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ITEA 2030
1TWh 2030

2IEA-OES 2008
2) 2-1

2-2

1 TEA International Energy Agency
2 JEA-OES International Energy Agency- Ocean Energy System
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Number of system:

30 4—| O Pre-Commercial

W Full-Scale

25 +——| O Part-Scale (Sea)
B Part-Scale (Tank)
20 +—| M Concept Design

O Commercial Production
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Salinity Gradient Tidal Barrage  Thermal Gradient  Tidal Stream Ocean Wave
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Hama Techonalogias Total Furding Funding lor Ocean
uspported {al avmilatin wnargy Ha of
wnless specified) projects supported

Canada Clumate Change Action Fund CAD 0UES milllan

Technplogy Eary Acthon ineuted

]

Campda Sustaimable Development 1 demonstration

Technology Canada propest

Denimark Danish Wave srergy Programme Ocsan Wi FLIR 5.3 million
Frante Research, Dewlopment and 1 RED project
Inrawation Programms Supported
Treland Ocian entrgy Stradegy
Develepment & demostration
Horway RENERGI (Research Cosancil UFS 20 milon 5 RED projects
of Morwy] supporied
Forway Encva SF - T Enengy Fund EUR B8O million 1 demaost ration project
Fortugal  Agbnaade novacho SA EUR 5 millon por year 2 demostration
FRIME - DEMTED programms prepers
Linited NRE| Tochrol gy Programens Appmx (AP 18 GRP 26 million
Fargyarn Pl e BB R |00 2000 )
Linited ‘W nnd Tidal Siresen snomy  Warer anad Tidal GRP 50 mdlion
Faregdormn Demonasiration Scheme Current
Liniteed Cartion Trent: Applied Re warch GRP 7.5 million
Wargdom  Grants
Linifted Carbon Trust: Marine Enengy Wares aned Tidal GBP 30 million
Wargdom  Challenge Current
European  Research and Technology EUR ¥ 2 millisn
Lirilan Develspmant (AT Sath
Framawark Frogramme
European  RTD Seventh Framesork EUR 2531 mil on
Union Friogramme

W N N v e

3)




EU

4)

5)

2010 2020
deployment 10 1,000MW
35
5 6,000
NaREC National Renewable Energy
Centre 1,000 EMEC European Marine Energy Centre
800 WaveHub 951 49
2009 9
38 828 2,056 MW
6)
Simens RWE E-ON
Centrica Iberdrola

Vattenfall

PWP Pelamis AquaMarine Power
Oyster Wavegen LIMPET

Marine Current Turbines SeaGen
EMEC WaveHub Nissum Bredning
REM-SEV Marine Institute  Galway Bay Wave Energy

Test Site

10



2-2 1 |
Pelamis Wave Power Pelamis
PWP 5km Agucadoura
PWEC:Pelamis 2008 9 11
Wave Energy
Converter 3 Pelamis 750kW
2.256MW
25
21IMW Agugadoura
feed-in tariff
Ondas de Portugal
Wavebob Wavebob
2 2009 2
Wavebob
Vattenfall AB Wavebob
250MW
AquaMarine Power Oyster
2009 8 EMEC 11
1 2MW  Opyster 20 9000
4 7000
2020 1.2GW 75 100
E-ON
ecool
Wavegen
500kW OWC: 2000 2008 7 100kW
Siadar
LIMPET SWEP npower renewables RWE Innorgy
Wavegen 2006
2009 1 SWEP SWEP
4AMW

Renewable Obligation Certificates

11
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5)2

Checkmate Sea energy

Anaconda 1MW 200m
Tm
Anaconda
Marine Current
Turbines 2008 4
Sea Gen 400m
1.2MW
1000
Sea Gen
10.5MW 7 Sea Gen
1.5MW/ 9m MCT npower
Sea Gen Wales

2011
Hammerfest Strom AS

2008 9 Scottish Power Renewable

Lanstrem 3
1MW 5 20 60MW
2011

OpenHydro Group

2008 10 EDF Electricité de France

OpenHydro Group

4 ~10 EDF 2011
3,000MW
285MW
EWE E.ON
Vattenfall Europe 5MW 2010 4
5MW 12 30m
2
Dong Energy
400MW 2013
40 2010 4
1,650

12
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5)3

Simens Energy

ENOVA 3.6MW 15km  Riffgat
3.6MW 30 108MW 2011
2012 10 2010 4
Simens Energy
2010
3
Iberdrola
7,200MW
West of Duddon Sands 2012 500MW
2010 3
RWE Innogy
Repower system AG 2010 2
126m 6MW
6MW 48 2011 2013
14 5
Centrica
3.6MW 2012 8km
Lincs 3.6MW 75 2009 10
E.ON
Rodsand1 Rodsand2
93m 2.3MW 2010 510
93m 2.3MW 90 200MW
23
E.ON
2009 9 10 Robin Rigg
180MW 12
520
ETI 2010 2 16
2011
NaREC
ETI 2
2010 02 20

13




2007

2009

2009

2009

2010

MIT

The Energy Independence and Security Act of 2007

2050 COq 80%
2030
20% 25
25
5000

10

GE General Electric

OPT Ocean Power Technologies

Verdant Power

OWC

CORE Center for Ocean Renewable Energy

Ocean Energy Council

Electric Power Research Institute

14

150

2008

EPRI



2-3 1

5)1

Ocean Power

Technologies OPT 2010 2 1
PowerBuoy PowerBuoy 40kw
380,000
SRI International
SRI EPAM: Electroactive Polymer

Artificial Muscle
2008 12 HYPER DRIVE

HYPER DRIVE SRI International

Artificial Muscle

SRI 2007
OceanLinx 2.TMW
2008 2 2009
30kW/m 460km
13,800MW 2006 10
Blue Energy Canada
World Energy Tidal Bridge 2009 6 Blue Energy 200MW
Research( ) ( 500
)
Verdant Power
RITE
2 2
2008 Verdant 2
6
10MW

15




2-3 2

5)

Ocean Renewable

Power ORPC
3
Ocean Renewable
Power ORPC 2
25 4
1 2
Oceana Energy
DC
Maine Tidal Energy
2008 6 6 9
FAU 120
2009 3 2009
4,100
3.6MW 2010
Cape Wind 3 31 3.6MW 130
GE
AMW 3 4
2010 3 4AMW
ScanWind

