Master Plan: 2012 — 2040 (Review 2018)
Location: LAT: 53°20'48.68"N LONG: 6°12'7.57"W

Brief Description: Dublin is Ireland’s largest port and accommodates almost 50% of all trade in Ireland. It
facilitates all six shipping modes (Lift-on Lift-off, Roll-on Roll-off, Liquid Bulk, Dry Bulk, Break Bulk and
Cruise) and has planned an average annual volume growth (AAGR) of 3.3% over the 30 years from 2010 to
2040.

Ports Physical Characteristics | Port Depth (Chart Datum) Alexandra Quay (East): 9.6 —10.3m
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Alexandra Quay (West): 9.6 — 10.2m
Ocean Pier (East): 9.7m
Ocean Pier (West): 9.5m

Southern Pier: 11m

Quay Length

Alexandra Quay (East): 360m
Alexandra Quay (West): 360m
Ocean Pier (East): 240m
Ocean Pier (West): 410m

Southern Pier: 357m

Component handling
equipment

= 3 x64tand 2 x 102t mobile cranes
located at Alexandra Quay

= 1 x64tand 1 x 84t mobile cranes
serving the South Deepwater Quay.

Ports Connectivity

Distance from wind farm

Majority of Irish Portfolio (6.33GW) within
70km radius with 1.95GW with planning
consent and holding grid connection

Sailing Distance from the
key component suppliers

Cuxhaven (~1,500km)
Bremerhaven (~1,500km)
Hull (~1,280km)

Belfast (~200km)

Rotterdam (~1,190km)

Distance from road/rail
networks

Direct Access to M50 via Dublin Port Tunnel.
Rail network in close proximity

Distance from Heliports

Dublin Airport: 9km by air/ 11.85km by
road

Weston Aerodrome: 19km by air/ 30km by
road via M50

Casement Aerodrome: 17km by air/ 34km
by road via M50

Knocksedan Heliport: 12km by air/ 15km by
road
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440,000m? of quayside space at the
Ports Layout Storage space availability Alexandra Basin, Ocean Pier and South
Deepwater Quay that are currently used
for cargo

Component manufacturing No
facility availability

Component laydown 9.3ha on redeveloped Poolbeg port lands
(staging) area availability earmarked for Lo-Lo container terminal.

21ha of possible reclaimed land east of
port area earmarked for possible new Ro-

Ro facility
Workshop area Yes
Office facilities Yes
Potential for expansion Limited with available space constrained

but reclaimed land a possibility

Port of Cork

Structure: Port Company

National Ports Policy Category: Tier 1

Strategic Development Plan: 2002 (Reviewed 2010)
Location: LAT: 51°53'56.74"N LONG: 8°24'52.93"W

Brief Description: Cork is Ireland’s second largest port and is capable of facilitating all six shipping modes
(Lift-on Lift-off, Roll-on Roll-off, Liquid Bulk, Dry Bulk, Break Bulk and Cruise). The Port of Cork is spread
geographically between the City to Ringaskiddy, Tivoli and Cobh.
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Cork

Ringaskiddy

Tivoli

Cobh

Images courtesy of Google Earth® . Images courtesy of Google Earth®

Marino Point (JV between Port of Cork & Lanbar Holdings)

Images courtesy of Google Earth®
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Ports Physical Characteristics

Port Depth (Chart Datum)

City Quays:
- Albert Quay: 5.6m
- South Jetties: 8.8m
- South Deepwater Quay: 6m
- Penrose Quay: 3.6m
- Horgan’s Wharf: 8.8m
- Custom House: 7.3m
Cobh: 6.3m
Ringaskiddy: 13.5m
Tivoli: 8.8m
Marino Point: 10m
Cork Dockyard: 7m
Lower Harbour (Privately owned):
- Whitegate: 13.1m/10.2m

