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Energy Policy and Offshore Renewables

State of the Nation

OPIN Workshop:

Offshore Renewable Energy

caTAPULT

Simon Cheeseman

23/10/2019



Todays Agenda

10:00 Welcome and coffee

10:30 Intro to ORE Catapult and OPIN - Simon Cheeseman and Lesley Doyle (Scottish Enterprise)
10:45 Marine Energy Policy in UK and ROTW developments include technology innovation requirements — Simon Cheeseman
11:15 OPERA - Paul Goodwin (Global Marine)

11:45 Coffee

12:00 David Young (Predicting failure of dynamic cables)

12:20 eGrid (Michael Smailes)

12:45 Robbie Brady - TIGER (Tidal Project)

13:00 Lunch

13:45 PPE for site tour

14:00 Site Tour — BT2, BT1, Nautilus, Docks, Charles Parsons

15:30 Depart



OPIN Project Introduction interreg

EUROPEAN UNION

Lesley Doyle, Scottish Enterprise North-West Europe

Wednesday 23 October, Blyth

European Regional Development Fund



OPIN Project Partners
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PIN Membership

United States, Sweden, 1

1

Canada, 2
Finland, 1

United
Kingdom, 46

France, 36

Germany, 1

India, 1

Portugal, 1

Netherlands, 9 J
Italy, 1

129 members from
13 countries
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European Regional Development Fund



OPIN Premise

To encourage both cross-sectoral and cross-regional

collaboration for Offshore Renewable Energy SMEs

HILCIrcy E=
North-West Europe

European Regional Development Fund



OPIN Aims

* Support over 100 companies

* Develop a self-sustaining network providing a mechanism
for the transfer of expertise between sectors in North West

Europe

HILCIrcy E=
North-West Europe

European Regional Development Fund



OPIN Supports

* Annual Symposiums, workshops and
masterclasses
* Travel Support

* Technology Assessment Processes (TAPs)

interreg

* Collaborative Innovation Groups (CIGs) ggrlﬁl"west Europe

EUROPEAN UN




OPIN Events

e Masterclass: Maritime solutions for offshore renewable energy,

6 November, Rotterdam, Netherlands

 Workshop: Advanced Materials and Manufacturing,

12 November, Nantes, France

e Masterclass: Installation and Mooring,

February 2020, Nantes, France

HHILCITITYy BN
North-West Europe
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https://www.nweurope.eu/projects/project-search/opin-ocean-power-innovation-network/events/opin-masterclass-maritime-solutions-for-offshore-renewable-energy/
http://www.nweurope.eu/projects/project-search/opin-ocean-power-innovation-network/events/opin-workshop-advanced-materials-and-manufacturing/
https://www.nweurope.eu/projects/project-search/opin-ocean-power-innovation-network/events/opin-masterclass-installation-and-mooring/

OPIN Innovation Support Scheme

Technology Assessment Process (TAP) Support

A high-level technology assessment allowing companies to benchmark their
technologies, map structured development paths and identify potential collaborators

Collaborative Innovations Group (CIG) Support

Support for clusters of SMEs, working with research entities/large companies, solving
issues identified as barriers to the ocean energy sector

Travel Support Hiterrey

Enabling SMEs to travel abroad either to take part in an OPIN workshop, North-West Europe
masterclass or a CIG meeting or activity

10

| Development Fund



Any Questions?

1HILCTITYy Ex
North-West Europe
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European Regional Development Fund



nterreg B
North-West Europe

Thank youl!



catAPULT

Offshore Renewable Energy

Agenda

 OPIN

* Introduction to ORE Catapult

* Introduction to wave energy
* Devices and types of converter
* Notable examples

* Introduction to tidal energy
* Devices and in-stream vs range
* Notable projects

» State of Marine Industry

* ORE Catapult Projects



Ocean Power Innovation Network (OPIN)

OPIN Interreg North West Europe funding total budget € 2.57 m from 2018 to
2021. Free to join:

 Will deliver supports to encourage both cross-sectoral and cross-regional
collaboration.

* Annual Symposiums: providing networking opportunities for OPIN
members

* Workshops and Masterclasses: to facilitate knowledge transfer between
the project partner regions and to simulate the growth of the network.

 Technology Assessment Processes (TAPs): assessments allowing
OPIN Partners Country

Sustainable Energy Authority of Ireland

Scottish Enterprise

Offshore Renewable Energy Catapult

Sirris, het collectief centrum van de technologische industrie
Ecole Centrale de Nantes

Dutch Marine Energy Centre

raunhofer-Gesellschaft zur Férderung der angewandten
Forschunge.V.

http://www.nweurope.eu/projects/project-search/opin-ocean-power-innovation-network/



ORE Catapult




The Catapult Network

Innovate UK

* Designed to transform the
UK's capability for innovation

* Core grant leveraged with
industry and other public
funding

Regional Centres

Satellite Applications
« North East

Medicines Discovery
Aldortoy Pack

Enerqgy Systems
Birmingbam

Compound

Semiconductor

Applications
Soudh Woaber

Satellite Applications
Harwal

catAPULT
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Our Mission and Vision

Our mission {

To accelerate the creation and growth of UK companies in the
ORE sector

Our vision

By 2023, ORE Catapult will be the world’s leading offshore
renewable energy technology centre

LEVENMOUTH
GLASGOW

BLYTH
* Centres of Excellence

HULL
* Academic Research Hubs
in partnership with leading universities

WALES

Regional Coordinator

BRISTOL

* Expanding our assets in Blyth
and Levenmouth
the world’s foremost open-access
facilities

SOUTH WEST

Regional Coordinator




catAPULT

Risk (and its perception) drives the cost of borrowing money... ATAPULI

Reduce risk through:

*  Sound design principles
Testing and validation
Track record
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Commercialising Technology

Funding
Technology identification
Innovation assessment
challenges

Market
intelligence
business
modelling and
commercialisation
support

Delivery of
Supporting product sector-specific
SUPPOl’tEd Benchmarking and service engineering and

1 5 : . development as test capabilities to
SIEE 2013 Fronig e e SMEdlnnov'ac:'lons partners in public reduce technology
with industry- and providing

led ik CoRlanra b R&D programmes development risk
ed-marke

investors

opportunities



Testing, Operational Performance,

Research Development & Innovation




Our structure

Test & Validation Operational Performance Research & Disruptive Innovation

*  Next generation * Better intervention techniques ¢ Evaluation and support for
technology future technologies
* Developer/owner solutions
* Design validation and * Floating wind, Wave & Tidal
component testing * SMESs developing solutions

* Under pinning research

* Test & validate solutions
* Gateway to UK academia

c O&M

technical experts technical experts technical experts



® Test & Validation

BLADES POWERTRAIN

» Test & validate next generation 10om+ offshore wind + Test & validate next generation 20MW+ offshore wind
turbine blades turbine powertrains

* Develop and test innovative solutions for rain erosion  Accelerate innovative powertrain technology, from
(e.g. composite materials) Sub-1MW to 3 MW

* Accelerate innovative blade designs and materials * Support development of critical powertrain components:

bearings, gearbox, generator

100m and som Blade Test Halls 1MW, 3MW, 15MW Powertrain Facilities

Blade Erosion Test Rig Wind Turbine Bearing Test Facility
Wind Turbine Blade Test Facility




® Test & Validation

Test & validate the market's largest cables - 66kV -
through ageing, insulation breakdown and failure
analysis

Dynamic cable fatigue testing - for the future
development of floating wind

HV and Materials Labs

Pre-qualification bays
Dynamic cable rig

Test robotics & autonomous systems (RAS) using
controlled subsea dock environment, training tower
(drones) and blades (blade inspection)
Wet and dry controlled dock environment testing:
* Cableinspection, protection and connection systems
* Subsea & topside balance of plant

Subsea docks
Training tower
Blade sections




@ Operational Performance

ORE Catapult’s role

* Help position the UK as an internationally recognised centre of
excellence for operating offshore renewable plant

* Assist UK innovators to develop products and services to build and
maintain a UK based supply chain

* Boost productivity of UK businesses and create an exportable
commodity

Collaboration and Partnerships
* Owner/operators and OEMs — to understand common engineering

and operational challenges

* Supply chain and cross sector - to develop solutions to challenges

* Develop offshore wind supply chains




® Research & Disruptive Innovation

Challenges for offshore wind

Next generation offshore wind turbines, to + 8MW+ machines
will substantially reduce the levelised cost of energy.

