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Key facts and figures Wave energy

Highlands and Islands Enterprise
lomairt na Gaidhealtachd!s nan Elean SCOTLAND

A Contracts for R&D&I services and not a grant

A PreCommercial Procurement (PCP)

A Up to 100% of project costs

A 61 R&D&I Contracts (incl. Control Systems)

A £25.3m spent/committed on programme
(incl. landscaping/know how)

A 163 Companies
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Structural Materials and
Manuf. Processes Call

N T R VA 51T

10 Projects

A Hybrid Structures using rotational moulding of polymers
A Elastomers
A Concretes

A Other alternative materials that could provide a step change in LCO

e



ContrOI SyStemS Programme Hi hlandsanEs!gdsE t i wave energy
Icng1airt na Gaidhealtachd s nan E’ilean SCOTLAN D
Control
Systems Call
2015 A 1Y A N
Control Systems E@“‘ S CSof

A Contracts currently being finalised
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Knowledge Library

Wave Energy Scotland is managing the most extensive technology programme of its kind in the wave energy sector. The Knowledge Library provides access to
key information and documents generated through this world leading commercial and academic research & development.

Access world leading R&D in
wave energy technology

%

Discover the projects supported through the Wave
Energy Scotland Programme

Find Potential collaborators in your own or other fields

Search project reports on work completed through Wave
Energy Scotland Programme

Find information on previous wave energy technology
development in Scotland

N
wave enerav
SCOTLAND | DASHEOARD DEVELOPMENTPROGRAMMES KNOWLEDGE CAPTURE OTHER ACTIVI

Development Programmes

Select multiple tags for a
list of relevant reports

Materials
Investment
Materials

MNovel

Power Take Off Novel Wave Energy (

Show more -



Knowledge Library

Wave Energy Scotland is managing the most extensive technology programme of its kind in the wave energy sector. The Knowledge Library provides access to
key information and documents generated through this world leading commercial and academic research & development.
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Wave Energy Scotland - Objectives ;.;d e
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A Seek to retain théntellectual property and knowhow from device developmentiin.Scotland for
future benefit;

AogylrotsS {020t yRQA A Y R somBefchldaadings$@hk yicstetfickat Sml |
effective manner, and in a way that allows theblic sector to exiin due course;

A Ensure that the learning gaineflom support for wave device development and deployment to
RFOSET Ay LI NOAOdzZ I NJ GKS €SENYyAy3I FNRY {O20f¢t |
benefit the wave energyndustry;

A Avoid duplication in fundingencourage collaboration between companies and research institutes
and foster greatestandardisatioracross the industry;

A Ensurevalue for moneyfrom public sector investment; and

A Promote greateconfidencein the technical performance of wave energy systems in order to
encourage the return of private sector investment.
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A Seek to retain théntellectual property and knowhow from device developmentiin.Scotland for
future benefit;

A Ensure that the learning gainefilom support for wave device development and deployment to
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benefit the wave energy industry

A Avoid duplication in fundingencourage collaboration between companies and research institutes
and foster greatestandardisatioracross the industry;
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A Layoutof the site roughly follows the main WRE&grammeactivities
A DevelopmentProgrammes
A KnowledgeCapture
A Other Activities

A5 aKo2FENR Aa | dzaSNAR WK2YSQ LJ

A Alsoincludes Wt NRRAf SQ
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Available Information

Developnent Programmes

wPower Take Off
wNovel Wave Energy Converte
wStructural Materials &
Manufacturing Processes *
wControl Systems *

* Denotes only projectietails
available

Knowledge Capture

AWS
wAquamarine
wPelamis

|

. HI wave energy
s e o SCOTLAND
Other Activities

wWEMEC & Orkney Supply ChaimLandscaping Studies

wOperations & Maintenanc

Tool

wAnnual Conference
Presentations

wPublic Presentations




¢

A/
A

P

wave energy
Sandsnanbies | SCOTLAND

Knowledge Capture Projects

%n::
nr'n

thl d d 1

A Aquamaring2015)

i Offshore Operational Experience

I Corrosion & Protection in a Disturbed Water Environment
I Supply Chain (marine components)

I Tank Testing of WECs

I Maintainability Improvements from Oyster 1 to Oyster 800

A AWS(2015

I Wave Power Development Experience

I AWS Technology Description and Status
I LCOE ParametridodellingTool

I Cost of Energy Sensitivityodelling

I Recommendations for Future R&D Work
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A Pelamis Wav@ower(2015)
I TankTesting and Scale Models
I Power Take Off
I Mooring and Connection Systems
I Simulation and Modelling
I Economics

