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Executive Summary

Sl Ocearns an Intelligent Energy Europe project thar & O2 Yy OSA PGSR (2 &A0GNBy3iK
energynetworks, enhance dlaboration on research and development and overcomehnology,

policy and market barriers to build a R&mropeanocean energysector. SI Ocean fecused on

identifying a realistic trajectory for the commercialisation of wave #ddl stream energy aoss

Europe and establishing routes to increase supply chain confidence in the emerging ocean energy
sector.

This Gaps and Barriers report is the third Deliverable from the Technology Assessment work package
within the SI Ocean project. Significant engagemmwith industry, in both stakeholder interviews

and a supply chain focussed workshop, has allowed for a diverse range of inputs into what is a
challenging and demanding topic within the ocean energy sector: Identifying the gaps in knowledge
and the barrers that are inhibiting deelopment and deployment ohascent ocean energy
technology.

Technology gaps can be considered as areas in which new enabling technotloifinevationis
required in order to make technical progress in the ocean energy seadaiei to deployment are
challenges that inhibit the deployment of ocean energy technology, making it difficult for the sector
to achieve its targets and goals.

This document presesttechnology gaps and barriers in developthg ocean energy sector the
solutions to whichcouldNB LINB A Sy G | 1Sé& 2L NIldzyAdeée G2 NBAYT:?
the ocean energy sector progresses from concept to commercialisation.

1. The major challenges and obstacles facing the sector have tetined and discussed.
These include:
e Enabling Technology;
¢ Risk Management;
e Commonality and Design Consensus
e Grid Access;
e EconomidPerspectiveand
e Establishing Equitable Environmenkéitigation Measures.

Through discussion with ocean energy industry representatives within the stakeholder engagement
process, a list oinnovation activities were created identifying thetechnologyneeds of the ocean
energy sector. While all topics are important, some are enorgent than others. This report has
identified the list of activities, and carried out prioritisation work that identifies the most urgent
needs of the sector, and which actors should take responsibility for the delivery of these activities.

2. Adprioritised list of activiies has been developed, identifying the most urgent action areas to
be considered bygovernment industry, and the researchsector. The opportunities for
intervention byeach actor aresummarised in metricbelow, with specific activitiesand
priorities detailed in Sectios:

e Government The development activities which are perceived to require
government funding in order to proceedsovernment (at a European, dvhber
Sate, and regional level) must identify suitable mechanisms to support the
development of these activities in order to alldwnely resolution; otherwise the
challenges may remain in place for a significant tiisgamplesof activities that

6/ Page



require government funding support include device and -samponent level
reliability demonstration (technology push); array level reliability demonstration
(technology push & market pull); and knowledge transfer & dissemination.

Industry: The development activitiesthat require industry and supply chain
leadership to develop solutions. While it is acknowledged that funding may be a
requirement, the activity requires industry or supply chain leadership in order to
outline potential soluions. Examples of activities that require industry leadership
include design for maintenance; performance data collection; foundations &
moorings; and offshore grid design & optimisation.

ResearchTheactivities that require fundamentalnderpinningreseach in order to
develop state of the art knowledge. The skills, facilities, and capabilities of research
institutes will benefit these activitiegreatly. Examples of activities that would
benefit from fundamental research include novel system conceptgicdeand sub
component level reliability demonstratiomeliability tools;resource analysis tools;
techno-economic analysis toolknowledge transfer & disseminatiognd array
interaction analysis.

The barriers and challenges facing the sector will neqaignificant crossdustry effort, with
responsibility and riskieeding to be shared bgll stakeholders. The high level goals for the sector
are clear, but the challenges must be overcome:

Address ¢échnology fragmentatioto increase supply chasmppetite for investment
Address lack of cooperation and collaboration by identification of collaboration
opportunities;

Identify the best strategieshat will allow safe and efficient deploymenf arrays.

By working together, the industry can overcothese challenges and demonstrate thaetsector is
capable of largescale technology production, addressing the thfekd challenge of energy security,

CQ emission reduction, and inward investment within the EuUis only through achievement of
these dallenges that the sector can gain traction and accelerate towards 2030 and 2050 ocean
energy deployment targets.

7| Page



1. Introduction

1.1.SI Ocean
Sl Ocean is an Intelligent Energy Europe project being ledcbynsortium ofartners includng the
European Ocean Ergy Association, and tHeuropeanl 2 YYA da A2y Q& W2 A yithe wS& S| N.
University of EdinburghCarbon Trust and RenewableUK(UK) WavEC (Portugal)and DHI
(Denmark).

The SI Ocearproject 6 & O2y OSAGSR (2 &0 NEBy héwkosky, endame? LIS Q &
collaboration on research and development and overcdewhnology, policy and market barriers to

build a ParEuropearocean energygector. S| Oceanfecused on identifying a realistic trajectory for

the commercialisation of wave aritlal stream energy acss Europe, and establishing routes to
increase supply chain confidence in the emerging ocean energy sector

The University of Edinburgh, Carbon TruatavECand the Joint Research Centre of the European
Union have prepared thisreport to highlight the gaps and barriers that exist within current
technology development and planned project deployment liie Emerging ocean energy sector.
Identification of these gaps and barriers will facilitate opportunities to allow combined difort
addressing these challenges, demonstrating a cohesive ocean energy sector that is capable of
building a new industry, helping to meet carbon emission reduction targets and providing a source
of sustainable energy, enhancing energy security and builaligkjlled workforce across several EU
Member States.

In addition, this documentwill underpin a Strategic Technology Agenda that will outline the
obstacles facing the sector and the opportunities that exist in order to overcome these challenges,
providingclarity on the route to a more integrated ocean energy industry

1.2.Progress to Date

The Gaps and Barriers report followee release of two earlier documentsithin the SI Ocean
Technology Assessmewbrk stream a Technology Status Rep¢t{ (released in December 2012)
and a Cost of Energy Rep{] (released in May 2013)he earlier deliverables within thé Scean
project have provided a higheveloverview of the wave and tidal sectdncluding technology types
and information on the modes of operation; the Cost of Energy repassummarised the plausible
current, and projected futuregost ofoceanenergy scenarios, badeon current best practice. These
documents will becomplemented by the addition of the Gaps and Barriers Report, which will
identify the key challenges facing the ocean energy sector, outliireps where there are
opportunities for knowledge transfer dm other more mature renewable energgectors, and
highlight areas that will require detailed investigation in order to minimize potential obstacles and
bottlenecks in full scale market development.

The StrategicTechnology Agendas for more maturaenewale energy technologies will be
compared and contrasted with the information collectetithin the SI Ocearonsultationprocesso
helpidentify the gapsand barriers to theeommercial developmenif wave and tidal technologies.

All documentswithin the SlOcean projectare available to download from the Sl Ocean project
website,www.stocean.eu
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1.3.Document Outline

Sectionl provides an introduction to the SI Ocean project, explaining the project deliverables that
have been released to date, and detailing the requirement for the Gaps and Barriers Report, which is
a linking step between thénitial project deliverables and the forthcoming Strategic Technology
Agenda.

Section2 examines the stakeholder engagent process that underpinned the work of the Sl Ocean
project, describing the mechanisms through which the responses of the sector were sought, and
how this data was used in the subsequent analysis.

Section3 expresses the findings of the stakeholder engagement process, looking separately at the
interview processand the stakeholder engagement worksholalentification of gaps and barriers
within the wave and tidal sector will begin to emerge from the discussion in this section, although
will be discussed more thoroughly in sections that follow.

Section4 looks at the innovatiomeeds for the ocean energy sector, and carries out a prioritisation
of the identified technologyopportunities. This section will also highlight the key actors that ar
needed in order to allow the development of eaahtivity to progress, and thepportunities for
interventionthat exist foreach actor. This prioritisation work has been carried out in order to aid the
decision making process for funding bodies, highlighting the urgent needs of the sector and allowing
adequate allocation of funding. Thigllows thedifferent stakeholders to focus on the technology
areas that are most appropriate for their remit.

Section5 forms the main identification of gaps for commercial development in the current
technology focus for wave and tidal technologisesmmarising the discussion from within previous
chapters andoutlining the key action areas that must be addressed for commercialisation of the
ocean energysector. The chapter will not present solutions to these challenges,ohbtiine the
needs of the wave and tidal energy sect@ine opportunities that exist foremoval of the identified
barriers will come from industry collaboration; specific targeted support from the relevant
stakeholders will be an essential ingredient to overcoming the challenges, as discussed in Section

Section6 summarises and concludes, paving the way for the remaining SI Ocean technology
assessment work, which will culminate in a Strategic Technology Agenda (STA). This STA document
will identify the means by which the key gaps and barriers can be addressed, facilitating cross
transfer of information between technology and policy needs, ensuring that appropriate policy
mechanisms can be recommended for implementation to support the development reetie

ocean energy sector.

An appendix, contained at the foot of this document, considers other, more mature, renewable
energy technologies such as wind and solar photovoltaic (PV); by engaging with the Strategic
Research Agendas of existing technologm®sitable lessons can be learned for wave and tidal,
feeding into research needs appropriate for the emerging ocean energy sector.

There are opportunities for the sector to learn and evolve, and this report will identify the challenges
to be overcome, pamg the way for a Strategic Technology Agenda that will outline the routes to
overcoming the barriers currently in place.
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2. Stakeholder Engagement Process

The Sl Ocean project has incorporated significant stalkieln engagement within the data collection
and analysigrocess In order to bring together key players within the ocean energy sector, and to
present a common voiciom the industry the SI Oceastakeholder engagement consisted of three
mechanisms, as identified Figurel below.

Technology Supp-lg Rdvisory
DPeveloper Chain Board
Interviews Workshop

Stakecholder Engagement
Process

Figurel: the Stakeholder Engagement Process

Technologyand Project Developer Interviews the initial means of engagement was aehed
through interview with technology developers, supply chain companies and utilitiesintéreiew
process allowedor directinteractionwith technology developers across a wide range of technology
types (including both wave and tidal energy), remmting a broad range of countries and
Technology Readiness Levels (TRI3. approach also allowed consideration of the differing needs
of technology and project developers, and the role of the supply chain within the development
processBy including deelopers at both early and mature stages of development, the barriers facing
the sector as a whole could be more accurately defin&dwritten record of each interview
transcript wagyeneratedfor subsequent analysis.

