westwave

Cormverting Ireland's Wave Energy Potential

Client: Sustainable Energy Authority of Ireland

Supply Chain Study for WestWave

ESBloe-WAV-11-027

ESB Ocean Energy
ESB Head Office

27 Lr Fitzwilliam Street
Dublin 2

Ireland

Web: www.esbi.ie; www.esb.ie



File Reference:

Client / Recipient :  Sustainable Energy Authority of Ireland
Project Title: WestWave

Report Title: Supply Chain Study for WestWave
Report No.: ESBloe-WAV-11-027

Rev. No.: Rev 1.8

Volume 1of 1

Prepared by:

Title Cera Slevin
APPROVED: Colm de Burca DATE:23"™ November 2011
TITLE: Manager, ESB Ocean Energy

Latest Revision Summary:

COPYRIGHT © ESB INTERNATIONAL LIMITED

ALL RIGHTS RESERVED, NO PART OF THIS WORK MAY BE MODIFIED OR REPRODUCED OR COPIES
IN ANY FORM OR BY ANY MEANS - GRAPHIC, ELECTRONIC OR MECHANICAL, INCLUDING
PHOTOCOPYING, RECORDING, TAPING OR INFORMATION AND RETRIEVAL SYSTEM, OR USED FOR ANY
PURPOSE OTHER THAN ITS DESIGNATED PURPOSE, WITHOUT THE WRITTEN PERMISSION OF ESB
INTERNATIONAL LIMITED.

Template Used: bf-rep-001-002-003




ESBloe-WAV-11-027

Change History of Report

New Rev Author Summary of Change
Sept 2011 | 1.0 Dr Cera Slevin Draft of report structure
Oct 2011 1.1 Dr James Tedd Project Details Revised
Oct 2011 1.2 Dr John Fitzgerald | Technology additions made
Oct 2011 1.3 Dr Cera Slevin Draft issued to technology providers for review
01-Nov-11 | 1.4 Dr Cera Slevin Updated comments received from ESB’s PMO,

Environmental Group, Ocean Group

01-Nov-11 | 1.5 Dr Cera Slevin Updated based on comments from Aquamarine
Power, Pelamis Wave Power, Wavebob and
Ocean Energy

11-Nov-11 | 1.6 Dr Cera Slevin Updated comments from ESB Ocean Energy,
Pelamis Wave Power, Aquamarine Power

22-Nov-11 | 1.7 Dr Cera Slevin Additions based on comments from ESB Ocean
Energy

6-Dec-11 1.8 Dr Cera Slevin Update to page 10 on timelines for AMETS.

Includes Associate Partners comments also.

08/12/2011



ESBloe-WAV-11-027

Acknowledgements

The assistance of the following people is gratefully acknowledged:

Graeme Barbour, Lynsey Crerar, Orla Grant, David Kaye, Donald Naylor,
Edward Scott, Frances Tierney, Paul Smith, Richard Montague of Aquamarine
Power

Mike Whelan, John Mc Carthy and John Keating of Ocean Energy
Eugene Doogan, Joe Murtagh of Wavebob

Rosalind Hart, Andrew Scott, Ross Henderson, Chris Darling, Jacob Ahgvist
and Jon Benzie of Pelamis Wave Power.

John Fitzgerald, James Tedd, Fergus Sharkey, Colm de Burca, Paddy
Kavanagh, Deirdre Newell of ESB

Brendan Dollard and Christine Esson of Enterprise Ireland

Brian O Mahony and Eoin Sweeney of SEAI

Thanks to Ocean Energy, Wavebob, Aguamarine Power and Pelamis Wave
Power for permission to reproduce photos of equipment.

In addition, a number of people facilitated visits to the ports within the site areas
including Barney Mc Laughlin (Killybegs), Cpt Brian Sheridan (Galway), Cpt
Michael Mc Carthy (Cork), Martin Morrissey (Foynes). Finally we would like to
acknowledge the support of supply chain companies within the port areas, who
provided access to their manufacturing facilities.

08/12/2011



Contents
Acknowledgements

1.1 Introduction to WestWave Supply Chain Study
1.2 Ireland’s Strategy for Ocean Energy

1.3 ESB's Strategy for Sustainable Development
2.1 Project Structure

2.2 Project Development

2.3 Potential Project Locations

2.4 Funding for WestWave

25 Environmental Assessment

2.6 Site Investigation

2.7 Grid Connection

2.8 Consultations

29 Project Timeframe

2.10 Project Challenges

3.1 Introduction to Technology Assessment

3.2 Technology Readiness Levels

3.3 Technology Evaluation Process

3.4 Technology & Project Certification / Verification

3.5 Technologies within WestWave Supply Chain Study
! "#H S " %
4.1 Supply Chain for Marine Energy

4.2 Study Case Assumptions
4.3 Supply Chain Analysis Methodology
"#H S " &
5.1 Potential Contracting Structures
5.2 Activities Taking Place during Project Phases
53 Component Requirements
54 Infrastructure Requirements
' " $
( )*
Appendices

Appendix 1 : Overview of Project Delivery model
Appendix 2: Technology Readiness Levels
Appendix 3: WestWave Project Associate Partners

10
10
10
12
12
12
12

13
14
15
16
18

08/12/2011



1.1

1.2

Introduction
Introduction to WestWave Supply Chain Study

WestWave is a pre-commercial wave energy project being developed by ESB in
partnership with a number of wave energy convertor companies. The WestWave
development will see five or six wave energy convertor devices (5MW in total)
deployed off the west coast of Ireland before the end of 2015.

ESB, with support from the Sustainable Authority of Ireland (SEAI), is building
upon previous supply chain analyses of marine energy to focus specifically upon
the requirements of the WestWave Project. Within this supply chain study the
WestWave project team has assessed, along with four leading technology
developers, the requirements to deliver the WestWave project within the
timeframe required.

Although the WestWave project is a small pre-commercial project, it is expected
that the learning which takes place during the project will facilitate commercial
projects to be developed. Hence the supply chain required for this project is
indicative of further larger projects, albeit on a much smaller scale.

The report commences with an introduction to the WestWave project and is
followed by a description of the wave technologies assessed within the WestWave
project. A review of previous supply chain studies is carried out and the
methodology used to execute this supply chain study is discussed. The outcomes
of the study are then detailed, in terms of requirements across the project phases.

Ireland’s Strategy for Ocean Energy

An Ocean Strategy for Ireland was prepared by Sustainable Energy Ireland and
the Marine Institute and submitted to the Department of Communications, Marine
and Natural Resources® in 2005. This strategy proposed four phases of
development:

Phase 1 (2006 — 2008) to focus on development by supporting product R&D
and research facilities. A fund to support prototypes and new concepts was
established to develop this phase.

Phase 2 (2008 — 2012) to support the development of pre-commercial grid
connected devices with the objective of demonstrating the potential for a cost

! “Ocean Energy in Ireland”, SEI and MI, October 2005
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1.3

effective fully functional wave energy converter operating in the Irish electricity
market. To this end, a test site is being developed off Belmullet at the Atlantic
Marine Energy Test Site (AMETS) in addition to the Galway Bay Test Site.
ESB is providing engineering services to SEAI for the development of AMETS.

Phase 3 is to provide support for a grid connected array of devices of up to
10MW. Some level of grant support for product development and grid
connection, and possibly electricity price support, would likely be required.
The WestWave project fits within this phase of the government’s strategy and
is explained in more detail in Section 2.

Phase 4 envisages commercial scale arrays of ocean energy developments.

In 2007, the Government White Paper on energy policy’ set out a number of
strategic goals, including a specific ocean (wave and tidal) energy ambition to
develop 500 MW by 2020. A target of at least 500MW was then restated in the
2007 Programme for Government®.

ESB’s Strategy for Sustainable Development

ESB's strategy to 2020 focuses on the sustainable and responsible use of scarce
resources leading to the reduction of ESB’s carbon emissions by 50% by 2030
and achieving a carbon net-zero position by 2050.

In Ireland ESB will seek to invest €10.5 billion in networks and €4 billion in
renewable generation during the period 2008-2022. In the period 2008-2010 we
have invested some €1.8bn in Networks and €0.44bn in renewable generation.
Continued investment at an appropriate rate in both components is strategically
critical to ESB delivering its sustainability goals

By 2020, ESB will be:
delivering one-third of its electricity from renewable generation

delivering over 1,400MW of wind generation (with over 237MW already
installed)

exploiting the potential of wave, tidal and biomass resources

Further information can be found on ESB’s website, www.esb.ie.

> Delivering a sustainable energy future for Ireland - The Energy Policy

Framework 2007-2020, DCMNR

3 Programme for Government 2007 - 2012
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13.1

ESB Ocean Energy

ESB has been involved in ocean energy since early stage trials in the 1970s and
1980s and developed the wave atlas for the Marine Institute in 2005. ESB has
worked with many leading technology developers of both wave and tidal stream
energy including Wavedragon, Wavebob, Ocean Energy, Aquamarine Power,
Pelamis Wave power and Marine Current Turbines. ESB has also worked
collaboratively with other utility partners and is playing a leading role in developing
ocean energy in Ireland.

The ESB Ocean Energy Business was established in 2008, focussing primarily on
the vast wave resource of the west coast of Ireland. ESB has a target to develop
150MW of Ocean Energy by 2020 and the WestWave project will be the
commencement of the rolling out of projects.

As this technology area continues to develop, standards are being developed in
parallel by the International Electro-technical Commission (IEC) and ESB has
appointed subject matter experts to a number of the project teams developing
these standards. ESB is also represented on the Irish mirror committee of IEC TC
114.
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2 WestWave Project

The WestWave project is being developed by ESB and aims to be the first wave
energy project in Ireland by 2015. It will generate 5SMW of clean renewable
electricity from the plentiful wave energy resource off the west coast of Ireland.
WestWave is a collaborative project being led by ESB in conjunction with a
number of wave energy technology partners, including Irish technology
developers Wavebob and Ocean Energy and Scottish technology developers
Aquamarine Power and Pelamis Wave Power. Each technology is described in
Section 3 and the four technologies have been included in a Memorandum of
Understanding for the WestWave project.

2.1 Project Structure

The WestWave project is being developed as a public good project to progress
the development of wave energy in Ireland. To facilitate this, a collaborative
structure has been put in place to encourage sharing of information and ideas for
the first wave energy project in Ireland. As well as four technology partners, a
number of Associate Partners have joined to support the project. The Associate
Partners come from a variety of backgrounds and contribute to the project in
different ways. Figure 1 shows the project structure with ESB leading the project;
Aquamarine Power, Ocean Energy, Wavebob and Pelamis as technology partners
and many Associate Partners. The project Associate Partners are outlined in
Appendix 3.
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Figure 1 : WestWave Project Structure
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2.2 Project Development

The WestWave project is being delivered according to ESB’s Project Delivery
Model (PDM™), which combines ESB’s vast project delivery experience with
international best practice. The PDM™ provides a structured approach to
managing the risks associated with high value, complex projects and delivers
clear business benefits in terms of costs, safety, scheduling, compliance and long-
term performance.

A project governance and control framework is applied to every project. The
purpose of this framework is to clearly outline the governance principles and
structure; communicate roles and responsibilities for the key project stakeholders;
and define tolerances, controls and financial authority levels under which a project
functions.