16




2008

2030
11% 4.7%
254MW 2010
2010 4 SDE Energy
10GW
2007
2010 2025
15%
Taiwan Generations Corporation
Sea Energy 2009 10 2.5km 10km 30m
600MW
KORDI 2009 5 Uldolmok
1 1MW 430 2013
I0MW 46,000
500kW  OWC

2011 Changi-Do

17
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SDE Energy 2010 4 10GW
KORDI MLTM 500kW  OWC Jeju
OWC 2 250kW 2010 2011
Changi-Do
KORDI GCK 2009 5 Uldolmok
TECHNOLOGY 1 1MW 430 2013 90MW
INC MLTM 46000
2010 254MW  25.4MW > 10
552GWh 1 6 m3/ 5.82m
300km
1980 5 5m 5MW
1 15 17 1.61GWh
2
2007 8 5
5000kw
Taiwan Generations 2009 10 2.5km 10km 30m
Corporation 600MW
2025 15%
SeaEnergy 2010

18
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2020
10%
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()

OPT
()
2MW ()
()
2002
()

()
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2-5(1)

(

)

5.5kW
22kW
45kW
()
()
()
(Ocean Power
Technologies)
10MW
PowerBuoy TM
PowerBuoy TM
PB40ES 40kW
150kW  PB150
()
20
21
33m 1/3 1/2
1988 95 8

21
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(

)

2008 2
62cm 200W

2020
2,000kw 800 160 kW

()

21 26

(

)

PC
1/10
2009 9

(

)

MPSE Mitsubishi Power
Systems Europe, Ltd. MOU non binding
Memorandum of Understanding

BIS 3,000 42

22
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8)

9

2005 40 2006
£42 10
20
EC 1470 10)
2000 @) Energy Ocean
2003
EMEC EU
2008 20
4.9m 8.4
5 50kw/m 12 10.7m H 12 102kw/m
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18

20
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17

15)

20

22

12

12

19
25km

21

1.5km
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200m
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10

FOT

FOT
FOT A

MF21

1,000m
1,700t 499GT

14
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12

13

20

16
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18
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EMEC

ADCP

24h
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NaREC
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51

4 6kW/m 6 14kW/m

20kW/m
52

130E 140E

0 2 4 6 8 10 12 14 16 18 20 22 24 kW/m
5-1 1994 2004 N

45



KW/m
30

25
20
15
10

kW/m
30

25
20
15
10

KW/m

kW/m

kW/m

30 30 30
r 25 25 25
I 20 20 20
i 15 T. 15 1 15 1
i 10 10 10 |

13 5 7 911

1 357 911

kW/m

25
20
15
10

kW/m
30

25
20
15
10

1 357 911

1 357 911

5-2

13 57 911

1357 91

13 5 7 91

1 357 91

kW/m

25
20
15
10

kW/m
30

25
20
15
10

1357 911

1357 911
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15
10
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0
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30
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10
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30
25
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15
10
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1994 2004 D




4.6m/s 5-3

1969
EMEC 5-2 EMEC
3.3 3.5m/s 30,000m? 1,000m>< 30m
EMEC 1/4
5-2
m/s
() Qw)
4.3/4.4 5.4/5.0 93,000 1,727
3.7/3.7 4.9/4.5 77,000 850
3.5/3.6 4.3/4.8 12,920 131
3.2/3.2 3.5/3.5 48,300 345
2.4/2.4 3.4/2.6 264,000 796
2.9/2.9 3.1/3.4 286,000 1,521
EMEC 3.5 3.4 30,000 257
21
11)
MW 0.218x< m?2 > m/s 3 1000

47




AW)

P=0.50QV% 0.50AV?
0 (kg/m3) @ (m3/s) V

0.5m/s 250km

1,025kg/m3 1,600 kW 16

1307

5-4

(m/s) A (m2)

1,000m

25“7] P
|

DEH —
(AR

- (St BIET
- (ErEERIET
(DR aET
- TR m

JCOPE

55 8

500m

2007

2m/s

1m/s

48
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130E  135E 140E 145E 150E

5-5 Om 2007 1 m/s

Current s

400
600
700
a00

900
1000
1100
1200
1300
1400

1500
20N
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E'1

Current spee«

135E  140E

5-7 Om 2007 7 m/s

2007 /(€
0

100
200
300
400
a00
G800
700
aoo

q00
1000
1100
1200
1300
1400
1500

50



1 2 2 10 1994 2 2004

5
6m/s 9m/s
5-9
146 251W/m?2 848W/m?
Viw[m/s]

11

w

= W o~

latitude

2 1 | | | I 1 | | | I 1 | 1 | I 1 | 1 | I 1 | 1 | I 1 | 1 |
QIEG 125 130 135 140 145 150

Longitude

5-9(1)

51



latitude

50 =

Viw[m/s]
11

- ot =~

120 125 130 135 140 145 15
Longitude
5-10(2)
NaREC Initial Prototype Demonstration
1
EMEC Refined Prototype Testing
1
WaveHub Pre-Commercial Device Demonstration
1
Market entry with commercial product
1

Market Penetration

52




EMEC NaREC
WaveHub
NaREC EMEC WaveHub

WaveHub

2009 7
LCEA Low Carbon Economic Area
South West RDA  South West of England Regional Development Agency

WaveHub Project
WaveHub
“ WaveHub *”
2011

WaveHub South West RDA European Regional Development Fund Convergence

Programme WaveHub
Management Company (WHMC) CLG Company Limited by Guarantee
5-11 16km 55m
4km>2km Crown Estate 25
4

-'-':.‘—- " e -J A ' i @ mimane Was s o

= |'ln.|-|lu B Toillr bmarhed

5-11 WaveHub

20MW 4 5MW

50MW
WaveHub

53



Ocean Power Technologies Power Buoy 150kW
Fred. Olsen
Orecon 1.56MW 500kW >3

Orecon |

Fred. Olsen

5-12 WaveHub

NaREC
NaREC ONE One North East
2002
NaREC
2010 2 2010 4 8
3m 12 Crown Estate 25
4 15m 25m 45m 55m 5