Qpply chain and stakeholder engagemeworkshop A workshopwas heldto inform stakeholders
of the results of thaénterview process, and to givanopportunity for discussion oa range of issues

It also allowed validation of thaterview analysis to take plac&he workshopncluded an increased
number of stakeholdersbeyondthose who participated in the interview processnsuring that
there was a continuation of the broad industry representatidfurthermore, there were several
additional topics that received significant levels ofengiction between those prese, identifying
several barrierghat require urgent attention in order to allow accelerated development of the
sector.

The Advisory Boardor the SI Ocean project were kept appraised of dmgagementprocess, and
were given pportunities to provide recommmadations for maximising benefit from the stakeholder
engagementMembers of the advisory board were also approached as part of the interview process,
ensuring that solid and robust information was collected, and providingsvial the project.
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2.1.Process and Methodology

2.1.1. Interviews

The interview procesfvolved meeting with 16vave and tidal energy technology developers, using
discussions with key technical and managerial staff to collect information on a number of topics
including technology development, installation, maintenance and reliability, supply chath,
economic, rgulative and legislative barriers. For this purpose, a standard interview questionnaire
was established to colle@ommoninformation from a number of developers, and assess where
challenges lay that strongly affected a large number of develof#stussin with each interview
candidate lasted between 1 and 2 hours.

It was recognised that technology developers, project developers (utilities), and the supply chain
have differing priorities, and so in order to generate a holistic overview of the sector,acoesp
from each of the three groups were approached.

Technology Supply
Developer Chain

Figure2: Three Key Stakeholder Types Considered in Interview

There was significantivkrsity in the range of inputs as both early and more mature stage
developers wereapproached for interview purposesThe technology developers represented a
number of EU countries, and were spread across a range of Technology ReadinessThé&vels
allowed for a breadth of responses, addressing barriers at all stages of technologyptheset. It is
important to consider that there will always be a need for research and innovation, even when
mature technology options exist. As a result, it was important to consider both technologies at an
earlier stage of research and innovation, andse@t a mature stage of fedcale deployment.

Throughout the consultation process; ihterviews were carried out with wave and tidal technology
developers, supply chain companies, and utilitiegerview transcripts were recorded, and the
references tandividual developers were removed in order to maintain anonymity.

An inductive coding technique was used to extract quantitative information from a qualitative set of
interview transcripts, highlighting priority are#fsat resulted from the discussion§he results of the
analysiswill be presented in Sectio®

2.1.2. Workshop

The workshop attracted over 60 attendeeascluding presentations from industngpresentatives
There was a significant supply chain focus in order to engage and encourage device developers,
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project developers, and supply chain companies to approach barriers with a common purpose, and
to facilitate discussion of the needs and prii@s of each stakeholder type.

The discussianheld duringhe workshop identified several areas where lack of consensus between
different stakeholders provided complexita level of tangible frustration at the urgent need to
address thesbarriers was pesent Several topics emerged as focus areas during the discussion, and
this has been documented withBection3.2.

The technology findings from the stakeholdargagement process will be discussed in the following
section of this report.
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3. Technology Findings

The stakeholder engagement process ensured that the voice of the induasyhe focus of the
analysighroughout the SI Ocean projedtvhile there was a load and diverse range of technologies
under consideration, there were several common findings, regardless of technology type and
Technology Readiness LeVEhis section presents the findings from sector engagentmit) from

the interview process and frorthe workshop,and represents the current challenges and barriers
facing the wave and tidal sector across Europe.

A number of dominant themes present themselweihin the data collected, anthese themes will

be discussed hereinWhile the dominant theme from the interviewsrepresent individual
viewpoints from the technicalengineering and/or executive managers within stakeholder
organisations, the workshop key themes arose from discussion between delegates, and included
multiple approaches tahe dominaat themes. However, in short timescales, it is very difficult to
achieve clear consensus, and the topics presented within this serti@al where there is need to

build upon current best knowledge in order to overcome gaps andarriers.

S| Ocean Sector Engagement Responses

Standards and Protocols; 1%
Modelling Tools; 3%
Third Party Validation; 1%
Technical Risk; 4%

Economic Risk; 5%

CAPEX Cost Reduction; 2%

OPEX Cost Reduction; 1%
Legislation; 1%

Environmental Impact; 4%

Other Ocean Stakeholders; 1%

Operability, Reliability & Survivability;
10%

Grid; 4%

Testing Facilities; 4%

Ports & Harbours; 1%
Components; 6%

Technology
37%

Other Infrastructure; 6%

Manufacture & Supply Chain; 13%

Foundations & Moorings; 10%

Enabling Technology Requirements; 1%
Collaboration & Knowledge Sharing; 2%
Intellectual Property; 1%

Market Growth; 2%

Decision Making; 1%

Recovery Methods; 2%

Vessels; 5%
Government Support; 10%

Figure3: Key Topics from Stakeholder Interviews

Engagement with the wider ocean energy sector has revealed the challenging conditions that
technology developers and project developers are operating witkior. those developing the
technology solutions here is significant pressure for fast deployment in short timescales, both at an
economic and a political level. Financial pressures exist through the requirement to provide returns
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for investors. Political pressures arise frammpdition with other renewable energy sectotbat
may offer a more competitiveand attractivecostfor policymakersOptimistic deployment forecasts,
which havepushed the sector to achieve large scale deploymémtthe shortterm, are possibly
misaligned with the type, and levelof fundingavailable tothe ocean energy sectoMany of the
subthemes within this section reflect thionflict

3.1l.Interviews

Each interview transcript was analysed, and broken into spesafimentsof information known as
excerfs. An excerpt may be a single comment made during the interview process, or a short
paragraph covering a particular topic. Téealysigorocess applies themeto each of the excerpts,
based on the dominantopics being discussed within the excerpfhe analysisof the interview
transcriptsgenerated7 main themesand 26 subthemes asindicatedin Figure3, which shows a
breakdown of all the excerpts, expressing the percentage of excerpts associated with each theme
and subtheme as a proportion of the total number of excerpts.

Themain themegbold) and associaté subthemes(italic) were as follows:

e Technology Intellectual Property; Collaboration & Knowledge Sharing; Enabling Technology
Requirements; Manufacture & Supply Chain; Components; Operability, Reliability &
Survivability; TechnicaldRi and Third Party Validation

¢ Installation, Operation& Retrieval;Foundations & Moorings; Recovery Methods; Vessels

¢ Infrastructure; Grid; Testing Facilities; Ports & Harbours; Other Infrastructure

e Policy, Government Support; Decision Making; Market Glrowt

e Economi¢Economic Risk; CAPEX Cost Reduction; OPEX Cost Reduction

e Environment Legislation; Environmental Impact; Other Ocean Stakeholders

e Tools Modelling Tools; Standards & Protocols

Within eachtheme, there were several quotes from the intervieandidates that demonstrate clear
consensus omthe barriers and challenges. Eattteme will be analysed in succession, and relevant
findings within each section discussed in more detail.

3.1.1. Technology
Thetechnologytheme represented the largest portion dhe interview responses, and as a result,
there are more sulthemesrelating to this topic than for others. While there is a diverse range of
subthemes each of these has significant implications on the technological developofetite
ocean energy sector

The dominantsubtheme within the technologytheme was W #nufacture &supply chainQ It was

clear that, while several concepts exist within different technology types, device developers are keen
to reach a base product that can be suitable for use s£many sitestaking advantage of existing
supply chain companies from sectors such as wind energy

& L impottant to stabilise the desigias g standarddesign envelope which will be the basis
for several arrays
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Several developers also discusseeir use d off-the-shelf componentsiecognisinghat there is not

a desire to use bespoke components within the deviagslead development on new conceptual
sub-components instead utilising proven technology from other sectors that have been madinise
for the off-shore environmentThis was evident in the responses of several of the wave and tidal
device developers.

GThe mly novel part ofthe turbine is the blades. All other components are off the shelf,
marinised componentst is evolution rather han revolutioré

OWe cksign to use components already available within the wind industngre a supply
chain already exists. Hydraulic, electrical, and control systems make use of standard industry
components

Design consensus came up as a-thdme inmany of the discussions, and there is recognition that
there isan opportunity for commonality in components. There was, however, a lack of agreement
on how this could be achieved in practice. While most agreed that design consensus within certain
systemsor subsystems could benefit the sector, there is also caution, due to the desire to avoid
getting locked into a nowptimal technology. There were interesting perspectives from project
developers, alluding to the neddr compromises to be made:

G/ 2YLINRBYAaAaSa 2y RSaA3dy | y Rk acNigviogRcanimondlitydn K| @S
designfor a particular component such as foundaspir nacelle quick connection. A step
change in thought is required to achieve this aim, as well as buy in from ledgpice
RSOSt 2 LISNA ¢
Bvidence ofcommonality between differenttechnologiesis still absentin wave energy devices,
although some component convergence is being seen within tidal energy deWdwut any
significant level of collaboration, the notion cbmmonalityNS Ff SO a RS OShmakdIJSNBR Q F
readytheir own product for mass manufacture, rather than to try and reach greater levels of design
consensus amongst the sector.

A limiting fctor within the Technologgheme was the Operability, Reliability & Survivability of
devices and sub components. Witlew devices having@chievedextensive levels obperational
hours, there is much still to be learned within this area. Developers reseghis shortfall, and the
need for demonstration of reliability.

G¢KS AYRddzZGNE ySSRa G2 3ISG I NEBlOnsRnavdid isO dzZNNB y
required in this area
After at sea testing, there have been some experiences that can be fakesard into future

deployments as lessons learned. It is important that the sector does indeed make proper use of
these learning by doing effects, and ensure that setbacks are not repeated.

Galye O02YLRYySytaz AyOf dzRAY 3 n@&ofsiinydailic hogeR, Ay & ( |
nonNB G dzNY S £ 988 FyR | OOdzydz  §2NBE KF @S LIS NF 2 N

G9f SOUNROF SljdzA LIYSy G4 A &, dirca. @%deNJaiires 2afd | KA =
YIAYyGSylyoOoS ySSRao®é
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While certain developers suggested sasof risk in reliability, there was also concern that specific
location of a device may warrant extra consideration in aspects such as overall downtime and loss of
electrical production due to difficult access amtostile deploymentlocation.