The Asset Lifecycle component, shown in Figure 2, puts structure on a project by
defining project phases and identifying the deliverables and success criteria of
each phase. To transition from one phase to the next, a set of predefined criteria
must be achieved and the transition approved at the appropriate level.

A Project Management Office (PMO) within ESB supports the Project Managers
and Project Teams in the application of PDM™. An overview of the Project
Delivery model is included in Appendix 1.

Figure 2: PDM™ Asset Lifecycle Phases
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2.3

Potential Project Locations

The WestWave project team carried out a site selection study and identified
eleven potential candidate areas, as shown in Figure 3. The criteria used to
assess the sites included seabed conditions, wave power, marine traffic, local
area considerations, required infrastructure, network conditions, environmental
constraints, onshore works, port conditions and other marine users and activities.
Following this process, three preferred sites were selected based upon this initial
assessment and the site selection is now focused on collecting more detailed
information about the three locations in order to make a final selection.

Figure 3: Eleven Candidate Locations

The three preferred sites identified by the study are described in the following
sections.
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231

Site off Annagh Head, Mullet Peninsula, Co Mayo

This site is suitable for 'off-shore* technology, deep water converters with mooring
depths of 50 to 100m. This site is located at the Atlantic Marine Energy Test Site
(AMETS) which is being developed by Sustainable Energy Authority of Ireland
(SEAI) and the Marine Institute (MI). This site is very familiar to the WestWave
project as ESB International (ESBI) has been providing full engineering design,
environmental and owner engineer services to SEAI for AMETS over the last
three years. Information on this site can be found at www.seai.ie and
www.marine.ie. Figure 4 depicts an image of illustration, prepared by SEAI, of
how AMETS could be developed in the future.

EAGLE 1S4BHE

MULLET PENINSLILA

22 RAGH HEAD

WAVE ENERGY

TEST SITE
Ballimaillal,
Cee Maye

Figure 4: lllustration of AMETS
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2.3.2  Site south off Achill Island, Co Mayo

This site is located to the south of Achill Island near Dooega Point. This site is
suitable for ‘nearshore’ wave energy converter technology. Surveying and wave
measurements are taking place at this location in 2011. Figure 5 outlines the area
for which a foreshore licence was granted for surveying and wave measurements.

Figure 5: Area included in Foreshore Licence for Su  rveying / Wave
Measurements south of Achill Island

2.3.3 Site close to Killard, Co Clare

This site is to the west of Doonbeg and close to Killard Point, Co Clare. This site is
also suitable for ‘near-shore’ technology and surveying and wave measurements
are also taking place here in 2011. Figure 6 outlines the area for which a
foreshore licence was granted for surveying and wave measurements.

= e —
[EREEERT R LT IR |

Figure 6: Area included in Foreshore Licence for Su  rveying / Wave
Measurements near Killard, Co Clare
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2.4

2.5

2.6

Funding for WestWave

ESB is currently funding the Concept Phase of the WestWave project with
assistance from the Ocean Energy Development Unit within SEAIL. As the
WestWave project is one of the first wave energy projects to be built in Europe, it
was eligible to apply for European Commission’s Climate Action call for proposals
to the New Entrants Reserve 300 (NER300) funding mechanism, which
commenced in November 2010. ESB prepared a submission for the WestWave
project to the Department of Communications Energy and Natural Resources
(DCENR) earlier this year. In May 2011, the DCENR selected the WestWave
proposal as one of two Irish projects to go forward for evaluation for funding under
the European Commission’s NER300 package to the European Investment Bank
(EIB). A decision on NER300 funding is expected early in 2012. ESB will continue
to apply for applicable grant support and also project partnership.

Environmental Assessment

Environmental Assessment is well developed at the AMETS site off Annagh Head,
Co Mayo. Preliminary field surveys are underway and the full Environmental
Impact Statement will be completed in December 2011.

In addition, ESB has commenced Environmental Scoping activities at the two
nearshore sites, near Killard Point, Co Clare and south of Achill, Co Mayo.
Preliminary ecological, cultural heritage and navigation risk assessments will be
undertaken initially at both sites. Consultation with stakeholders is also underway.
The initial environmental assessments will inform a decision matrix based upon
environmental, technical and commercial factors, which will lead to final selection
for the WestWave project. Depending upon final site selection, a full
Environmental Impact Statement (EIS) will be prepared for the preferred site. This
will accompany the Foreshore Lease application to the Department of
Environmental, Community and Local Government.

Site Investigation

ESB carried out initial pre-planning consultations with the Department of
Environment, Community and Local Government (DECLG) and the statutory
consultees in advance of an application for Foreshore Licences which were
submitted in March 2011. In June 2011 the WestWave project received Foreshore
Exploration Licenses from the DECLG to permit marine seabed surveys and wave
buoy measurements at the preferred sites for ‘near-shore’ technology of Killard
Point, Co Clare and south of Achill, Co Mayo.

The AMETS site off Annagh Head, Co Mayo already has a foreshore licence and
studies have been underway since 2010. The Foreshore Lease application is
expected to be made in early 2012.

The national seabed survey INFOMAR programme has expanded its survey areas
to include areas with potential for offshore renewables on the west coast of Ireland
and specifically the areas identified by WestWave. The Marine Institute recently
completed the latest seabed survey at the AMETS test site and SEAI is funding
survey work under the INFOMAR programme at the two identified areas near
Killard Point, Co Clare, and south of Achill, Co Mayo. The work was completed
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during July and August 2011, using dedicated survey vessels. Preliminary results
from the survey are shown in Figures 7 and 8.

ESB will deploy wave buoys and Acoustic Doppler Current Profilers (ADCP) at the
selected locations in November, following consultation with local and national
stakeholders. The wave buoys will collect measurement data on wave climate
conditions at these locations for at least 12 months, the ADCP deployment will be
for a shorter duration. Wave data will be relayed back to shore for analysis.

Following completion of site assessment, a preferred site is expected to be
chosen by Quarter 2 in 2012.

Figure 7: Preliminary Results from the INFOMAR surv ey programme at
Killard Point

Figure 8: Preliminary Results from the INFOMAR surv ey programme at
Achill Island
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2.7

2.8

2.9

2.10

Grid Connection

At the AMETS test site off Annagh Head, Co Mayo, a grid connection application
has been made to ESB Networks and a grid connection offer has been received
by SEAL

Grid feasibility studies have been completed by ESB Networks at the two near-
shore sites at Killard Point, Co Clare and south of Achill, Co Mayo. ESB has
submitted grid connection applications to ESB Networks for these sites. These
applications are due to be processed outside the group processing approach, due
to the public good nature of the project.

Consultations

ESB continues to hold stakeholder consultations on behalf of the project, meeting
with national and local groups including local development agencies, County
Councils, NGOs, fishing representatives and other interested parties. As the
project progresses to the permitting stage in 2012, ESB plans to host local
information days aimed at communicating with members of the public.

Project Timeframe

The project timeframe is outlined in Table 1 In order to be operational by end of
2015, project development will continue through 2013 with Financial Close
expected in Quarter 1 of 2014. Contracts will be placed and construction to
commence in 2014 with commissioning completed by end of 2015. The project will
then enter the operational phase including maintenance cycles.

Project Phase Time

Concept 2010-2012
Development 2012-2014
Construction 2014-2015

Operations and 2016 +
Maintenance

Table 1: WestWave Project Timeframe

Project Challenges

There are many challenges to a project such as WestWave incorporating early
stage technology. These risks are being actively identified and addressed through
ESB PDM'’s Risk Management methods.
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3.1

Wave Energy Technology

This section considers how wave energy technology has been assed within ESB
and then described each of the four technologies within the WestWave project in
detail.

Introduction to Technology Assessment

The WestWave project will facilitate the installation of a Wave Energy Converter
(WEC) technology at the chosen site location. Consistent with its objective to
unlock the commercial potential of wave energy in Ireland, WestWave will
represent one of the first attempts to achieve partial certification a wave energy
technology type and project. The aim is to use the resulting confidence and in-
service experience to enable subsequent projects in Ireland to be developed. In
this regard, ESB has been working closely with its technology partners to
understand the methods applied to develop and verify technology.

To date, ESB has used a dedicated technical evaluation process (Appendix 2) to
determine a Technology Readiness Level (TRL) for each technology. A hurdle of
TRL8, which requires at least a single prototype of the machine to have been
deployed and operated, has been set as the maturity required to be a candidate
technology for WestWave.

The leading wave technologies were assessed during the NER300 technical
assessment in 2010-2011 and four technologies have been included in a
Memorandum of Understanding for the WestWave project. The technology
assessment method, “Technology Readiness Levels” and certification approach
are outlined in this section. An introductory breakdown of the four wave
technologies within the WestWave consortium follows.
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3.2

Technology Readiness Levels

ESB has created dedicated TRL levels to define the readiness of a particular
technology for deployment on an ESB developed Wave Energy project. An outline
of the levels is shown in Figure 9.

ESBloe TRL Scale
Commercial Project Readiness 1:1
Pre-commercial Project Readiness 1:1
Ocean Operational Readiness >1:2
Reduced-Risk Full System Verification >1:4
Reduced-Risk Subsystem Verification >1:15
AN

Laboratory and Analytical Verification >1:25
Initial Product Verification >1:100
Technology Stream Initiated n/a
Configuration Described n/a

Figure 9: ESBI defined TRL levels for Wave Energy  technology

A full summary of the TRL levels is given in Appendix 2. Important readiness
levels for WestWave are:

TRL7: indicates that the risks associated with operating large scale equipment in
the open ocean environment have been managed. This will require the operation
of a large scale prototype that will have all the functionality of a commercial wave
energy converter, including grid connection to the electricity network.

TRL8: Pre-Commercial project readiness indicates that a commercial scale
prototype machine has been operated sufficiently to verify electricity generation
performance and all functionality. Lifecycle aspects of manufacture, installation,
operation, maintenance and decommissioning procedures are largely
demonstrated at this stage. Issues of reliability and availability may not be verified
fully at this stage due to insufficient operating hours and certain design changes to
the system may still be permissible provided they do not add novelty, significantly
alter the principals verified or add to risks managed on the prototype
demonstration.

TRL9: Commercial Project Readiness. WestWave would hope to achieve a
TRL9 level of readiness after a number of years of successful operation. The
ongoing reliability and availability can be improved to the point that commercial
projects can be developed using the confidence that this data offers.
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3.3

Technology Evaluation Process

The ESB Ocean Energy technology evaluation process uses the TRL definitions
as a means of classifying technology for ESB project opportunities. In summary
the process is that ESB will undertake a preliminary evaluation of all emerging
technologies of interest in order to gauge what TRL level has likely been achieved
and what plans are in place to deliver pre-commercial project readiness, TRL8. If
technologies are seen to be at TRL levels 5 or above, ESBI may choose to
engage with the developer further to see if there is mutual interest in developing
projects in Ireland. The next step would be to issue a more formal request for
information and undertake a full Technical Evaluation to determine with more
confidence what TRL level the technology could achieve in advance of ESB
project opportunities.

In terms of the verified performance of the technology at the site, ESB will study in
detail information relating to:

Deployability - How the technology can be fabricated, mobilised and
installed at Irish sites and its compatibility with identified project
opportunities.

Energy Production - Given the technology power performance, local wave
resource and power export efficiencies, what is the energy production
potential of the technology on identified project opportunities

Availability - How much of the energy production potential will be lost due
to scheduled or unscheduled downtime of the plant. How advanced is the
design for reliability and how maintainable is the required plant.