OEMs must access new technologies from all corners of industry
Opportunities for innovative UK companies to enter the supply
chain

ORE Catapult’s role

De-risk emerging technologies

Link supply chain new entrants with those developing the next
generation of wind turbines

Fill the knowledge gaps through our strategic research
programmes in Blades, Drive trains and Electrical Systems
Bring forward disruptive UK innovations to the global turbine
market

Drive down cost and drive up UK value




Test and validation for business models

Analysis & Insights

* Generating insights from detailed analysis
* Flagship reports for policy-makers and industry
* Economicimpact from developing new technologies
* Current and future cost reduction trends

* Robust financial modelling
* Bottom-up LCoE analysis
* Project economics
* Cost-benefit analysis

High growth SME support

* Business planning and market analysis
* Maintaining basic market overview material
* Preparing investor-ready business plan documents
* Guiding SME’s on investor requirements




SME Growth Platform Reports — Finance & Funding

Outline of key funding types BLATFORM REPORT
* Public funding
* Equit
. D(ibty An innovator’s guide to

Outline of UK public funding bodies
* National funding bodies
* Regional sources of public funding

Key considerations to consider when deciding finance plan
* Business canvas
* Funding required
* Beinginvestor ready




SME Growth Platform Reports — Technology Commercialisation

Steps to technology development in offshore wind SME GROWTH
: PLATFORM REPORT
* Detailed assessment of areas of technology development such
as concept feasibility and refinement, design specification, and
component system design An innovator’s guide to

Commercial Preparation
* Stepsrequired in areas such as business planning, IP protection,
manufacturing supply chain and marketing

Market Readiness
* Steps required to address regulatory barriers, build supply chain,
develop skill base and ensure stakeholder acceptance

Commercialisation Considerations

* Tips and hints on testing and demonstrating technology
* |P strategy

* HS&E considerations




Wave Energy

ore.catapult.org.uk
@ orecatapult




The Basics

* Waves driven by the wind
* Size and energy dependent on:
* Wind Speed & duration
* Fetch
* Seabed bathymetry
* UK well-placed to make use of this resource

EMEC: Billia Croo Wave Test Site




Types of device... catTAPULT

Many ways of
capturing energy
from waves

No signs of design
consolidation

© 2008 AQUARET © 2008 AQUARET. © 2008 AQUARET

©.2008 AQUARET (©2008 AQUARET © 2012 AQUARET ©2008 AQUARET
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turns wave power into electricity


https://www.google.co.uk/imgres?imgurl=https://marineenergy.biz/wp-content/uploads/2018/05/fi-bombora-lines-up-mwave-membrane-system-supplier.jpg&imgrefurl=https://marineenergy.biz/2018/05/03/bombora-lines-up-mwave-membrane-supplier/&docid=mvnt9evH2z5G9M&tbnid=EOYSiezfkSJ-kM:&vet=10ahUKEwjr5uae38viAhUOKBoKHRtrD6AQMwhEKAEwAQ..i&w=896&h=449&bih=804&biw=1707&q=bombora%20wave%20power&ved=0ahUKEwjr5uae38viAhUOKBoKHRtrD6AQMwhEKAEwAQ&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.abc.net.au/news/image/10249048-3x2-700x467.jpg&imgrefurl=https://www.abc.net.au/news/2018-09-22/power-company-carnegie-energy-hit-by-wave-of-discontent/10289772&docid=oE8Q_MuAbBoWKM&tbnid=J_3LRuUxKGog4M:&vet=10ahUKEwiw2u_O38viAhUDx4UKHSwrAFkQMwhfKA0wDQ..i&w=700&h=467&bih=804&biw=1707&q=carnegie%20wave%20power&ved=0ahUKEwiw2u_O38viAhUDx4UKHSwrAFkQMwhfKA0wDQ&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.mainstaymarine.co.uk/wp-content/uploads/2017/07/IMG_2837-1080x675.jpg&imgrefurl=https://www.mainstaymarine.co.uk/wave-of-success-continues-for-mainstay-marine/&docid=B-3wilivg3ctvM&tbnid=IInvL80zWLhbLM:&vet=10ahUKEwiEyPj938viAhVSQhoKHYMaDi0QMwhMKAcwBw..i&w=1080&h=675&bih=804&biw=1707&q=wave%20tricity&ved=0ahUKEwiEyPj938viAhVSQhoKHYMaDi0QMwhMKAcwBw&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=http://marinepowersystems.co.uk/wp-content/uploads/2018/01/img2.jpg&imgrefurl=http://marinepowersystems.co.uk/&docid=UfrCCLiO3vP0jM&tbnid=PdRzVyAFgJrvHM:&vet=10ahUKEwj-zo-B4cviAhUR-YUKHZtvBtAQMwhUKAQwBA..i&w=1000&h=750&bih=804&biw=1707&q=marine%20power%20systems&ved=0ahUKEwj-zo-B4cviAhUR-YUKHZtvBtAQMwhUKAQwBA&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=http://www.prace-ri.eu/IMG/jpg/Albatern-Schematic.jpg&imgrefurl=http://www.prace-ri.eu/shape-albatern/&docid=dP2Q0ZgIaKwViM&tbnid=vA1C9gBRgiB9iM:&vet=10ahUKEwiH3aue4cviAhWuyYUKHaahC90QMwhPKAwwDA..i&w=960&h=720&bih=804&biw=1707&q=albatern&ved=0ahUKEwiH3aue4cviAhWuyYUKHaahC90QMwhPKAwwDA&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.renewableenergyworld.com/content/rew/en/articles/hydro/2015/2015/12/laminaria-set-to-test-mhk-device-in-scotland/_jcr_content/leftcolumn/article/thumbnailimage.img.jpg&imgrefurl=https://www.renewableenergyworld.com/articles/hydro/2015/2015/12/laminaria-set-to-test-mhk-device-in-scotland.html&docid=1dxUBLXgDrA7iM&tbnid=C_B2WXsIpxuguM:&vet=10ahUKEwjbjPzz4cviAhWQzYUKHZGfDDEQMwhRKAswCw..i&w=700&h=545&itg=1&bih=804&biw=1707&q=laminara%20wave%20device&ved=0ahUKEwjbjPzz4cviAhWQzYUKHZGfDDEQMwhRKAswCw&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://tethys.pnnl.gov/sites/default/files/Penguin.jpg&imgrefurl=https://tethys.pnnl.gov/annex-iv-sites/wello-penguin-emec&docid=jA2j93vTL5V6vM&tbnid=Xt617j2W6LA_FM:&vet=10ahUKEwjXn6284sviAhUR1xoKHZfvDSoQMwhGKAQwBA..i&w=1021&h=680&bih=804&biw=1707&q=wello%20wave%20device&ved=0ahUKEwjXn6284sviAhUR1xoKHZfvDSoQMwhGKAQwBA&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=http://www.emec.org.uk/wp-content/uploads/2018/01/CorPower-C3-WEC-deployment-at-EMEC-Scapa-Flow-site-Credit-Colin-Keldie-web-640.jpg&imgrefurl=http://www.emec.org.uk/press-release-corpower-deploy-c3-wave-energy-converter-at-emec/&docid=LLm3Njll9H9XlM&tbnid=ruKZnl5e7BuEOM:&vet=10ahUKEwjjtfCo48viAhWEzIUKHfN-BoUQMwhOKAQwBA..i&w=640&h=427&bih=804&biw=1707&q=cor%20power%20wave%20device&ved=0ahUKEwjjtfCo48viAhWEzIUKHfN-BoUQMwhOKAQwBA&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=http://www.corpowerocean.com/wp-content/uploads/2013/09/CorPower_logo_hires.png&imgrefurl=http://www.corpowerocean.com/&docid=-UiaR3_GXehAIM&tbnid=MNmcCM-d6VOLHM:&vet=10ahUKEwjjtfCo48viAhWEzIUKHfN-BoUQMwhYKA4wDg..i&w=2000&h=1144&bih=804&biw=1707&q=cor%20power%20wave%20device&ved=0ahUKEwjjtfCo48viAhWEzIUKHfN-BoUQMwhYKA4wDg&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.marineenergywales.co.uk/wp-content/uploads/2017/12/Bombora-Logo-HiRes-1024x646.png&imgrefurl=https://www.marineenergywales.co.uk/bombora-wavepower-are-recruiting/&docid=vhwUfhVPr_QR2M&tbnid=CP-24JAGe7BUqM:&vet=10ahUKEwiv0vKH5MviAhXB34UKHYDMCBwQMwhOKAswCw..i&w=1024&h=646&bih=804&biw=1707&q=bombora%20wave%20device&ved=0ahUKEwiv0vKH5MviAhXB34UKHYDMCBwQMwhOKAswCw&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://steemitimages.com/640x0/https://huntimages.s3.us-west-2.amazonaws.com/production/steemhunt/2018-10-02/165b1ca3-download.jpg&imgrefurl=https://steemit.com/steemhunt/@muhammadhateeb/wavestar-the-device-convert-kinetic-wave-energy-into-electricity&docid=ayZ589PWDQTNBM&tbnid=sQe0STbgI-wRQM:&vet=10ahUKEwiO25Sb5cviAhUNWhoKHTyECWcQMwhSKA8wDw..i&w=326&h=155&bih=804&biw=1707&q=wave%20star%20wave%20device&ved=0ahUKEwiO25Sb5cviAhUNWhoKHTyECWcQMwhSKA8wDw&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.oceanpowertechnologies.com/uploads/page_thumb_welcome2_s3img1.jpg&imgrefurl=https://www.oceanpowertechnologies.com/&docid=DGCzmsy_H5Ft1M&tbnid=jMohWcBdeXcVuM:&vet=10ahUKEwjbwpij5sviAhXS34UKHYWyD2cQMwhPKAIwAg..i&w=324&h=249&bih=804&biw=1707&q=OPT%20wave%20energy%20device&ved=0ahUKEwjbwpij5sviAhXS34UKHYWyD2cQMwhPKAIwAg&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://marineenergy.biz/wp-content/uploads/2018/09/upgraded-bolt-lifesaver-fit-to-size-up-hawaii-swells.jpg&imgrefurl=https://marineenergy.biz/2018/09/28/upgraded-bolt-lifesaver-fit-to-size-up-hawaiis-swells/&docid=Lu1Zn_JJnL8YhM&tbnid=TtPg0qw6ZfxmxM:&vet=10ahUKEwjxt5LK5sviAhVSWBoKHX-9AW8QMwhFKAIwAg..i&w=1024&h=576&bih=804&biw=1707&q=bolt%20life%20saver%20wave%20energy%20device&ved=0ahUKEwjxt5LK5sviAhVSWBoKHX-9AW8QMwhFKAIwAg&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://i.ytimg.com/vi/aMwLuQXmdY4/maxresdefault.jpg&imgrefurl=https://www.seabased.com/&docid=i798HCzDpzB9UM&tbnid=Plaanux7ikzD_M:&vet=10ahUKEwjkiYzF58viAhVPQBoKHeKwCi8QMwhNKAowCg..i&w=1280&h=720&bih=804&biw=1707&q=seabased%20wave%20energy%20device&ved=0ahUKEwjkiYzF58viAhVPQBoKHeKwCi8QMwhNKAowCg&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://invesdor-cdn.com/d/business-plan/909/main-8d716326e219a56f89541bd368b9d4a1.jpg&imgrefurl=https://www.invesdor.com/en/pitches/899&docid=7zHiJHKc9Q6LhM&tbnid=vgomazC2BMetEM:&vet=10ahUKEwjkiYzF58viAhVPQBoKHeKwCi8QMwhDKAAwAA..i&w=870&h=580&bih=804&biw=1707&q=seabased%20wave%20energy%20device&ved=0ahUKEwjkiYzF58viAhVPQBoKHeKwCi8QMwhDKAAwAA&iact=mrc&uact=8
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Tidal Energy