4526y GAYS 6FAGAYT T2N RS OAGEN endgyilvicesk 0 At A& 6

In addition, there was recognition that other sectors, such as offshore wind, have had larger than
anticipated maintenance requirements. Despite the interventionuiegments to maintain any
device failures, it has been noted thifie majority of failures are caused by small components.

Gym: 2F 2FFaAK2NB 6AYR YIAYydSylryO0S OFy oS (NI
25kgJi.e. a one man job to replakeOur asign target is to make component accessy
and convenient at low cost

Certaindevelopers expressed their recognition that failures could be expected within the sector, and
some had the opinion that significant learning can be gained from understatingand why
failures occur.

G9PSNE IF22R LINBPRdAzOUO A4 02Ny 2dzi 2F fSaaz2ya f

It must be noted that there is a real urgency to advance the rate of deployment in order to unlock
some of the real cost saving benefits, such as economies of scale. Howswegrned by one
developer, the economies of scale work equally as well for losses as they do for. (rbéite is a
difficult balancing mechanism between device cost and the level of deployment that can be achieved
in short timescales.

While the need touse technologies that have demonstrated reliable operation exists, certain
developers did express concern at the lack of engagement with new supply chain compeitires
lack of interest and high price requests from the supply cHaimddition, someof the technologies
that exist within the O&G marketplace are owvamgineered for the purposes of the wave and tidal
energy market.

dGhAf |y R [aBd cuality 3Ehdardsgra too high for ocean energlfor exampleghe
20SIy SyYySNHe& a tamateNsbnRe2t@ Buftablé forydSpfoyanent in depths]
to 3000mé

In order to improve the technology supply chain for ocean energy, lessons learned from existing
wind energy supply chain need to be taken in to accplmi it must be rememberedhere are
significant differences between the wind energy resource degice operating regime, andhe

ocean energy resource and device operating regifn@ave and tidal energgonverters

While there is much offshore knowledge and expertise from the oil andegasr, there is a distinct

gap between the price that the O&G sector is willing to pay, and the price that offshore renewables
are capable of paying. To remedy this requires a-stegnge in thinking, in order to generate cost
effective solutions for amcean energy supply chain then high value bespoke equipmemot be
commonplace

The progression from single poemmercial device deployment to the installation of array projects
represents a significant milestone in the development of the ocean ensegyor. With this
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transition comes a big step in rigkin the present deployment focus, technology that is yet largely
unproven (with respect to long term reliable operation) will require investment in the order of tens

of millions of Euro in order to dégmy at the array scale. Significant discussion has taken place
surrounding the need for someone to take on the risk in order for development to progress. Given
GKS YI3IyAGdzZRS 2F WdziAtAde a0FfSQ RSY2yaildN}XdAzy
bear. Technology developers are unable, at present, to offer production guarantees, and project
developers need some baseline guarantee to help with the investment case and the decision on
which technology to deploy at a given site, as is conventionatipeawithin the wind energy sector.

There was strong recognition of the need for deployment of MW scale devices, to initiate the market
for ocean energy technologies, and, perhaps more crucially, to enable the sector to meet the
deployment targets that &ave been set. However, there was also a strong surge of technology
development within the smalicale and communitgcale projects, which have the ability to test
technology at a lower overall cost and risk.

One pathway to minimise risk is to prove relmbperformance that can allow performance
guarantees and confidence in reliable technology operation. With utility scale projects, long term
operation and demonstration is a costly endeavour. Without guarantee of return on investment,
there may be limitednvestment appetite to maintain significant levels of funding at a large scale.
This requires time for achieving the required operational data, and may also reduce the pace of
ocean energy deployment.

By placing a greater emphasis on the generation of kpédrformance metrics can be used to
determine the development status of a given device and improve the visibility of devices or
technologies that are performing well. The focus needs to be on demonstration of sustained levels
of reliable gridconnected power generation, which will increase confidence in the technology, and
allow technology developers the possibility of providing project developers with performance
guarantees.

An alternative development pathway is to manage risk by starting with small témip and up

scaling the technology in tandem with increasing confidence in the ability of the technology to
perform. By deploying at a smaller scale, a larger number of iterations will be possible for a lower
overall cost than deploying technology at age scaleA gradual evolution allows phased steps of
risk. There needs to be support mechanisms set in place that will assist and enable the development
of arrays of small scale technologies in the same way that funding is made available for large multi
MW arrays; this pathway could result in a reduction in the overall level of risk.

G¢KS NBIFazyaAy3a oisikkinyamagement. ManagiidtheZehginéefing and

financial risk associated with a small scale project is easier than attempting to manage the
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are considerably greater costs. Devices shoulddolld 3ANJ RdzZt £ S@2f dziAz2y | L
A number of emerging technology developers are focussing on small scale devices to reduce the risk
associated with initial deployment-igure 4 outlines some of the different geometries under

development, highlighting that the diverse range of fm@mmercial device deployments that are
taking place. Increase in scale brings increadskl in all aspects of project development, from
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finance through to installation and deployment, yet large scale technologies have been the focus of
investment in the sector to date.

A twintrack technology developmenstrategy is necessary, however,drder to generatea market

pipeline Largescale devices will ensure that EU deploymesgpacitytargets are met, and credibility

of the sector is raised; potentially securing a future market for ocean energynallscale
technologieswill allow a more raid build out and proving of early arrays, complementing the
overall sector learningpy-doing There are also sites across the EU, and globally, that will be suitable
for smaller scale technology, where existing lasgale technology would not be viabk.balanced
pipeline will include both large scale and small scale devices, covering a range of technology scales
indicated below.

In order of rotor size:

[1] Schottel STG50; rotor diameter = 4.0m

[2] Nova Innovation NOVA rotor diameter = 4.5m

[3] Tocara T200; rotor diameter = 7.3m

[4] Andritz Hydro Hammerfest HS1000; rotor diameter = 21m
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Figure4: Tidal Turbine Rotor Diameter Variations

Developers of small scale technologies, such as Schottel (50kW), Nova Innovation (30kW; wi
100kW turbine under development), and Tocardo (MQK200kW; with 500kW turbine under
development) are following a distinctly different approach to the conventionalcoramercial
demonstration that has taken place to date at European test centres,sthganstead to mitigate

and manage risk through phased deployments of smaller scale technologies. The innovation and
development of optimised technology can be carried out at a lower overall cost in this approach.

It should be noted that some of the deweglers of the smaller scale turbines have confirmed orders,

or have already delivered commercial products to date, and so are making rapid progress in
establishing a competitive position in the market. By starting with a sseale platform, future
devicescan be increased in scale at an incremental rate, following a gradual development process,
more akin to that seen by the wind energy sector.

While smaller scale technology is able to offer lower risk and lower cost capital investment, the
market has to dte focussed predominantly on the Megawatt scale devices, creating an uneven

playing field in the sector. By+valuating the riskit must beensured that an open and fair market
SEAadGE FT2NJ Ittt RSOAOS-aR60SE 2 MishBpmelyftdrfcl ® NIWSz § S NY
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class machines; and that array fundingd market pull mechanismare appropriately targeted
towardsthe relevantmultiple deviceprojects instead of solely seekingultiple MW array projects-
the goal and target should be that of economically efficient deployment trajectoeigardless of
technology scale

3.1.2. Installation, Operation & Retrieval
Despite forming a part of the demonstration of the core technology, there was significant focus on
the installation, deployment and retrieval of devic@his merited a uniqgusub themewithin the
analysis It was widely recognised amongste vast majority ofcandidates interviewed thathe
installation practices carried out to date are significanttedrévers It should be noted that this is a
particularly important issue for tidal energy technologies, the majority of which are situated on the
sea bed tens of metres below the surface.

GLyadl tt $afithesypplyt chairdfe@ Gurrent challengeOverly large costexistfor
installation relative to other aspects of projettvelopment and deploymeninstallation is a
cost driver.There is adck of installation experience across the entire segteven offshore
drilling companies have little exgpience in strong tidal flows

G¢KS KAIK O2al 2F Ayadlrttlrarazy 2F (GARIt RSOA
and limit the opportunities for cost reductign

Onedeveloper stated that there were similarities between tloeindation installatiorprocedure for
their device and otherswithin the sector, pointing towardsa possible opportunity formore
commonalityin thetidal energy sectoand potential future convergence on optimal techniques

G! O NRSGe 2 7Fcaldefudey, But weStidnk yhat [fhdzdustry will probably
converge on the best

For convergence to occur, a greater level of knowledge sharing on best practice, and of performance
of individual foundation types used to date, will be required.

Vesselgepresent a significanthallengewithin the installation, deployment & retrievaheme, and
some insight was shared on vessel costs and suitghiityealing that what was initially thought to
be a better solution ended up less promising than initially ftbfoe.

Gaz22NBR o0FNHBSa&a INB O2aid OyranicPostighinglesseldzare y2 i @

very expensive and not as flexible as expeéted

G/ 2ad 27 fid deEigatedy 20&EG bt market priceRenewables camot
compete¢

While in most cases for tidal energy, devices have required the use of heavy lift vessels from the
offshore O&G sector, wave energy deployments have utilised smaller jack up barges and anchor
handling tugs; whichoffer alower cost than the heavy lift vesls used elsewhere.

GCKSNE Aa faz2 AAIYATAOFIY(d 2L NIdzyAidee F2NI
procedures that allow installation in hours, not days, saving on vessel costs. Another key area
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for cost reduction would be O&M, but this shaot yet had the opportunity to be
demonstrated and developeflt is] An area for future work, once operational experience
becomes availablé

There are some tidal developers, and members of the supply chain, that are designing and deploying
devices or fatforms that float on the surface of the water. While beimgre exposed toany wave

action that occurs at the surface of the ocean, the floating devices offer reduced installation costs,
and ease of retrieval for maintenance. There may be a requirenwerdgheltered sites for the use of
these foundation solutions, where the site is sheltered from the worst storm waves.

3.1.3. Infrastructure
The UK currently leads the way with regards to test centre infrastructure and opportunities for
device deployment, but fegback from this section revealed some insight into the needs of
technology developers at all stages of product development, and not just those curenthe
forefront of deployment activity This infrastructure section considers not only test facilitieg also
port and harbour facilities, and grid connection opportunities.