54



15m 3 35m 45m 55m
15 5-13 2

100MW

Narec Dftshore Wind
Demomsiration Sile

Layoum 124 (3uSt)

| e v e
B e e
e iy wp g

URARE iFFFIIiIﬂiIH‘
f

g3334485 33334

- R R

ind N ‘&k DRAFT ONLY
: =
| - (PP i
i [ =]
; w R [eme o =
TN e
- p =
WaveHub NaREC
WaveHub 4200 54.6 1 130 (
) 5 ERDF European Regional Development Fund
South West RDA 3 2
100 1.3
Wave Hub Development and
Design Phase Final design report 2009 6
0&M 42 55 6
2 2
NaREC BIS
1850 24 ONE 435 5.7

55
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5-3

WaveHub NaREC NaREC
£42M 55 £30M 39 £22.85M 29.7
ERDF £20M ERDF £20M BIS £18.5M
South West RDA £12.5M ONE £10M ONE £4.35M
UK government £9.5M
£1M 1.3
FS £423,185
£257,600
£50,000
£38,500
£30,880
£9,680
£7,950
£28,575
WaveHub Management Company NaREC
General Manager Marine Operations Manager 115 2010
Electric Device Manager Business Manager 4
EMEC 21
Ocean Power Technologies E.On

Fred. Olsen
Orecon

Aqua Marine Power
Swan Turbine
SMD Tidel




WaveHub

NaREC NaREC
5-15

Ty W Erghis!
W Tl P
W0 (fwbors Wesd Fores

l—'a_—| i

A

S YaveHub .
-y

uuunl.'
-

| kW/m
| 36-40 | 31-35 26-30 | 21-25 <20

514

NaREC

5-14 WaveHub

58




69

5-4

WaveHub NaREC
16km 55m 35m 45m 55m
4km><2km 5
15m
NaREC
3m 12mile Crown | 2010 2
Estate 25
2010 4
2 6
FEPA Food and Environmental Protection Act 1985 1m
20MW 1 4-5MW 99MW

50MW




EMEC NaREC Web

EMEC

2001 Stromness
EMEC

Awareness chart note:

1. Mariners should avoid passing inside the
eardinal buoys marking the test site.

2. Significant work will be displayed by the
standard notice to mariner routes.
{UKHO and www.crkneyharbours.com)

3. Devices will be marked in accordance with
HLB and MCA recommendations.

4. Positions and number of buoys within the
shaded may vary.

5-16 EMEC

1) EMEC
EMEC <

60



ROCs Renewable Obligation Certificates

EMEC

EMEC UKAS

2) EMEC

EMEC
EMEC

NaREC

5-17 v

61



3) EMEC
EMEC

DEPARTMENT FOR BUSINESS

ENTERPRISE & REGULATORY REFORM

2001

1450 21

The House of Commons Science and Technology Committee

518

4)
EMEC EU
4m/s 8kn
5) EMEC
a)
5-19 2003
50m  0.5km

5-18 EMEC r
15m
Billia Croo Test Site
10
4
11kV

62

50

2km



WAVE TEST SITE

N

= Drth Positions
a a0 M Berih Mrthing Easting 318500E 1911360N
Lal Lory 68°BES0EH, 03°20.683°W
SPEFTA. SaE M

Memied Derth Morthing Lastng 202500 10100H00
Lot Lomy S8RGECEETH, 03420, 335°W
S-midd PBeath  Morthing Ensting  XAMME 10100500
Lal Loy G8°BEIISH. 0723, 14T'W

Lad Long  GE*S.524'H. 00°25.TE0W| % % Beth Horthing Essling JHOME 108TEN
i Lot Lemgy SATGEOMATH, 020.231°W

Y v N
/

WEST CARDINAL BUOY
Horthing Easting 115000E 1010570M
Lafl Long GG SFHL 00F24.630°W

TEST AREA TO BE
*, " AVOENELD AT AL ‘]'Hl-ii

Shallow waler
hevices may e

4 F
\ f‘ /| deployed in this area
CR . L :. % y \\_____/"/HH\'

SOUTH CARDINAL BUDY L \ | N e
Morihing Easting J2S00E 100BBMH ———— — )i N
L Loy BE'ETAINH, 03°23.008°W | i

5-19 v
b) Fall of Warness Test Site

4m/s 5-20 5
256m 50m 2km 4km

63



TIDAL TEST SITE

Cable End Positions

[1:' Horhing Casang J630EC 10HEETH
Lot Lony S808ATO N, B2°45.0807W

@ Horfing Lasting IR0 102TB4TN
Lo Lty BFORARN, S HRI0TW

@ Nortirg Lasting L9040 102T6FIN
Lt Lang SOAILOVE M, OFHRIT0W

@ Nerfing Lasting JLIWGZL 103037aN
Ll Loy BETOHLAAE"N, B0 F0E61 W

@ :hmzmmw

al Long S9E.T1TH, DT 4050w

ST

D B thir nakune of the environmeent and the range of
ihe devices lested in this area, due care and ablenticn
is requined when navigating through the tes? site anea.

5-20 o

WAVERIDER BUOY
Waverider huoys are
deployed to assess the
wave charactenstics of
aqgiven site.

5-21 v

64



d)
ADCP Acoustic Doppler Current profilers

5-22
5-22 ADCP Y7
e)
4km Billia Croo
EMEC
5-23 EMEC
5-23 v
f)
SCADA Supervisory Control and Data
Acquisition 5-24

65



g

ISO International Standardization Organization
17025 14001

SCADA

30

24

5-25 o

66

525



6)

EMEC
1.9m 5.9 50
14.7m 5-26
50 12 13m
T\'Elcnl A verages Extremes
Significant Wave Return Period (vears) 1] w] sof o0
H'figh'-'[m:' - 1.2 Significant Wave
i;?'ﬂ‘jﬁ““*‘“ﬂ 5o Height (m) 100 | 127 ] 147 | 154
oCe) — Zoro Up-Crossing
E‘;ﬂfﬁn“ﬁmwﬁ“e 201 Period (s) 117 | 132 | 142 146
Mean Direction (* True
Power (kW/m) 221 North) 285 | 284 | 284 | 284
5-26 EMEC
EMEC