ore.catapult.org.uk
@ orecatapult




Tidal Energy

* Driven by the moon’s gravitational pull

* Cansimplistically think of it as a large wave being
dragged slowly round the earth by the moon’s
gravity

* Further developed than wave energy
* Predictable energy
* (Canbe used as baseload/firm power

* 50% of Europe’s tidal resource is in UK

EMEC: Falls of Warness Tidal Test Site



Tidal Barrages

Sluice Gates

* Used in estuaries to capture high tides i
« Wateris then released during low-tide to High Water Level §
generate electricity I Tidal |

* Generate approximately 30% of
time

* Severn Barrage

* 10-mile barrage could meet ~5-9 %
of the domestic energy generation
needs

Rance Tidal Barrage 240MW - France



Tidal Lagoons

* Breakwater built out from coast to capture high
tides

* Same generating principle as barrages
* Charles Hendry Review (2017)
* Review of tidal lagoon projects in UK

context
* Recommendeda <g5oo MW pathfinder
project to pave the way oy
« SwanseaTidal Lagoon ,; e .
* Was asking for go-year strike price of _'.‘-7:*" / {i‘ l :
£89.90 5

e oy

* £92.50 Hinkley Point C

* £43 latest offshore wind CFD Artist's impression of Swansea Tidal Lagoon

* Had £200m backing from Welsh assembly

* Controversially? cancelled by UK
government in mid-2018.



Tidal Stream Technology

* Capturestidal currents

* Resource particularly strong in areas where the
tidal flow is narrowed/shallowed

* UK hasworld’s first 2 tidal arrays:

* Nova Innovation —Bluemull Sound (
Early 2016) — 3 x 100 kW devices

* Simec Atlantis Energy — MeyGen
Pentland Firth (Late 2016) — 4 x 1.5 MW

devices
* Relatively unobtrusive technology (compared o | S
to barrage/lagoon) e =TT
 Operations and maintenance can be [ BN o

challenging

* Most developed of the tidal energy
technologies in the UK.
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Notable UK Developers

- =g

Nova Innovation Simec Atlantis Scotrenewables

* Small (200 kW) turbines * Large (2.5 MW) turbines * Large (2 MW) turbines

* Bottom-fixed * Bottom-fixed * Floating platform for easier O&M

* 1 Tidal array * Array with largest installed * 3GWh generated in 12 months

* Incremental de-risking of capacity (more than entire Scottish W&T
technology to demonstrate cost * >8GWh exported to grid industry in prior 12 years)

reduction (ENFAIT project)



State of the Industry




UK and Global Market

ore.catapult.org.uk

gorecatapult

Tidal:
UK present —10MW, UK future - 6GW
(Hinkly Point C Nuclear Power Station 3.2GW £20bn)

Wave:
UK present — 1MW, UK future — 27GW

Worldwide:
Tidal - 60GW; Wave —180GW

Global market potential for wave & tidal £8 billion

Other countries actively building marine energy

industries - Australia, Canada, Chile, Indonesia, Japan,

USA.