A significant amount otlevice deployment igurrently taking place in the UK, and some of the
challenges highlighted may focus on the UK market. However, where specific chaliefieges the
UK, other countries across the EU can heed the warnirtgke advicdrom the situation in the UK
to enable efficient deploymerih other Member States.

In order to provide context for some of the issubat arose it is prudent to considethe national

grid infrastructure within the UKAs the country with the most significant deployment levats
present the UK infrastructure is having an impact on project developnfi@nthe majority of the
technology developers interviewed he situationin the UK reveals that the grid infrastructure
focusses on centralised power generation close to the major population centres, with distribution of
electricity from the centralised locations out to the load demand. In the more rural areas, there is
very weak grid infrastructure, due to the historical requirement of takiatativelysmall amounts of
electricity to the homes and properties at the fringes of the network.

Renewable energy resources, in particular the ocean energy resourcgeaegallylocaed at the
fringes ofthe UKgrid network the north coast of Scotlandhe English Channednd the west coast

of the UKand Ireland contain the strongest resourcethis creates the need for distributed
generation and power transmission/distribution from the remote sites into the centralised
population centres. This reversal of the traditional electricity grid netveatikup is caising complex
challenges, as there is a need tgl&ce existing transmission assets with power lines capable of
exporting large amounts of renewable energy from the remote source back to the population and
load centres.

Furthermore, the cost burden of connecting to the grid falls upon the project dpeelor indeed a
technology developer, in the case that they also have to develop their own projects to secure a
suitable deployment site for their technologyp cost burden that not all existing project developers
can afford.It may be noted thatri cowntries such as Portugal and Spain, the grid connectionfoost
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power generation projectdas traditionally fallen upon consumers, even in the construction of
conventional power plants.

Across the remainder of the EU, there may be differing situationgy asche proximity of strong

grid infrastructure to the location of ocean energy resource. There may also be examples of
deployment locations across the EU where grid connection costs are shared between consumers
rather than placed on the technology andojgct developers. In these instances, the countries
involved can learn from the firgshover experience of the UK and benefit from the experience that
will be gained through the first array deploymentnd the solutions employed by technology and
project developers in order to overcome the hurdles

The stand out barrier in the infrastructure categdoy device developersvas grid connection. This

is seen as a significant hurdle, and a delay to project development. All existing consented projects
are beingchallenged by these issues, and there were some big concerns over the ability to resolve
grid issues within the near term.

GDNAR I O0S&aa A& (KS Y2adG arayAFAOLyG O2yaidN
have grid access and/or grid connectiissues. This is creating a significant barrier to
deploymente

The issues surrounding grid connection also have significant impact on other elements, such as
access to project financing. In some cases, the delay to grid connection puts prbjgcisre
currentlyunder developmenbut of reach ofthe confirmedsupport ofexistingmechanisns, leading

G2 aAAYATFAOLIY(d dzyOSNIFAYGASE Ay SyadaNAy3d G§KS Wol

GECKSNE Aa | AAIYATFAOLIY(d GSOKYyAO!I fcont@étionf t Sy 3 S
dates. Several sites have had grid connection put back to 20d&aying projects and
project development work

GLY (KS y 2 Nlihkre thefe is{ aDigstarttidltidaRand wave resourcethere is a
significant lack of grid capacity, and limited grid connectivity i@ Until grid
reinforcement Which will appearfrom around2017 onwardgbecomes a reality, it will be a
struggle to accelerate deployment. The necessary infrastructuresreebe put in place in
order to allow this ageleration to happed

As well as providingemporal delays, there was also concern of the lack of clarity inUegrid
application and charging process. High upfront costs, large lead times and uncestauetie all
mentioned as problematic for the sector. All ocean energy projects require access to the grid in
order to distribute the energy generated to the locations in which the energy is consumed, but there
is a significant bias against projects connegtto the grid off the mainland. Despite a significant
level of resource existing in remote locations within the Scottish islands, there is a large financial
penalty for any project that connects to the grid outside of iémainland.

GDNR R O2yyal®©pak afyprojécticost, and carries with it a long lemde and
therefore a great uncertainty. It isxgensive to apply for grid connectioand is ot a
transparent process at preseét
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not on the[UK] mainland. Connecting to the grid in Orkney results in network chdhges

are seventimes greater than tbseof the MeyGen projediwhere gid connection is to the
UKmainland]é

In addition to the grid reinforcement requirements, there were other infrastructure topics that
presented themselves within the interview procegmother developer implied that it would be
advantageous iétest centrecould lease a tidaite wih intermediate flow properties, fiing the gap
between the extremely energetictidal test centres and the dbenign" nurserysites currently
available

G¢CKSNBE ¢2dzZ R 6S AAIYATFAOLYy(l @Ol fdzS Ay | RRAy3
allow full scad device testing in a less risky environment

The development of new intermediate test facilities for tidal enengthin the EUwould open up
opportunities for further deploymenta siteofferingtest conditions appropriate fodevelopers who
wish totest in an energetic environment, but at a reduced tiskhe highly energetic Pentland Firth
would benefit the sectar With existing full-scale test facilities fully occupied, expansion or
development of new sites will benefit greater technology develept, and provide a stepping
stone between existing nursery and fatlale test sitesThere is a recognised need for improved

A 2 4 A x
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where shared offshore infadructure for the demonstration and proving of tidal energy converters
would be utilised by the sector if the infrastructure existed.

It should be noted that the Perpetuus Tidal Energy Centre, located off the coast of the Isle of Wight
in the UK, is undedevelopment to help meet this demangiwith a 20MW test facility due to be
completed by 2016.

Therewasrecognition of the value added in enhancement to existing ports and harbours when they
are close to the location of device deployment. There has begmfi&ant use of the improved
Hatston pier facility at Kirkwall othe Mainland ofOrkney, and developers recognise the need for
improved facilities at other locations close to particular deployment sites.

GLYLINRGSR LI2NI Tl OA foymért §tas, ik ablditidnki& ma@ukaQuiiggA G &
facilities and component lay down areas are seen as a vital part of facilitating géowth

There were comments praising the ability to carry out sHeased drivetrain and blade testing at
regional testingacilities. However, it was felt that certificatiofrom testing could be advantageaus

If test centreswere to offer a stamp of approval for satisfactory completion of testing, then this
could provide a benchmark for testing that all developers would meet.

' This is being compared to the Wave Hub test site in the UK, where a fully grid connecteshdulb is
located in an area suitable for deployment of a multiple device array.
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& lwould be nice ithey [test centres]offered a certificationg a stamp of approval of the
robustness of devices under testing. A standardisation of the testing and certification
procedures could be of benefit to device developers, so that there Gukey O2 Y LI NR a2y

3.1.4. Policy
Policy mechanisms for supporting the growth of the ocean energy sector are the mainstay of
another workstream withinthe SI Ocean project, and so will not be discussed in great detail within
this report. However, i is recognised that policy suppotS OK | yAayYa OFy KSt L) WY |
ocean energyectorandsome discussion hergill provide a direct link with upcoming work in the S
Ocean projectinevitably, although the interviews focussed on technology, éffects of policy on
technology development were frequently mentioned.

The development of ocean energy, to date, has focused on areas where attractive market
mechanisms exist. In order for ocean energy to become a truly European development, then there
needs to beappropriate support mechanisms in place acraasthe Member Statesvith suitable
ocean energy resourcéo stimulate development.
Gt NPaINBaa Aa YSSRSR Ay O2dzyGiNASA 6A0GK2dzi &Ll
making progress, cleanechanisms are needed to create and sustain the suitability for large
scale deploymerg

Despite the relatively advancestage of the identification of suitable sitegor wave and tidal
deploymentin UK waters, several developers were concerned at tise afoleases and permits due

to the scale of the current leasimgpnes The scale of thexistingleasing round$as beertoo large

and too costly formany developers preventing all but those with utility partners and strong OEM
backing toprogress with poject development in tandem with technology developmewtithin the
offshore wind sector, Round 1 leasing zones were intended for demonstration farms, Round 2
leasing zones were intended for moving into commercial arrays, while Round 3 represented fully
commercial large array projects in challenging locations such as deeper water further from shore.
This stepped approach needs to be followed within the wave and tidal sector deployment across
Europe.

Thereis evidence to supporadditional leasing roundsor permits,for smaller sites, where there is
feasibility of smaller project developers or technologiesngeable to afford the costsor where
small multi MW arrays in the region ofl®MW can allow staged development s#veralmegawatt
scale technologiesn a particular regionlt may indeed facilitatea greaterlikelihood of project
developmentwithin a realistic timescaldt is perceived by many that there is dsmatch between
the scale of leasing rounds atite currentcapability of theocean energector, and it is imperative
that viable areas of seabed can be attained by developers at a scale that is suitahlectdistic
deployment trajectory

GThereare two main blockergto ocean energygleploymeit: The first ighe release of viable
4SFroSR® ¢KS aSO2yR Aa Ayg@gSadvySydoé
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Theleasing of large sites in the order of one hundred megawatts creates a large investmeat risk
project developers. While technology developers may be able to benefit from economies of scale in
engineeringproduction, the financing of a project of such magnitude will acquire significantly more
debt than more modest sites of tens of megawatts. In addition, thess be an increase in the
length of time takerfor a larger projecto reach pofitability, given the capital intensive investment
nature of ocean renewable energy projectaaking investment decisions very difficult for project
developers.

Severalinterviewees deploying technologies in the Uldentified alack of clarity around the

application proces$or leasing areas of seabgdith many developers feeling that the process was
too long and complicated, and lacked guidandean EU level, clarity needs to be provided on the
application process for seabéehsing, streamlining the means by which application must be made.

GThe aplication process is lengthy and complex, not ideally suited to facilitate ease of
RSLX 28 YSy il oé

However, while most of the current deployment has been focussed around the UK,ncertai
technologies being deployed elsewhere in the EU noted a relatively straightforward application
process for permits and sd#ed leases, particularly when a short term application was made in the
region of 5 years.

a pplying for the permits and licences svatraightforward. The licends valid for 5 years,
for demonstration and prototyping-he conditions of the license mean that we cannot leave
anything on the seabed once the project is compdete.