A EMEC & Orkney Supphain (Summer 2017)

I Guidance on Compliance

I Guidance on Handling

I Guidance on Installation

I Guidance on Operations and Maintenance



Other Activities % o

Highlands anl;ilsllaEds Enterprise wave ene rgy
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A Landscapin@2016)
I Structural Forces and Stresses for Wave Energy Devices
I Control Requirements for Wave energy Converters
I StructuralMaterialsand Manufacturing processes
I Technology Transfer
AWES Annualonference(2016)
I Presentations

A IDCORE ®ngDprojects on Control Systems and O&M)



Operations & Maintenance Model e

AEngD Project (IDCORE)
Alnitially built for Pelamis, adapted for Albatern
AWorking with other developers

A Allowing more complete estimates of O&M costs
AMore accurate LCOE calculations

ABetter informed maintenance strategy

Aldentify critical components for device design

~—A
wave energy
SCOTLAND



Search and Filter
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Highlands and Islands Enterprise
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S .
Know what you are looking for? F
Keywords
Author h Sub-Confractor - Project Lead v
SEARCH

Use the icons below to search for projects or documents with specific keywords.

sty e

P LCOE Lessons Learnt
OPEX Patent Planning
TPL TRL Yield

Health and Safety

Licence

Risk

Engineering

P
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Integration
Metrics
Supply Chain

C&l



Site Statistics

Highlands and Islands Enterprise
jirt Ga i‘snan Eilean

ALY fSaa 0KFIy y 6SS1ax
A 316 registered users

A From 25 countries

A 80 documents available

A Almost 1000 document downloads
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A WES standafternoon coffee break
A 16.00
A 1625
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Scottish Renewables Marine Conference

WES Future Calls and Innovation Landscaping
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A Status of WES Innovation Programme

A Future plans
I Innovation Landscaping projects
I Joint WES -SuperGen research projects
I Future calls
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WES Work Programme Q -
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Today

Late 2015 Mid

Control Systems >

# SuperGenJoint Research Call >

Controls




Innovation Landscaping

wave energy
o oy < SCOTLAND

Cost Reduction In Supporting

1. Electrical Connection

2. Moorings & Foundations "‘.

Infrastructure

Installation

13%

Structure
and Prime
Mover

% Typical
CAPEX

PTO and
Control
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taGadnestaintenmbies | SCOTLAND =~

Objective:

A Opportunities for step -change cost reductions

A Infrastructure sharing
A Combination of sub  -systems and/or their functions

A Resulting component/sub  -system deletion, re  -sizing or
replacement

A Application of innovative or novel techniques or technologies

A Scope

f Electrlcatlogeneratlon Entire station
Grid Connection keeping function
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Innovation Landscaping >

Next generation of competitive solutions:

3. Very Large Scale Wave Energy Generation

&4

4. Alternative Generation Technologies
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Innovation Landscaping :.4
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Very Large Scale Wave Energy Generation
Objective
A Opportunities for step  -change cost reductions

A Scope ™
A Other renewables &
A Theoretical limits <

A Suitability of existing or novel device  types

A Impact, benefits and practical considerations
A CAPEX, OPEX and LCOE benefit to common baseline
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Alternative Generation Technologies
Objective
A Opportunities for step  -change cost reductions

A Scope 20
A Generation capacity and scale opportunities
A Suitability for a realistic wave energy environment
A Technology readiness and availability
A R&D activity
A Supply chain
A Physical routes to  implementation
A CAPEX, OPEX and LCOE benefit to common baseline
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A 4 projects
A 3-4 months duration each

A £70 -80k each excl. VAT

A Open tender via Public Contracts Scotland I open
shortly — B
7 public contracts wave energy
722N scotland SCOTLAND

waveenergyscotland.co.uk
twitter.com/waveenergyscot

publiccontractsscotland.gov.uk



http://www.waveenergyscotland.co.uk/
https://twitter.com/waveenergyscot
https://www.publiccontractsscotland.gov.uk/
https://www.publiccontractsscotland.gov.uk/
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Structured Development e

Highlands and Islands Enterprise wave ene rgy
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A What?