Canada: British Columbia, the,
Bay of Fundy andthe St
Lawrence seaway are some of

High Potential Areas tor Tidal Resources

UK ~18TWhyr of techmically Tndia Th T}
extractabie tidal current the Gulf of Knambhat in the.
resource. 40% ofitis State of Gujarat both have

conc n
Scotiand (Pentiand Firthand

US: Alaska, Washington,
California andMaine have
good power density. Clear

processfor exdusw
BVer particular stes ad

Chile:
potentially available

Global market tidal - 60GW

Global market wave — 180GW

resource >250MW

river res: _Best
tidal sites found in Shanghai
and Zhejiang province region

sasasy

85@05
wBFHRES 88

Foucial
gt
booobo000G
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The UK is a global leader in marine energy technology with a

deployment problem

ore.catapult.org.uk
@ orecatapult

é )

* Hubs of activity in South
West, Scottish Highlands
and Islands, Wales and
Northern Ireland

* 50-60% of GVA and jobs
are expected to be created
in coastal areas

20+ tidal stream & 20+ wave
technology developers in the UK

850 supply chain companies

However: Lack of revenue support
means no progress on UK installed
capacity or cost reduction

Therefore: we must look to leverage
oversea sites, while maintaining out
technology leadership position

1,700 jobs today growing to 28,000
by 2040%

*Direct and indirect jobs supported

caTAPULT

Offshore Renewable Energy



Industry in need of support caTAPULT

UK s currently the world leader in wave and tidal TIDALSTREAM AND WAVE ENERGY
COST REDUCTION AND INDUSTRIAL BENEFIT

Summary Analysis

technologies

» Approximately 2 years ahead of other
nations

* Thereis currently no support available for these
technologies however

* No revenue or capital support
* (Although innovation funding is available)

* ORE Catapult has undertaken work on behalf of
the industry in order to lobby for this to change

AUTHORS Gavin Smart & Miriam Noonan
DATE// 23 April 2018



Marine energy has been assessed against 3 key tests

* The UK government’s clean growth strategy has set out three tests.

Oct 2017

1f \2( \3f )

Can we see a clear cost Can the UK develop
reduction pathway for -
world-leading

this tech_nology, SO We technology in a sizeable
can deliver low cost
global market?

solutions?*
\_ Y, \_ Y, \_ Y,

Does this deliver
maximum carbon
emission reduction?

* This study is assessing how the UK’s Tidal Stream and Wave Energy industries
can perform against these tests.

*  *Tidal stream has been assessed against all three test and wave energy against tests 2 and 3.

Link to report:
https://s3-eu-west-1.amazonaws.com/media.newore.catapult/app/uploads/2018/o5/04120736/Tidal-Stream-and-Wave-Energy-Cost-Reduction-and-Ind-Benefit-FINAL-vo3.02.pdf




Test 1: Cost Reduction Pathway

Tidal Stream LCOE reduction

300
250
w
g 200
Ef 22%
= 150
S 5
ﬁ l 27%
& 100
O
-
50
10MW Installed Initial Learning by Cost of capital 200MW Learning by Cost of capital 1GW
(current cost) accelerated doing and doing and
reductions innovation innovation
( ) ( : . . ) (
- Learnin Doin Innovation :
Initial Accelerated earning by Doing & Innovatio Cost of Capital
Reductions * Optimised processes & * Increase project debt
. manufacturing o
° Economies OfV0|Ume ° Reduce equrty nsk
: * Real life operational & weather
* Economies of Scale
data
* Accelerated Learning . :
\ ) \o Collaborative shared learning ) | )

LCOE expressed in pre-tax real, 2012

Link to report:
https://s3-eu-west-1.amazonaws.com/media.newore.catapult/app/uploads/2018/o5/04120736/Tidal-Stream-and-Wave-Energy-Cost-Reduction-and-Ind-Benefit-FINAL-vo3.02.pdf




We will only reach £150/MWh with extensive commonalty across
the installed capacity

Our role is to drive as much collaboration as possible across all technology variants

as we move to into array stage.

Blades

e|nstrument blades to
feed better
understand
performance

eFatigue life testing

eldentify
manufacturing
facilities that can
expand with industry

ore.catapult.org.uk
@ orecatapult

Pitch Control

*Record and share
data on failures

*Work with key
suppliers to share
learnings and secure
continuous
improvement

Subsea Hubs

*Subsea cabling is
expensive to lay and
prone to damage

*Hubs are being
deployed by Atlantis
and NOVA. Combine
learnings to
accelerate
development

Connectors

eNot currently
designed forvoltage
required and harsh
environment

eCollaborate with
industries
experienced using the
technology, such as
oil and gas

Deployment &
Recovery

eLimited operating
windows

*Assess requirements
against capabilities of
Scottish vessels

eExplore opportunities
to develop harbour
infrastructure in the
North of Scotland.

catAPULT

Offshore Renewable Energy



DMEC - European project portfolio 2019

) DME

Dutch Marine
Energy Centre

Build international collaborations

Pan-European
marine energy
accelerator

Client specific
demonstrations

Deljver services

Standards and
certification

Concept

Prototype Pilot

Marine Energy
Alliance

Ocean Power Innovation Network

MaRINET2
FORESEA

MET-
Certified

Solution

Ocean Energy
Scale-up Alliance

Ocean DEMO

Engage finance, policy and offshore




Funding

Research
* UK Research Innovate UK — SMART; Energy Entrepreneur;

* Wales—Welsh European Funding Organisation; Scotland — Scottish Enterprise; Regional - SME
Innovation

* Wave Energy Scotland
* Interreg
* EU Eurostars
* EUH2020 SME Instrument
* Marinet 2 —access to EU test facilities
* H2020 JA-3 call - Wave Energy Europe (proposal being prepared)

* http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/lc-sc3-ja-3-
2019.html

Pre-Commercial Deployment
* H2020

* Interreg


http://ec.europa.eu/research/participants/portal/desktop/en/opportunities/h2020/topics/lc-sc3-ja-3-2019.html

ORE Catapult Ocean Energy Projects




Reliability in a Sea of Risk (RiaSoR 2)

OceanERANET-funded RiaSoR 2 builds on reliability assessment Project partners

guideline for wave and tidal energy converters (WEC/TEC)
developed in RiaSoR1. :
g RIL %

SE
t n
Synective Labs e g

Objective of the RiaSoR 2 project is to offer a comprehensive suite
of testing methodologies to wave and tidal developers providing a
systematic approach to achieve optimal reliability and performance,
while minimising cost and time-to-market.

. T~
o o ™)
Enables WEC/TEC developers to validate findings, establish CORPOWER Ocean D{l@onmg
practical condition based monitoring platform to prepare for FEEAR ~—
future arrays where big data handling and processing will be vital to ; T
drive down operational expenditures (OPEX). EMEC RKNE coa:rARplmjilu

THE EUROPEAN MARINE ENERGY CENTRE LTD shore Renewable Energy
RiaSoR 2 proven on CorPower system equipped with several sensors Fu nders

to collect the required data, which was be fed into the reliability
process to reduce uncertainties. Sea tests act as case studies to feed Swedish

the methodologies and training. Findings will be trialled with the ...gh.andmd.,Lnd,merp,.se @Energy Agency
other developers. T

ZO

=L
m



Olfahers Herunba gy

MaRINET2 catAPULT

MaRINET 2 follows on from the successful first phase of the Marine Renewables Infrastructure Network
(MaRINET), which provided periods of ‘free-of-charge’ access to world-class R&D facilities for marine
renewable energy technologies.

With secured funding from the recent Horizon 2020 — INFRAIA call, 39 project partners from across Europe
continue to accelerate the development and testing of offshore renewable energy systems, providing access
to around 57 research and testing facilities. ORE Catapult will again participate in the project, hosting
European partners and providing its world-leading capabilities to all interested applicants that successfully
access the available funding.

Find out more on the MaRINET?2 website or download the MaRINET?2 information brochure.



http://www.marinet2.eu/
https://s3-eu-west-1.amazonaws.com/media.ore.catapult/wp-content/uploads/2017/04/07114648/MaRINET2_brochure_ORE-Catapult.pdf

Tidal Stream: En FAIT - Nova Innovation — Shetlands

Rotor diameter of 10 m

Hub height of g m .
Total height 14 m € EnFAIT
A

INNOVATION.  arAPULT prd

Rt X

Water depths >30m
Footprint 13.cm x12.2m
Weight in water 8o tonnes

Maximum sustained tidal
speed of 2.6 m/s

INNOVATION..