This duration is appropriate for demonstration and profoityg, and facilitated a much smoother
application process than permits for longer durations. It is notably more difficult to obtain permits
for longer term deployment, however, there was no consistency in the level of effort required to
obtain permits acres the EU.

Some companies arguestioring whether enough is being done to quantify the resource
characteristicdn leased sitesvithin an appropriate timescal& here are sites that have been leased

in the UK where very little work has taken place to erstiand the resourceand project developers

may be sitting on sites without making progress in the necessary site resource characterisation work.
There are developers within the industilyat do not haveaccess to sites for characterisation, who
would like to see more progress at an accelerated pfaom those who have acquired a lease

oGovernmentsshould consider implementing a timescale deadline for completion of
defining the resource at a site, or the site should be forfeited to someone that wiledo
resource characterisation work more promply

Technologydevelopers did note a irematch of funding; the level of funding made available to the
ocean energy sector does not meet the level of expectation placed on the sector in terms of
deployment capacity and performanceolicies in place across a number of Member States suggest
high ocean renewable engy deployment targets, but there is not allocation of suitable levels of
funding support mechanisms to allow initial deployments to take place.
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It was the viewpoint of some tha bias bwards large scale technologiead overlooled smaller
playersin the industry
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technologythat may also haverray projects in the pipeie, as there is currently not a route

to securingsimilarfundingsupportasfor the larger scale projects. It is anfair bias against
companies starting smadl

There was also concern expressed about the suitability of certain funding mechaaishthear
ability to realisticallyprovide a genuine impactio the necessary MW scale deploymemiseded
within the ocean energy sector as a whole

Ga9!EKS !''YQa al NAYyS 9y SNHe& ! NNIiga téchwagy a i NI

[or, more accurately a deploent] accelerator getting projects in to the watefThe Saltire
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projectdeployment £

The Scottish Government have, however, incentivised development work to pradiiable and
robust technology as there are nowunderstood to be five entrantgyingfor the £10 million Saltire
prize.

3.1.5. Economic
As was discussed in the SI Ocean Cost of Energy R&pdhie current cost of ocean energy is too
high, and the cost of energy must come down in order for the tetdgy to be able to compete with
other alternatives. Device developers are aware of this imperative,thek isrecognition of the

YySSR G2 02YLISGHS 6AGK WO2YLISGAG2NEQ &dOK & 2FF
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need to be commercially attractive to utility companies procuring the deévice

While not competing in terms of resource, the wave and tidal energy sector views utility companies
as core customers of the product that they are deyéhy. Utility companies have to make the
investment decision on how they will fund clean energy projects. If a greater return on investment
can be made from offshore wind than from ocean energy, then there will be a struggle to compete
with the requirement 2 F al GA&aFeéAy3 || RNAGS (G2 AyONBI &S
result, wave and tidal energy costeedto progress down the cost curve and demonstrateability

to actively compete economicalyith offshore wind

There is however, a balamcrequired. In order to meet deployment targets, then deployment
activity must take place. Cost reduction has historically been seen to occur as a function of
deployment, and not a function of time. Although not competitive at current prices, there i@ ne
for deployment of technologyo allow learning by doing effects to take placnd this requires
action at a European levéb create attractive incentives to allow the first deployments to take
place

25/ Page

a K

l.fl

af



GTo reach the [European ocean energy deploymengeiayou must do something. Someone
needs to put money in to the sector.

The termYhvestmen) O2dzf R NXBf | S pilogeseRdnd diffedd gdirceFwdtty RA y 3
investment being made at a technology level, or investment made at a project Bl types of
investment are necessary, but different investment is required at different stages in the
development process.

Investmentinto technology developersould comethrough private shareholding, k&ting to equity

in a company; this funding woultelp the early stage technical development of a project, and allow
early prototyping to take placdnvestmentinto projectscould come throughpublic funding,for
examplethe Marine Energy Array Demonstrator fund in the UK (MEAD), which is driving coiaimer
readiness, or the European NER300 array demonstration funthig funding is required to help

meet the vast investment costs and risks associated with developing an array of technologies. Once
technology developers reach the stage of having ashdle prototype, it is very difficult to find
investors who are willing to take on the financial risk of the next stdpploying arrays of devices

Regardless of whether a technology is seeking private or public furttiieigg is a temptation for
developers to overclaim causingootential damage to the reputation of the industifypromises are

not delivered; however, there islso the dilemma that if investorsr governmens O y Qi 0S5
convinced that there is likely to be significanitputsin a reasonale timescale, the funding will go
elsewhere to technologies that can deliver (and make a retura)shorter timescale

There was some discussion surrounding the means by which companies are assessed for suitability
in investment rounds and public fundicglls.

G5SPA0S RS@OSt2LISNAE KI@S G2 YIAyaGlrAy | fS@St
ahead or more capablethan they actually are. Often to reach the next funding level, the
metrics of device scale, and level of progress towatdtdlesscaecommercial demonstrator

take precedence, with device developers prematurely claiming to be capable of more than
0KS& | NBoe¢

As has already been discussedmismatch exists between the expectations placed on the ocean
energy sector, and the levels of fling that has been made accessible to the sector to date
GKSGKSNI] AG Aa GKNRIAK Ay@SaidySyidszr 2N GKNRdzZK 3
WY NJ SG Lz .twahouy &Cekslto/ Vital Widding, technology developers are unable to
reach ther own aspirations, or that of government deployment targets.

aThe Feedh Tariff ratesacross Europare too low to provide enough support to make a
project bankable ¢

Although feed in tariffs are a vital market pull support mechanism, in and of thensstileg are not
sufficient to securdinancial close of a projecHowever, stronger market pull support mechanisms
will reduce the level of funding that must be found from alternative sourtédess favourable
support mechanisms can be ensured in the losagn, there is a real risk of projects failing to reach
financial closure.
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There is a potential mismatch between the investment rged of some of the sector investors and
the technology development minget within the ocean energy sector. While mdsthnology
developers are aware of a long term development trajectory, some potential investors may be more
concerned about short term profits and rapid deployment trajectories.

dThere is a] anflict of interest withinthe current [ocean energylinvestmen set up.
Investors want a high RQReturn on Investmentlor a risky project, but within its very
nature, high ROI affects the LC[D&velised Cost of Energydgatively, increasing the caost.

Unless appropriate investor expectations can align with séaltechnology predictions, there will be

a disparity between the capabilities of the sector and the expectations of investors. There will not be
investor appetite for large scale investment in technologies if there are reduced deployment targets,
or if the technology cannot meet the short term aspirations of investors. Due to the scale of the
funding required by technology developers to complete array projects, private investment is unlikely
to be able to meet the deployment needs of the sector. It iiaiuthat public funding be directed
appropriately in support of the early array deployment, as without this support there is a risk that no
array projects would be constructed.

However, from an investor perspective, it has been recognised by investdrthéheequirements of
the ocean energy sector are greater than the capabilities of traditional sources of funding.

4 a2 NB TdzgfuRRetl fydhe marine energy sector than Venture Capital can provide. The
Venture Capital market has developed around sbftddS NJ G KSNJ G KIy O2YLX SE
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Device developers agree that the large engineering finmse a lot to offer:

dlt is very important to have a big owner. This brings a lot of trust and security. If they [a
large engineeringcompany] promise something, then you know they can deli¢er it.

oLarge companies can bring real experience and good esvijigepractices

However, there are a large number of devices under developngeittwould be unfeasible to
suggest that all companies would receive attention from large engineering.fithde some large
engineering companies have been taking active lwvement in the sector at an early stagemaybe
expected that other OEM companieswould considertaking a bigger involvement once the
technology is morenature and they can be convinced of its commercial suitaliglitiyis will drive
design consensus

It was felt by manytechnology developershat the investment communitynay beunable to see
beyond a desire for shoterm profit, and as such was placing pressure on the ocean energy sector
to deliverresults at a rate in whiclt may not be capable of achievinghe investmenmind-set of
making quick returns on investment does not suit the wave and tidal energy industry.
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profits creating unralistic expectations, or for being unwilling to invest due to lack of return
on investmeng
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Clearly, there is some conflict of interest between investor requirements and the needs of
technology developers.eEhnology developermore readilyrecognise thdongterm nature of the
sector, both economically and politicalliput investors have been a part of the ocean energy sector,
and have themselves learned some lessons
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High riskand low return is never going to be a desirable prospect for Venture Capital fundarhat
requiredto make returns for their investors. Because of the high risk of faluvkich could mean
losing most, or all, of the investmef(riot just getting low returng- the expected returngrom ocean
energy projectsvill have to be very high so that successan balance out failures.

At a European level,he NER30Gunding support mechanism has been set up dstablish a
demonstration programmehat will allow the construction andleploynent of a range of leading
RenewableEnergy Systemsprojectsand Carbon Gaure and Storage projectdhis mechanisnwill
involve all Member State®f the European Unianit is envisagedhat the NER30Gunding willalso
help to leverage furtheprivate investment anao-funding fromnational governmentsacross the
EU

Within the ocean energy sectoNEROO applicants arerequiredto developan array of 5SMW or
greater. In the tidal energysectorthis deployment eligibility criteria may be appropriatas each
individual device is capable of producing up to 1MWd 10MW array émonstration projects are
already in the development pipelinin the wave energy sector there is some concern that the set
criteria are difficult for the sector to meet.

dn our opinion thig5MW requirement]is too large. A 2MW or 3MW requirement would
have beerok.¢

In a sectorwhere devices or technologies haeperational dataspanningthe order of weeks or
months, it is difficult to provide long term power predictions to any significant degree of certainty.
The step up from a single demonstration device to an array of 10 or m@ates significant
uncertainties in the estimates of tHevel of production that will be achieved.

The stipulationof the NER300 funding requsdhat technologiesproduce at least 75% of the
electricity output that was predictedwhen making theapplication If this production target is not
met then NER30®ill not pay out.The focus of this funding is on reliability, and the proving of
reliable deviceand projectoperation. The penaltyfor failing to meet 75% of the original targit
severe, andhere is a significant technological challengespeciallygiven that in some cases, there
have been no examples of long term device operation and power production that could provide
developers with confidence of performance

All developers, across both wave and tidal energy technology, unanimously agree thagsanp
there is not enough funding available to support the development needs of the séatorder br
extensiveprogress to be made in the sector there is a requiremenefdensiveinvestment due to
the extensive costs associated with deployment a&n array scale Customersof technology
development companies, such as utilitiegho can foot the present development bill do not exist,
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and as a result there is a need for alternative support mechanisms to enable the first generation of
arraydeploymentsto take place.