Costs - Capital costs to deliver and install all hardware required and costs
associated with ongoing operations and maintenance must be such that a
viable economic model can be built around the project, given available
tariff and grant mechanisms for the project.

At this stage the evaluation may be project and site specific in order to understand
whether the technology is compatible with the identified project, in terms of:

Schedule - development timelines to achieve the required TRL 8/9
hurdles for the envisaged project contract award dates

Sites - environmental conditions, bathymetry, geotechnical constraints
and wave energy resource.

Economics — costs and energy production combined with available tariff
and funding mechanisms permit the balance of capital expenditure to be
raised for the project.
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3.4

Technology & Project Certification / Verification

ESB's intention is that the WestWave powerplant system will be procured in the
spirit of EN45510-1 (Guide for the procurement of power station equipment), with
a competitive tender process wherever possible. This is necessary to move the
industry to a commercial footing and to ensure that risks are managed as they
would be for a commercial project. The novelty in the project will be contained in
the WEC (Wave Energy Converter) supply, installation and commissioning scope.
In order to manage the inherent additional technical risk, the WEC system will be
subject to prototype and possibly type certification as part of the project
development. The certification requirements and applicable codes and standards
will cascade into the procurement process for the project and will also include
compliance with EU product safety law. These methods will form the basis of the
project’s technical risk management approach to provide the necessary
confidence to satisfy financial and insurance stakeholders.

The balance of plant for small wave energy projects is likely to utilise more
conventional technology than the WEC supply itself. It will include technology
such as offshore electric cable connections and shoreline substations and
electrical conversion systems. However, there is likely to be an elevated level of
risk in the application of this conventional hardware to wave energy projects owing
to the potentially harsher marine environment and/or geotechnical conditions.
There is also uncertainty surrounding the energy production from multiple devices
as well as the challenge of power quality management and grid code compliance
due to the variable nature of wave energy. As such, it is intended that the overall
project will also be certified as a whole to ensure that expectations in safety, cost,
energy production, grid code compliance, environmental and public acceptability
are met.

The certification approach implies that an independent body will verify that certain
pre-defined best practice and performance specifications are achieved by both the
technology type and the project as a whole. This will require reference to
applicable standards and guidelines. There are a host of existing standards
maintained by international non-government bodies that apply to offshore
structures, offshore wind installations as well as mechanical and electrical
components and equipment. The organisations that aim to maintain best practice
with an international consensus are included below.
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34.1

3.4.2

3.4.3

ISO International Organisation for Standards

ISO standards cover everything from quality (ISO9000), environmental (1IS014000)
right through to specific engineering standards. Offshore structures are covered
under 1SO19900, 1SO19901, 1SO19902, 1ISO19903. Where ISO standards are
adopted by an EU state they become BS EN ISO 9000 etc(UK BSI adaptation) or
IS EN ISO 9000 etc (Ireland NSAI adaptation) and EN standards will form a
“presumption of conformity” to EU product safety law. Essentially complying with
these then demonstrates compliance with relevant subjects for EU directives
(Machinery directive, etc.)

IEC International Electrotechnical Commission

The IEC is another organisation that specialises in standards for electro-technical
equipment. These can also form EN standards for demonstrating compliance to
EU product safety law. IEC have developed the standards for wind energy
converters through BS-EN-IEC 61400, for example. In the case of ocean energy,
new standards are being developed by the IEC through their international
technical committee TC-114. The committee is made up of Participating (P-
member) member countries and Observer Members (O-member). Each
participating country must set up a “mirror committee” to TC114. In Ireland, the
Electrotechnical Council of Ireland (ETCI) has set up TC18 to mirror TC-114.
Members of TC-114 can propose new working items, which are effectively
proposals to develop a particular standard. These are voted on by the
international committee and if successful “project teams” (PTs) will be set up
involving “subject matter experts” (SMEs) to formulate draft standards. For
example, PT-62600-100 is the project team set up to develop the wave
performance standard with the number designating the final standard reference.
ESBI supports the development of these standards by participating in TC18 and
has a number of Subject Matter Experts appointed. See also:

IEC TC114 active work programme:
http://www.iec.ch/dyn/www/f?p=103:23:0::::FSP_ORG ID,FSP_LANG [D:1316,25

IEC member countries:
http://www.iec.ch/dyn/ www/f?p=103:29:0::::FSP_ORG ID,FSP_LANG 1D:1316,25.

TC18 — Irish Mirror Committee

http://www.etci.ie/technical/tc18.htm

Other standards & Guidelines:

For wave energy, marine classification and certification societies have also
developed their own marine rules, guidelines and standards. These are well
recognised and sometimes also referenced by IEC and ISO standards. DNV (Det
Norske Verits) and GL (Germanischer Lloyd) are most notable here. Lloyds
register also hold a body of class rules for certain classes of offshore vessels and
structures.

The basis for new work items in IEC and the formation of project teams is often
based on existing standardisation initiatives, such as Equimar
(http://www.equimar.org/), IEA-OES Annexes (http://mww.iea-
oceans.org/publications.asp ) and EMEC guidelines (www.emec.org).
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3.5

Technologies within WestWave Supply Chain Study
The four partner technologies within the WestWave Project Consortium are:
Aquamarine Power Ltd. with their Oyster technology
Ocean Energy Ltd. with their OE Buoy technology
Pelamis Wave Power Ltd with their Pelamis technology
Wavebob Ltd. with their Wavebob technology.

The Oyster technology is a “near-shore” technology, while the other three
technologies operate in deeper waters and are termed “off-shore” technologies.

A technical evaluation (see Section 3) has been carried out on the four
technologies within the WestWave consortium to assess the technology readiness
level and whether the requirements for the project can be met within the project
timelines. The evaluation was based on meeting requirements for a project
schedule governed by the NER300 funding mechanism that will support the
project. The evaluation was also based on three sites identified for the project,
including the AMETS test site for offshore technologies.

In addition to the technology evaluation, a certification plan (see Section 3.4) for
the project has been developed in consultation with these technology developers
to understand precisely how the supply chain requirements can be defined to
manage the technical risk for such an innovative project. This exchange of
information has been very useful in communicating the requirements from the
supply chain to delivering a viable utility-lead project using wave energy
converters.

A summary of the four technologies and their main components is outlined below.
For further information on their achievements to date, please check the relevant
websites:

http://www.aquamarinepower.com/

http://www.oceanenerqgy.ie/

http://www.pelamiswave.com/

http://www.wavebob.com/
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3.5.1

Aquamarine Power Ltd.

Aquamarine Power Ltd. is an Edinburgh based wave energy technology developer.
To date, they have installed, commissioned, operated and decommissioned a
315kW demonstrator and are in the commissioning phase of their Oyster 800
(800kW) full scale device at the European Marine Energy Centre in Orkney. The
proposed full scale device for the WestWave project will be a 900kwW device. Six
such devices would be deployed connected to common onshore infrastructure.

Figure 10: 300kW demonstrator fully assembled at Ni  gg Yard facility in the
Cromarty Firth

Figure 11: Oyster technology configuration

Functional Description

Site Requirements: Oyster technology targets nearshore sites with water depths
of 10m to 15m which are fully exposed to oceanic wave resources, such as on the
west coast of Ireland. Such depths occur generally significantly less than 1000m
from the shoreline. Currently rocky seabeds are preferable although a solution for
sandy seabeds will also be designed in the future.
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Wave-activated Structure: A flap structure, pivoting about a horizontal axis, is
excited by the surge forces of the nearshore wave climate (see Figures 10 & 11).
On the current Oyster 800, the flap structure is 26m wide and 15m high. This
structure is currently steel but composite materials are being considered for future
devices.

Foundation / Station-keeping: The flap pivots on a fixed foundation structure
that is piled to the seabed. The foundation is used as a reacting reference for the
purposes of applying damping loads to the flap for wave energy conversion. Piles
are inserted and grouted into drilled holes in the bedrock.

Control Forces: The motion of the flap relative to the fixed foundation is the
degree of freedom used to abstract energy. This motion is damped using
hydraulic cylinders that are connected to a water-based hydraulic system. The
level of damping can be controlled by changing the pressure in the hydraulic
system.

Power Take Off: The power take off is hydraulic, with offshore cylinders
pumping fresh water in a closed hydraulic system to a high pressure (circa 120
bar) circuit from a low pressure return circuit. Cylinder sets from multiple devices
can be connected to the same low pressure / high pressure hydraulic circuits.
The hydraulic circuit extends from the offshore structures to the shoreline (see
Figure 11), where a hydro-electric plant converts the hydraulic power from
multiple devices to electricity. A pelton wheel turbine is used to convert hydraulic
power to shaft power on a drivetrain. Multiple drivetrains may be adopted in each
plant for redundancy. The hydraulic circuit also contains accumulators to avoid
high frequency pressure fluctuations in the hydraulic system. Shaft power is
converted to electricity with conventional generators. The shaft operates on a
variable speed basis and contains flywheel energy storage to smooth generator
power.

Power Export: The hydraulic pipelines extend from the offshore location to the
shore and form the power export system. Pipelines are currently inserted into
horizontally drilled bores from the shoreline to a location adjacent to the offshore
structures. Pipe spools are used to make the final connections between devices
and the export pipelines.

Power Conditioning: Back to back converters, transformers, switchgear and
power conditioning equipment provide the power quality required for connection
to the electricity network, which will be at medium voltage for WestWave.

Lifecycle Description:

Fabrication and Assembly: Major structural components will be fabricated and
erected at a marine fabrication facility. Other smaller fabricated assemblies can be
sourced from a wider supply chain and shipped to final assembly location.
Hydraulic equipment will be integrated with the assembly at the facility. There are
logistical marine transport considerations to mobilise the assembly to a forward
base / sheltered port near the deployment site. This may comprise wet-tow and/or
dry-tow on (semi-submersible) barges over distances of >100 miles. A shorter
wet tow to the installation site will be undertaken when weather windows permit
the installation operation. Onshore power conversion plant can be mobilised by
ground transport and integrated directly on site after civil works are complete.
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Installation and Civil Works:  Drilling operations and pile installations will require
coastal jack-up barge operations. A wet-tow and ballasting operation will be
required to install the structural assembly onto the piled foundation. Horizontal
Directional Drilling (HDD) operations are undertaken from the shoreline. Hydraulic
pipelines are assembled on site and inserted from the shoreline. Pipelines are
assembled and tested on site before being installed in bores. Other than HDD
and pipeline assembly operations, onshore civil works will be required for onshore
plant housing and substation. Final installation of hydraulic pipeline spools to
make final connections requires diver / ROV support. Commissioning activity will
ramp up operations of the plant before plant operations can begin. Aguamarine
Power also offer surface lay pipeline as an option to the base case of HDD,
dependent upon the site specific characteristics.

Figure 12: Oyster 800 in wet tow configuration bein g mobilised to its
deployment site at Orkney

Figure 13: Oyster 800 during towing operations. Gu  ide post assemblies are
used to position the structure onto 2 piles, alread y installed

O&M Phase: All electrical plant as well as the hydro-turbine and ancillaries will
be accessible by road. The offshore hydraulic cylinder and ancillaries require
scheduled maintenance. A marine operation is required to access it with a small
crane lift and diver/ROV support for removal and transport to a maintenance
facility. Onshore steel workshop facilities may be required close to dock facilities
for overhaul of mechanical components.
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3.5.2

Ocean Energy Ltd.