Nova Innovation Ltd

Ay

‘gﬁfifé’t'iﬁfﬁ'”k caTAPULT

Offshore Renewable Energy



Tidal stream Industry enerGisEr pRoject (TIGER)

Interreg Channel region promotes European Territorial Cooperation funding economic development
projects in border regions between different European countries, to find common solutions to common
problems which exist in multiple countries.

TIGER is a 46M¢€, 4 year project, with 19 partners, approved 2 Jul 2019.

Led by ORE Catapult it will:

* consent new sites and deploy turbines in UK and France;

* develop a UK/FR supply cluster across the Channel region supported by FCO and DIT;

* collect tangible evidence of cost reduction; and

» persuade UK/FR policy makers to introduce a preferential support mechanism for tidal stream.



Contact

ore.catapult.org.uk
@ orecatapult

CORNWALL

Simon Cheeseman

ORE Catapult

Chi Gallos

Hayle Marine Renewables Business Park
North Quay

Hayle

Cornwall

TR27 4DD

Mob: 07834 737 250



mailto:Simon.Cheeseman@ore.catapult.org.uk

Offshore Wind in 5 Minutes




Offshore Wind in UK

June 2016

Offshore Wind in UK*

Operating 5.10GW
Under construction 1.06GW
With planning permission 12.27GW
In planning 3.90GW
In development 11.95GW

*Renewable UK, June 2016

1GW powers 701,301 homes per annum

5

- Ril:l“d 3total ¢

>00MW

Ll

4

M

)

Institute

Renawables



Offshore Wind is Growing... caTAPULT

United Kingdom

* 2020 Operational
Turbines

e 8.53GW

Rest of Europe

* 2470 Operational
Turbines

Globally

* 5046 Operational
Turbines

http://electricinsights.

co.uk/#/dashboard? k
=q8az3x


http://electricinsights.co.uk/#/dashboard?_k=q8az3x

Cheapest form of large scale electricity generation...

* Offshore wind is now cheaper than new-build gas power stations, coal and nuclear.

Latest UK CFD
Auctions:

~ * Triton Knoll:

I

> 160 .4 £74,.80/MWh

& 140 121 2020 (2022)

> 120 .

S 97 Target Hornsea One &

z 100 Moray East:

L

. 80 £57.50/MWh

% 60 (2022)

O 40

(]

0 Germany/Netherlands

§ 20 latest auction rounds

4 o) were subside free

2010-2011 2012-2014 2015-2016
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OPEN SEA OPERATING EXPERIENCE TO REDUCE
WAVE ENERGY COSTS

Ocean Power Innovation Network

OPERA - Update
Paul Goodwin, Global Maritime

Blyth, 23-10-2019

This project has received funding from the European
Union’s Horizon 2020 research and innovation
programme under grant agreement No 654444
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Open Sea Operating Experience to Reduce Wave Energy Cost

® 11 partners / 5 Countries
° Multidisciplinary team
® Covers value chain

Validated cost Promotors EVE

models .
Validated | -0l
operational companies Global Maritime
procedures
Contribution to | -ludileeiiley
standards & bodies DNV GL
de-risking |
Floating WEC & |\ Ze 0 E
shared %nooring designers OCEANTEC
Components & Suppliers Kymaner

sub-systems
Field Test EVE

Open-sea facilities BiMEP
test data
contro iv.
algorithms 322’ Exeter
IST




Key Challenges of Wave Energy

Very limited EXPERIENCE of real open-sea operation

gera

Page 3 Open Sea Operating Experience to Reduce Wave Energy Cost



Project Aims

Collect, analyse and share for the first time high-quality
open-sea operating data and experience

Validate & de-risk 4 industrial innovations for wave energy

Innovation Target LCOE impact
o L I
Novel biradial air turbine SR eff|C|'ency 33%
compared to Wells turbine
o :
Advanced control strategies 30% |nc‘rease N ENETEY 23%
production
Elastomeric mooring tether Reduce peak loads by 70% 7-10%
. .
Shared mooring configuration >0% r_eductlon_ln overall 5-8%
mooring costs in arrays

Reduce the cost of wave energy by 50% in the long term

Page 4 Open Sea Operating Experience to Reduce Wave Energy Cost



Methodology
o Baseline conflguratlon T ‘ eBenchmarking of

Nationally funded e new configuration
\

prototype (2.5 M€) : j Global assessment

Small’ power floating OWC

Eﬂ [~ f DATA COLLECTION ‘
| ol abltest”’gs ; 2 yea r's BiMEB test éEﬁtre

“Mutriku, OWC plant
De-risking path R VoA
Innovations and
procedures

Feb 2016 e Jul 2019

https://www.youtube.com/watch?v=Px26idK701c

Page 5 Open Sea Operating Experience to Reduce Wave Energy Cost


https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DPx26idK701c&data=02%7C01%7CPaul.Goodwin%40globalmaritime.com%7C674dc9ce5e0c4a23d08f08d6cf0f2df8%7C4bd700b6af644865be310d805a9d930b%7C0%7C0%7C636924061458941886&sdata=RPNO%2Bagqf%2BmVZupTUr5%2FD3kRgkd5OPN6v3kZL4x9jUo%3D&reserved=0

Highlight of technical results (I) ALL

Successful testing of MARMOK-A-5 baseline configuration and biradial turbine

Hs=8.2 m / Hmax=14m
Significant wave height O

i o @
O O "R

2

HmO (m)

0
Oct '16 Nov '16 Dec '16 Jan'17 Feb '17 Mar "17

Open Sea Operating Experience to Reduce Wave Energy Cost
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Highlight of technical results (Il)

Collection of state of the art operating data and publication of extended
datasets in ZENODO:

- Mooring loads monitoring system at BIMEP |:> 155 GB (582M rows)

- Power quality monitoring at Mutriku @ :> 150 GB (1.6Bn rows)

Periodic inspection, maintenance and data recovery

Mutriku

Page 7 Open Sea Operating Experience to Reduce Wave Energy Cost



Highlight of technical results (lIl)

Validation of numerical model and Deployment of two elastomeric

Evalu

200 -

Spueiral Ondirety [k irades)

Page 8

ation of conventional mooring tethers at BIMEP

Tension Spectrum Cadena 1 - Env103 00 Tension Cadena - Emeins
——Oriabea Ha T Calaina 1, 1 51 73 ——— Crcalies Ha T, Cundini 1, abl 274182, o, 53 8341
IIrrJer r.\'r Cazero T mllc CBHE die Craatee Spme adema 1 s 40 45 TRans A SR
—— it D, ackina 1, w3 385, se:a Site Data, Candone 1 5l 18 831 o 455650
I:mrm mank e 5007, B
Tt a0 -
]
i
' ||. 51
il
E.tl-
| =
N :
| T
| Famn
.
i 230
L
] ]
[
ol 1%
a0
i
RN,

a 1 1 I ]
1 18 E 25 B o aH L [=EL} L] Ty LFay
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Highlight of technical results (V)

Performance assessment of biradial turbine in Mutriku (efficiency +55%)

T
Y :.e:o.;:,;..!.-e..-.'...:tq..:;__.n‘....
H H P .
: 4‘ T '..‘.. -' - ']
as : !
[E} . ;:.'.
Ky + :
o ; ;
= :
o :
- _‘;
a2 :
al 1
* = Biradial CL
= Wells
{1l ' L i i r .
i 2 i 000 oo [E]
rms(p) [Pa]

Identification of PTO fatigue drivers, risks and maintenance
requirements

Page 9 Open Sea Operating Experience to Reduce Wave Energy Cost



Highlight of technical results (VI)

Open-sea testing of 6 control laws at Generator peak load reduction (25%)
Mutriku

30000
2 Wave group in Hs=1.5m, Tp=15s =T

Increase in power production for the best adaptive controller (20%) and
predictive controller (30%)

SUMMARY OF POWER PRODUCTION PERFORMANCE BY CL
55 Cl1 | CL2 | C13 | CL4 | CL5 | CL6

Weighted totalavg | 1 | 1.22 | 0.63 | 0.85 | 1.1 | 1.31

Page 10 Open Sea Operating Experience to Reduce Wave Energy Cost



Highlight of technical results (VII)

