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Agenda

Moderator: Kasparas Kemeklis, Ocean Energy Europe, ETIP Ocean
Presentations:
Wave Energy Scotland - Tim Hurst and David Langston

CorPower Ocean - Patrik Moller

Q&A session with the audience
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ETIP Ocean, objectives and timeline

02/2017 03/2017 - 10/2018 11/2018
Determine & Integrated Webinars and Integrated
prioritise challenges - Challenges report » workshops Strategy report
(Deliverable 2.1) #

‘ Present ‘ Present
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Presentations and summary report

www.etipocean.eu

® Home - ETIPOcean x

& C | @ Secure | https;//www.etipocean.eu

Mon. August 28, 2017

9 ETIPOCEAN

@« About News Resources Events

Join & follow us

I'mlooking for....

Webinar: Minimising negative
environmental impacts

Resources

N

Wave enerav
wave energy

SCOTLAND

Wave energy information: WES
online library

Study on Lessons for Ocean
Energy Development

Final Report

Study on Lessons for Ocean Energy

Development

® ETIPOCEAN

Wave and tidal has little long-term
effects on wildlife

Webinar: Control syStems for
improved yield, reliability and
survivability



ETIP Ocean events in October 2017
@ Ocean Energy Europe Conference & Exhibition

# Events - ETIPOcean %

& C | 8 Secure | https;//www.etipocean.eu/events/

Thu. October 5, 2017 I'mlooking for... O,

9 ETIPOCEAN

A  About News Resources Events - v in v

EV@I’ltS Home  Events

Past events | Upcoming events

ETIP Ocean workshop at OEE2017 Archive

Date: 26th October 2017

@®© 26/10/2017 < July 2017
April 2017
February 2017

Seminar at OEE2017 Conference: Wave Power Take Off - Have we cracked if? January 2017

25 October 2017

< Recent Posts

® 25/10/2017

Study on Lessons for Ocean Energy Development
Commission Joint Research Centre publishes Ocean Energy status report
ETS reform proposal to fund the energy transition

ETIP Ocean website online
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ETIP Ocean

Funding Ocean Energy Technology Development Using
Pre-Commercial Procurement and Stage-Gate
Development Processes

5th October 2017 < wave energy HIE

SCOTLAN D Highlands and Islands Enterprise

lomairt na Gaidhealtachd s nan Eilean



wave energy

Overview .

Chidneataendsnantiean |  SCOTLAND

* |ntro to WES
e (Qverview of PCP

e Using PCP for the wave energy
development
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* Collapse of wave energy companies in 2014/2015

* Scot Gov want to encourage development of wave energy sector
 Development of new technology for market that doesn’t exist yet
* Provide good access to funding for small companies

* Provide small companies with improved capabilities

* Encourage collaboration between actors

 Up to 100% funding until private investors return

« WES formed in late December 2014



How we operate

WES Activities

* Innovation Calls
* Strategic Projects
* Industry engagement and collaboration

WES Funding

* Up to 100% funding for R&D services

* Pre-Commercial Procurement (PCP)
 Competitive, stage-gated programmes

Pl
HI
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wave energy
SCOTLAND




Our aims and objectives 3

wave energy
it | SCOTLAND

Highlands and s
lomairt na Gaidhea

Develop cost competitive wave energy technology in Scotland

A Research, Development and Innovation Programme that is:

Supporting the development of wave devices, key sub-
systems and component technology

Capturing experience from previous technology projects

Drawing on knowledge from other sectors through
effective knowledge exchange

Fostering collaboration between industry and academia
Provide Continuity of funding
Ensuring commercial focus — Advisory Group




What is PCP? "Ed e

Highl d ti E t pl Wave energy
loma 1d s nan Eilea SCOTLAND

* An approach to public procurement of R&D services

* Public sector tool to stimulate innovation

» Steer development of new solutions directly towards its needs
 Buy R&D services from several competing suppliers

 Act as a "seal of approval” for innovative companies

https://ec.europa.eu/digital-single-market/en/pre-commercial-procurement
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Stage Gate Process

Q.
3

Concept Optimisation

Concept & Development of
Characterisation Engineering Small Prototype
& Refinement Specification Development
Stage 1 Stage 2 Stage 3

Technology A

Technology A Technology A
Technology C Technology G

Technology E

Open Call Technology B
Technology C

Technology D Technology G

Technology E Technology H

Technology F Stage Gate/

Technical Milestone/

Technology G Defined Performance

Technology H



Open Calls and Stage Gates B i

 PCP is exempted from EU Procurement Directives

 However WES run Open Calls and Stage Gates in accordance
with HIE Procurement rules