- Passage West: 9m

Quay Length

City Quays:
- Albert Quay: 135m
- South Jetties: 411.5m
- South Deepwater Quay: 194m
- Penrose Quay: 146m
- Horgan’s Wharf: 205.7m
- Custom House: 176.9m
Cobh: 183m
Ringaskiddy: 485m
Tivoli: 108m
Cork Dockyard: 800m
Lower Harbour (Privately owned):

- Whitegate: 365.8m/106.7m

| 148



- Passage West: 274.3m

Component handling
equipment

Ringaskiddy

= 1x65t,2x100t & 2 x 30t
mobile cranes,
= 2 x 45t reach stackers,
= 4 xTug Master, and;
= 2 xcargo trailer with goose necks.

Ports Connectivity

Distance from wind farm

Significant development pipeline (1.8GW)
within 80km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,450km)
Bremerhaven (~1,450km)
Hull (~1,160km)

Belfast (~462km)

Rotterdam (~1,072km)

Distance from road/rail
networks

Access to M8 via N28 (single carriage) &
N40 (duel carriage)

Indirect access to rail network via Cork
train station located in the city

Distance from Heliports

Cork Airport: 12km by air/ 15km by road

Ports Layout

Storage space availability

12 ha available at Ringaskiddy but subject to
pre-planning and booking

Component manufacturing
facility availability

No

Component laydown
(staging) area availability

Approximately 18ha of open space for
storage and lay-down with a further 1.6ha
of hinterland space around Ringaskiddy.

8ha land bank available at Marino Point.

Workshop area

Yes
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Office facilities Yes

Potential for expansion Yes, greatest potential around Ringaskiddy
with possible redevelopment of industrial
lands and Marino Point with a land bank of
8ha. Overhead wires limit air draft to 50m at
Marino point and any future expansion for
offshore wind would need to account for
this.

Shannon Foynes Port

Structure: Port Company

National Ports Policy Category: Tier 1

Strategic Development Plan: Vision 2041 (2013)
Location: LAT: 52°36'47.76"N LONG: 9° 5'53.89"W

Brief Description: The Shannon Foynes Port operates within the deep-water Shannon Estuary. It is Ireland’s
largest port on the west coast stretching from Kerry/Loop Heads to Limerick City. It has a history of serving
the offshore Oil & Gas history but most recently, it has been used by the onshore wind industry as an
important port to bring wind turbines onshore given its strategic location to onshore wind farms located on
the west coast of Ireland. The port specialises in dry, liquid and break-bulk cargoes while also catering from
special projects and heavy lifts with some 1.2ha of bulk warehousing.
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Ports Physical Characteristics

Port Depth (Chart Datum)

10.5m

(Channel Draught 7.8m)

Quay Length

West Quay: 271M

East Quay: 295M

Component handling
equipment

1x 124 ton crane
2 x 63 ton cranes
1 x 35 ton crane

Ports Connectivity

Distance from wind farm

Closest significant fixed wind development
(100MW) is 90km away but over 1GW of
floating wind development lies with 90km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,730km)

Bremerhaven (~1,730km)

Hull (~1,520km)
Belfast (~850km)

Rotterdam (~1,390km)
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Distance from road/rail
networks

Access to M7 via N69 (single carriage)

Upgrade of the Foynes to Limerick road
scheme is progressing to An Bord Pleanla in
November 2019. This project has a go live
date of 2026 with a dual carriage way
connection directly into the port of Foynes

Disused rail line connects Foynes to Limerick

Distance from Heliports

Shannon Airport 15km by air/ 55km by road

Coonagh aerodrome 29km by air/ 35km by
road

Ports Layout

Storage space availability

10ha of open storage
immediately available.

Further 40ha of set down available with full
planning consent in the short term.

80ha available in the short term if required,
land pre-zoned for port related activity.

Component manufacturing
facility availability

No

Component laydown
(staging) area availability

10ha of open storage
immediately available.