3.6m/s SE 3.34m/s NW

1.44m/s SE 1.29m/s NW
5-27 EMEC

N
a)
EMEC

b)

EMEC

EMEC

“Billa Croo Environmental Statement”, “Fall of Warness Environmental

Statement”

67



EMEC

“Billa Croo Navigational Risk Assessment”, “Fall of Warness Navigational

Risk Assessment”
EMEC EMEC 2005
2 3 4. 5. 6
7 / 8. 9. 10
11. 12. 13.
14. 15. 16. 17. 18.
19. 20. 21.
NaREC

Tees Barrage
One Northeast

5-28 NaREC 18)

PSA

68



Packaging
SCADA

80m 3000t hub

Dual-Axis Testing

5-29
NaREC
5.2m 56m
42m 7.2m
1.0m 3.25
0.8m 2 4

5-30 18)

69



NaREC

6m 1 7m

Om/s 1.5m/s

ADCP

NaREC

Aqua Marine Power Ltd
Grid connected PTO solution “Oyster”
Project Management
Detailed design
Procurement
Assembly
Testing

Deployment

5-32 Oyster 18)

SMD Tidel
Wave Generator
1MW full scale trial

J.V funding + investor

Eng build at HNaREC
EMEC Test
Mext stage investment

5-33 SMD Tidel 1)

70



-Nissum Bredning

Wave DRAGON Wave STAR

5-34 Nissum Bredning

5-35 Nissum Bredning Wave DRAGON 19

71



SEM-REV 18,000km
420TWh

15C /1kWh
1km>1km
2.5MW
2007 2013 550
2007 2010
2010 2013

ECN Ecole Centrale de Nantes CNRS Centre
National de la Recherche Scientifique

5-37
400t
5-38
i Y % : ‘
&
a3 | |
' } hore Facility
| e
| @ ECN
W Laboratory|
o | A
— Ciay NANTES
f 73966 ’
i UEE]
B, |
W wis” Wave
-~ Grid .
Asro RG
Testc _//_i‘l_gFlli(usrgaar [}
i
46
I
! 4

Er 1024
i

5-36 SEM-REV Wave Energy Test Site

72



Hydrodynamics & Ocean Engineering

Ocean Renewable Energy

Current Of

fahore Wind

+ Resaarch topics

Resource simulations (waves, currents,
MNumerical modeling of ORE Converters
Power production assassment

Power Take Off modelin

winds) - Resource enargy potential
: Wave 2 Wire, Current 2 Wire

Meorings interaction and calculations — Survivability

Multi-body interaction — Farm evaluation

Numerical tools :

Experimental facilities :

Potential flaw sal Li d Nor-Li . Towing Tank {145 x 5% 3 m ; up to 8m/s)
;p:chal :'In:;':ds it duizat eEl Wave tank {50 % 30 x 5 m ; up to 2m Hmax)
» Navier-Stokes (RANSE) solvers, SPH solvers - Grcul;:mn tunnel
» Coupling of different mathods (SWENSE) 7 Data bases )

» Optimization . Mew measurement techniques
- Analysis of complex phenomena
5-37

Major Infrastructures

Dry-docks

Heavy cranes (400T)

Slipway

Operational zones

Offshore Work Vessels base —

Cilac Dy
SilEes Forty

73




Wave Hub

Wave Hub 16km 10

2003
5-39 20 2004 2

2009 7

2010
2010
Wave Hub 500
2011 1800
4 5-40 1km><2km

2010
5 4 5MW 5-41

2010

Lecal Grid

'WEC supplied Cable fiser
and free iseaed Cannaction
Cable

33KV 6 Core
Cable Buried Undar i
Sandy Seabed to appeo Thm
from Share

Mata Cannectors
5 e

i #=. . Remainder of 25km
300m Hub Tally = 4 334V Core Calbsis [ald on Seabed
3 B Stabilised with Rock Berms

Wave Hub
Gravity Based Structure Stabdlised with Rock

5-39 WaveHub 20)
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Optien 1 On-shore base with multiple cable routes
extending to each wave device,

Option 2 \Wet Hub: Underwater transformers,
single buried cable to shore, secondary cables to
wave devices.

Qption 3 Purpose built floating device (vessel or
bucy) eontaining transformers and switchgear,
anchored to the seabed, single buried cable to
shore, secondary cables to wave devices.

Qption 4 Purpose built static device (platform)
containing transformers and switchgear, fixed to
the sea bed, single buried cable ta share,
secondary cables to wave devices.

5-40 WaveHub
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Site Option 1 (with respect to fishing and grid connection only):
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21 22
EMEC WaveHub NaREC

EMEC
EMEC 3 8 European Marine Energy Centre
(EMEC) Ltd 3 2010

Managing Director Commercial Director Client Relationship and Marketing
Manager Administrator Administration Assistant OPERATIONS TEAM 5
RESEARCH AND CONSENTS TEAM 6 BOARD OF DIRECTORS 5

21

WaveHub
Wave Hub WaveHub
Management Company General Manager

Marine Operations Manager Electric Device Manager Business Manager 4

CLG Company Limited by Guarantee

NaREC
NaREC WaveHub
CLG
2010 NaREC 115
2009 10
15
3 EMEC Department of Trade and Industry (  BIS)

Scottish Government Orkney Islands Council HIE Orkney Scottish Enterprise
Highlands and Islands Enterprise Highlands and Islands Partnership Programme

Carbon Trust
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Nissum Bredning

SEM-REV
CPER SEM-REV
SGAR (The Regional
Affairs General Secretary) The Regional Council The Local Council 4CNRS (The
Centre National de la Recherche Scientifique ) 5SECN
(The Ecole Centrale de Nantes)
ECN CNRS 70
EMEC
DTI Department of Trade and
Industry BIS 8 1450
18.9
WaveHub
WaveHub CAPEX OPEX
4200 54.6
950 12.4 1250
16.3 2000 26.0
WaveHub
WaveHub
£2,000-20,0000MW £2-8/MWh
2007 171,000 2200 2010 670,000 8700

2011

4 CNRS The Centre National de la Recherche Scientifique 1939 10 19

5 The Ecole Centrale
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£2,000-20,000/MW

26 260 MW
£2-8/MWh
260 1,040 /MWh
2007 £171,000 0.2
2010 £670,000 0.9
Technology
Developer
Companies
Private& public
sector
investment
5-42 WaveHub
NaREC
NaREC 3000
26
1850 24.0
5.7
Nissum Bredning
SEM-REV
6 1