 Maintain general procurement principles:
— equality of treatment
— transparency
— mutual recognition

— proportionality



What PCP provides N =

Highlands and Islands Enter, prise wave energy
lomairt na Gaidhealtachd!s nan Ellean SCOTLAND

* Can provide up to 100% funding
* Provides good access to funding for small companies
* Provide small companies with improved capabilities

* Supports development of the best technology from across
Europe

* Encourages collaboration between actors
 Development of technology for market that doesn’t yet exist
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Structural Materials and Control Systems
Manufacturing Processes
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Power Take-Offs 4 | ey

A Highlands and Islands Enterprise
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WEC Types before Stage Gate |
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WES key facts and figures N | gy
bt maCArvashachd' s L SCOTLAND

61 R&D&I Contracts (incl. recent Control Systems)
e 3 Stage Gates completed (next 3 within 6 months)
e 175 Organisations involved with WES

(With lead contractors from Ireland, Belgium,
Spain, Italy, Sweden)

 £25.3m spent/committed on programmes
(incl. landscaping/know how)
e ~2,000 deliverables so far
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Considerations ™ -
et ot | SCOTLAND

* Requires “intelligent customer” to operate PCP

* WES reviews/approves deliverable prior to Milestone
payments

 WES employs 11 Engineers to carry programme development
and subsequent contract management

—. B b
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Stage gate development & techno-economic metrics CORPOWER

OCEAN
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CORPOWER

OCEAN

ETIP webinar

October 5th 2017

Patrik Mdller, CEO

corpowerocean.com



Resonant Wave Energy Converters CORPOWER

OCEAN

e
CORPOWER
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Direct drive

Phase control

LLLLLLLL

Small & light

Effective install
and O&M
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CorPower Ocean High Efficiency Wave Power page 2
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Structured product verification in five Stages CORPOWER
OCEAN
2012-2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Q1 Q2 Q3 Q@4 | Q@ Q@ @ Q@4 | Q1 Q@ @3 Q@[ Q@ Q@2 Q@3 Q| Ql Q@ Q@3 Q4| Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q@4 | Q1 Q2 Q3 Q4
‘ ‘ ‘ Stage 5
Stage 4 | Pilot Array
Stage 3 | Full Scale WEC - Ocean testing
Stage 2 Large scale WEC - Dry & Ocean testing |

Stage 1

Critical Systems Scale 1:16-1:3 - tank & dry rig

Concept validation

500kEUR
3-5 people
TRL 2-3

1.7 MEUR
5-11 people
TRL 4-5

15-20 MEUR (Public+Private)

6.5 MEUR (SEA, KIC, WES) 23-40 people
12-23 people TRL7-8
TRL 5-7

WaveBoost - Gen 4 WEC 1:2 - H2020 - 4MEUR |

25-30 MEUR (Public + Private)
40-50 people
TRL 8-9

Product verification in 5 stages according to IEA-OES / equimar best practice.

~

Scale 1:30

CorPower Ocean

Scale 1:3

Scale 1:2

High Efficiency Wave Power

Scale 1:2

page 3




Stage 2 tank tests - Ecole Centrale Nantes ZCORPOWER

OCEAN
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Tested survivability in most extreme conditions

CorPower Ocean
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corpower VWEC Simulation Tool

OCEAN

Qutput data

Vrack max (mfs) 31 P_mech mean (KWV) 207.18 P_mech max (kW) 5635.80
Drack max (m) 353 P_trans mean (kW) 185.51 P_trans max (kW) 6175.72
VFWmax (pm) 178041  P_gen mech mean (kW) 18289  P_gen_mech max (kW) 609.32
Vrack mean (m/s) 108 P_elec mean (kW) 176.39 P_elec max (kW) 39091
Drack mean (m) 1.88 P_fric mean (kW) 6.98 % friction force 376
VFW mean (pm)  554.44 P end stop mean (kW) 7.68 F_trans max (kN) 687.54
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Simulation Settings

g{32m wave @ ECN

Simulation Time 300

Buoy and Wave Data

Ready

() Regular Waves

(@) Irregular Waves

Wave period (Tp) | 13
Wave Height (Hs) | 3.5
Water depth (m) 50

~Wavedata

Surf Elev
Xouoy

T T :
2pe R A | =
SRR SN E | vew
4 L/\,/V V R U V v 7VFW2
"l Mol =

Preprocess Buoy and Wave data

Buoy d
Buoy HA1 +| Scaleddata—————————
Eq point dis () 26145
cd
(surge) 08 Buoy volume (m*3)  403.33
Cd (heave) 0.35 Buoy period (s) 430
Buoy Mass (kg) 3000000
Buoy Mass (ke
i ()| 30000 F pre (N) 2138474.8
Buoy period (s) 43 P otart (bar) 056
Buoy diamter (m)  8.40
Scale buoy 1