GTechnology development is expensive and private investors do not want to invest a lot of
money for technology developmeittjs a risky business.

OWe are at the stage of going towards a small-poenmercial farmbput to find a customer
who would pay the whole bils impossible in practicefinancial supportlike EU funding
programs is criticallyneededfor this sector to advance]

While funding is necessary in the early stages of technological development to allow a device to
reach the proving stagegontinued financialinvestment in a technology, whether it is through
shareholder investment or through government support, shouldargeted at technologies that are
shown to perform reliably, with increasing levels of electricity generatabteffectively.
Technology progress needs to be tracked more accurately using quantifiable targets rather than
device capacity, or Technologgdliness Level (TRL).

Across the sector, there is evidence to suggest thany companies are operating as if within a
commercial marketplaceWhile there are advantages to a commercial attitude, such as a drive
towards cost reduction, and forward plannirfigr mass unit production, the attitude of acting
commercially without actually being a commercial entity could be a danger to the sddter.
commercialmind-set of device and technology developers may be harming development by slowing
down the rate of pogress anccreatingbarriers to knowledge transferas has been expressed by
project developers:

GThere is a@mpetitive commerciamind-set of the device developers, where there seems to

be a commercial mode of operatiobut without a commercial productThis unusual
situation causes closed doors, and a lack of knowledge sharing. There is currently not a
market for tidal energythere isno market to protect, yet.¢
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from technology developersould bestifling growth within the sector. Despite having access to

public funding, very little information is made accessible to the public, on items such as electricity
generation,or maintenance and downtime duratioand cost.

To tackle the issue of knowledge sharing, Member States across the Elinspldment common
clauses within funding contracts that stipulate a requirement for sharing of certain information.
Governments have a strong role in ensuring that theex data is shared.

There is a different approach to funding in Denmestken compared to countries such as the, UK
with requirements for regular reporting and transparency as conditions of fundiitlgin the
ForskVE and Forskptogrammes run b¥nerginet4]. This approach to funding also creates much
stronger collaboration links between industry and the research sector, and has been positively
received by both the developer and the research institutes involved.
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Payments are made whea machine exceeds set targets. Documenting increased and
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improved performance is important in terms of proving the concept to the funders as viable
for continued investmer#

There are many chlainges facing the ocean energy sector from an economic perspective, and while
there will be a requirement for significant investment in R&D and project development, there may
need to be changes to the conditions in which funding is awarded, creating maorgparency and
collaboration between different deviegtechnologyand project developers.

3.1.6. Environmental
Thetheme of environmental impact is recognised as a significantly important area within project
and technology development. There are challenggarticularly surrounding the difficulty of
obtaining permits for carrying out prototype testing prior to larger scale deployménéere are
many issues within théopic of environment that are causing delay to projectsd the lack of an
efficient mechanim to facilitate deployment of test devices or arrays is causing |lgrggtbacls on
a par with grid connection issues.

Of primary concern is the scale of environmental impact envisioned by project and technology
developers. While it is understood that theris a need for environmentally responsible
development, there is a distinct lack of perspective from environmental and regulatory bodies when
it comes to the issue of prototype deployment. While large scale deployments shouédjbieed to

carry out a fil suite of environmental impact studies, it is felt that the requirements for solo devices
are far too stringent, and expensive, potentially being a sistapper for innovation.
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innovation, and the progression of deployments. As long as there are no toxic substances, no

oil leaks, and no hazard to human activity and shipping, then there should be some relaxing

of legislation to allow prototypes to develop, and banedl. Upon reaching a more mature

phase of deployment, when multi megawatt deployment is a reality for the device, more
AO0NARY3ISYyG tS3IratlriarAzy O2dA R 06S SyF2NOSRE

A number of device developers struggle to consolidate a need to fund technical R&D work with an
ever increasing expense associated with environmental monitoriByg. putting things into
perspective there should be a more reasonable solution employed that can allow prototyping and
device proving, without the environmental regulatiosausing too heavy financial(and time)
burden for developersyhich are currentlypotentially causing the expendituie fundingand effort

that could be more appropriately allocated to technologgD.

Even when significant environmental work is undertaken at a site, the impacts (or lack thereof) are
often ignoredwhen there is a requirement to assess the environmental impact at a new sitth

an entirely new suite of environmental works to be carr@a. Environmental impact assessments
haveto start from scratch, creating new baseline informatiatespite significant findings at other
locations being able to provide evidence that environmental impact is benign

& h y O Sha heén done for severarojects it would be useful to #gse relevant material
for future sites rather than starting from scratch with every new applicatios.tifie and
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economic constrainof having to start new environmental impact assessments from scratch
at each new sitels delaying projectShere $ SRa (G2 06S Y2NB SFFAOASyOe

Pooling of environmental impact data and information should be more widely adopted, particularly
at the nascent stages of device development to improve efficiency. Similarly, evidence at existing
sites should be considered relevant for the environmentglact at new sites, as information on the
environmental impact of a device or technology that is installed has significant value when
compared to perceived or estimated environmental impact of a device that has not yet been
installed.

G¢KS avl f ¢ hah pakicslar dlevitdihas on the environment, the harder you have
to look/work to detect an impact¢t KSNEF2NBE GKS Y2NB &2dz ySSR (2

a v dzbhuarititative and pseudscientific environmental assessment technigues are of
limited benefit to the deslopment of ocean energy technologies at this stage in the
development process. Environmental legislation is a good thing, but only when appropriate
situations and scenarios are considered. Significant cost savings could be made by relaxing
the environment f NB 3 dzf I GA2y & RdzZNAYy3a (GKS RSOSt 2LIYSyi

Despite the concerns over cost and time, it was recognised that there have been improvements in

GKS gl & (dKFd LINRPOSadaa Aad KI yRf{-Sdpd K2LIND NriCikber NDE A
with Marine ScotlandThis could be used as a template for the licensing process in other regions

across the EU.
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Marine Scotland Licensing system. This systelieves developers of the administrative

burden, and streamlines the consenting process significantly. The exceptional improvement

in this system is thanks to the support of the Scottish Government. Previously there were 17
different stakeholders that developer had to approach. Now Marine Scotlaffitr a one

ai2L) aKz2L¥

However, both inside and outside of Scotland there are still some challenges in the consenting
process. The industry as a whole requires a consolidated and more straightforward permitting
process. The difficulty in obtaining permits cited by many as a hindrante development and
innovation.

G/ 2yaSyaay3a NI Yl[the precaution@K approashy adsimes there is an
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G ¢ KS rkneéddzi miuch more simplified and straightforward consentingp@nuhitting
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With the ocean energy sector representing a new and emerging technology, there are often
occasions where consultations are required with stakeholders that do not fully understand the
nature of the technology. There needs to be a greater levalmmferstandng, at a technological
perspective, from those who are making the decisions on the permitting process.
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in certain EU countries had never heard of tidal stréarbines before an application was
made.][lt is] Difficult to deal with environmental groups who have little or no understanding

2F GKS GSOKYAOFfAGASE 2F || ALISOATAO 20SIky Sy

In order to improve the understanding of trenvironmental impact othe technology, thereis no
substitution for data that has been collecteaifin an environmental monitoring programngethose
responsible for the licensing and permitting of new technologies naedbe able to apply
appropriate and equitable environmentablicies and regulations, otherwise there igeal risk of
delaying, if not preventing, technology developmaenid innovation

There is an opportunitytherefore, to improve the sharing of environmental data across the sector,
and improve the level of uratstanding of the environmental impact, both between device
developers and regulatory bodies.

3.1.7. Engineering and Design Tools
Engineering and design tools have helped aid the development and progression of many sectors in
the past, but a more direct compaais can be drawn up with the experience of the wind industry. In
the early stages of wind energy development, sevimdje capital projectscreated large MW scale
wind turbines, that ultimately proved to be unreliable and beyond the capability of the sadipr;
the projects did, however,create engineeringtools that improved the technical andscientific
understanding othe interactions between the wind turbines and their operating environmi8ht

Utilising both computational tools and structural and performance measurements, the
understanding of machine performance in a givenvironment can be rapidly increasedher
development of standards anduidelines fromcertification bodies will also help to enhance the
level of understanding of the challenging operating conditions within the ocean environment.

However, caution must badvised. There is no quick fix to creating industry relevant modelling
tools, and the use of wind industry software modified for fluid properties of water does not
necessarilyroduce desirable outputs.
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things like added mass and other dynamic effects that are experienced within the marine
environment, but not in wind. The numerical simulation needs improving as models do not
provide reliable representations of whati Ol dzl £ t @ SELISNASYOSR |

There is a need for toand strategydevelopment to take place hadAd-hand with actual device
deployment, such that the measurements taken from at sea deployment provide validation for the
tools that are being developed fahe sector. Validation based on a single device output at one
specific location does not imply that the model will be valid for other deployment locations, and so
multiple sources must be able to feed into the validation process before there can be eedafgr
certainty in the ability of the tooland strategiedo provide adequate and credible results, and thus
aid future development of projects.
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For this to takeplacethere needs to be buy in from multiple project addvice developersiVaiting
for the answers to fall into place without proactively doing any work to help provide the solutions is
not an advisable approach, and this is becoming apparent to project developers.

dlt is naive for project developers to be passive and wait for others to do wdrgraduce
NEBadzZ Gaz FyR GKS& Ol yQd laadzyS GKIFG NBadzZ da
take an active role in research projects, guiding, shaping, learning, and sharing knowledge.
The future growth of the industry could benefit greatlynfi lesgpassivityand greater active
Sy3l3asSySyis

There are existingatabasesn place that, although offering a good conceptere not providing the
user with the ease of access that had been hopddne developer commented oan existing
knowledge sharig database tod5], andthe need to populate it with more data and information.

aTheinformation bank does ndiave much data or infonation going into it. There needs to

be an agreement as to what data should be share@lbgevelopersFor example, &logy

and environmental data should be sharéig A § K2 dzi AYFNAYy3IAYy3I 2y |y
patents or IPE