Revenue from sale
of electricity

£42M

55

CAPEX

39

2285

CPER 2007-2013
110
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Wave Hub
Management Company

BN

Public sector
funding

£1M 1.3
£423,000 0.55

OPEX

ERDF 2000

1000 13

29.7 BIS

435

550




EMEC

EMEC
IEC International Electotechnical Commision
1IEC TC114 Marine Energy-Wave,tidal and other current converters
6 2010

WaveHub
WaveHub “

i WaveHub 2

20MW 7000
SWRDA

NaREC

NaREC
2013

NaREC
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2013

NaREC EMEC WaveHub

R&D

NAREC

¥

Individual WEC
EMEC prototypes

¥
Wave Hub Initial arrays of
WECs

K

Market
penetration

5-43 NaREC EMEC WaveHub

Nissum Bredning

SEM-REV

EMEC
EMEC 2
Billia Croo 1 2km 3km>=2km
4 50m
11kV
Fall of Warness 4km>=<2km
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3 35m 12m 45m
2 ADCP 1

SCADA Supervisory Control and Data Acquisition

WaveHub
WaveHub 2km><4km 2km>1km 4
Hayle
25km 1300t 11kV 33kV
NaREC
3 35 45 55m 5
99MW
5.2m 56m 4.2 7.2m 1.0m 3.25
6m 1 7m 0 1.5m/s
Nissum Bredning
Nissum Bredning
SEM-REV
1lkm><1km 15km 35m
1 ADCP 1 1
400t
Slipway
145>=<5>3m 8m/s
50><30><5m Hmax2m
EMEC
2008 20 EMEC
Pelamis Wave Power AW Energy Aquamarine Power Ltd Ocean
Power Technologies E.ON Scottish Power Renewables 2011
Wello Oy 2011 OpenHydro Tidal

Generation Ltd Hammerfest Strom UK Ltd Atlantis Resources Corporation Voith
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Hydro Ocean Current Technologies 2011 Scotrenewables 2011

WaveHub
WaveHub 4 West Wave Oceanlinx
Ocean Power Technologies Fred

Olsen Orecon

NaREC
E.ON  Vestas 1.8MW>=<2
Aquamarine Power Swanturbines SMD
Nissum Bredning
Wave Dragon Wave Star 2006
SEM-REV
2011
EMEC
EMEC
50 15m 4m/s
WaveHub
WaveHub
21 25kW/m
1.m 50 13.8m 5.4s
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NaREC
NaREC
NaREC

Nissum Bredning

Nissum Bredning

SEM-REV
SEM-REV

35m

83



5-5

EMEC NaREC WaveHub
House of Commons Science and Technology Committee ONE 2002 2006 6
2001 2004 8 WaveHub
2007 9
Department of Trade and Industry (  BIS), Orkney Islands Council, WaveHub Management Company (WHMC)
Highlands and Islands Enterprise, HIE Orkney, Scottish Enterprise, 115 Company Limited by Guarantee
Highlands and Islands Partnership Programme, Carbon Trust, CLG
Scottish Government
General Manager Marine Operations Manager
21 Electric Device Manager Business Manager
£14.5M 19 NaREC £42M 55
£30M 39 £9.5M UK government
£20M ERDF £10M ONE £12.5M South West RDA
£20M ERDF
£22.85M 30
£18.5M BIS £4.35M ONE
£1M 1.3
FS £423,185
257,600 -
50,000
38,500
30,880
9,680
7,950
28,5675
Full Scale Test Facilities Scale Test Facilities Full Scale Semi-Commericial Deployment Full Scale Part Scale Test Facilities
20MW 7000
EMEC
ROCs Renewable Obligation Certificates
2km><4km
100MW 15 3 11kV  33kV ADCP
35 55m 4 4 B5MW
2008 20 Ocean Power Technologies Power Buoy
Pelamis Wave Power AW Energy Aquamarine | Aquamarine Power Swanturbines SMD Fred Olsen
Power Ltd Ocean Power Technologies E.ON Scottish
Power Renewables 2011 Wello Oy 2011 Orecon 1.5MW 500kW>=<3 OWC
OpenHydro Tidal Generation Ltd Hammerfest Strom UK Ltd | E.ON 1.8MW>=<2
Atlantis Resources Corporation Voith Hydro Ocean Current
Technologies 2011 Scotrenewables 2011
Blyth Hayle H21
Stromness 8-18km 35-55m 16km 55m
Billia Croo 1-2km 55m
Fall of Warness 12-45m
15m 50 4m/s 21 25kW/m
NaREC
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20 200m 200m 3km
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200m 3km
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6-1(1)

1) 50,000 50,000 50,000 50,000
(2 5,000 5,000 5,000 5,000
3)

200,000 | 300,000 | 300,000 100,000
255,000 | 355,000 | 355,000 155,000

6-1(2)
(1) 85,000 83,000 46,000 81,000
85,000 83,000 46,000 81,000

6-1(3)
6)) 150,000 225,000 225,000 75,000
150,000 | 225,000 | 225,000 75,000

200m><200m 1km><1km
/ 1km

75%
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IEA Renewables in global energy supply, An IEA Fact Sheet 2007

International Energy Agency Implementing Agreement on Ocean Energy Systems
Global Technology Development Status IEA-OES Document No.T0104, pp.3-20,
2009.

AEA Energy & Environment Review and analysis of ocean energy systems
development and supporting policies, pp.23-26, 2006.