Controller Settings

Flywheel inertia (kgm'2) | 85
Generator inertia (kgm2) | 3.98
Latch disk+gear (kgm2) | 6

Cylinder Diameter (m) | o sg5
V0_Large 1

VO_small 04

Wave spring | C3 Threshold 05
. Min unlatch period (s)| 0.5
Linear damping coefficient (kg/s) | 60000
Rack Mass (kg) 5000 | Gear ratio 675 | Rack dyn fiiction 5000
PTO 20000 | Pinion radius (m) 0125 | oo ction 1

End stop Amplitude (m) | 3.5

Update PTO

High Efficiency Wave Power

N B N,

CORPOWER

OCEAN

page 5



Verified actual power and loads vs numerical models

OCEAN
QOutput data
‘Vrack max (mis) an P_mech mean (kW) 207 18
Drack mas (m) 353 P_trans mean (kW) 185 51
VFW max (pm)  1780.11 P_gen_mech mean (kW) 182 89
Vrack mean (ms) 108 P_elec mean (W) 17639
Drack mean m) 188 P_ic maan (KW) 698
VEW mean (pm)  554.44 P end stop mean (kW) 768

P_mech max (ki)
P_trans max (ki)

et O b,
corpower VVEC Simulation Tool

5635 80
611672

P_gen_mech max (kW) 509 32

P_elec max {kiV)
% friction force

F_trans max ()

300 81
376
687.54

Simulation Settings

Simulation Tima 300

Ready

Buoy and Wave Data

Wave data-
Buoy data
Regular Waves Buoy HA1
@ Imegular Waves Cd fsurge)
cd (heave)

Wave paried (Tp) | 13

Buoy M: g
Wiave Height (M) 35 oy Moss (ha)

+ [ Scakd data

0.95

30000

Fprs (N) 2134748
43 P start (bar) 8056
Buoy diamter () 8.40
P
€3 Threshold 05
Min unlatch period s)] 05
675 | Rack dyn friction 6000
1% | b action 1
0585
End stop Ampitude (m) 35
"
[ Update PTO

Plot mation curves.

s H Water depth {m) 50 Buoy period (s)
b p f‘ A Scale buoy
ALE i El
0 ;\f\\'# \ Surf Elev Preprocess Buoy and Wave data
/S AtAVAY : Kooy
v :
5 R Controller Settings
] 50 100 150 200 250 300
4 Wave spring - o0
T
2 ‘1 ; ’L' fk\ | Linear damging cosficient (ka/s)| 50000 “
W | |
Of f" ‘»'n /
MY
LI (A |
[ Rack Mass (kg) 5000 Gear ratio
4 L ) .
] 50 PTO 20000  Pinion radius (m)
500 Flywheel inerta (kym'2)| g5 | Cylder Diameter {m)
n AT
o an_.J,\f\. 00 A Generator inentia (kgm2) | 398 | VO_Lame
Latch disk+gear (kgm2) ] VO_small
5005 50
500
[ /! 1 Start Simulation Save Simulation Data as mat file
R T N A W W, I | See SmmonDaasemate |
Stop Simalaton | Save Simulation Data 23 Excel fis
-500
0 50 100 150 200 250 300

Plot force curves

Eq point dis (m3) 26145
Buoy wolume (m3) 40333
035 || Buoy perod (s)
Buey Mass (kg) 3000000

Plot power cuves

430

CorPower Ocean

A—v.\."‘\.
CORPOWER

OCEAN

250

200

150

100

Machinery power (Piraus) [kW]

50

High Efficiency Wave Power

I _aboratory
I Simulation

17

I8 19 10 111 2
Sea state

page 6



Stage 2 cascade gear - verified with automotive manufacturing partner CORPOWER

OCEAN

CorPower Ocean High Efficiency Wave Power page 7



PTO dry test rig - grid connected hardware-in-the-loop ’E&;';OCCEE

OCEAN

DETUNED 4
INSTORMS |

- B
)

§ i

CorPower Ocean High Efficiency Wave Power page 8
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Performance metrics CORPOWER

OCEAN

3 times > 5 times

more energy per PTO force more energy per ton
! 12
3 6 <
S g 10
O 5 3
E 0w g
R ®m Benchmark 9
oz4 c
iE — B Benchmark
9% 3 g 6
Q= >
o : > ® WaveSpring
= 2 ®m WaveSpring o 4
g o
©
< 1 S 2
<
0 0 ]
Yeu Full scale numbers 1