Application of Technical Specifications and standards (mooring design,
performance, power performance, power quality).

l Mh
&n n. u"l

Bus A Current

i m Vel Ak "l

ﬁ“ﬁﬁﬁ *

Al n)
- p. UL TP LT

5
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Highlight of technical results (VIII)

Definition, engineering and execution of towing-in of MARMOK-A-5

BI-RADIAL TURBINE

BI-RADIAL TURBINE
Testing CL at Mutriku

MARMOK-A-5 MARMOK-A-5

Inspection &

MARMOK-A-5

MARMOK-A-5
- triew
Preparation activities SIS

Red ement from

CMS5 & TETHERS
Fixing and replacing the
CM35

CMS & TETHERS
Tethers Installation

Coordination of elastomeric tethers deployment
Page 12 Open Sea Operating Experience to Reduce Wave Energy Cost




Highlight of technical results (IX)

Development of economic, life-cycle and social impact assessment studies

Sensitivity Assessment Scalability Assessment

Structure

Wells turbine

e Electrical-infrastructure

e |nstallation

Operation & Maintenance

Cost per MW

— (e COMMIiSSiONING

-30%

— Structure Mooring PTO

-—
—
e— |5t

Disc Rate Long-term cost reduction 600

W Fees

W Decommissioning
W Operation

M Installation

M Electrical

Cost per MW

B Mooring system

mPTO

W WEC structure

sD Al A2

Periodic update of technical risks (min. every 6 months)

Page 13 Open Sea Operating Experience to Reduce Wave Energy Cost




Thank you for your attention!

Paul Goodwin
paul.goodwin@globalmaritime.com

Disclaimer

This Presentation reflects only the author’s views and the Agency is not responsible
for any use that may be made of the information contained therein

Page 14 Open Sea Operating Experience to Reduce Wave Energy Cost
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Predicting failure of dynamic cables

OPIN Workshop

caTAPULT

Offshore Renewable Energy

David Young

23/10/2019



catAPULT

Agenda

* Overview of subsea cables

* Future cable industry trends
e Cable failure rates

* Cable failure cost

» (Cable failure causes
* ORE Catapult Cable failure research




Static Cables / Dynamic Cables

Static Applications

* Single Armour Layer
* Metallic Sheath/Screen
* Weight designed for Stability

Source: JDR Cables

Dynamic Applications

* Double Armour Layer
* Polyethylene Sheath/Screen

* Weight & Stiffness designed for
dynamic applications



The Future, UK Floating Wind Industry

Hywind Pilot Park

88 MW e

>Mae .

Three-fold increase of installed capacity by 2022

Hexicon demonstration Installed capacity, 2009-2022

(2018) 4 - 450 - - 80
' 400 7 L 70
] r  |reland
, , 350 7 [ S i
Concept: Hywind spar buoy {Statail) ] - 60 o
Developer: Statoil = = | [ === China
Concept: Hexicon Turbine: & MW x5 (Siomens) =3 1 L 50 g )
Developer: Hexicon & KES Offshore Status: FID in Nov 2015; fabrication z ] i = [ —1Spam
Turbine: 5 MW x2 (CSIC) underway; installation in 2017 © 250 3 I 'Do = Portugal
o E B
Status: Consent application 8 ] - 40 m
submitted; installation plannad for - 200 7 r o] I South Korea
@ p L v
2018 = 1 - 30 £ =2 United Kingdom
4 150 1
£ i B France
] + 20
100 + i I Japan
50 é - 10 I Norway
1 e |nstalled Units
Concept: ACS Cobra semi-suby/spar 0 9 0

Source: Carbon Trust

Developer: Pilot Offshore & Atking
Turbine: &6 MW x8 (Sanvion)

Status: Consent application
submitted; installation in 2018

End of 2019, UK Global leader with 32MW installed capacity.

SR SR S T R\ P R RN - I S et

Estimated installed floating wind capacity to 2022

Source: 4C Offshore

If offshore wind market expanding, so too must the subsea cable market to meet this demand. Currently 17,000km of offshore wind array and
export cables installed globally. This is expected to increase to 53,000km by 2027.

* Tugce estimates that within Europe, 0.96km/day of array cables and 1.19km/day of export cables need to be installed to meet this demand.

* Issupply chain ready?



The Future, why move to 66kV?

 Historically MV 33kV array cables used

* Industry move to 66kV cables

* Mirrors trend in turbine capacity (3,4 MW — 7to0 8, even
12MW!)

* Double the voltage doubles the power

rrrr ooy it e A A O O rrrrrroror O e O G B G
Fr Yy R E N XA A1
e  EEEEEEE F Y Y Yy ororoy S
FYY Yy ory R SN (AL

J | |

Source: JDR Cable systems

* Moving to 66kV layout reduces array cable lengths by 20-30%
* Simplifies offshore substation layout



Cable Failure Rates

e (Cable failure rate for static wind
farms: 0.003 failures/km/year

0.03 1 g C—HVAC
o
. o _— MVAC
* ORE Catapult hasin house cable  0.025 | — —
failure rate database, verifies ~ _
Warnock's values. g 0021|| & =
= © o o o
* Much larger than currentlyused £ ;s ||| © © E &
CIGRE failure figures. 0 R -
2 v
— i o o o o o A
e £ 85888885 ¢ B E
e 1,681km of t cable in UK S 6 5 6 8 8 8 8 8§ 8 o ° 38 8 . -
waters 0.003 HHHPFHHW € - g o
0 T 1 T T L} 11 T T T ‘T ‘l’ T YI Tﬂfﬂ r] [—l

* 1806km of array cable in UK

N D D DD DS DS DD S DS S
waters PP PP I I FIIYIETEEE
NP > & Q" & Y R 2 VW@ NP v N
o S O B Q0 2l 2’ o (& AT & &
& @ O be b\’ £ B &L L & & & P €
P AN OIS T EF YT @@L
Q $ \\o % N 8) (@) $ &2 60 < 0 60 O
e o o o T ¢ > S S
S O o @ & O O
Qo AN Q
© o R ? &
& & &
& Q& N

Failure rate of alternating current (AC) European offshore wind farm transmission connections until March 2018
(Source: Warnock et al. 2019)



Cost of Cable Failure

 (Cables cost ~10% of a wind farm initial investment. Table 1: Publicly disclosed cable repair costs
. . . . . Repair Cost Source

* Approximately 80% of insurance claims in the offshore wind

industry are linked to cable failures. GuemeRyerey2022) wem BRE News
° Average COSt Of a Single Cable repair £12.5 mllllon Guernsey-lersey (2015, pre-emptive) £5.3m <::| Owners’ annual reports
* Average cable repair time 3-5 months for an unexpected | Moy (2011-12), 2repairs iif’i'g;:efage Rwners:antiual repiort

'{:/?/|:1U rei d f | . Gwynt y Mor (summer 2015) £10.2m Ofgem (income adjustment claim)
. en lost revenue accounted for total cost rises to <£21

m||||on Gwynt y Mor (2015-16) £14.2m Ofgem (income adjustment claim)

. e . . Thanet (2015) £11.7m Ofgem (income adjustment claim)

* Insurers seeing trend cables failing 2-5 years in service.

* With move to floating offshore wind, dynamic cables
exposed to both mechanical and electrical stress.

* Cables are found to be the most costly cause of financial
losses in offshore wind industry.

* (Cable failures have been named as the greatest risk to the
continued lowering of the LCOE of offshore wind.

Cost of failures so far recorded have totaled over £1,150,000,000 of generation costs (UK).