OES-IA Annual Report 2009

NEDO No.1044
2009.5.20
EWEA Press Release European offshore wind power market grew 54% in 2009

NEDO 19
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(1) WaveHub

22 11 11 14:00 16:00
South West RDA Truro Office
Castle House, Pydar Street, TRURO, Cornwall TR1 2UdJ
Guy Lavender (WaveHub General Manager)

()

1
15
NaREC EMEC WaveHub
NaREC Initial Prototype Demonstration
1
EMEC Refined Prototype Testing
1
WaveHub Pre-Commercial Device Demonstration
1
Market entry with commercial product
1
Market Penetration
2) WaveHub
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National Renewable Energy Centre NaREC
22 11 12 14:00 16:00
NaREC Head Office
Eddie Ferguson House, Ridley Street, Blyth,
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Paul Parry (Business Development Executive)

Alan Walker (Business Manager - Technology Centres)
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£22.85M 30 BIS £18.5M ONE £4.35M
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PERFORMANCE ASSESSMENT
FOR WAVE ENERGY CONVERSION SYSTEMS IN OPEN SEA TEST FACILITIES
Draft Standard

1 General 5 Derived results
1.1 Scope 5.1 Data normalization
1.2 Normative References 5.2 Determination of measured power curve
1.3 Definitions 5.3 Annual energy production (AEP)
1.4 Symbols and units 5.4 Power coefficient
1.5 Abbreviations 6 Reporting Format

2 Test conditions 6.1 Description of WECS
2.1 Wave energy spectra 6.2 Description of test site
2.2 Test Site 6.3 Description of grid conditions

3 Test equipment 6.4 Description of test equipment
3.1 Electric power 6.5 Description of measurement procedure
3.2 Wave measurement 6.6 Presentation of data
3.3 Tidal stream and current measurement 6.7 Presentation of measured power matrix
3.4 Sea water density 6.8 Presentation of estimated AEP
3.5 Precipitation 6.9 Presentation of power coefficient
3.6 WECS system status 6.10 Uncertainty assumptions
3.7 Data acquisition system 6.11 Deviations

4 Measurement Procedure
4.1 Introduction
4.2 WECS operation
4.3 Data collection
4.4 Data selection
4.5 Data correction
4.6 Database

Draft Standard Assessment

EMEC
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Guidelines for Marine Energy Converter Certification Schemes

1 Scope
2 Normative references
3 Terms and definitions
4 Abbreviated terms
5 Criteria for acceptance of certification bodies
6 Management of certification system
6.1 General
6.2 Categories of certification
6.3 Agreement on certification
6.4 Security of relevant documentation
6.5 Maintenance and expiration of certificates

6.6 Periodicsurvey
6.7 Risk-based inspection

6.8 Withdrawal of certificate

6.9 Correctiveactions

6.10 Certificates and conformity statements

7 Extent of certification

7.1 Existing offshore and maritime standards

7.2 Risk-based approach
7.3 Typecertification
7.4 Project certification

Guidelines for Manufacturing, Assembly and Testing
of Marine Energy Conversion Systems

1. Scope

2. Normative references

3. Terms, definitionsand abbreviations
3.1 Terms and definitions
3.2 Abbreviations

4. Contract review

(including agreed inspection stages and certification)

4.1 Contract review
4.2 Contractual requirements
5. Manufacture and workmanship
5.1 Materials
5.2 Material handlingand forming
6. Welding
6.1 Weld procedures
6.2 Operator qualifications
6.3 Weld equipment
6.4 Weld consumables
6.5 Weld preparationand distortion
6.6 Weld monitoring
6.7 Post-weld heat treatment
6.8 Visual weld quality
7. Inspection and testing of welds
7.1 Non-destructive testing—general
7.2NDT procedures
7.3NDT operators
7.4NDT reports
7.5 Repair of reject welds
7.6 Proofload testing

8. Assembly
8.1 Fitters
8.2 Work environmentand tools
8.3 Assembly records
8.4 Hydraulicfitting
8.5 Pipingsystems
8.6 Testing of pressure containing assemblies
9. Electrical installation
9.1 Work instructions
9.2 Materials
9.3 Inspection
10. Surface coatings
10.1 Pre-blasting preparations
10.2 Paint requirements
10.3 Paint application
10.4 Repair and touch-up requirements
10.5 Certification requirements
11. Factory and acceptance testing
12. Certification

16



Tank Testing of Wave Energy Conversion Systems

1 Scope 7
2 Terms, definitions, abbreviations, symbolsand units
2.1 Termsand definitions
2.2 Abbreviations
2.3 Symbols and units
3 Purpose of testing
3.1 General guidance
3.2 Use of regular seas
3.3 Use of irregular seas
4 Recommended wave tests
4.1 Energy capture performance
4.2 Survival tests
5 Test equipment
5.1 Model design
5.2 Test facilities
5.3 Data acquisitionsystem (DAQ)
5.4 Calibration
6 Calculation procedures
6.1 General
6.2 Analysis of tank testing results
6.3 Extrapolation of results

Reporting

7.1 General

7.2 Purpose oftests

7.3 Facilities

7.4 Model

7.5 Waves and seaways
7.6 Data acquisition

7.7 Test programme

7.8 Dataanalysis

7.9 Extrapolation of results

Assessment of Performance of Tidal Energy Conversion Systems

1 Scope
2 Normative references
3 Terms, definitions, symbolsand abbreviations
3.1 Termsand definitions
3.2 Symbols and units
3.3 Abbreviations
4 Test conditions
4.1 Tidal energy conversion system
4.2 The test site
4.3 Local site considerations in resource assessment at the
pre-deployment stage
4.4 Data measurement of speed and direction at the resource
assessmentstage
4.5 Data analysis at the resource assessment stage
4.6 Transposing performance between sites and sea areas
5 Test equipment
5.1 Electric power
5.2 Tidal stream and current measurement
5.3 Seawater density
5.4 Tidal energy conversion system operational status
5.5 Data acquisitionsystem
6 Measurement procedures for TECS device performance
6.1 General
6.2 Tidal energy conversion systemoperation
6.3 Data collection
6.4 Data issues
6.5 Database

7 Derived results
7.1 General
7.2 Prediction of the power curve from
measurements
7.3 Power coefficient
7.4 Annual energy production
8 Reporting format
8.1 Description of tidal energy conversionsystem
8.2 Description ofthe test site
8.3 Grid conditions
8.4 Test equipment
8.5 Measurement procedure
8.6 Presentation of the data
8.7 Provision of estimated AEP
8.8 Presentation of power curve and coefficients
8.9 Uncertainty assumptions
8.10 Deviations