Further 40ha of set down available with full
planning consent in the short term.

80ha available in the short term if required,
land pre-zoned for port related activity.

Workshop area

Yes

Office facilities

Yes

Potential for expansion

Yes, with onsite redevelopment
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Port of Waterford

Structure: Port Company

National Ports Policy Category: Tier 2

Strategic Development Plan: Port Master Plan 2020 - 2044
Location: LAT: 52°16'0.48"N LONG: 7° 2'14.66"W

Brief Description: Ireland’s fifth largest port located 19km from open sea and 5km downstream from the
city of Waterford at Belview. The vision of the Port of Waterford is to be the preferred cargo gateway for
the South East Region. It has some experience in handling onshore wind turbines while Fastnet Shipping

Ltd, a marine service provider to the offshore wind sector with significant experience, has a base located
upstream from the city at Bilberry Industrial Estate.
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Images courtesy of the Port of Waterford

Ports Physical Characteristics

Port Depth (Chart

Belview (Bulk): 9 - 10m

Datum)
Belview (Containers): 8.5m
Suir: 7m
River channel: 7 - 11m (6.5m
maintained depth with a 4.5m tide,
0.5m low neaps)

Quay Length Belview (Bulk): 400m

Belview (Container): 450m

Suir: 120m

Component handling
equipment

2 x Liebherr 280 harbour mobile
crane with 84t lift capacity

1 x Liebherr 250 harbour mobile
crane with 50t lift capacity

2 x Liebherr 1081 harbour mobile
crane with 32t lift capacity

2 x 40t wide-span gantry cranes,

2 x Reachstacker container Handler

Ports Connectivity

Distance from wind farm

Significant development pipeline
with 80km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,400 km)

Bremerhaven (~1,400 km)

| 154



Hull (~1,160 km)
Belfast (~¥375 km)

Rotterdam (~1,025 km)

Distance from road/rail
networks

Access to M9 via N29 & N25

Direct access to rail network.

Distance from Heliports

Waterford Airport 10km by air/ 18km
by road

Ports Layout

Storage space availability

12 ha of storage space available with
a further 8 to 10 ha recently brought
into service with 2 ha further
available at the port backreach.

Component
manufacturing facility
availability

No

Component laydown
(staging) area availability

The port backreach has 11,000 sq.
metres easily available for laydown
and staging

Workshop area

Yes

Office facilities

Yes

Potential for expansion

At Belview there will be a need
provide an extension that considers
the railway line. The port masterplan
sets out a further 400 metres of
quays as a downstream extension
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Rosslare Europort

Structure: Part of larnrod Eireann

National Ports Policy Category: Tier 2

Strategic Development Plan: None found
Location: LAT: 52°15'9.29"N LONG: 6°20'11.98"W

Brief Description: Rosslare Europort is one of Ireland’s largest ports and specialises in Ro/Ro including Pax,
Trade Vehicles and bulk markets. Its strategic location allows for the quickest daily direct services to the UK
and Europe. The operating facilities at Rosslare Europort include three RoRo berths, a 100,000m? storage
area, common user terminal status and a full stevedoring service. Previously, Rosslare Europort played a
part in the construction of Ireland’s first offshore wind farm the 25MW Arklow Banks. The port handled
over 20 shipments of wind turbine blades and towers, which were used in the project.

-

Iméges courtesy. of.Google Earth®. ;[ "

Ports Physical Characteristics Port Depth (Chart Datum) Berth 1: 6.5m - 10m
Berth 2: 6.5m - 10m
Berth 3: 6.5m - 10m

Berth 4: 6.5m - 10m
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Quay Length

Berth 1: 221m

Berth 2: 214m

Berth 3: 168m

Berth 4: 184m

Component handling
equipment

Mobile cranes are brought in on a ‘as
needed basis’

Ports Connectivity

Distance from wind farm

Significant development pipeline
(2.3GW) within 70km

Sailing Distance from the key
component suppliers

Cuxhaven (~1,450km)
Bremerhaven (~1,450km)
Hull (~1,188km)

Belfast (~306km)

Rotterdam (~1,080km)

Distance from road/rail
networks

Direct access to National Road
network via N25

Direct access to rail network with
regular passenger services to Dublin.
Rail freight services are planned when
the Europort enters the LoLo market.