Ocean Energy Ltd. is a Cork-based wave energy technology developer. To date
they have deployed a % scale wave energy converter at the Galway Bay test site,
which has been operated over winter periods. At full scale the device will be rated
at circa 1MW, depending on turbine technology. Ocean Energy would propose to
use 5 such 1MW devices for the WestWave project.

Functional Description

Site Requirements:  OE Buoy technology will be deployed in water depths
greater than 50 m. Sediment suitable for anchoring is preferable.

Wave-activated Structure: A single backward bent duct steel structure (see
Figure 15) is required per device. Concrete is also under consideration for future
variants. The structure will be approximately 50 m long with 25 m beam. The duct
entrains a column of seawater. The structure and seawater will oscillate out of
phase in response to wave loading, causing pressure oscillations of entrapped air
in the duct.

Figure 14: A ¥siscale OE Buoy structure being lifte  d at Galway Docks
during testing operations at the Galway Bay test si te.

Figure 15: The OE Buoy is made up of a single rigi  d structure and an
entrained water-column that move with respect to on e another.
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Foundation / Station-keeping:  The structure is self-reacting for the purposes of
wave energy conversion. It is compliantly moored to the seabed only for the
purposes of station-keeping. Moorings will initially comprise a suspended steel
chain catenary supported by surface buoys and synthetic fibre rope. Alternative
compliant mooring systems will be considered. A drag-embedded anchor will be
used where possible.

Control Forces: The relative oscillation of the water column is damped by the air
pressure generated as air is forced through a turbine duct. The damping is
controlled with the turbine aerodynamic properties and/or possible use of bypass /
shut-off valves.

Power Take Off: An air turbine suitable for use in oscillating air flows will extract
energy from the airflow and convert it to shaft power. The Dresser-Rand Hydro
Air variable radius turbine is considered for the application. Other options would
be to use a Wells or conventional impulse turbine, including the possibility of
variable pitch blades for efficiency. Shaft power will be used to drive an electrical
generator. The generator can control shaft speed (and therefore the turbine
aerodynamic properties) with back-to-back converters permitting variable speed
operation if desired.

Power Export: Power will be exported at a sufficiently high voltage (MV for initial
applications) with a transformer required on board to step up from generator
voltage, as necessary. A dynamic electrical umbilical is required to take electric
power to the seabed from the floating platform. This will interface (through a dry
or wet-mateable connector) to a static marine cable that will take the accumulated
power from a number of devices back to shore.

Power Conditioning:  Back to back converters, transformers and other electrical
equipment will provide the necessary power quality. Some mechanical energy
storage may be available from the turbine which can double as a flywheel in some
cases.

Lifecycle Description

Fabrication and Assembly:  Major structural components will be fabricated and
erected at a marine fabrication facility. PTO sub-assemblies can be integrated at
the facility. Options include a large dry-dock or slip way to facilitate launching of
the structure.

Installation and Civil Works: ~ The mooring system will be installed in advance of
the structure, requiring anchor handling vessels and access to a quayside where
mooring equipment can be mobilised. The marine cable will be laid by a cable
vessel in advance of the device installation up to the interface with the dynamic
cable. A wet tow of the structure is envisaged to bring the assembly to a forward
base for installation operations. Once ready and with appropriate weather
window, the device will be towed and attached to its mooring system and the
appropriate mooring pre-tension applied with winch equipment. The dynamic
cable will be mated to the static marine cable (often required to be done above
the surface on the deck of a suitable vessel for dry mate connectors)

O&M Phase: Power generation operations will be supervised remotely. Certain
Maintenance operations will require on-board access and technical crew transfers
with passenger vessels. Offshore inspection of structural components may also
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be required. Larger scheduled maintenance will require the platform to be towed
to shelter (e.g. turbine replacement and structural refurbishment).

Figure 16 : ¥ scale OE Buoy device operational at  the Galway Bay test site.
It is intended that the device will form an accessi ble platform for
maintenance.

Figure 17 : OE Buoy in Galway Bay

Page 24 08/12/2011



3.5.3

Pelamis Wave Power Ltd.

Pelamis Wave Power Ltd. is an Edinburgh based wave energy technology
development company. Pelamis have been operating full scale machines since
2004, including deployments at Orkney and, in the world’s first multiple machine
farm in Portugal. Most recently, their E.on owned 750kW P2 Pelamis machine is
undergoing testing at Orkney with a Scottish Power Renewable owned machine
due to be deployed soon. Pelamis would propose to use 5 x 1MW device
configuration of their technology for the WestWave project.

Functional Description

Site Requirements: Pelamis technology is deployable in water depths greater
than 50m. Sediment suitable for embedment style anchoring is preferable but not
required.

Wave-activated Structure: An articulated tubular structure, approx 180 m in
length and over 4 m in diameter is excited by waves as they pass, resulting in
angular deflections at the articulated joints. On the P2 machine there are 5 tube
sections and 4 articulated joints.

Figure 18: Artist impression of the earlier Pelami s, P1 structure. Each joint
is fully-articulated about 2 axes with controllable hydraulic cylinders to
extract energy form the motion.
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Figure 19: Pelamis P2 owned by EOn under testing 0 perations at Orkney

Foundation / Station-keeping:  The structure is self-reacting for the purposes of
wave energy conversion. It is compliantly moored to the seabed only for the
purposes of station-keeping. The primary mooring is a single point mooring
attached to the nose of the structure. It comprises of 4 steel chain catenary legs
with anchors. Vertical risers from the chain elements join to a single sub-surface
buoyant latch assembly. The automated latch assembly permits, the quick
automated connect / disconnect of the structure from the mooring system, in a
range of weather conditions.

A smaller secondary mooring system is connected to the rear of the machine.

Control Forces: Control forces are applied at the articulated joints using
hydraulic cylinders. Onboard hydraulic systems can deliver fast reacting force
control at the joints to optimise power conversion.

Power Take Off: The power take off is based on oil hydraulics operating at
pressures of up to 350bar. Separate hydraulic systems in each tube module
contain high pressure and low pressure accumulators, a hydraulic manifold and
multiple motor-generator sets, in which hydraulic motors drive induction
generators.

Power Export:  Electrical power from each module is aggregated in the front tube.
A transformer steps up the voltage to export levels, currently set at 6.6kV. Power
is then exported through an electrical umbilical that is integrated with the mooring
system. The latch assembly includes wet-mateable connectors that are
connected along with the mooring system.

Power Conditioning: The level of hydraulic accumulation offers considerable
hydraulic power storage allowing smooth torque to be delivered to the electrical
generators. Electrical switchgear and protection equipment are included.
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Lifecycle Description

Fabrication and Assembly:  The tubes form the major structural components and
will be fabricated at a marine fabrication facility. Hydraulic power conversion
equipment can be integrated into the assembly on site. The completed tube
sections can be joined together to form a full machine either on land, where
slipway facilities permit, or in the water after launch of individual tubes.

Figure 20: Scottish Power Renewables Pelamis P2 ma  chine fabrication and
assembly at Pelamis’s Edinburgh facility

Figure 21: Scottish Power Renewables Pelamis P2 ma  chine launch
operations at Pelamis’s Edinburgh facility
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Figure 22: Pelamis P2 under tow by a Multicat vess el

Installation and Civil Works: Installation of the mooring systems including the
latch assembly and the dynamic umbilical will take place in advance of the
machine installation. The dynamic electrical cable can be permanently connected
to a static marine cable that will also be installed in advance to connect back to
shore. An anchor handler will most likely be used to install anchors while a cable
laying vessel will be required for the static marine cable. The dynamic cable can
be installed by a range of small vessels.

The remaining sections of the mooring systems can be installed with a wide range
of vessels, including, smaller multi-category vessels. The subsea infrastructure
can be fully installed in 1-2 weeks.

Following assembly, devices can be wet-towed to the deployment site. The
installation can be carried out by a multicat or tug vessel, once on site the
machine installation takes under 100 minutes.

O&M Phase: Generating operations will be supervised remotely using SCADA
systems.

Offshore inspection of mooring systems and latch assembly may be required; this
will be carried out using a small remotely operated vehicle (ROV). Otherwise, all
scheduled maintenance will take place at the quayside or in sheltered water,
having disconnected the devices and towed to the maintenance harbour/facility.
Workshop facilities may be required for refurbishment of mechanical components.
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3.54

Wavebob Ltd.

Wavebob Ltd. is a Maynooth based wave energy technology development
company. To date Wavebob have undertaken a series of ¥ scale demonstrations
at the Galway Bay test site and have undertaken a significant amount of
experimental and analytical research, including alternate power conversion
technology. They would propose a 1MW device configuration for the WestWave
project consisting of five such devices.

Functional Description

Site  Requirements: The technology will be deployed in water depths
approaching 100 m. Sediment availability for anchoring is preferable.

Wave-activated Structure: Wavebob contains two separate structural
assemblies that heave with respect to one another when excited by waves. The
first is an annular “Torus” float structure with a shallow draft and high natural
frequency of oscillation (se Figure 23). The Torus is approx 20 m in diameter.
The second is a deep draft submerged structure, called the “Float Neck Tank”
(FNT) that entrains seawater, resulting in a much lower frequency of oscillation.
The full assembly is up to 90 m in total height.

Foundation / Station-keeping: Wavebob is a self-reacting device and is
moored to the seabed for station-keeping only. The mooring system will comprise
both synthetic fibre rope and/or wire rope as well as buoyant elements. A
vertically loaded anchor such as suction caisson will preferably be applied.

Figure 23: Wavebob schematic
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Figure 24: Wavebob ¥ scale test operations at the ~ Galway Bay test site

Figure 25 : Schematic of anticipated mooring confi guration

Control Forces & Power Take Off.: ~ Wavebob are considering different options
for applying control forces between the two bodies and converting the resulting
absorbed power to electricity. These include a set of hydraulic cylinders
connected a hydraulic PTO system, direct linear electric generation and rack and
pinion mechanical interface connected to rotary generators. Power conversion
technology in terms of converters, transformers and switchgear will be required on
board but details would depend on the PTO approach adopted.
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Power Export: Power will be exported at a sufficiently high voltage (MV for initial
applications) with a transformer required on board to step up from generator
voltage, as necessary. A dynamic electrical umbilical is required to take electric
power to the seabed from the floating platform. This will interface (through a dry
or wet-mateable connector) to a static marine cable that will take the accumulated
power from a number of devices back to shore.

Power Conditioning:  Hydraulic power conversion will contain sufficient energy
storage for conventional power conditioning equipment that will be positioned on
board. Electrical conversion and conditioning hardware will be required for direct
electrical generation.

Lifecycle Description

Fabrication and Assembly: Major structural components will be fabricated and
erected at a marine fabrication facility. PTO sub-assemblies can be integrated at
the facility. A sufficiently large dry-dock or floating-dock will be required for final
assembly operations and to float the fully-assembled structure.

Figure 26: Wavebob % scale Torus structure at Harl  and and Wolff Shipyard

Installation and Civil Works:  The mooring system will be installed in advance of
the structure, requiring anchor handling vessels and access to a quayside where
mooring equipment can be mobilised. The marine cable will be laid by a cable
vessel in advance of the device installation up to the interface with the dynamic
cable. A wet tow of the structure will be carried out with the vessel on its side to
bring the assembly to a forward base for installation operations. Once ready and
with appropriate weather window, the device will be towed, up-ended and
attached to its mooring system and the appropriate mooring pre-tension applied
with winch equipment. Secondary floatation / ballasting structures will be required
to support the structure for towing and upending operations. The dynamic cable
will be mated to the static marine cable by means of a wet or dry mate connector.