17



Assessment of Performance of Wave Energy Conversion Systems

1 Scope
2. Normative references
3. Terms, definitionsand symbols
3.1 Termsand definitions
3.2Symbols
4. Test site
4.1 General
4.2 Initial site selection
4.3 Bathymetricsurvey
4.4 Current measurements
4.5 Tidal height measurements
4.6 Current modelling
4.7 Wave modelling
4.8 Pre-deployment wave measurements
4.9 Incorporation of site investigation results
5. Measurements — general considerations
5.1 General
5.2 Method of comparison
5.3 Sampledurationand frequency
5.4 Simultaneity
5.5 Data recording
6. Wave energy conversion system power output
measurements
6.1 General
6.2 Definition of the wave energy conversion system for
electrical exportpurposes
6.3 Instrumentsand calibration
6.4 Wave energy conversion system power data
processing

7. Wave measurements
7.1 Specification of the wave field
7.2 Placement of instruments
7.3 Instrumenttypes
7.4 Wave buoy moorings
7.5 Specification and calibration of instruments
7.6 Wave data analysis and presentation
8. Meteorological measurements
8.1 General
8.2 Measurements of wind speed and direction
8.3 Measurements of temperature, pressureand
humidity
9. Calculation of performance indicators
9.1 General
9.2 Sensitivity of performance to factors other than Hs
and Te
9.3 Measured power matrix
9.4 Capturelength
10. Reporting
10.1 Purposeofreporting
10.2 Contentsofthereports
10.3 Frequency ofreporting

Guidelines for Health and Safety in the Marine Energy Industry

1 Introduction
2 The Nature of the Guidelines
3 Status of the Guidance
4 Further Information
5 Principles of Successful Health and Safety Management
5.1 Introduction
5.2 Legislative Requirements
5.3 Policy
5.4 Organising
5.5 Planning and implementation
5.6 Measuring and reviewing performance
5.7 Relevance of Occupational Health & Safety Auditable Standard
5.8 Risk Assessment
5.9 Management of Change
6 Legislation and Standards
6.1 Relevant Health and Safety Legislation
6.2 Relevant Standards and Guidelines
6.3 The Construction(Design and Management) Regulations 2007
7 Site selection, initial site investigation & planning considerations
7.1 Introduction
7.2 Site Selection
7.3 Site investigation
8 Design, Specification, Manufacture and Testing
8.1 Introduction
8.2 Site Specific Data Requirements for Safe Designs
8.3 Device Design Considerations
8.4 Design for Marine Hazards
8.5 Specifications
8.6 Manufacture
8.7 Testing
9 Installation, Commissioning and Decommissioning
9.1 Introduction
9.2 Planning, Communication, Co-ordination

9.3 Notification
9.4 Documentary control and Record keeping
9.5 Hazard Identification and Risk Assessments
9.6 Safe System of work
9.8 Information, Consultation, Training and Supervision
9.9 Competency and Fitness
9.10 Met Ocean Considerations
9.11 Safe Working Practices
9.12 Onshore Works
9.13 Safety Signs
9.14 Chemicals and Substances
9.15 Security
9.16 Occupational Health
9.17 Medical Facilities and First aid
9.18 Emergency Response Planning
9.19 Reporting and Investigation of Accidentsand Incidents
9.20 As built dataand the Health and Safety File
10 Operation and Maintenance
10.1 Introduction
10.2 Planning, Communication, Co-ordination
10.3 Documentary Control and Record Keeping
10.4 Safe Systems of Work
10.5 Information, Consultation, Training and Supervision
10.6 Maintenance Planning
10.7 Safe Working Practices
10.8 Safety Signs
10.9 Chemicals and Substances
10.10 Security
10.11 Occupational Health
10.12 Medical Facilities and First aid
10.13 Emergency Response Planning
10.14 Reporting and Investigation of Accidentsand Incidents
10.15 Safety Equipment
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Guidelines for Design Basis of Marine Energy Conversion Systems

1 Scope
2 Normative references
3 Terms, definitions and abbreviated terms
3.1 Terms and definitions
3.2 Abbreviated terms
4 Managing the design process
4.1 Quality assurance
4.2 The use of prototype components
4.3 FMEA/FMECA
4.4 Health and safety
4.5 Environmental impacts
4.6 Consultations, permissions and consents
4.7 Standard hierarchy
5 General description of device
5.1 General
5.2 Description of device
5.3 Design life
6 Environmental guidance
6.1 General
6.2 Bathymetry/coastal topography
6.3 Geotechnical considerations
6.4 Meteorology and climatology
6.5 Water level
6.6 Currents
6.7 Waves
6.8 Marine life
6.9 Sea ice and icebergs
7 Loading guidance
7.1 General
7.2 Design conditions
7.3 Design concepts

8 Fatigue design guidance

8.1 Fatigue considerations

8.2 Factors of safety for fatigue

9 Harmonic response

9.1 General

9.2 Forcing frequencies

9.3 Natural frequencies

9.4 Analysis

10 Material standards and testing

11 Corrosion protection

11.1 General

11.2 Concrete

11.3 Structural steel

11.4 Mooring system

12 Floating structures (and structures
floated during installation)

12.1 General

12.2 Stability of floating devices

13 Design of foundation and support
structure (if applicable)

13.1 General

13.2 Geotechnical design parameters

13.3 Design of pile foundations

13.4 Design of gravity foundations

13.5 Stability of seabed

13.6 Scour protection

14 Design of mooring system (if
applicable)

14.1 General

14.2 Mooring equipment

14.3 Loadings

14.4 Design of mooring system

14.5 Anchor design

15 Marine renewable energy converter
(electrical and mechanical design)
15.1 General
15.2 Definition of design environment
15.3 Design life of components
15.4 Electrical and control equipment
15.5 Mechanical equipment
15.6 Piping systems
16 Instrumentation and control systems
16.1 General
16.2 Definition of design environment
16.3 Design of systems
16.4 General requirements for control systems
16.5 Requirements for safety and business
critical control systems
16.6 Alarm and safeguards
17 Cable connection to shore
17.1 General
17.2 Installation
17.3 Loading
17.4 Design
17.5 Terminal boxes
17.6 Umbilicals and cables
18 Fabrication, manufacture and
commissioning
19 Deployment and retrieval
20 Maintenance, inspection and monitoring
20.1 General
20.2 Access arrangements
21 Decommissioning

Guidelines for Reliability, Maintainability and Survivability of
Marine Energy Conversion Systems