Distance from Heliports

Closest is Waterford Airport which is
51km by air/ over 80km by road

Ports Layout

Storage space availability 100,000m?
Component manufacturing No

facility availability

Component laydown (staging) No

area availability

Workshop area Yes
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Office facilities

Yes

Potential for expansion

Limited due to rail line constraining
port southern boundary and Rosslare
Marina limiting development to the
west.

Arklow

Structure: Local Authority

National Ports Policy Category: Not designated

Strategic Development Plan: None found but creation of the Marine Business Development Group has set

aims to develop a Maritime Strategy for County Wicklow.

Location: LAT: 52°47'36.66"N LONG: 6° 8'36.78"W

Brief Description: Arklow harbour is located on the east coast of Ireland 60km south of Dublin. It is a
popular fishing and seaport situated at the entrance to the river Avoca. Arklow Marine Services operate
from the harbour and support the offshore wind industry through the provision of vessels and O&M

services.

Ports Physical Characteristics Port Depth (Chart Datum)
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Quay Length

80m

None
Component handling
equipment
Ports Connectivity Distance from wind farm 6km

Sailing Distance from the key
component suppliers

Cuxhaven (~1,515km)
Bremerhaven (~1,515km)
Hull (~1,253km)

Belfast (~241km)

Rotterdam (~1,145km)

Distance from road/rail
networks

Access to M11 via R747

Arklow train station <1km away

Distance from Heliports

Newcastle Aerodrome: 32km by air/
37km by road

Ports Layout

1000m?
Storage space availability
Component manufacturing No
facility availability
Component laydown (staging) No
area availability
Workshop area Yes
Office facilities Yes

Potential for expansion

Limited, constrained by town centre
but some 6ha of Brownfield site
available adjacent to the north side of
harbour.
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Drogheda

Owner: Structure: Port Company

National Ports Policy Category: Regional Significance

Strategic Development Plan: Masterplan 2020 — 2050 under draft

Location: LAT: 53°43'16.64"N LONG: 6°18'26.61"W

Brief Description: A regionally important port situated on the River Boyne on Ireland's east coast with direct
motorway access to Dublin and Belfast. The Company provides port facilities for both general freight and

container services.

Tom Roes Point

Images courtesy of Google Earth®

Drogheda Town Centre
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Ports Physical Characteristics

Port Depth
(Chart
Datum)

Inner North Quays: 1 —2m
Tom Roes Point: 5.5m

(River channel maintained at 2.2m)

Quay Length

Inner North Quays: 430m

Tom Roes Point: 160m

Component
handling
equipment

2 x Liebherr LHM 250 (64t) harbour mobile
cranes

Ports Connectivity

Distance from

16km to 2.3GW of fixed and floating wind

wind farm development

Sailing Cuxhaven (~1,600km)
Distance from

the key Bremerhaven (~1,600km)
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component
suppliers

Hull (~1,367km)
Belfast (~167km)

Rotterdam (~1,245km)

Distance from
road/rail
networks

Direct access to M1 via town centre.