Cause of Cable Failure

* Incidents taking place during operation of subsea power cables

Undatermined
6%

* Faults caused during various processes: S—
» Design
» Manufacturing
» Installation

» Operation
* Issues associated with these failures vary in nature. B

~
® Incorrect Installation/Loadout 50% \
B e A « During normal  operation,
® Incorrect Operation 11% I d h d I
= Bad Design/Workmanship 6% exciu Ing thir part I
W Incorrect Repair 6% interference, cable failures can
® Material/Component Defect 2% be grouped into three I
Dt 2 mechanisms: |
¥ Extreme Environments 2% [
! 1. Mechanical damage I
‘ 2. Water ingress :
Breakdown of cable failure causes (GCube) 3. Overheating ]
/
7’




Global Model

Fig. 3 Global Model Hs 4.75m, Tz 7.755

* Canchoose any location of interest along the
length of the dynamic cable.

* Atthat point can extract force time histories.

* This allows for capture of the marine
hydrodynamics, and the aerodynamics on the
turbine and tower.

Dynamic e

s, kN

cable effective tension

ynnmic

——Trean
— wa
= \
22 \
l\
\
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Csbe arvlength, m
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Plot of Y shear force 2long cable arc length
—saan
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!
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— N
e 23000 1 o —oa
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Piot of effective tension along cable arc length
; e
=
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kength, m

Plot of X shear force along cable arc length

(e) F;

Y band moty

able

Dynamic ¢

cable tor

Plot of X band moment along cable arc length

e
s
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Cadle y
(b} M:

Piot of Y bend moment along cable arc length
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Fig. 4 Force results for load case 1, Hs 4.75m, Tz 7.755



Local Model

Global Model

Can visualise stress distributions across the
cable cross section

Can chose particular cross section component
Allows combining of the global model with local
model.

Figure 8 shows how fatigue damage is
distributed across the insulation layers of the
cable at different locations. Identifying water
treeing initiation points.

Coordinate Location

Local Model

001 002 ¢

Distriubtion of Von Misses Stresses Across Cable Insulation Layers. 10"

1) 004 008

Water tree initiation

o

Von Misses Stress, Pa

<10°

Plot of time history of stresses at most damaged location

100 200 300 400 500 600
| me, s

Stress time history

R

-
-
—~

=

Insulation damage at various cable locations




Electrical field distortion

E vs distance from core
o] 10000000
T:”:’: 8000000
2E
s s 6000000
=
W 4000000
2000000 “
o}
o) 0.002 0.004 0.006 0.008 0.01 0.012
DISTANCE FROM CORE (M)
: = 8 - —-O-Water tree deformation ©O-No Water Tree
Undisturbed electrical field model across the insulation Electric field strength at tip of water tree

* Electrical field is greatly distorted and concentrated at the
tip of the water tree.

* Concentration happens over very small areas ~3 pm

* Water tress only need to propagate 60% across the
insulation to cause failure.

* Electrical field concentrations generate stress on the XLPE
polymer chains.

* This electrical stress is coupled with the previously
calculated mechanical stress

Electric field distortion due to water tree



Conclusions & Future work

; s rrerrerrrrey y . — ey
= ==a=0.5mm. mechanical only
= ==a=1mm, mechanical only
===a=1.5mm, mechanical anly

a=2mm, mechanical only
~——a=0.5mm, combined with constant aspect ratio
—a=1mm, combined with constant aspect ratio
——a=1.5mm, combinad with conslant aspact ratio
—=a=2mm, combined with constant aspect ratio
~»-g=0.5mm, combined with maximum Maxwell stress
s =& a=1mm, combined with maximum Maxwell stress
%a +-a3=1.5mm, combinedd with maximum Maxwel stress
2 *a=2mm, combined with maximum Maxwell stress

Waler tree length, mm

10° 10* 10° 10° 10’ 10%
Years

f ‘ o
Comparison of fatigue lifetimes for varying conditions. Clearly seen that coupled mechanical and - ’
electrical drastically reduces fatigue lifetime of dynamic cable

Future work is envisioned to validate models using the new dynamic cable test rig

Benefits:
1. Considers dynamic mechanical stresses. This is especially important for as industry moves to floating wind
turbine.

2. Coupled mechanical and electrical. More comprehensive fatigue life assessment.

3. Early warning of failure. Currently cables health is assessment of its partial discharge (PD). Water trees cause
failure but do not PD. Therefore this method allows for prediction of failure before PD.

4.  Allows for preventative maintenance. Shown in initial table if a cable repair can be pre-emptive, drastically
reduces costs.






Conclusions

* Dynamic cables are not the same as traditional static cables

* Subsea cable failure rate 0.003 failures/km/year

» (Cable failures so far have totalled over £1,150,000,000 of lost generation costs

* "“Mechanical damage” (incorrect installation, external & environmental interactions) greatest cause of cable failure
* Coupling mechanical and electrical stresses drastically reduces cable fatigue lifetimes

* New testing capabilities with new cable rig for simultaneous wet, energised and bending cable testing.

* Support with the development of the failure and cause

Operational root database

Performance

* Leveraging technical and commercial knowledge from
its internal database of UK’ operating offshore wind

Catapult s :'%' Test and farms
Subsea 4, : Validation * Supportimprovements in the testing requirements,
Cable Hub ‘ offering expert opinion on new testing methods and
updates to the specification and guidelines that may
Research and reduce the failure rates
e o Disruptive

Innovation * Research and collaborate with academia and industry to

research new disruptive technologies.

Contact: david.young@ore.catapult.org.uk



mailto:david.young@ore.catapult.org.uk

Contact us

Inovo

121 George Street
Glasgow

G11RD

T +44 (0)333 004 1400

ore.catapult.org.uk
Y @orecatapult

National Renewable
Energy Centre
Offshore House

Albert Street

Blyth, Northumberland
NE24 1LZ

T +44 (0)1670 359 555

Fife Renewables
Innovation Centre (FRIC)
Ajax Way

Leven

KY8 3RS

T +44 (0)1670 359 555

O&M Centre of Excellence
Ergo Centre

Bridgehead Business Park
Meadow Road, Hessle
HU13 0GD
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Project Justification

« Momentum created by significant UK public support between ¢.2004 and 2014 has now visibly slowed, with a knock-on
impact on private sector investor confidence.

 the UK government’s clean growth strategy has set out three tests:
1. Can we see a clear cost reduction pathway for this technology, so we can deliver low cost solutions?
2. Can the UK develop world-leading technology in a sizeable global market?
3. Does this deliver maximum carbon emission reduction?

. Commonality across technology is essential to achieve the cost savings the industry needs: pitch control systems,
deployment/retrieval, blades etc

* TIGER aims to support commonality through cross border \
collaboration and shared learning



Tidal stream Industry enerGisEr pRoject (TIGER)

Interreg Channel region promotes European Territorial Cooperation funding economic development
projects in border regions between different European countries, to find common solutions to common

problems which exist in multiple countries.

TIGER is a 46M£, 4 year project, with 19 partners, approved 2 Jul 2019.

Led by ORE Catapult it will:

* Consent new sites and deploy turbines in UK and France;

* Develop a UK/FR supply cluster across the Channel region supported by FCO and DIT;
* Collect tangible evidence of cost reduction; and

* Persuade UK/FR policy makers to introduce a preferential support mechanism for tidal stream.