O&M Phase: Power generation operations will be supervised remotely. Certain
Maintenance operations will require on-board access and technical crew transfers
with passenger vessels. Offshore inspection of structural components may also
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be required. Larger scheduled maintenance such as PTO refurbishment, linear
bearing refurbishment, will require the platform to be towed to shelter.

Figure 27: Wavebob ¥ scale Torus structure

Page 32 08/12/2011



4.1

4.2

Supply Chain Study Methodology
Supply Chain for Marine Energy

While this report focuses specifically on wave energy, there are many analogies
with offshore wind and tidal stream energy as well as the oil and gas industry or
other emerging renewable industries. A number of recent studies have been
carried out in Ireland, Northern Ireland and the UK, which also assess elements of
the supply chain for the offshore and renewable sectors. These are referenced in
Section 7. In particular recent reports commissioned by SEAI*, the Crown Estate”,
The Carbon Trust® and the Scottish Government’s Marine Energy Group (MEG)’
provide an insight into the requirements behind constructing an offshore wave,
tidal or wind project and also the challenges in doing so.

This study takes a detailed look at the specific requirements to deliver 5SMW by
2015 at one of the three sites currently being investigated for the WestWave
project.

Study Case Assumptions

The base case for this supply chain assessment is to deliver an operating 5SMW
wave farm by the end of 2015. The operational date is primarily driven by the
NER300 funding timeline. 5SMW will generally mean 5 to 6 full scale devices,
dependent upon which of the four technologies is chosen. A key assumption is
that all devices will be delivered in one season, which is a worse case scenario
when considering the supply chain requirements but again is largely driven by the
operational timeframe. It is also assumed that the foundations can be installed in
advance of the WEC installation. No off-shore substation will be required given the
scale of the project (5MW).

* Review of Engineering & Specialist Support Requirements For the Ocean Energy Sector, Jun-09

® Wave and Tidal energy in the Pentland Firth and Orkney waters: How the projects could be built
May-11 and A Guide to an Offshore Wind Farm, Jan-10.

® Northern Ireland Renewable Energy Supply Chain, Jun-08.
" Marine Energy Supply Chain Survey, Jul-09
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4.3

431

4.3.2

Supply Chain Analysis Methodology

Technology Partners

The supply chain study commenced with the four technology partners to the
WestWave project, Aquamarine Power, Pelamis, Ocean Energy and Wavebob, in
April 2011. Throughout the months of May, June and July, a number of workshops,
meetings and conference calls took place to determine the requirements to deliver
the WestWave project within the necessary timeframe. These requirements are
summarised in Section 5.

Interaction with Enterprise Ireland

In parallel, Enterprise Ireland, in conjunction with SEAI, is carrying out a supply
chain exercise to inform a Directory of Irish Companies with Potential to Supply
Products and Services to the Marine Renewable Energy Sector. The final
directory will be available on-line for companies to view, who are developing an
offshore wind farm or wave or tidal energy development. It is anticipated that the
directory will be validated and on-line by the end of 2011.

ESB has provided the information collected through the WestWave supply chain
study to Enterprise Ireland under a confidential agreement with a view to utilising
the new directory to inform the four technology companies of the skills, which are
currently available in Ireland to match the requirements, see Figure 28. Enterprise
Ireland will inform the technology companies directly of the supply companies
available in Ireland to match the requirements.

Figure 28 : WestWave Supply Chain Interaction with Enterprise Ireland
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4.3.3

Ports and Harbours Review

Another important outcome of the supply chain study is the requirement for port
facilities for assembly and deployment of wave energy converters, as well as for
operation and maintenance activities during the lifetime of the wave farm. The
recent SEAI report® summarises the capabilities of all the ports in Ireland. Also an
earlier report by The Carbon Trust summarises the ports in Northern Ireland®
During the course of this study, ESB has assessed a number of these ports in
more detail given the requirements from the technology partners. This information
has been provided directly to the technology companies with a point of contact at
each of the ports. In general the west coast of Ireland is well served for facilities to
carry out Operations and Maintenance of the devices during the lifetime of the
project. Further expansion will likely be required for fabrication facilities and ports
to match the fabrication and assembly requirements of each of the four types of
full scale devices assessed within WestWave.

The site location is an important factor when considering which ports/harbours to
use as well as the facilities available at the port or harbour. It should be noted that
each of the four technologies have quite differing requirements at full scale and
also that a combination of ports could be used for one technology type. As the
WestWave project is 5SMW only, hence 5-6 devices, it may not be viable to invest
in fabrication facility development for this scale of project, where technology
providers have noted that this becomes much more viable for a larger scale
project or at least with offers of a larger scale project to follow.

Further information is available at the websites of the ports, which were visited:

Killybegs Harbour: http://www.killybegsharbour.ie/

Galway Harbour: http://www.galwayharbour.com/
Foynes Port within Shannon Foynes Port Company: http://www.sfpc.ie/

Port of Cork: http://portofcork.ie/

8 «“Assessment of the lrish Ports & Shipping Requirements for the Marine
Renewable Energy Industry”, SEAI and IMDO, June 2011.

° “Northern Ireland renewable Energy Ports Prospectus”, The Carbon Trust, June
2010.
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51

Supply Chain Study Outcomes

Potential Contracting Structures

For the four technologies considered, quite varied contracting formats were
proposed. This is generally indicative of the stage at which the company has
developed as well as the level of risk, which the company is comfortable to carry.

The project developer, ESB in the case of WestWave, will generally be
responsible for developing the site and carrying out all surveys, resource
assessments, Environmental Impact Assessment as well as onshore and offshore
site design and achieving all the necessary permits and consents. In some cases
the technology developer has experience in managing these services and could
contribute to some of the services, if these are outsourced.

It does not appear likely from this study that there will be an Engineer, Procure
and Construct (EPC) type contract available for the early wave farms, such as
WestWave. The EPC contract places high risk on the lead contractor to deliver the
entire project and given the lack of experience of doing so makes this unlikely to
happen in these early projects. The multi-contract approach is probable and
hence clear definition of interfaces and responsibilities is essential to manage
contract risks. For the project developer, significant time will be spent in
developing functional requirements for each of the contracts, tendering and
procuring these contracts and managing the interfaces.

For the WestWave development, the following are likely to be the top level or Tier
1 contracts:

WEC Supply and Quayside Commissioning Contract
WEC Deployment / Installation

Dynamic Riser Supply and Installation (Offshore WEC only) And
Submarine Cable (Inter-array) Supply and Installation (offshore WEC only)

Submarine Export Cable Supply and Installation (inc Submarine Cable
Connector Supply and Installation) (offshore WEC only)

Hydraulic Pipework Supply & Installation (HDD) (nearshore WEC Only)
Onshore Hydroelectric Power Plant (nearshore WEC Only)

Grid Connection Infrastructure

O & M Contracts

Power Sales Agreement
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Additional Information on Potential Contracts

For the off-shore WEC developments, it will generally be proposed that
the scope of work, which includes the supply and installation of the main
export cable, be included within the project developer’s remit and not the
technology developer’s scope of supply.

The dynamic risers may be installed along with the mooring component if
they have been incorporated into the design in this manner. However it
may involve separate installation vessels. Depending upon the level of
expertise within the technology developer’'s company, the company may
bid to supply and install the inter-array cabling or this may also be the
responsibility of the project developer.

The near-shore WEC developments have a number of differing
components, which were outlined in Section 3.5.1. As no electricity is
generated at sea, no dynamic cable, inter-array cabling or export cable is
required. However there is a requirement for Horizontal Directional Drilling
and installation of hydraulic pipes for the hydraulic circuit. There is also a
significant onshore component, where the hydro-electric conversion takes
place. To date the onshore developer has managed all these components
of the development.

The project developer is also expected to be responsible for the Grid
Connection and the Offtake power sales agreement. The project
developer may also play a part in the O & M management although for the
timeframe of WestWave, little skills will have been developed in O & M
outside of the technology developer themselves.

Given the high cost of volatility of vessel hire, management of vessels and
their requirements may also be a separate contact. This has proved to be
the case for some offshore wind farms in the UK. If installation vessels are
managed separately, installation of cables and foundations / moorings
could also become separate Tier 1 contracts.
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5.2 Activities Taking Place during Project Phases

In the following tables, the likely activities taking place and services required in
each of the projects phases; Concept, Development, Construction and Operations
& Maintenance are outlined. For the WestWave project, the timeframe is largely
driven by the NER300 requirement to have the wave farm operational by the end

of 2015.

Note that the activities listed within the following tables do not apply to every
technology but are a combination of the requirements for all four technologies to
deliver the WestWave project.

Table 2: Activities in Year 1 : Concept Phase

Project Management

Establish project under PDM for Concept Phase inc
Governance

Communications Management

PR/ Website design /information days

Develop Stakeholder Communications Plan inc
Stakeholder Analysis

Execute Stakeholder communications strategy

Health, Safety and Quality Management

Project Risk Assessment

Business Case Management

Economic Modelling

Funding Applications & Management

Outline Business Case

Business Unit approval & expenditure

Partner arrangements and agreements

Expenditure Statement (Commercial & financial
structures)

Preliminary Site Design

Initial Site Layout / Site Design

Estimate Power Production

Site Selection Studies

Preliminary feasibility studies

Baseline data gathering inc the following:

Wave Resource model

Bathymetric data

nautical chart information

Onshore maps

electrical grid

environmentally designated sites

Grid Feasibility Studies

GIS mapping for constraints
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Table 2 cont : Activities in Year 1 : Concept Phase

Site Assessment

Resource Studies - Waverider
Resource Studies - ADCP
Geophysical Studies - Bathymetric surveys

Geophysical Studies - Nearshore Landside Site
investigation

Geotechnical Studies - Cores Sampling
Preliminary Wave Analysis
Site Investigations

Environmental Scoping

Preliminary Ecology

Preliminary Cultural heritage

Preliminary Navigation

Consents/ Licence
Preparation / Licences

Foreshore Licence Application for wave measurements
Foreshore Lease Application

Planning Permission Application

Grid Connection Application

Technology Assessment

Development of Technology Readiness Levels
Development of certification plan

Development of project insurance requirements
Due Diligence of Technology

Constructability Review

Operability review

Procurement Model

Complete Supply Chain Study
Develop Initial Procurement Strategy
Develop Consenting Strategy

Initial Legal and Insurance input

Page 39 08/12/2011



Table 3 : Activities in Year 2 & 3 : Development Ph  ase

Project Management

Project Charter

Planning stage gate approval

Analysis of Lessons Learned from Previous Projects

Project Master Plan (PMP):
: Contract Strategy

Work Breakdown Structure (WBS)
Schedule

Budget

Project Resources & Org Structure

Quality Management Plan

Communications Management Plan

Safety Management Strategy

0O&M Management Plan

Risk Management Plan & Baseline Risk Report

Change Control Process

Liaison with Marine Survey Office regarding Marine
Requirements

Review of Applicable Directives and Standards
Engage specialist marine safety contractor to develop
safety plan