Indirect access to rail network via Drogheda
train station

Distance from
Heliports

Gormanstown Aerodrome 11km by air/12km
by road

Dublin Airport 33km by air/44km by road

Ports Layout

Storage space
availability

5.67ha

Component
manufacturin
g facility
availability

No

Component
laydown
(staging) area
availability

Limited

Workshop
area

Yes

Office
facilities

Yes

Potential for
expansion

Yes, area around Tom Roes point could be
developed but maintained water depth of river
channel is a constraint.
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Dun Laoghaire

Structure: Port Company

National Ports Policy Category: Regional Significance
Strategic Development Plan: Master Plan 2011
Location: LAT: 53°17'51.83"N LONG: 6° 8'5.49"W

Brief Description: Dun Laoghaire harbour is located on the outskirts of Dublin City. It operates as an
important passenger port with services to Britain. Its other focus is on marine leisure and maritime tourism
with no plans to deal with freight traffic through the port. Its current strategic outlook is to capitalize on
marine leisure, maritime tourism, cultural amenity and urban redevelopment.
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Ports Physical Characteristics | Port Depth (Chart Datum) East Pier: 3.5m
Carlisle Pier: 5m

St Michaels Pier: 8.5

Quay Length East Pier: 150m
Carlisle Pier: 280m

St Michaels Pier: 110m
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Component handling
equipment

Mobile cranes are brought in on a ‘as
needed basis’

Ports Connectivity

Distance from wind farm

12km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,500km)
Bremerhaven (~1,500km)
Hull (~1,280km)

Belfast (~200km)

Rotterdam (~1,190km)

Distance from road/rail
networks

Access to M50 via local road network.

Direct access to passenger rail network.

Distance from Heliports

Dublin Airport: 16km by air/ 38km by road
Casement: 21km by air/ 28km by road

Weston: 25km by air/ 33km by road

Ports Layout

Storage space availability No
Component manufacturing No
facility availability

Component laydown No
(staging) area availability

Workshop area Limited
Office facilities Limited

Potential for expansion

No due to town boundary constraining port
expansion
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Port of Galway

Structure: Port Company

National Ports Policy Category: Regionally Significant
Strategic Development Plan:

Location: LAT: 53°16'10.36"N LONG: 9° 2'37.58"W

Brief Description: The port of Galway is located within the city bounds and caters for bulk liquids, dry bulk
and break bulk. A ferry service to the Aran Islands also operates from the port while there is also experience
in handling onshore wind turbines through the port. Plans for a new Port of Galway are underway which
proposes of 23.89 hectares of land reclamation with the development providing 660m of quay berth to 12m
water depth serviced by an 8m channel depth.

Images courtesy of Google Earth®

Ports Physical Characteristics Port Depth (Chart Datum) 6.5m Neaps & 7.2 m Springs at
present. (Approach channel 3.5m)

Quay Length Mulvoy Quay: 209m
Breathanach Quay: 176m
Dun Aengus North: 164m

Dun Aengus South: 161m
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New Pier: 134m and 85m [tidal]
South East Extension: 93m
Folan Quay: 87m

Quirke Quay: 80m

Component handling
equipment

1 X 40 tonne harbour mobile crane
(Sennebogen 640M/K2)

Ports Connectivity

Distance from wind farm

60km

Sailing Distance from the key
component suppliers

Cuxhaven (~1,800km)
Bremerhaven (~1,800km)
Hull (~1,575km)

Belfast (~600km)

Rotterdam (~1,435km)

Distance from road/rail
networks

Access to M6 via N6

Rail network runs adjacent to site

Distance from Heliports

Connemara Aerodrome: 27km by
air/28km by road

Ports Layout

Storage space availability

2 X 8,000m? covered storage
warehouses

Port Enterprise Park: ~ 10 acres
Centre Quay: 1,330m? storage

Warehouse on centre pier: 300m?