I Continuing to apply structured processes to wave
energy technology development

A Why?
I Fund the right technologies
I Increase likelihood of success



Technology Development

X

HIE

nghlands and Islands Ent p Ise

Stakeholder
requirements

New
concepts

NWEC
Funding
Strategy f— <> O

A
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[ Structured Innovation ]
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Stagegates and Metrics

X
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Stage Gate Metrics

Acceptabilit
Controllability SRR Reliability

Maintainability Installability
OCFEAN ENE
-
Energy Capture [ ¢ Manufacturability
‘ﬂ
Energy

Affordahility

Conversion
Survivability

"
HIE
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Structured Innovation
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A Techniques for problem solving and design improvement
A Successfully used in Automotive and Defence industries
A Bespoke process for ocean energy sector

RN /” Process for concept\
Ll generation which is:
TRIZ: Physical & Desian Solut A Objective
Technical esign Solution A Structured
Contradictions Lol il bl A Methodical
e m) Increase likelihood

Chain Analysis \ of success j

—
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——

}4 Structured Innovation tools
Method of assessing performance:
A Numerical models
~— A Optimisation
A Calculations, relationships,
equations

..,Lll Design tools A Qualitative and quantitative

r Assessment tools




Tools

.

X Structured Innovation tools_>: Concept generation &

r Assessment tools

“L.l Design tools
.

Tools to be applied at all TRL levels

TRL TRL
0 2-4

TRL
4-6

. HIE vave enerqgy
nghlands anfl‘lsla?d.s.int.erp‘risey ‘ SCOTLAND e

technology selection

Levelised Cost of Energy,

Achievability, Attractiveness

Optimisation for

performance, reliability, cost

TRL Competitive

6-9

LCoE
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A Network of international collaboration on metrics to
support stagegated development

=%, U.S. DEPARTMENT OF

A UK: Wave Energy Scotland ﬁ/ ENERGY
_ energy
SUSTAINABLE
USA: Department of Energy \ institute Seal ENERGY AUTHORITY
}a Y N . ES OCEAN o .
wave ener ENERTY cean Energy
L:SQ\L% SCOTLAND 9 =" SYSTEMS Europe

cRA

= European Energy Research Alliance

il

e
|'|'|

@ ey OCFANENERE westwave

partnership Converting Ireland’s Wave Energy Potential
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I Fund the right technologies
I Increase likelihood of success

—_

([ WES innovaton Programme | )
NWEC
O O Costeffective
=
o O O Wave Energy
Technology
x 0 ¢ - y,
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Scottish Renewables Marine Conference
Cooperation in marine energy

WES and ETP bringing academia and

industry closer together
Q i A
pariners! hp
12t September 2017 Wave energy | '5 '
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What is ETP? 5 =

HIE wave energy

Highlands and Islands Enterprise
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An alliance of 12 Scottish Universities engaged in world-

class energy-related RD&D with world-class facilities

SERSIT,. N1iVe
- Yo, S s

< 5. s .
L 352 o > Edi - Bl University HERIOT
: : :
PN NERY:  “ouron (R & ofGlasgow GCU...... E@FWATT
DUNDEE D =< ¥ £/ UNIVERS
XX
AN s ROBERT GORDON (¢ UNIVERSITY OF THE
Highlands and Islands
s %ﬁ?‘ﬁ;‘:a&i‘:"ea"m UNIVERSITY ABERDEEN B> UW WEST of SCOTLAND

University of
St Andrews

200

Academics
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What is ETP? 5

Highlands and Islands Enterprise
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AETP is arranged by At hemeso

= //Aft“ h &1
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Wind \ Marine Grid Solar PV O&G

I\

Strathclyde \Edinburgh / Strathclyde Edinburgh Aberdeen
S~ /
@ i L S )
ﬁ
~
CCsS Bio EUB ECS Heat
Edinburgh Glasgow H-wW Glasgow Glasgow

Energy Systems & ESP
|°;| -_.-oc Strathclyde \_/Q;J Strathclyde




Marine theme
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Marine energy expertise

T T J> T T T T I To I

Resource assessment

Resource modelling

Tank testing

CFD modelling

Economic modelling and assessment
Moorings and foundations

Subsea engineering

Machine design

Array design

Environmental impact modelling

o
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rl u HIE wave energy

Scottish Energy Laboratory

OceanLab sea testing facility

Curved wave tank and wave flumes

Machine and power electronics test laboratory

Flowave TT

Heriot Watt University wave basin

Kelvin Hydrodynamics Laboratory

Energy Technology Centre - component test facilities
European Marine Energy Centre