Communications /
Stakeholders Management

PR/ Website design /information days

Stakeholder Analysis

Develop Stakeholder Communications Plan

Execute Stakeholder communications strategy

Business Case Management
inc Economic Modelling

Development Phase Budget Management

Economic Modelling

Funding Applications & Management

Establish payments system for Construction Phase

Business Unit approval & expenditure

Partner arrangements and agreements
Expenditure Statement (Commercial & financial
structures)

Development of Construction Budget

Approved Detailed Business Case

Capex Approval/Financial Close

Page 40 08/12/2011



Table 3 Cont :

Environmental Impact
Assessment and Screening
for Appropriate Assessment

Activities in Year 2 & 3 : Developme nt Phase

Identification of Impacts

Assessment of Impacts

Mitigation of Impacts

Environmental Baseline Studies

Environmental Monitoring

Marine Traffic and Navigation Risk Assessment

Flora and Fauna Terrestrial

Flora and Fauna Marfine (Birds, Marine Mammals,
Benthic, EMF)

Human Beings (Land Use, Fishing, Amenity, Tourism,
Population and Employmen, EMF)

Water quality

Air and Climate

Visual Impact Assessment

Traffic and Transport

Noise Impact assessment

Cultural heritage impact assessment

Soils and geology

Cumulative Impacts

EIS - Coastal Process Model

EIS - Energy Model

EIS - Printing and Translation

EIS - Consultation

Simulation in 2D and 3D software

Gain all Permits / Consents /
Licences / Leases

Foreshore Lease to construct and operate Offshore
Renewable Energy Plant

Consent to Generate Electricity (DCENR)

Onshore planning permission from Co Council

Licence to Generate Electricity from CER

Licence to construct a generating facility under Section
14/16 of electricity reg act from CER

Consents for the Grid Capacity (CER)

Permission to export electricity to the Electricity Network
(Grid connection offer from ESB Networks)

Landowner Agreements inc way leaves
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Table 3 Cont : Activities in Year 2 & 3 : Developme

Geotechnical & Geophysical
Studies for WECS and
subsea cable or subsea
pipeline

a bathymetric survey,

side-scan sonar

sub-bottom profiling

vibro-core samples

cone penetration tests

grab samples

Resource Studies — Waverider / ADCP / AWAC etc

Wave Resource Assessment - measured satellite
altimeter data

Resource Studies - Tidal current analysis

magnetometer surveying

Metocean Studies

Met conditions report procurement

Detailed Project Scheme
Design

Detailed Wave resource Assessment

Landscape Architecture Studies

Detailed Wave resource modelling (inc hindcast data,
verified to buoy records)

Yield analysis optimisation

Detailed Site Assessment

Finalised Site Selection

Wave farm design

Site layout and optimisation of WECs

Balance of plant design

Anchor study, design & selection

Mooring design

Systems Design

Electrical system optimisation

Site specific verification of machine and moorings

Develop Transport Plan

Site Access Route Solution

Laydown Area Site Preparation

3rd party verification of scheme design

Certification of Project Scheme Design
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Table 3 Cont : Activities in Year 2 & 3 : Developme nt Phase

Technology Development

Research & Development (R&D)

Front End Engineering Design (FEED)
FMEA Analysis
Dynamic Numerical Modelling

Finite Element Analysis

Fatigue Analysis
CFD Analysis

Hydrology
Hydraulic Analysis

Procurement

Develop Contract / Procurement Strategy

Define Interface Points between Scopes of Work
Development of Specification requirements to include
applicable standards

Development of Specification requirements to include Grid
Code Compliance for Devices

Develop Functional Specifications

Develop Performance Specifications

Review of Functional Specifications by 3rd Party

Insurance in place for development phase

Insurance approval for project scheme

Construction Insurance Approval

Insurance procurement for construction phase

Tendering for Main Contracts

Contract Award for Main Contracts
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Table 4 : Activities in Year 4 and 5: Construction Phase

Project Management

Project Management (continue from development phase)
Communications / Stakeholders Management (continue
from development phase)

Business Case Management inc Economic Modelling
(continue from development phase)

Health, Safety and Quality Management (continue from
development phase)

Includes Full-time safety team

Project Risk management (continue from development
phase)

0O&M Management Plan (continue from development
phase)

Site Management Plan (continue from development
phase)

Design / Manufacture /
Testing / Transport

Component Design (all components specified in Tab 2)

Component Procurement Including Sub Assemblies

Component Manufacture/Fabrication

Steel Rolling

Casting of Steel

Machining of Steel

Welding of Steel
Non Destructive Testing (NDT)

Steel Surface Preparation and Painting

Steel Surface Painting

Pressure testing

Functional Testing

Component Assembly

Component Test

Component Commission

Testing of Assembled Components

Transport of subsystems for Assembly

Subsystems Integration (on WEC)

Subsystem Testing (on WEC)

Subsystem Commission (on WEC)

Transport of subsystems for Assembly

Final Assembly of WEC unit at Quayside
Marshalling of WEC
Final Testing of Completed WEC Systems
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Table 4 cont : Activities in Year 4 and 5: Construc  tion Phase

Permit Management

Manage Permits & Consents secured during Development
Phase

Gain additional consents, if required:

Waste Management Collection Permit

Transfrontier shipment of waste permit

Permit for the removal and disposal of hazardous
waste

Licence to discharge trade effluent to waters
under Local Government

Continued Environmental Monitoring

Installation of Moorings /
Foundations

Installation of mooring system (lines/anchors/chains
tethers etc)

Pile drilling the foundation bores

Installation of piles

Grouting of foundations

Installation of Cable or
Pipework

Ploughing trench of Main Export Cable

Installation of Main Export Cable

Horizontal Directional Drilling

Installation of Pipeline

Installation of Onshore
Equipment

Excavation for Onshore terminal

Construction of Onshore terminal building

Installation of Onshore equipment

Installation of Electrical Equipment into onshore building

Grid Connection

Onshore-grid Design

Onshore-grid Installation

Onshore-grid Commissioning & Testing
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Table 4 cont : Activities in Year 4 and 5: Construc  tion Phase

Installation of WEC

Preparation of machine at service base for installation

Launch WEC into water

Towing machine from service base to installation site
Positioning of WEC
Installation of WEC machine

Installation and hook-up of machine at site

Marine Survey of Completed WEC

Commercial Diving / ROVs

Stevedoring

marine warranty surveyors

logistics

Installation of power and communication cables

Installation of umbilical / riser

Deployment of the inter-array cabling

Testing of Each WEC insitu

Commissioning Testing

Compliance Testing

Performance Testing

Grid Connection Testing

Reliability Testing

Generating Power

Units Integration & Grid
Compliance

Commissioning Testing

Compliance Testing

Performance Testing

Grid Connection Testing

Reliability Testing

Development of Emergency Procedures

Final Acceptance Certification

Handover to Operator
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Table 5: Activities in Operations and Maintenance P hase

Wave Farm O & M
Management

Asset Management

Provision of Warranty Services

Operations of Onshore Facilities

Operations of Offshore Facilities

Maintenance of Onshore Facilities

Maintenance of Offshore Facilities
Scheduled O & M (Annual)
Unscheduled O & M

Equipment Overhaul (2-5y)

Management of Spares

Routine maintenance

Specialised maintenance

inspection of mooring system

inspection of WEC

Replacement of equipment / modules

Fatigue analysis / Non-destructive Testing

Diagnostics

Fault analysis

Surveying of Cables

Surveying of Pipelines

Recovery of WEC (for refurb or) repair

Environmental Management System

Health and Safety Management System

Refurbishment at spec. interval

Specialised Welding

Weather Forecasting

Diving

Photography

Environmental Monitoring

Performance Monitoring

Reliability Management

Structural Monitoring

Contract Management / Legal Services

Remote Monitoring from central monitoring facility

Operational Reporting
Towing of WEC
ROV Inspections
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Table 6: Activities in Decommissioning Phase

Decommissioning
Requirements

Offshore Disassembly

Onshore Disassembly

Transport of Equipment

Waste Treatment

Recycling

Refurbishment for re-use

Environment Assessment

Machine removal

Machine towing

anchor retrieval

mooring line retrieval

cable retrieval
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5.3

53.1

53.2

Component Requirements

Each of the four WEC suppliers provided a breakdown of the components, which
make up their overall device and supporting infrastructure. Given that the
technology is still emerging, varying level of detaill was available from the
technology providers. Also some of the design, which has been implemented in
earlier scaled models may change significantly to the offering for the WestWave
time frame. A significant proportion of the make up of WECs use “Off the shelf”
sub components purchased from established suppliers. Other components require
a degree of close attention from the WEC developer, while the mechanical
structure could be considered to be complete “Design and Manufacture” at this
stage.

Material Requirements

Currently all four devices have been fabricated from steel. At full scale this can
entail a significant tonnage of steel with specialist skills in relation to bending,
rolling, welding etc. These are apparent from the detail given within the
component breakdown for mechanical structure below.

However new materials however are likely to be a feature in wave energy
converters, possibly even within the timeframe of WestWave. For example
concrete could become a replacement for steel. Also composites are currently
being considered. If composite materials are introduced, this allows for lighter
devices and a reduced requirement for handling of heavy components. Use of
composite materials is growing and is applied in the aerospace, automotive,
marine and wind sectors. A report into the growing use of composites in the
offshore wind business was compiled by the Crown Estate this year™.

Component Breakdown

The components used within the elements comprising the overall WestWave
project are outlined in the following tables.

19 «Offshore Wind : Opportunities for the Composite Industry”, The Crown Estate,
June 2011.
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Wavebob

Mechanical Structure

Wavebob’s mechanical structure is made up of fabricated steel. The main
structural components are the “Torus” and the “Float — Neck — Tank”
Assembly.

Torus: steel plate, Grade 355, 17.6m Outer Diameter and 6.4m Inner
Diameter, 8mm thickness, 7m high. Rolling of steel must include sponson
cone as well as the rolled tubular panels.

Float: Steel of grade 355 with diameter 6m, thickness 8mm, height 23m.
Neck: Steel of grade 355, 2m diameter, 40mm thickness.
Tank: HDPE tank tubes

Additional Mechanical Requirements for Wavebob:

Frames for Construction: steel T-sections, grade 355, thickness
10-12mm, cut and welded to size.

Corrosion Protection,

Cathodic Protection,

Anti-fouling

Locking System (Brakes or Mechanical Hydraulic Latch)
Ballast (concrete, iron, lead, water)

Frame for PTO to be mounted on

Linear Bearing & Linear Bearing Assembly

Boarding & Access Hatches

Mooring Connection Points

End Stop Buffer

Aguamarine
Power

Aquamarine Power’s device is currently a fabricated steel Structure with
Base Frame. An alternative composite solution is currently under
consideration.

Plate Steel for structure - grade: S355. Typical Dimensions: 26m wide by
4.5m deep by 13m high. Steel thickness range 25 - 70mm. Steel Rolling
facility required (approx 50mm), Welding capability - submerged arc
welding, automated.

Additional Mechanical Requirements for Aquamarine Power
- Shaft Connection: carbon steel with some casted components.
Diameter of 2.5m+
Plane Bearing & bearing Housing
Steel Shaft
Corrosion Protection
Cathodic Protection
Latch Mechanism
Installation Ballast (medium water, includes valves & pipework)
Operational Ballast (medium water, includes valves & pipework)
Structural Castings (from 5t up to 45t) with machine finishing on
some
Pile Sleeves

Page 50 08/12/2011




Mechanical Structure continued

Pelamis’s device is a fabricated tubular Steel Structure. This has been
cold rolled from plate steel, Grade s275 or s355 or equivalent, thickness
10-30mm, length ~12-18m.