Component manufacturing
facility availability

No

Component laydown (staging)
area availability

No but proposed redevelopment will
allow for laydown area

Workshop area

Yes
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Office facilities Yes

Potential for expansion Yes, proposed redevelopment in
planning

Greenore

Structure: Private (Doyle Shipping Group)

National Ports Policy Category: Regionally Significant
Strategic Development Plan: N/A

Location: LAT: 54° 2'1.75"N LONG: 6° 7'58.95"W

Brief Description: Greenore is Irelands only privately owned port of significance define dun the NPP 2013.
Located to the entrance to Carlingford Lough, it was the first port to handle containerised traffic in 1963. Its
strategic location within the Dublin to Belfast Economic Corridor allows it to serve both cities and regions.
Today the port handles mostly dry bulk including animal feed, fertiliser, coal, steel and timber. The port is
the main steel port in Ireland, capable of handling over 250,000MT per annum and handles an average of
400,000MT of dry bulk per annum. The owner, Doyle Shipping Group have experience in handling turbine
components across Ireland for onshore and offshore wind farm developments including Arklow Bank, Robin
Rigg offshore project and the West of Dudden Sands project.
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Images courtesy of Google Earth®
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Ports Physical Characteristics

Port Depth (Chart Datum)

4.9-55m

Quay Length

260m

Component handling
equipment

1 x mobile Liebherr LHM 320
1 x Liebherr gantry crane

Ports Connectivity

Distance from wind farm

10km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,660km)
Bremerhaven (~1,660km)
Hull (~1,385km)

Belfast (~132km)

Rotterdam (~1,260km)

Distance from road/rail
networks

Access to M1 via R174 (20km)

No direct access, nearest Train Station at
Dundalk 20km away

Distance from Heliports

None within 50km. The closest is
Gormanstown located 55km south.

Ports Layout

Storage space availability

1.1ha open storage

Component manufacturing
facility availability

No

Component laydown
(staging) area availability

Limited to open storage space

Workshop area

Yes

Office facilities

Yes
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Potential for expansion Limited, port boundary constrained by Golf
course and town centre. Some 10 ha could
be redeveloped some 1.7km south of the
port adjacent to the Open Hydro Technical
Centre

Killybegs Harbour

Structure: Fisheries Centre

National Ports Policy Category: Regionally Significant
Strategic Development Plan: Marketing Strategy 2008
Location: LAT: 54°37'54.24"N LONG: 8°26'39.26"W

Brief Description: Located on the north west coast of Ireland in Co. Donegal, the harbour has a strong
history within the commercial fisheries sector while also establishing a cargo handling business. It has
handled onshore wind farm components in the past while also serving the O&G sector in Ireland specifically
in relation to the development of the Corrib Gas field. It should be mentioned that the strong marine
engineering experience at the harbour could support the Irish offshore wind supply chain beyond just acting
as a port during construction or operation of a wind farm project.
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Ports Physical Characteristics

Port Depth (Chart Datum)

12m

Quay Length

300m

Component handling
equipment

Mobile crane (120t)

Ports Connectivity

Distance from wind farm

~50km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,580km)
Bremerhaven (~1,580km)
Hull (~1,340km)

Belfast (~360km)

Rotterdam (~1,640km)
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Distance from road/rail
networks

Connected to national road network (N56)
via R263.

No rail access.

Distance from Heliports

Finner is 20km by air/ 53km by road

Ports Layout

Storage space availability

2 x cargo sheds (968m?)

Component manufacturing
facility availability

No but marine vessel manufacturing is
available at harbour.

Component laydown 70,000m?
(staging) area availability

Workshop area Yes
Office facilities Yes

Potential for expansion

Yes, hinterland around port or on adjacent
side of inlet.

Kinsale

Structure: Local Authority

National Ports Policy Category: Regionally Significant

Strategic Development Plan:

Location: LAT: 51°42'5.49"N LONG: 8°31'3.48"W

Brief Description: Kinsale Harbour is located on the south coast of Ireland around 40km south of Cork City.
Its primary use is for marine and leisure activities with some commercial activity handling animal feed and

timber.
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Ports Physical Characteristics

Port Depth (Chart Datum)

6m

(Approach channel 4 — 11m)

Quay Length 130m
None
Component handling
equipment
Ports Connectivity Distance from wind farm 42km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,450km)
Bremerhaven (~1,450km)
Hull (~1,160km)

Belfast (~462km)

Rotterdam (~1,072km)

Distance from road/rail
networks

Connected to National Road (N71) network

via R605.