Benchmark: A. Babarit, J. Hals, M.J. Muliawan, A. Kurniawan, T. Moan , J. Krokstad: Numerical benchmarking study of a selection of wave energy converters, Renewable Energy 41 (2012) 44-63

CorPower Ocean High Efficiency Wave Power page 10
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Structured product verification in five Stages CORPOWER
OCEAN
2012-2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Q1 Q2 Q3 Q@4 | Q@ Q@ @ Q@4 | Q1 Q@ @3 Q@[ Q@ Q@2 Q@3 Q| Ql Q@ Q@3 Q4| Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q@4 | Q1 Q2 Q3 Q4
‘ ‘ ‘ Stage 5
Stage 4 | Pilot Array
Stage 3 | Full Scale WEC - Ocean testing
Stage 2 Large scale WEC - Dry & Ocean testing |

Stage 1

Critical Systems Scale 1:16-1:3 - tank & dry rig

Concept validation

500kEUR
3-5 people
TRL 2-3

1.7 MEUR
5-11 people
TRL 4-5

15-20 MEUR (Public+Private)

6.5 MEUR (SEA, KIC, WES) 23-40 people
12-23 people TRL7-8
TRL 5-7

WaveBoost - Gen 4 WEC 1:2 - H2020 - 4MEUR |

25-30 MEUR (Public + Private)
40-50 people
TRL 8-9

Product verification in 5 stages according to IEA-OES / equimar best practice.

~

Scale 1:30

CorPower Ocean

Scale 1:3

Scale 1:2

High Efficiency Wave Power

Scale 1:2

page 11
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Stage 3 program CORPOWER

OCEAN

= Dryrig test program in Stockholm — H1 2017

— Verification and debugging of all defined functions.

— De-risking by full range storm loading on-land

= (QOcean test program at EMEC, Orkney - fall 2017. Final verification - > Stage 4

CorPower Ocean High Efficiency Wave Power page 12



Stage 3 composite buoy &?o@

OCEAN

CorPower Ocean High Efficiency Wave Power
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System integration CORPOWER

OCEAN

CorPower Ocean High Efficiency Wave Power page 14



Dry testing of complete WEC - Hardware-In-the-Loop Z&JW’EE

OCEAN
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EMEC Scapa flow deployment - Orkney during fall of 2017 CORPOWER

CorPower Ocean

OCEAN

Thurso oJohn o' Groats
Wick
Stornoway
Ullapool
8
- Fraserburgh
Elgin LA
o
Inverness Pme[Jheao
[e)
Portree C
Inverurie
(a]
Aviemore
o Aberdeen
Q
Fort William

High Efficiency Wave Power page 16



Stage 3 metrics

* % Availability
« Mean Time Between Failures
. + Mean Time to Failure
* % performance - # single point failure modes
improvement - Fatigue life
+ Mean Time to Repair

- Acceptability
Controllability Reliability
» Time to Replace - Cost per
« # interventions/ year e O install/removal
« Overhaul/refit period PAGEILEEIINT ~ Installability cycle
« Installation/MW
- Capture factor 'Q' (" VENMEETE + Manufacturing
+ Capture width Qﬁe

Readiness Level
(MRL)
. Conversion
« Rated Capacity Survivabilit
« Capacity factor . . Cape
CAPEX/MW

« Annual Average Yield *

- Conversion efficiency « Operational limits * OPEX/MW
+ ACE « Survivability limit Hs + Cost/Device
+ Load shedding capability + Cost per annual MWh

- Reliance on control

CorPower Ocean High Efficiency Wave Power

N.\/‘\
CORPOWER

OCEAN

Reliability metric:

A. System passing 2 week non-interrupt dry test
Survivability metric:
B. Demonstrate survivability in all Scapa flow sea states, with

load shedding function -> peak loads < 1.6x submersed load.

Performance metrics:

A. AEP / ton > 8 MWh / ton (s1:1)
B. AEP / PTO force >5 MWh / kN (s1:1)
C. +300% AEP by WaveSpring phase control

Calibration metrics:

D. Dry test Power matrix within +/- 20% of simulated (s1:2)
E. Wet test Power matrix within +/- 20% of dry matrix (s1:2)

Affordability metric:
D. LCOE > 150 GBP / MWh after 200MW installed

page 17
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CORPOWER

OCEAN

'WAVE GENERATOR POWER

LIFT HERE>

High Efficiency Wave Energy

LIFT HERE=>.
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