To T To To To To Io I



energy

technology
{ parinership
(N d

~—A
wave energy
SCOTLAND ’

ETP programmes q

KEN (Knowledge Exchange Network) I

Team of 7 BDMs covering low-carbon sector
Foster and manage collaboration between industry and academia

PECRE (Post-Graduate Early Career Researcher Exchanges) I

Bursaries of £3k available for international exchanges
Available to all PECRs in ETP universities

ETP Energy Industry Doctorate Programme I

Funded by SFC & the Scottish Government
Studentships in partnership with industry



N eSnergy
| technology
& parinership

ETP achievements * ey

A 95 Energy Industry Doctorates
supported, nearly £3M industry funding

A 400 SMEs in low carbon sector
supported

A 120 low carbon innovation projects
funded

A Over next 2 years, a further 150 SMEs
supported, and 40 additional projects & s,
funded ol . . M1l
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What about WES? 5 =

Highlands and Islands Enterprise Wave e ne rgy
lomairt n Eilean SCOTLAND

mairt na Gaidhealtachd sna

A Many WES programmes are collaborative between academic
institutions and industry
i Over 150 organisationsand 14 academic institutions

A Actively seek companies from industry to bring expertise to wave
energy sector
i Brokerage events and targeted engagement

A Partnering with Supergen UK Centre for Marine Energy Research
i Joint call to encourage collaboration

A Planning to support more studentships
i In partnership with ETP
i Dissemination of previous PhDs via knowledge library
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Get involved

oz
2m

Highlands and Isla
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A Collaboration is at the heart of WES and ETP philosophies

A Ensuring that research community and industry are not working in
isolation

A Use the knowledge library to familiarise yourself with the projects
A Consider the landscaping activities

A Research £ Industry
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Tidal Energy:
Harnessing the Tides
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Atlantis Resources Ltd (ARL:LN)
Leading the global development of tidal power generation

Turbine Division
Turbine & equipment sales

OurTurbine Divisiorsells tidal turbine
generation equipment into our projects
and to third party project developers.
Supported globally by our technology
partners, Lockheed Martin Corporation,
Atlantis can provide drivetrain, nacelle
fixation, subsea connection and power
export equipment to the highest =
specification, capable of withstanding the
harshest environments for the project life.

Our new 1.5MW turbine, AR1500, has been

deployed on the MeyGen project in 2017

Atlantis Resources 201Confidential and not for distribution

Power Generation Division
Global portfolio of projects

LaflrydAra Aa NBO23yA
leading developers of tidal power projects.
OurPower Generation Divisiotakes
greenfield sites from concept through to
commissioning. The Atlantis project
portfolio currently under development is
truly global, inclusive of activities in
Scotland, China, Canada, India and
Australia. We are constantly searching for
new tracks of seabed realtate to secure,
consent, develop and finance

- NB Sai

The I\/Ie%Gevn Project

22NX RQa t QAR

a % Igpﬁ)%r'\p/)l%jgg ﬁo%afe[d,] iﬁtﬁesln%% DN
SebD

sound of the Pentland Eirth in Scotland,
a _ Aa UKS | YQa Fi
Construction commenced in late 2014
subsequent to achieving financial close in
October 2015 for Phase 1A. Atlantis owns
86.5% of the MeyGen project, and the
funding syndicate includes the Scottish
Investment Bank, The Crown Estate, DECC
tahnd I_—J|£IE. 269 turbines will be installed on

e site.

74



£51M PROJECT FINANCING OF THE FIRST
PHASE OF THE WORLD’S LARGEST TIDAL s
POWER PROJECT, MEYGEN ATLANTIS

RESOURCES

WHAT AN INCREDIBLE ACHIEVEMENT! MEYGENOPHASE 1A

WE WOULD LIKE TO THANK ALL OF OUR PARTNERS,
WITHOUT YOU, THIS WOULD NOT HAVE BEEN POSSIBLE

o] 7
ANDRITL - . >«

A N Hydro £33 BURGES E,eé’,?;g‘f? Ogl' N <> marine >< O HIE é,/
ABB adust Hammertest =~ SALMON it hange P HSBC scotland S i N i[cle
-~ : . " | = <
LOCKHEED MAR W e — MEYGEN nationalgrid xodus  NoRTON ROSE FULBRIGHT

®
sse > S S z . . = [ THECROWN ]
‘ Scottish Hydro ~ IMOJOMATItiME  obersirdcroup s g7 ScottishEnterprise  DHMI'Y  cucrueror weoberaunrn W2 ESTATE HRI ARCHITECTS T

We're bringing the world tidal power energy today,
follow our journey at atlantisresourcesltd.com.