Note that reinforced concrete is also a potential material for future builds
of devices.

Additional Mechanical Requirements for Pelamis

Internal Re-inforcement of Tubes: Ring frames/longitudinals bulk

heads, steel of grade s275 or s255 or equiv, thickness 10 to 35mm

Tube End Structures: Grade s275 or s355 or equiv.

Mooring Yoke (located at front of Pelamis device for electrical &
Pelamis mechanical connection/disconnection to subsea infrastructure) : Steel
Can: plate steel, s355 or equivalent, 2.5-3m dia.once rolled, 10mm-
20mm thick, 4m high. Steel pipe: s355 or equiv, thickness 25-50mm,
height ~15m.

Rotation Bearings

Main Bearing : Spherical & Trust Bearings

Bearing Seals : Rubber bellows

Paint : Marine grade, spray paint

Cathodic Protection

Ballast : sand/steel offcuts or alternative

Steel Castings , forging and/or forming: Up to ~15Te
Access Hatches

The Ocean Energy mechanical structure is expected to be a steel
structure with the following approximate dimensions : 52m by 25m by 12-
14mm thick. It will be Marine grade steel - S275/43a and similar to the ¥4
Ocean Energy scale device, steel will be purchased in sheets and welded to standard.
Approximate weight is 1,350 tonne, shot blasted to SA2.5 and primed.
The structure is s floating marine structure, which hosts the PTO.
Including corrosion protection and Weights & Balances.
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Power Take-Off — Option 1: Hydraulic System

The Pelamis hydraulic system uses a medium of Hydraulic Oil. Some of the
equipment within the system is listed with the approximate LP and HP
pressure requirements.

Hydraulic Cylinders

Hydraulic Structural Attachment & Frame

Cylinder mounting bearings

Hydraulic Cylinder Valve Sets

LP Hydraulic Circuits inc: Pressure vessels (reservoirs) (15bar max),
control valves.

HP Hydraulic Circuits inc: Accumulators (350bar max) and Hydraulic
Pipelines / Flexible Hoses, Nitrogen gas bottles

Pelamis - Hydraulic Connections / Couplings

Sensors

Hydraulic Manifold inc :Hydraulic manifold Block, control valves,
Magnetic and high pressure filters

Hydraulic Seals

Hydraulic Oll

Heat Exchanger

Motor Generator Set inc:

Hydraulic Motors

Hydraulic oil filters

Asynchronous Generators

Control cabinet

PFC capacitors

The Wavebob hydraulic system also uses hydraulic oil as the medium.
Again some of the equipment terms are listed here.

medium - hydraulic oil
Hydraulic Oil Tanks
Hydraulic Cylinders
Pre-charge pump
Filtration System
Hydraulic Control Valves
Hydraulic Cooler
Hydraulic Accumulators
Sensors (Pressure /Flow /Temperature /Torque /Position /Limit
Switches /Velocity /Load /Strain /Vibration / Acceleration /Voltage and
Current)
Motor / Generators

Wavebob
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Power Take-Off — Option 1: Hydraulic System continu  ed

The medium used by Aquamarine Power is water. Note the specific high
cycling of equipment and also the requirement for corrosion resistance both
internally and externally. The components listed to the left are for the
offshore portion of the hydraulic system only, the onshore components are
listed separately below.

Hydraulic Cylinders (stainless steel, double acting, spherical bearings,
very high cycle loading - 24million cycles in 5 years, designed for
20years)
Fabricated frames to allow installation & removal of cylinder and
accumulator module
Check Valves (8", non-slam check valves, high cycle - 25m cycles in 5
years, pressure 120bar)
Pressure Relief Valves (4", 120 to 10bar pressure drop across valves,
high cycle use)
Actuated Maintenance Valves (2 to 8" valves, balls valves & butterfly.
Aguamarine 16bar and 120bar, isolation valves so not high cycle, high reliability,
Power pneumatic or hydraulic.)
Manual Maintenance Valves (2 to 8 inch valve, corrosion resistant, ball
valves and butterfly. 16bar LP and 120bar HP. Isolation valves, not
high cycle.)
Air Inlet Valves (1" standard isolation)
LP Bladder Accumulators (Approx 100litre and total volume - 0.5m3)
HP Bladder Accumulators (Approx 100litre and total volume - 0.5m3)
Fabricated steel Accumulator Frames to allow installation & removal of
accumulator module
Hydraulic Connections (gaskets / Bolting / flanges / brackets /
couplings)
Hydraulic Piping (HP Pipes are Duplex steel or carbon steel, 10 to 14",
120bar. LP pipes are GRP - 16bar. Diameter of pipework is 8 to
14inch. Also flexible hoses.)
Fabricated steel support for Piping - sub-sea support, sub sea
connections
Fabricated Steel Piping manifold Assembly

Power Take-Off — Option 2: Rack & Pinion

Another option being considered for power takeoff is the Rack & Pinion
Mechanical Drive. Although this has not been implemented, it is a
possibility and has been included in this report for completion.

Battery Bank

Generator Converter

Rack and Pinion

SR/ Linear Generator Capacitor Bank
Cooling System

Storage and Power

Smoothing System

Sensors

Possible
Option
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Power Take-Off — Option 3 : Pneumatic Turbine

One contractor will be responsible for all works associated with the PTO
system including pneumatic turbine, transformer, power electronics,
electrical, control subsystem, instrumentation, commissioning, SCADA,
generator. This will all be installed at the quayside into the fabricated
steel hull. One option for the turbine is the Dresser-Rand Hydro-Air
Turbine.

Ocean
Energy

Electrical Onboard

Auxiliary System : LV distribution boxes, LV distribution cabling
Transformer : MV/LV transformer

Pelamis - Switchgear : MV Switchgear, Protection, Metering, Marshalling
boxes

DC Supply : Batteries, Battery chargers, Battery charger control

Grid side converter

Low voltage switchgear

Step Up Transformer LV/MV (Contactors and MCCBS)
Load Bank (Dry Type or Synthetic Fluid Filled)

LV and MV Cables (Power dump for survival)
Wavebob - Electrical Protection - Generator and Transformer
Energy Metering and Power Quality Analysis

Dynamic Riser

Umbilical Downfeeders
Subsea electrical cable
Bend stiffener
Subsea floats

Pelamis Connection System

Subsea Buoyancy
Wet Mate Connectors (MV / LV / control)
Umbilical Connectors (subsea splice)

MV Cable Deck Penetration
Stress Relief and Hang Off

- Dynamic riser
Wavebob .

- Scour (Touchdown) Protection
Flotation Modules
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Submarine Cable (Inter-array)

Inter-array cabling
Subsea electrical cable
Bend stiffeners
Subsea floats

Pelamis .
Subsea connections / Interface
Dry Mate Connectors
Submarine Connector
Wavebob Static Submarine Cable Cable Protection (Post Install)

Project
Developer

Submarine Export Cable

WEC site to Shore submarine Main export Cable
Cable landing point and connection ashore
Potentially submarine connector also

Mooring / Foundations

Aguamarine
Power

Piles (Rolled Pile steel of approximately 4m and 13m deep)
Grout

Pelamis

Chain mooring lines
Wire mooring lines
Embedment anchors
Shackle connectors
Joiner plates

Clump weight anchors

Wavebob

Main mooring lines

Bridle mooring lines

Fairlead Line

Tension Line

Submerged Mooring buoys

anchoring system ( possibly suction pile anchors)
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Offshore Monitoring and Controls

Multiplexing Systems
Onshore Electronics
Cable & Terminations
SCADA Interface
Sensors

Hydrophone

Diver Operating Bar
Fibre Optic Switching
Umbilical LV

Aguamarine
Power

Sensors
- Pressure sensors
Current sensors
Voltage sensors
Position sensors
Level sensors
Temperature sensors
Humidity sensors
- Float switches
SCADA software
Software
Wave monitoring software
Data analysis tools
Control Cabinets
Control cabinets
Various LV marshalling cabinets
Various comms marshalling cabinets
Comms hardware
UHF radio
GPS receivers
Wifi radio
UHF antenna
GPS antenna
Wifi antenna
Ethernet switches/hubs

Pelamis

Supervisory Control and Data Acquisition System - WEC Control,
Power Take-off Control, Hydraulic control, Linear generator control,
Data Acquisition Control, Tank Venting Control, Wifi Comms
Wavebob Control, Locking System Control, Supervisory Control, Auxiliary
Remote Control and Monitoring System (Shore Based)

Sea Conditions Estimator (Consisting of onboard sensors and
computer)
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Onshore Hydraulic System (Nearshore Only)

Hydraulic Piping (HP Pipes are Duplex steel or ENP coated carbon
steel, 8 to 14", 120bar. LP pipes are GRP - 16bar, 14". Diameter of
pipework is 8 to 14inch.)

Hydraulic Accumulators (approx 100litre, bladder accumulators,
2m3 volume pre flap)

Hydraulic Connections (flanges, gaskets, bolting)

Dump Valves (120bar, actuated, quick acting, 12-14")

Isolation Valves (8", 120bar)

Manual Valves (12" and 8", 120bar)

Actuated Pressure Relief Valves (actuated 4")

Check Valves (12", 120bar, high cycle; 1 inch drain valves; 14" LP
16bar manual isolation)

Filter Systems

Concrete Header Tank and culvert

Aguamarine
Power

Onshore Drive Train (Nearshore Only)

Turbine
Generator
. Flywheel
Aquamarine
Power Pelton Wheel

Lubrication System (standard lube)
Sensors (temp & vibration)
Valve & Actuators

Onshore Electrical Package (Nearshore Only)

Low Voltage Power Convertors
Grid Power Transformers
Heat Exchangers
- Auxiliary Transformer
Aguamarine - MV Switchboard
Power - LV Distribution Switchboard
UPS System & Back up Generator
Valve Actuator Panels
11kV Cable
General Plant Cabling

Onshore Control & Instrumentation (Nearshore Only)

Flowmeters

Pressure Sensors
Temperature Sensors
Aguamarine - Level Sensors

Power - Salinity Meter

Video Digital Recorder
Control Software
Control Hardware
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Onshore Civil Structure (Near Shore Only)

Aguamarine
Power Onshore Structure to house Onshore Power train and Electrical Plant.
- HVAC
Ventilation
Air - Ventilation
Ventilation
Air Compressor
- Seawater Cooling System
Water - Bilge Pumps
- Oil/Water Separator (in hydraulic filtration)
220 VAC Fluorescent with Battery Backup (Internal Lighting)
220 VAC Sodium (Deck Lighting)
24 VVDC Fluorescent (Emergency lighting in all areas)
Liahti Solar Powered with 24V LED backup lamps (Navigation
ghting : .
aids/marker lights)
Lights / Navigation aids & Navigational marker buoys
Radar reflector
Service electrical outlets (220 VAC including top-side)
CCTV system in float and top-side (6 cameras and hub)
Electrical Battery bank (4 x 24 VDC banks)
Service Emergency diesel generator (220 VAC) - potentially
Battery charging (4 x regulated 220/24 charger)
Electrical and lighting transformer (Grid to 220 VAC)
Auxiliary data acquisition processor (for alarms and monitoring)
Bilge switches (local and remote alarming)
Smoke and heat detectors (with processor unit and interface to aux
data acquisition system)
Safety Accelerometers (2 x vertical and 1 x pitch/roll/yaw)
Automatic fire suppression system (CO2 sized according to
compartments)
Condition monitoring sensors (PTO, structure and generators)
Security sensors (Including hatch switches)
Grease - Grease pump

Transmission / Grid Connection

Substation Compound, Building and Access Roads
Substation MV Switchgear

Substation Transformer

Substation Equipment

Substation Auxiliaries (LHP, HVAC, DC, UPS etc.)