More needs to be done to engage the developing ocean energy sector, in a way that will bring
cooperation from altechnologydevelopers, rather than just a select handful. This may require step
changes in thinking from technology and/or project developers, thate is a stark warninfrom

one developerto all technologyand projectdevelopers to warn against complacen@nd fear of
change.The wave and tidal sector to date has promised much, but achieved little in terms of
cumulative deployment. Progress hbsen much slower than anticipated, withsignificantrisk of

being unabletlo meet deployment targetsThis iscausing reevaluation ofthe deployment targets,

such as in the UK where tI#2020 deployment target has been adjusted from 1300MW to 130MW
(seeFigureb). There is a requiremerfor the sectorto improve on what has been achieved to date

G KAA dzyAljdzS 6AYyR2g 2F 2LIIRNIdzyAde YlIe& y2d RS

If the wave and tidal sector wants to be taken seriously, then it must produce results, it must be
more transparent, and it must be realistic about what can and cannot be achieved. The IEA Vision
Document hagorecastedthat a global capacity of 337GW§] wave and tilal energy is possible by
2050, so thee is plentifulopportunity for development;however, it is only with collaboration, and
much greater levels of protigce crosssector engagement, that such a large target can be met.
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3.2.Sector Engagement Workshop
The workshop andupply chaireventwasan enabler irbringing together three key parties in ocean
energy development and deploymeng technology developers, spply chain companies, and
utilities. Betweenpresentations from industry, significant scope for discusgiesented itself
revealing some of the most challenging and pressing issues facing the industryith#ffele a real
sense of urgency ithe need toget the emerging ocean energyeaor off the ground there are
conflicting viewpointsand priorities that must be resolvdd order for the sector as a whole to reach
consensus and allow a structured approach to the removal of bariglsle the European ocean
energy sector is well placed to capitalise on first mover advantage, there is a real risk that this
unique window of opportunity may not deliver if complacency and lack of appropriate action fail to
produce tangible outputgind progressin that demonstrate a maturing ocean energy sectbis
section will identifyand discussome of the findings from the SI Ocean workshop

Likely deployment for UK Wave and Tidal energy (based on current grant

programs such as MEAD, MRCF, NER 300 and FP7)
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Figure5: UK Likely Deployment (Source: RenewableUK)

3.2.1. Urgency
The UK is currently leadirthe rest of the EU in terms of ocean energy deployment. While the
trajectory identified inFigureb, above, is likely to be replicated in other EU doies with an ocean
energy resource, the initiation of deployment in locations outside of the UK will be at a later date.

There is a great sense of unease amongst supply chain and technology companies, and a real sense
of urgency in the need to get theetlgling ocean energy sector off the ground and into the water. A

key source of the unease and a driver for urgency is the revised assessment of the 2020 ocean
energy deployment target within the UK. The UK National Renewable Energy Actib(NREAP)

created in 2009 projected a deployed capacity for wave and tidal energy technologies of 1300MW.

In 2013, RenewableUK reassessed the deployment targets, based upon projects currently under
development within UK waters, and advised that a more likely deploytmajectory could seeonly

% National Renewable Energy Action Plan for the UK, Article 4 of the EC RenEwaldy Directive
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/47871/2&at-ren-energy
action-plan.pdf
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130MW of cumulative wave and tidal energy deployment by 20Phis revised scenario represents
a shareof 10% of the original deployment target. While a portion of thigyinalestimated £5 billion
investment wouldincentiviseany supply chain company to add value to a growing industry, the
more realistic forecast has resulted in a scenario where the supply chain feels that themet is
enough likely installed capacity to make a businessécase

The lack of drivers for supphain investment mean that companies with the capability of building
prototypes or solutions to the challenges faced by the sector areahts to delivey there is no
ability to make a commercial return from such a development. Ament warning for the cean
energy sector, issued by one of the supply chain companies present at the workshop, now exists:

GoLd A&8 LI NI Y2dzyi [ofifstaléd capkciyare meaicH theély areINB RA O
missed this time around, the industry will not get the backifithe supply chaith ¢

3.2.2. Innovation vs.Commonality
The wave and tidal energy sector suffers technological fragmentatigth many stakeholders
working on individual ihouse developed solutions for a wide rangeactivities along the supply
chain.With every new desigand technologythere is a significant engineering requirementNon-
Recurring Engineering (NRENRE design work,is a onetime technical effort made for the
innovative design and development of a new product or service. The costesign for a new
product will inherently result in high costs compared to a product that is the result of
standardisation

The chart shown inFigure6 displays an example of costs attributed to the creation of a certain
hypotheticalproduct. The cost of the initial product will contain the development costs associated
with the design, and also the manufacturing cost.

Within this product, design costs Wwbccur at the beginning of the project and product lifecycle.
Once completed, the desighouldnot require significant further engineering work, and so tuesst
of future products to the same design will be lower than the cost of the initial product.

M Design

B Manufacture

Figure6: Innovation or Standardisation? NRE Costs in Design

®Wave and Tidal Energy in the UK, Conquering Challenges, Generating Growth, RenewableUK (February 2013)
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Within wave and tidal energy, there has been continued requirement for NRE within device designs.
Despite thehigh costs associated with initial peemmercial demonstration units, there is a
significant level of NRE effort associated with each design iteration.

There is a need for greater levelsasimmonalityin order to reduce the cost of energy, and allow for

a greater market potential if a new product solution was to be developed. There are certain areas
that could utilisecommonality across a range of technology developers, such as foundation or
mooring design, or design of nacelle quick connections andifaysystems (for tidal). Reducing the
level of NRE needed for ocean energy systems will help to significantly reduce the overall cost of the
product. This needs the buy in from multiple technology and project developeis,component
suppliers- it will not work without collaborative effort.

Indications from the supply chain suggest that there is a change in focus of the business strategy
from a market based strategy (how big is the market? How much value is there in developing
products for this market?)owards a product based strategy, whereby development of a product
that could serve multiple sectorgncluding but not limited to,the wave and tidal sectorwill be of

more interestin the longerterm than bespoke pieces of equipment with high NRES suggests

that the supply chain couldonsider develojmg strategies and enabling technologifes the ocean

energy sectoby identifying markets for thespotential future productswithin established industry
markets.

Device developers amgenerallysmdl scale companies, and IP power is very importarthém; they
are reluctant to give up IP as it is seen as important to keep the information in house. However,
balanced approach needs to be taken.

On the whole, there is agreement within the sector tltallaboration is desirablebut there needs

G2 0SS LINRPINBaarzy FNRY WilflAy3a Fo2dzi O2ftfl 62N
The biggest barrier to collaboration is Intellectual Property (IP) and arguments over ownership of
generated IP. While the nature of IP needs to be respected, barriers that slow or hinder the
progression of the ocean energy sector are undesirable. At present there ®verprotective

attitude towards IP, one which causes a breakdown in collaboration. The $hcudd not be on

generating IP for personal gain, bmbre compromisen producing solutions that benefit the sector

as a whole.

Therewill, of coursepe strategic areas in which developers are not willing to collaboestgyrivate
investors will geneally insist on some IP protection in order to protect their investment and prevent
anyone from copying their idedowever, these need to be considered carefully so that they do not
hinder the overall development of the sector

3.2.3. Enabling Technologies for Array Deployment
A stalemate situation arose regarding the topidiud best strategie$or deployingthe first arraysg
the enabling technologies that will aid the development and deployment of devides.sector
knows how to install single devices, libere arestill a large number of unknowns when it comes to
array deploymentWhile it is necessary to have the correct equipmeathnologiesstrategiesand
tools to allow safe and efficient deploymeand development of the ocean energy sectatrpresent
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the wave and tidal sectodoes not have access the optimal strategiesto facilitate bankable
deployment What the industry has at presembay not be the most effective route to build out
projects.This is a catch 2&tuation: To develop the caect strategieswe need an industry; to build
an industry we neethe correct strategies

Industry enabling technologyay result from early adoption to get devicésh y (i 2  (,KvBich g I (i S NE
hasalreadyidentified some drawbacks and limitations to existirgtinologyg suchas ROVs, current

designs of which are not suitable for use in tidal stream environmé¥tsle there may be complex

solutions to the challenges, the industry needs to start simple by getting technology into the water

that works.

On the otler hand, a rush to install and deploy devices could be a threat to the sector, as this was
seen by some as akin to tryingdun a long distance marathoheforeg S O | Y. Bydaleveldpihg
technology in tandem with projects, some of the focus oe tiechrology development is lost,
potentially inhibiting innovatiorga potentially risky strategy.

It was pointed out that he early offshore wind sector utilised onshore turbines mounted on a
suitable offshore foundationProblems resulted, and offshore specifizbine technology is now
developing in tandem with offshore projects. Learning by doing is facilitating the growth of the
correctdeployment strategief the offshore wind sector.

To resolve this barrien the wave and tidal sector, there must be betengagement between the
solution providers (the supply chain) and the end users of the equipment (wave/tidal technology
developers and project developerdhere are companies with the capability to design and build,
given the appropriate level of commitnt from potential customers. At present, there is a real risk
that different developers could be asking the supply chain for their own unique bespoke equipment
to resolve their own challenges. There is a real problem with this in the high NRE costiinad ou
Section3.2.2 More collaboration (at an early stage) between technology developers, project
developers, contractors, and the supply c¢has required in order to prevent multiple pieces of
expensive bespoke solutions particular, some challenges that must be addressed by the sector
include:

Maintenance intervals- what are realistic maintenance intervals, and can these maintenance
intervals be guaranteed? The main limiting factors in selecting a maintenance interval must be
acknowledged demonstration of a greater awareness of Mean Time Between Failures (MTBF) for
sub-components inuse within the system, or making use of a failure database to log issues across
the wider sector would help bring confidence in long maintenance interval projections.

Access for maintenance this is fundamental for any retrieval and maintenance operatiamd
economic access solutions must become available in order to reduce the LCOE for array projects.