No access to rail network
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Ports Layout

Distance from Heliports Cork airport is 15km by air/ 19km by road
Storage space availability Very limited

Component manufacturing No

facility availability

Component laydown No

(staging) area availability

Workshop area Limited

Office facilities Limited

Potential for expansion No, harbour constrained by town boundary

New Ross

Structure: Port Company

National Ports Policy Category: Regionally Significant

Strategic Development Plan:

Location: LAT: 52°23'35.7

Brief Description: New Ross Port is located 25km inland from the south Irish coast along the River Barrow. It
is a bulk port that principally handles dry bulk products including petroleum products, animal feedstuffs and

8"N LONG: 6°57'9.11"W

fertiliser, cement, coal, timber, ore, steel and general cargo.

Town
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Ports Physical Characteristics

Port Depth
(Chart Datum)

2.5m

Approach channel(Maintained at 2.5m)

Quay Length

Rosbercon Jetty: 215m
Town Jetty: 30m
Marshmeadows Jetty: 60m
Raheen Jetty: 60m

Stokestown pontoon berth: 60

Mobile cranes available

Component
handling
equipment

Barrow River Railway Bridge: When closed,
Horizontal allows vessels under 6 metres at HWS or 10
Clearance

metres LWN. Taller boats require the opening of
the bridge on request.

Ports Connectivity

Distance from | 39km

wind farm

Sailing Cuxhaven (~1,730km)
Distance from

the key Bremerhaven (~1,730km)
component

suppliers Hull (~1,520km)

Belfast (~850km)

Rotterdam (~1,390km)

Distance from
road/rail
networks

Access to M9 via R704

No access to rail network

Distance from
Heliports

Waterford Airport 25km by air/32km by road

Ports Layout

Storage space
availability

Warehousing and open storage space adjacent
to port

Component
manufacturin

No
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g facility
availability

Component
laydown
(staging) area
availability

No

Workshop
area

Yes

Office
facilities

Yes

Potential for
expansion

Possible redevelopment of hinterland around
Stokestown.

Rossaveal

Structure: Fisheries Centre

National Ports Policy Category: Not Designated

Strategic Development Plan: None found

Location: LAT: 53°16'2.03"N LONG: 9°33'30.43"W

Brief Description: Rossaveal is located approx. 34km west of Galway city. It is the main fishing harbour in
Co. Galway and also the main ferry port to access the Aran Islands off the west coast.
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Ports Physical Characteristics

Port Depth (Chart Datum)

Pier No 1: 3.7m

Pier No 2 West: 155m at 3.7m and 60m at
5.8m

Pier No 2 East: 3.7m

(Approach channel: 3.7m)

Quay Length

Pier No 1: 120m
Pier No 2 West: 215m
Pier No 2 East: 90m

Component handling
equipment

Mobile crane capacity up to 120t

Ports Connectivity

Distance from wind farm

32km

Sailing Distance from the
key component suppliers

Cuxhaven (~1,800km)
Bremerhaven (~1,800km)
Hull (~1,575km)

Belfast (~600km)

Rotterdam (~1,435km)

Distance from road/rail
networks

Connected to national road network (N59)
via R336
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No access to rail network

Distance from Heliports

Connemara aerodrome: 7km by air/ 9km by
road

Ports Layout

Storage space availability

Limited

Component manufacturing
facility availability

No

Component laydown
(staging) area availability

None at present

Workshop area

Yes

Office facilities

Yes

Potential for expansion

Yes, possible land development on port
hinterland

Tralee Finit

Structure: Local Authority

National Ports Policy Category: Regionally Significant

Strategic Development Plan: None found

Location: LAT: 52°16'11.42"N LONG: 9°51'41.79"W

Brief Description: Fenit Harbour is located 11km west of Tralee in Co. Kerry on the south west Irish coast.
Historically it has served as a fishing port but also brings in some commercial cargo. It has previous
experience in handling onshore wind turbines and now plays an important part in the distribution of