Update| MeyGen 1A

First power in 2016 achieved

Bl s - B — i s
Power converters commissioned and grid
connected

Onshore electrical building complete

Atlantis Resources:



Update| MeyGen 1A

Foundations installed in record time

- All four foundations installed and fully ballasted

- g — —

Atlantis Resources:



Update| MeyGen 1A

Turbines installed in record timedess than 30 minutes

James Fisher Marine Services installed the
nacelles and cables for Phase 1A in record time

'Q o =

Emm v sven

Atlantis Resources:




Update| MeyGenlA
Atlantis teams deploy improved AHH turbines to time and budget

Atlantis ResourcePresentation Title 79



Update| MeyGenlA

Turbines operating as planned.

Atlantis ResourcePresentation Title

80



Update| MeyGenlA
Production Report.

MeyGen Energy Exportto Grid - August 2017

Record Productiog 700MWh in August,
soo Approaching 2GWh of predictable output.

500

Energy Export [MWh]
]
A

200

= =1
= =4
=1 =
= =)
= =
tar] L]

Atlantis ResourcePresentation Title
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SR2000 (2MW) — CAPEX validation.
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SR2000 (2MW) — Construction validation.




SR2000 (2MW) — Construction validation.

SR2000 capable of quick installation and recovery from
site with multi -cat (in under 30 minutes).

SR2000 Towing Drag

——Predicted

® Measured

Tow Speed, knts




SR2000 (2MW) — OPEX validation.

Wave Height Distribution [m/s] - Winter

e Hull Access

* Most equipment and subsystems located in
hull.

* Hull assessable via RIB (<£1k per day).

* Hull assessable in up to 1.5-2m significant
wave height = 9g5%+ of the year.

* Onboard work bench.

e Machine removal with small workboat for more
major maintenance/overhaul (£3k per day).



SR2000 (2MW) — Hydrodynamic & Mooring validation.

A Thrust and mooring loads in close correlation
to simulations = good numerical
characterisation of system at large scale.

A Ultimate mooring loads driven by controllable
generation thrust (i.e. highly survivable in
storm conditions: 6mHmMaxexperienced). , T

A Dynamic loading variation due to surface = S
waves manageable for generation across ~97%
of annual occurrence.
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Measured vs Predicted Dynamic Mooring Load. The turbine is operating at
1MW in waves of Hs = 1) = 8s opposing of tide of 2.3m/s




SR2000 (2MW) —Yield validation.

SR2000 Power Curve: Rating Development
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SR2000 (2MW) — Generation.
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Turbine Milestones
® Turbine Disconnected from site
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Deployment 5:
04/08/17 - ongoing
38 days, and counting
300MWh generation,
and rising

Deployment Deployment 4:
07/03/17 - 20/05117

81 Days
86MWh generation

/ 8.5MWh Machiqe off site
for maintenance

24hr generation
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INNOVATION.. commercial in confidence

Tidal Solutions Company



Nova Innovation Ltd

o o
2010 2011 2012 2013 2014 2015 2016 2017
Company Seabed lease: ANova 30 design ANova 30 build ~ ANova 30 AShetland Tidal AWor | d 6 s fABTIA®geration
founded A Nova 30 complete complete installed & Array under offshore tidal A2nd tidal array
A Shetland AMajor contracts commissioned construction array planning and
Tidal Array signed AShetland Tidal ~ AAll onshore ADirect Drive development
Array contracts works Prototype AEC funded R&D
signed complete projects
INNOVATION.. commercial in confidence Tidal Solutions Company
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Turbine scaling in the wind industry
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Source: IEA technology perspectives 2008, Nova Innovation 2010

INNOVATION..

commercial in confidence

Lessons from the wind
industry

A Follow the Danish
model

A Deploy smaller
devices

A Reduce engineering
and financial risk

A Accumulate
operating hours

A Prove reliability

A Accelerate

technology evolution
vy