Project
Developer
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WEC
Supplier /
O&M

Project
Owner

Operational Control Element

Operational control room (Project Operator Office with appropriate
Comms and SCADA Equipment.)
Communication systems (As above with Possible Wireless or GSM
backup.)
WestWave Operational & Monitoring Controls
- Remote access into WEC Supplier's SCADA system
ESBI SCADA at local substation
Connection from TSO/DSO substation signals
SMS Backup signalling
ESBI Central SCADA system
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54

54.1

Infrastructure Requirements

In the following subsections, some requirements are highlighted as to how devices
may be fabricated and assembled, how installation will be phased and
requirements of ports and vessels. The final decisions for usage of infrastructure
and services will include consideration of existing facilities and skills, suitability of
infrastructure, modifications required to adapt infrastructure to specific
requirements as well as availability and costs of vessel hire.

Fabrication and Assembly of WEC

The following sequence is required for the fabrication of the WECSs:
Fabrication of mechanical Structure (including painting)
PTO assembly/ commissioning/ Module Population
Final section assembly (dry)

Final assembly (wet)

The preference is that large steel or composite structures would be made as close
to the site as possible to minimise transport. However for a project of the scale of
WestWave this may not occur as it could require setting up a bespoke facility base
for 5 — 6 units only, unless existing facilities can be used. For a project of 30 —
50MW, a dedicated facility would likely be put in place as there is a logistical
incentive to fabricate locally.

Both fabrication and assembly facilities must be able to handle the dimensions of
the devices detailed in Section 3.5. Note that WestWave will deploy 5 to 6 WEC
devices and hence adequate space for movement within the facility including
overhead space is necessary.

The devices will require varying craneage requirements dependent upon device
design and also stage of assembly. For example the assembly of a Pelamis tube
could require an overhead crane of minimum of 50Te while a fully ballasted
Wavebob may weigh of the order of 1000tonne. Hydraulically lowering, lifting and
moving major components around can be employed if existing craneage is
unsuitable or inadequate. A large yacht lifter could also be employed for moving
components around.

Within the fabrication facility a custom built construction cradle can be employed
to facilitate construction of the WEC mechanical assembly. Also rollers have been
employed for Pelamis Wave Power’'s device to rotate the tubular sections. This
also allows automated welding and also automated painting. Painting would
preferably take place in a separate clean area within the same fabrication facility.

Assembly facilities should be located near water for the larger pieces of
equipment and preferably have a slipway or access way to the water.
Components to be transported by road will require a transport study to be carried
out and road bends may need modified.
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54.2

54.3

Installation Phases

There are distinct phases during the installation of the wave energy farm, with
differing requirements for infrastructure and vessels. These are outlined below for
the Off-shore devices and also the Near-shore devices and further detail is
provided in Section 3.5.

Table 7: Installation Phases for Offshore Devices

Installation of Moorings, which will also likely include the installation of the
dynamic riser. This is dependent upon the final design.

Installation of Inter-array cabling. It is possible to install the inter-array cabling
along with the installation of the mooring

Installation of Export Cable (& subsea connector). Connector could be installed
with the inter-array cabling depending upon where interfaces are drawn. Final
connection will require inter-array cabling to terminate through splicing of cable
or dry-mate connector

Installation of WEC

Final Connections between Cables / Devices / Connectors

Installation of Onshore Equipment

Table 8: Installation Phases for Near-shore Devices

Drilling & Installation of piles

Horizontal Directional Drilling & Installation of Pipe-work

Installation of WECs

Installation of On-shore Equipment

Final Connections between pipework & devices

Port for Deployment WEC

The deployment port must have adequate water depth (maximum draft dependent
upon vessels being used and also depth of device), quayside length and quayside
strength. Slipway access or dry dock are preferable in some cases. A service
base with engineering services would also be useful. Suitable craneage is also
essential. If existing craneage is inadequate, good load bearing quayside to
facilitate hired cranes is necessary. Also of importance is the laydown area and
marshalling area for 5 — 6 devices at the same time. A preference of 24hour
operation of the port has been expressed also and little tidal effect is also
preferential. Services such as water, electricity and fuelling facilities as well as
good security are required. Good road access without limitation for trucks is
necessary. Locally available vessels is also a beneficial.

As the installation of moorings, cables, WECs are distinct operations with differing
vessels and operations, these may not be carried out from the same quayside.
One port could be used for the piling operation, while the WEC could be deployed
from another.
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54.4

Vessel Requirements

The following vessels are expected to be required for Offshore WECs from
surveying through to Operations and Maintenance. Vessels requirements are
similar for surveying and cabling, while the difference in mooring installation, WEC
installation and O & M are highlighted in Table 9.

Surveying Vessels

Geophysical survey vessel (acoustically quiet) - capable of bathymetric, multi-
beam, sub-bottom profiler, magnetometer, side scan sonar, sub-bottom
profiling and side scan sonar work. Core sampling may also be required

Geotechnical survey vessel : Workboat / Multicat with suitable crane, aframe
or winch for lowering off a-frame for coring work

Vessel suitable for bird surveying (possible requirement)

Vessel Requirements for Offshore WEC Cable Installa  tion

Cable laying vessel and trencher required for the main export cable. Depending
upon the seabed conditions, this cable may be buried below sediment or cable
matressing installed around the cable.

Vessel Requirements for Offshore WEC Mooring Instal  lation
For installation of moorings for Wavebob, an anchor handling tug with DP
capability preference will be required.
For installation of moorings for Pelamis Wave Power an anchor handler is
preferred or a Multicat (150Te BP). The vessel should have deck space for
equipment storage and working and a crane (180Te preferred)

Installation of moorings for Ocean Energy requires an anchor handler.

Vessel Requirements for Offshore WEC Installation

The Wavebob WEC requires a dedicated custom built catamaran-type
deployment barge to tow out and install the device. The vessel must have a
winch (100t) and crane (200t). Two tugs will be required to tow the barge out.

Pelamis Wave Power requires a multicat or harbour tug with min. 30Te BP,
DP not required. A towing winch and roller preferable. Also a machine
handling crane (~10te at 15m) is preferable.

Ocean Energy requires a tug boat and a service boat for installation of WEC.

Vessel Requirements for Offshore WEC Operations & M aintenance (O & M)

For O & M Wavebob will require tug boats with crane capability. It is
anticipated to do some maintenance at sea. However if full recovery is
required, the WEC deployment barge would be required. For regular
maintenance a Seagoing Rigid Inflateable for boarding staff during routine
maintenance will be required. To carry spares out to device or provide
accommodation, a workboat / catamaran (25m) with crane on it would be
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required. Also Inspection boats (eg .statutory mooring inspections etc) will be
required.

O & M for Pelamis Wave Power, requires unlatching the WEC and bringing to
a sheltered area for maintenance. A Multicat / Tug ( with 30Te minimum BP)
will be used.

O & M for Ocean Energy’s WEC will use a tug boat and service boat.

Vessel Requirements for Piling Works for Near Shore WECs

A Jack-up barge with GPS with base station is required. Live on
accommodation needed will be required. Also sheltered water needed to re-
supply with piles as not all piles will be contained on vessel initially.

Tug also required to transport barge and personnel transfer.

Diving vessel also required (small multicat)

Vessel Requirements for Near shore WEC Installation

Marine Vessel spread includes two tugs with bridle lines and an escort vehicle.
The tugs will be of class 50-70t BP (bollard pull). Crane at quayside - capable
of max 1000t, tandem lift. Wet towed to site. Grout barge also required.

Work boat to pull umbilical through pipe.

Diving vessel also required (small multicat)

Vessel Requirements for Nearshore WEC Operations &  Maintenance (O & M)
Divers for inspection

Workboat / multicat for module removal
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Summary and Conclusions

Four leading developers of wave energy converters (WEC) participated in the
supply chain study and brought the level of detail available to potential supply
chain companies to another level of visibility. The purpose of the exercise was to
inform ESB / SEAI of the likely requirements for the WestWave project. It also
shed some light on the potential contracting structure. The study also increases
the visibility to the supply companies of what is required to deliver a wave project.

The market is a global market and the Tier 1 scope of supply will likely contract to
Tier 2 companies in the sector and so on through the contracting pyramid. Ireland
can capture a significant share of the supply chain. However it is a global industry
and contracts will procured as such. Irish companies should establish themselves
by competing in existing markets, such as Offshore Wind in the UK. A number of
Irish companies have already been successful in wining contracts in UK wave,
tidal and offshore wind developments.

Further assessment of ports for suitability for installation bases and also bases for
Operation and Maintenance is required. Ireland has good infrastructure for initial
projects but will require investment as the sector develops. Within this report the
physical scale of the Wave Energy Converters (WECs) have been made apparent.
Hence ports can assess their capability to manage future commercial
developments.

Additional work in relation to supply chain is being carried out by Enterprise
Ireland in parallel in the creation of the database of companies with potential to
supply into the offshore wind, wave and tidal sectors. This will be an important
source of information as the sector develops.

Page 64 08/12/2011



v

References

Other useful references as well as those highlighted as footnotes include:

“Wave and Tidal energy in the Pentland Firth and Orkney waters: How the projects
could be built”, The Crown Estate, May 2011.

“Renewable Energy Industry Gap Analysis: Summary Report”, DTI in association
with Scottish Executive, HIE, Scottish Enterprise, Jan 2004.

“Northern Ireland renewable Energy Ports Prospectus”, The Carbon Trust, June
2010.

“Industrial Development Potential of Offshore Wind in Ireland”, Sustainable Energy
Authority of Ireland (SEAI), March 2011.

“Offshore Wind Energy and Industrial Development in the Republic of Ireland”, SEI,
October 2004.

“Offshore wind: Opportunities for the composites industry”, The Crown Estate, June
2011.

“Analysis of the Potential Economic Benefits of Developing Ocean Energy In
Ireland”, SEI MI, August 2004.

“NI RENEWABLE ENERGY SUPPLY CHAIN", The Carbon Trust, June 2008.

“Assessment of the Irish Ports & Shipping Requirements for the Marine Renewable
Energy Industry”, SEAI and IMDO, June 2011.

“Marine Energy Supply Chain Survey”, Scottish Government's Marine Energy
Group (MEG), July 2009.

“Review of Engineering & Specialist Support Requirements For the Ocean Energy
Sector”, SEI, June 2009.

“Economic Study for Ocean Energy Development in Ireland”, Sustainable Energy
Authority Ireland and Invest Northern Ireland, July 2010.

“Marine Renewables Growth Paper”, Carbon Trust, March 2011.
“A Guide to an Offshore Wind Farm”, The Crown Estate, 2010.

“Offshore Wind : Opportunities for the Composite Industry”, The Crown Estate, June
2011.

Page 65 08/12/2011



Appendices

Appendix 1 : Overview of Project Delivery model
Appendix 2: Technology Readiness Levels

Appendix 3: WestWave Project Associate Partners

A 08/12/2011