TIGER - Catapult Project Team catAPULT

Project Sponsor
Steve Wyatt
SERVICES I TECHNICAL
Project Lead
(0.8 FT)
Simon Cheeseman
Subcontract
lan Hill i I 1
(Interreg ‘helpline’) 1 Programme Manager Technical Manager T1 &
| (FT) T2
Fr——=-=-=-=-- - —-—--=-- qT- - --—-=-== | Robbie Brady (FT)
| | | | Tea van der Kammen
1
Communications Legal Finance Procurement ! Techno-E_conomic
Amy Needham Steven Beattie Amanda Gillian Sharp Testing Anal(nyll'it "
Johnson
! Blyth To be recruited
Procurement
Subcontract Specialist
First Loval (0.5 FTE)
C'rSt el\lle To be recruited Subcontract Subcontract
ontroller - Technical Support Team T2 Supply Chain
Wylie & Bissett . T1,T2&T3 (South West Marine Cluster)
Translation Services Baldock Energy Ltd (Service Level Agreement)

Framework contract
Notes:

= Based in Catapult’s Cornwall Office x5
Subcontract x5
— Reach back to Blyth/Glasgow x6



Programme Area and Project Sites

Project = A joint investment to demonstrate commercial potential through shared problem solving and economic modelling

INTERREG IVA FRANCE (LA MANCHE) - ANGLETERRE 2007 - 2013
INTERREG IVA FRANCE (CHANNEL) - ENGLAND 2007 - 2013

Zones éligibles et adjacentes - Eligible and adjacent areas

TIGER will deliver:

2 sites re-purposed
4 new consented sites

2.8MW (+ 5MW) installed

12 New designs
8 New Products (inc turbines)

Amaterdam

Bruxaiies

Lurembourp

Jorms Shglins - Dlggths 3inae

Tivers aaxordes . ATRoe wrein

New networks - MEC; Supply Chain
Training — Tidal, Low Carbon

Cost reduction reports, data base, environmental data

Le Raz
Blanchard

Paimpol-
Bréha




Project Summary

Project Title: Tidal stream Industry enerGisEr pRoject (TIGER)

Project timeframe: July 2019 —» March 2023

Description: Multi partner collaborative project to:

1.

Complete consent on three new tidal sites:
Le Raz Blanchard — (1) SIMEC Atlantis (initially 20MW); (2) CMN (up to 10MW)
Morbihan — Sabella (up to 10MW)

Sites re-purposed:
Paimpol-Bréhat — DC to AC outputs, infrastructure for generic fixed bottom turbines

Ramsey Sound — Remove 400kW Delta Stream turbine, refurbish infrastructure, install new turbine

New tidal turbines installed (c 2.5MW):
Minesto - DG100, 100-kW power plant at the Paimpol-Bréhat test site
Ramsey Sound — 1 x 1MW generic turbine design
Sabella —2 x 250kW at Morbihan
Trident — Phase 1 - 1 x 12kW demonstrator; Phase 2 — 10 x 120kW at Yarmouth

4. New UK/FR Networks — Marine Energy Council; Supply Chain; Awareness; Training

5. New Training — Supply Chain; Societal

Catapult role: Proj Man, technical coordination, cost reduction assessment.

WP T1, T2

WP T3



Questions?
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* Test Facility Motivation

* eGrid Introduction
* eGrid Next Steps
* Grid Connection Support Series
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Agenda

* Test Facility Motivation




Test Facility Motivation

100%

75% ; ©

50%

Percent of maximum

25%

o% — ————————
Concept Detailed Design Prototype, testing and Product in market
certification

v

* Cost to rectify problems increases exponentially through the design phases and into how long the
product has been on the market (how many devices have been sold)

* Thisis coupled with knowledge of the turbine only increasing with time...

* Toreduce costs and increase confidence, knowledge of the device’s performance must be realised
earlier on



eGrid Motivation: Offshore Wind - towards subsidy-free

100

Powertrain test
facility impact

20
80
70 o

50

LCOE £/MWh

40

CRMF £97 Capacity 15MW 30 year life Operating Site Cost of capital Devex Transmission Other opex Outturn Further cost Subsidy-free
factor turbine synergies treatment before further reductions in Germany

30

reductions

Start Technology Location Strategy Germany End-game

3 key required cost reductions to move from £97/MWh to subsidy-free in Germany can be aided
significantly by a Powertrain Test Facility as follows:

Capacity Factor Increase 15MW Turbine Cost of Capital
* Accelerated life testing  Faster, controlled testing * Increased confidence
* Failure analysis * Accelerated learning * Higher reliability

Eurcpean Regional Development Fund

 Digitalisation validation - EUROPEAN UNION




Blyth Site

Test Facilities

. 50m blade test

. 1 MW Drivetrain Test Rig

. Wave flume

. Simulated seabed

. Dry Dock

. Electrical and materials laboratories
. 3 MW Powertrain test facility

. 100m Blade test facility

. 15 MW Powertrain test facility
10. Offshore anemometry hub

11. 7 MW Wind Turbine

12. Blade Erosion Test Rig

13. 18 MVA Grid Emulation System
14. Wind turbine training tower

OO NOULAL,WNER
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eGrid: Motivation and Configuration

Traditionally full scale tests are run in the field which has several
disadvantages:

* Time Consuming - planning permission required, standards tests
take years to finish

* Costly - replacing broken parts and updating designs is difficult

* Weather Dependent - have to rely on wind conditions at site = - EUROPEAN UNION
limited repeatability

Eurcpean Regional Development Fund




eGrid: Motivation and Configuration

s

2

YA
o

)

Existing Elements Tested

1. Main Bearing
2. Drive Shaft
3.  Gearbox
4. Generator
Further Elements Tested
5. Central Controller
6. Power Converters
7. Transformer
__Powe Power Fl
Power Flow I A_ONE o7 8.  Switch Gear
N
Traditionally full scale tests are run in the field which has several Rep|acing the wind and blades by a 6 axis prime mover and non
disadvantages: torque loading and grid by a grid emulator:
* Time Consuming - pIanning permission required, standards tests « Reducestime —no p|anning permission, any conditions can be
take years to finish created, repeatable
* Costly - replacing broken parts and updating designs is difficult «  Reduces cost — Repairs are easy to complete
* Weather Dependent - have to rely on wind conditions at site = - EUROPEAN UNION
. . oy Eurcpean Regional Development Fund
limited repeatability
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eGrid Next Steps

HIL transfer function
Torque
Loads

Existing Elements Tested
1. Main Bearing
2. Drive Shaft

-l
fr 3.  Gearbox
=
ﬁ 4.  Generator
=|' Further Elements Tested
=I| 5. Central Controller
Current g sesens g 6.  Power Converters
e 7. Transformer
u P Fl
\ Power Flow \/' — OW’J 8 Switch Gear
N
Next Steps: ~ Electrical Hardware in the Loop Mechanical Hardware in the Loop
* Provides opportunity for MS-HIL * Pitch system also tested
* Allows combination of physical * Fullyimmersive experience for
and simulation tests turbine control - B N NN,
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1. Masterclass Series

Free to attend training,
seminars and workshops
organised or delivered by
ORE Catapult

2. Innovation Challenge

Support to develop
innovative services and
products in response to
needs and gaps identified
by industry

catTAPULT

Offshore Remowobie Energy

GRID CONNECTION SUPPORT SERIES

Business support and advisory services for UK SMEs

3. Direct Business Support

One-to-one support
for businesses either
with ORE Catapult’s
specialists or relevant
industry partners

European Union
European Regional
Development Fund



European Union
European Regional
Development Fund

1. eGrid Introduction

2. Grid Connection for Connecting
Renewables and Storage

3. Future Energy Systems - How to
test new energy system
innovations in a highly regulated
industry

4. Future of Energy Systems
Masterclass - The Rise of Energy
Storage: Growth and
Diversification Opportunities

5. Future of Energy Systems
Masterclass - Digitalisation in
Energy Sector

6. GetInto Renewables — Future of
Energy System

1. Masterclass Series

Free to attend training,
seminars and workshops
organised or delivered by
ORE Catapult




Access 12 hours free-of-charge support and advisory services

Each participating company can access 12 hours free-of-charge support
time with ORE Catapult. This includes the following services:

> Technical Advice and Assessment > Funding and Investment Support

Access specialist advice to support Receive advice on the range of funding available,
technology development, such as testing and relevant funding bodies and how to apply to
validation, R&D, design and demonstration receive funding

> Business Support > Regulatory and Compliance Guidance
Facilitating introductions to academic and Learn about the latest industry guidance directly
industry partners, as well as market insights from a range of grid connection experts

and business plan support




Contact us

Email us: info@ore.catapult.org.uk
Visit us: ore.catapult.org.uk

Engage with us:

¥ jn o f

GLASGOW BLYTH LEVENMOUTH HULL ABERDEEN CORNWALL | PEMBROKESHIRE CHINA

ore.catapult.org.uk EUROPEAN UNION
’ @Orecatapu|t Eurcpean Regional Development Fund