Liebherr container cranes.
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Ports Physical Characteristics | Port Depth (Chart Datum) Cargo pier: 6.4 - 7.6m

(Approach channel 4.9 - 6.1m)

Quay Length 175m

Mobile cranes (can handle up to 200t)
Component handling

equipment
Ports Connectivity Distance from wind farm 115km
Sailing Distance from the Cuxhaven (~1,640km)

key component suppliers
Bremerhaven (~1,640km)

Hull (~1,450km)
Belfast (~850km)

Rotterdam (~1,300km)

Distance from road/rail Access to national network (N69) via R558

networks
No access to rail network
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Distance from Heliports

Kerry Airport: 24km by air/ 32km by road

Ports Layout

Storage space availability No
Component manufacturing No
facility availability

Component laydown No
(staging) area availability

Workshop area Limited
Office facilities Limited
Potential for expansion No

Wicklow

Structure: Local Authority

National Ports Policy Category: Regionally Significant

Strategic Development Plan: None found but creation of the Marine Business Development Group has set

aims to develop a Maritime Strategy for County Wicklow.

Location: LAT: 52°58'52.69"N LONG: 6° 2'8.24"W

Brief Description: Wicklow port is located on the east coast of Ireland 40km south of Dublin. It handles bulk
dry cargo such as timber, glass and scrap metal. It also has some experience in handling onshore wind

turbines through the port.
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Packet quay —3.2m
Ports Physical Characteristics | Port Depth (Chart Datum) North quay — 2.3m

South Quay —2.3m

Packet quay —95m
Quay Length North quay — 130m
South Quay —126m

Liebherr 954 materials handler
Component handling

equipment
Ports Connectivity Distance from wind farm 12km
Sailing Distance from the Cuxhaven (~1,535km)

key component suppliers
Bremerhaven (~1,535km)

Hull (~1,273km)
Belfast (~221km)

Rotterdam (~1,165km)

Distance from road/rail Access to M9 via R750

networks
Wicklow train station within 1.5km
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Distance from Heliports

Newcastle Aerodrome: 10km by air/ 14km
by road

Ports Layout

Storage space availability

Warehousing with limited open storage
and stockholding facilities

Component manufacturing No
facility availability

Component laydown No
(staging) area availability
Workshop area Yes
Office facilities Yes

Potential for expansion

No, constrained by town centre
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The Carbon Trust is an independent company with a mission to accelerate the move to a sustainable,
low-carbon economy. The Carbon Trust:

advises businesses, governments and the public sector on opportunities in a sustainable, low-
carbon world;

measures and certifies the environmental footprint of organisations, products and services;
helps develop and deploy low-carbon technologies and solutions, from energy efficiency to
renewable energy.

www.carbontrust.com

+44 (0) 20 7170 7000

Whilst reasonable steps have been taken to ensure that the information contained within this
publication is correct, the authors, the Carbon Trust, its agents, contractors and sub-contractors give
no warranty and make no representation as to its accuracy and accept no liability for any errors or
omissions. Any trademarks, service marks or logos used in this publication, and copyright in it, are the
property of the Carbon Trust. Nothing in this publication shall be construed as granting any licence or
right to use or reproduce any of the trademarks, service marks, logos, copyright or any proprietary
information in any way without the Carbon Trust’s prior written permission. The Carbon Trust enforces
infringements of its intellectual property rights to the full extent permitted by law.

The Carbon Trust is a company limited by guarantee and registered in England and Wales under
Company number 4190230 with its Registered Office at: 4th Floor, Dorset House, 27-45 Stamford
Street, London SE1 9NT.

© The Carbon Trust 2019. All rights reserved.