Design for maintenance within individual technology typesdesignremains fragmented, with
different options available from different technology devedss. The most cost effective solutions
may eventually see convergence from within the sector, but this needs to happen intshmartime
scales through collaborative effort in order to maximise opportunity for supply chain involvement.
The merits and drabacks of each method may have to result in a compromise, as technology and
environmental requirements may have differing priorities.
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Vessels- these have, to date, divided opiniorwhile some developers have been happy with their
chosen installation vests, others have remarked that belesxpectation flexibility and very high

cost show that not all oil and gas vessels are optimum for the sector. While projects are underway to
investigate the design and development of wave and tidal specific vesselasgespthere needs to

be active collaboration between device developers and the technology solution providers to ensure
that the outcome of these projects is what the industry requires. Additionally, certain developers are
looking towards smaller scale dnuoyant designs to remove the need for heavy lifting vessels
altogether, utilising small muftat workboats that are less expensive than their larigpstallation
vesselkounterparts.

3.2.4. Responsibility for Risk
A hurdle facing the development of ocean engrgs the burden of risk. As with any new and
emerging technology, there is a risk associated with development and deployment. At present, there
are few willing to take the risk for the construction of the first ocean energy small array projects.
Investorsare not willing to take the risklone technology developers cannot bear the cost burden
and risk alone; it is difficult to find supply chain partners that are willing to take on the risk.

The industry needs to be careful, and cannot expiect I I3 A O 26 | o/ R a ¢ resdIErg ¢he
issues of risk. To tackle risk, there cannotéb@eutral stance stakeholders can no longer sit in
different corners and point fingers at one another, passing on risk to other players. At present, no
one is taking the risk. Therneeds to be collaboration between the industry, public sector, and
governmentto overcome this risk adversity.

There are opportunities for risk reduction before engaging in offshore activitiheas are several
test centres and facilities across thel here onrshore component and subystem level testing can
be carried out prior to ofshore deployment. Existing test facilitieelude drive train testing, blade
testing, andelectrical systems component testingest facilities areavailablefor Accegrated Life

Testing, and system integration testing, both of whichuld offer increased confidence in
technology prior to deploying i the offshore environment.

Another risk cited by roject developerdsthe need for grformanceguarantees Thebankability of

an ocean energy project is fundamental in allowing continued development and deployaraht
performanceand availability guarantees are fundamental requirements in wind farm projects. While
few, if any, wave and tidal technology developarge in a position where they can financially or
physically offer performance guarantees, the outcome of testing and deployment -afopnenercial
demonstrators should result in performance and availability proving. This information needs to be
more transpaent to the project developers who could utilise technology in sites under
development, and is an area which must be improved upon.

With capital intensive equipment necessary for the preparation and installation process of device
deployment, there was somguestion as to who should bear the responsibility for ownership of the
equipment, and who bears the cost burden of the development. With the uncertainty about future
market size, no supply chain company will invest in enabling technology development ttitieou
backing of a consortium of partners who can share the risk and cost burdens.
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In the current state of play, many technology developers might benefit fieeussingon their core
technology, rather than trying to achieve system perfection throughrtbein resources. This could
share risk, and prevent fiaventing of the wheel, whereby different stdomponents are developed
through collaborations with the correct industry partners, creating more collaboration rather than
stifling innovation.

3.2.5. Knowledge Transfer
As a renewable energy technology that has gone through a period of significant learning, there are
lessons to be learnefilom the wind energy sectahat are applicable to the wave and tidal industry.
One particular warningvas'\How not to engage the supply cha&XAn offshore wind supply chain gap
analysis report, carried out ithe UK in2013 by The Crown Estate, identified sséa export cables
as a high risk area in both installation and cable protectixtording toeadingcompanies within
the subsea cable and cable protection field, yhwere not consultedor their input in suggesing a
resolution to overcome the identified barriedespite the wealth of offshore cabling experience
available. The right people need to be approathand appropriateguidelinesimplemented to
avoid a repetition of thisupply chairscenario in wave and tidal.

As was discussed previously, the emerging offshore wind sector placed onshore wind turbines on
offshore foundations, with severe reliabilityomsequences. Much more work was required to
marinise wind turbines than was initially thought, with current offshore turbines now having been
engineered from the ground up as offshore specific. Caution must be advised to the offshore wave
and tidal sector,as project developers perceived it to be unrealistic to think that wave or tidal
energy technology could be brought to maturity quicklith a more challenging operating
environment, he wave and tidal sector will need to work harder than offshore wmarider to

bring the costs down.

Figure7: Beatrice Offshore Wind Demonstrator

Although offshore wind, and oil and gas industries are often referred to when the topic of learning
from relevant industry is discussed, it must be remembered that wave and tidal energy technologies
are very different to technologies developed for the aild gas sector. Without the same capital
spending ability as oil and gas, offshore renewable energy developments need to be more cost
conscious, and there must be innovative new thought processes and ways of working together that
recognise that the indusyr does not have high profit margirgsthe ocean energy sector cannot
afford to follow in the footsteps of oil and gas.
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Offshore oil and gas platforms often adopt bespoke applications or designs. The renewable energy
sector must focus more heavily on comnadity as opposed to bespoke systems and applications.
The deployment of multiple similar devices will rely on common components, methods and
procedures in order to maximise the efficiency of an accelerated deployment trajectory at a cost
that is affordableo the sector.
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4. Technology Development Activity Prioritisation

There are several themes and activities that reqdiingher research and development within the
ocean energy sector in order to allotechnology progression towards a more mature industry.
However, there is not sufficient funding to be able to carry out each and every one of the necessary
technology developmenactivities in the short term; some activities are more urgent, and therefore
necessary in the shoterm, to allow cost effective sgems and deployment. As a result, the list of
activities that has beeanalysed and developedalithin this section of the report has been prioritised

to identify those activities that must be addressed most urgently.

The technology themes and activitiestdid inTablel are the result of a blend of information from
multiple sources including the technology and project developer interviews, the supply chain
workshop, ad feedback from the Advisory Board.

Following on from consultation witliunding bodies involved in the support of ocean energy
projects a list of identified technology development them@mld white text)and activities(black
italic text) was drawn upto represent thecurrent technology developmenmheeds of the wave and
tidal sector asshown inTablel below. Each technology theme contains a number of sub headings
(activities), which could then be gradedross a range of metrida order to prioritise the most
urgent technology developmenheeds, and identify the responsible actors who are crucial in
developingeachactivity inorder to providea solution.

Tablel: Technology Themes and Activities

Device & System

Subsystems Design & Optimisation
Tool Devéopment

Design Optimisation Tools

Deployment
Performance Data Collectio

Control Systems Offshore Grid Design &
Optimisation

Array Electrical System

Knowledge Transfer &
Dissemination

Intelligent PMS (Predictive
Maintenance Systems)

Device Modelling Tools

Economic Installation
Methods

Power Take Off

Reliability Modelling Tools

Subsea Electrical System

Economic Recovery Methoc

Power Electronics

Environmental Impact
Assessment Tools

Array Interaction Analysis

Connection / Disconnectior

Device Bucture

Site Characterisation

Offshore Umbilical / Wet

Techniques Techniques MV Connectors
Precommercial Device Se; Hydraulic Systems Resource Analysis Tools| Reliability Demonstration
Trial
Precommercial Array Sea Cooling Systems Array Design & Modelling
Trial Tools
Design For Maintenance Bearings Techneeconomic Analysis
Tools

Novel System Concepts

Foundations & Moorings

Subsea Preparation Work

Vessels

Reliability Demonstration
(Device & Sub Component
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The prioritisation allowed quantitative results to be acquired from qualitative descriptions. The
assessment was robust and used evidence based information in order to justify the scoring
allocation.

In order to assess the funding prioritisatioeach activity was graded according tour sets of
metrics One set of metrics represented threeeds of the ocean energectorand how greatly the
activity could impact a range of sector requirementie remaining threesets of metrics
represented the SOcean identifiedenablers, orkey actors who could eliver the identified
activities:

Government The activiies that caronly proceed with funding interventions at aeivhber Sate or
EUlevel

Industry (Technology Developers and Supply Chalie activiies best suited for technology
developers and/or supply chaleadership;

Research FacilitiesThe ativities that require fundamentalunderpinningresearchusingthe skills,
facilities and capabilities of research institutes

Although various actors havgeen identified,there is a duty for governments to ensure that the
industry and research sectors are adequately resourced to take on their responsihilities

Scoring each activity on the above metrics resultetbir 2 @3S NI £ f @I f dzSa F2NJ St OK
Ly Rdza 4 NBE b StBré&edEnableé2 NBOBDWERY Government, Industry and Resealidie

scorefor each activitywas normalised to give a value out of 100 in each metric. By plotting the
6Enabler Scoe sanx- EA & @I f dzS SegoRNe¢dK S xi§vali, eéagh activity could

be visually represented as a point on a 2D cha@ie location of eacldata point on the chart

identifies whether the activityalls within Atention Area A, Kention Area B, or &ention Area Cas

explained inFigure8 below.

\ Attention
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. Attention

Industry Need

\\ Area B

Y
~
~

~

Attention

~
~

~
~

Area C RN

Y

S| Ocean Metrics (Government,
Industry, Research Sector)

Figure8: Technology Prioritisation
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e (Attention-AreaA¢ represens activities that should be targeted asighly suitablefor
intervention;

e (Attention-AreaBe represents activities that aref mediumsuitability for intervention;

e (Attention-AreaCE represents activities that, while still important for meeting the
development needs of the sector, are nohmediately suitable forintervention by a
particular actorin the shortterm.

Scoringwas carried outfor all activities within each othe technobgy themes, and for each actor
(Government, Industry, Research), resulting in the gragéstified in the following sections of the
report.

The prioriisation, in essence, reveals the stakeholders who must engage in order to pregmkss
advance the knowledge of each development activity. Certain activities may fall under the
responsibility of one stakeholder, for example, performance data collection requires the industry to
take responsibility for leading projects that capture appropriate measurementstlzat these data

are analysed to provide value and growth in knowledge and understanding. Other activities, for
example ecoomic recovery methods, requireoth buy in from industry (acknowledging a need,
initiating collaboration) and governmer{to provide the necessary financial and policy support that
will facilitate development of this activity

A number of charts will be shown on each of the following pag
The charts are arranged in sets of three, and will be in order of

e Government
e Industry;,
e Research

9+ OK WwWasSiQ NBLNBaSyida 2yS 27

o Device & System Deployment;

e Sub Systems;

¢ Design & Optimisation Tool Development;
e Arrays

The charts will identify which activities should be targeted by e
of the actors forintervention, and a brief summary overview w
be provided after each set of charts.
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