9 Design for reliability, maintainability and survivability

1 Scope

2 Normative references
3 Terms, definitions, units and abbreviations
3.1 Terms and definitions
3.2 Units and abbreviations
4 Importance of reliability, maintainability and survivability
5 Factors affecting reliability, maintainability and survivability
5.1 Technical and operational factors
5.2 Weather factors

5.3 Combining technical and operational factors with weather
factors

6 Defining reliability, maintainability and survivability targets
6.1 General
6.2 Availability target
6.3 Reliability and maintainability targets
7 Reducing reliability, maintainability and survivability risk
7.1 General
7.2 Scalability of the risk assessment methods
7.3 Typical output — written risk assessment
8 Setting a reliability, maintainability and survivability strategy
8.1 General
8.2 Balance between reliability and maintainability
8.3 Balance between reliability and redundancy
8.4 Incorporation of avoidance features

8.5 Typical output — written reliability, maintainability and
survivability strategy

10 Assurance requirements for reliability, maintainability and
survivability
10.1 General
10.2 Typical assurance process
10.3 Typical assurance tools
10.4 Typical assurance methodology
10.5 Evidence in support
10.6 Sources of evidence
10.7 Design review
10.8 Prediction against targets
10.9 Typical outputs — written prediction against targets with
supporting justifications
11 Potential tools
11.1 General
11.2 Failure modes effects and criticality analysis
11.3 Hazard and operability studies
11.4 Maintenance task analysis
12 Improving reliability from prototype and operational
feedback
12.1 General
12.2 Failure reporting and corrective action system
12.3 Datarecording and corrective action system
12.4 Lessons learned
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Guidelines for Project Development
in the Marine Energy Industry

1 Scope
2 Normative references
3 Terms, definitionsand abbreviations
3.1 Terms and definitions
3.2 Abbreviations
4 Stage 0 — Project development strategy
4.1 General
4.2 Outline project development strategy
5 Stage 1 - Site screening
5.1 General
5.2 Legislative and jurisdictional considerations
5.3 Technical and physical considerations
5.4 Environmental considerations
5.5 Health and Safety considerations
5.6 Site screening checklist
6 Stage 2 — Project feasibility
6.1 General
6.2 Technology selection
6.3 Feasibility assessment
6.4 Conceptual design
6.5 Health and Safety considerations
6.6 Financial assessment
6.7 Consultation
6.8 Commercial
6.9 Project feasibility checklist

7 Stage 3 — Project design and development

7.1 General

7.2 Environmental Impact Assessment

7.3 Project design

7.4 Procurement strategy

7.5 Health and Safety considerations

7.6 Consultation

7.7 Project design and development checklist
8 Stage 4 — Project fabrication and installation

8.1 General

8.2 Detailed design

8.3 Contract strategy and tender process

8.4 Project fabrication and installation

8.5 Health and Safety considerations

8.6 Consultation

8.7 Project fabrication and installation checklist
9 Stage 5 — Operation and maintenance

9.1 General

9.2 Operationand maintenance

9.3 Health and Safety considerations

9.4 Consultation

9.5 Operationand maintenance checklist
10 Stage 6 — Decommissioning

10.1 General

10.2 Decommissioning

10.3 Health and Safety considerations

10.4 Consultation

10.5 Decommissioning checklist

Assessment of Tidal Energy Resource

1 Scope
2 Normative references
3 Terms, definitions, symbols, conventionsand
abbreviations
3.1 Terms and definitions
3.2 Symbols and units
3.3 Conventions
3.4 Abbreviations
4 Project description
4.1 Involved parties
4.2 Previous work
4.3 Objective and nature of resource assessment
4.4 Specific or generic TECS characteristics
4.5 Extent ofarray
4.6 Site conditions
4.7 Constraints
4.8 Physical boundaries of assessment
5 Estimation of current speeds
5.1 Methods
5.2 Tidal harmonicanalysis
5.3 Modelling
5.4 Field study
6 Results presentation
6.1 Tidal harmonicanalysis
6.2 Hydrodynamic model
6.3 Transect survey
6.4 Staticsurvey

7 Data analysis
7.1 Velocity distribution
7.2 Maximum velocities
7.3 Tidalrange
7.4 Tidal ellipse
7.5 Power density
7.6 Extrapolation of data to a longer period
7.7 Comparison of model with static field survey
7.8 Comparison of static field survey and model with
transect field survey
7.9 Uncertainty analysis
7.10 External effects on tidal current speed
8 Mean annual electrical power
8.1 Definition and characteristics
8.2 Velocity distribution
8.3 Power curve
8.4 Mean annual electrical power
8.5 Annual energy production
9 Available and extractable energy
9.1 General
9.2 Site characteristics (energy extraction effects)
9.3 Resource assessment with farm method
9.4 Resource assessment with flux method
10 Reporting
10.1 Purpose ofreporting
10.2 Contentsofthereport
10.3 Frequency of reporting
11 Bibliography
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Assessment of Wave Energy Resource

1. Scope

2. Normative references

3. Terms, definitions, symbolsand units
3.1 Terms and definitions
3.2 Symbols and units

4. Overview of resource assessment procedure

5. Resource description
5.1 The directional spectrum
5.2 Time domain description
6. Measurements
6.1 Role of measurements
6.2 Wave measuring instruments
6.3 Spectral analysis
6.4 Data archive
6.5 Interpretation of measurements
6.6 Archivingstatistical analyses

7. Wave models
7.1 General
7.2 Role of wave models
7.3 Global models
7.4 Local models
7.5 Comparison with measurements
7.6 Interpretation of model results
8. WECS productivity calculations
8.1 General
8.2 Productivity calculations
9. Meteorological archive
9.1 General
9.2 Climate indices
10. Presentation of resource data
10.1 General
10.2 Contentsofthereports

Guidelines for Grid Connection
of Marine Energy Conversion Systems

1Scope

2 Normative references
3 Terms and definitions
4 Electrical parameters
4.1 General
4.2 Frequency
4.3 Voltagerange
4.4 Power factor and voltage control
4.5 Power quality
5 Protection
5.1 General
5.2 Protection at the point of connection
5.3 Electrical infrastructure protection
6 Electrical islanding
7 Earthing
7.1 General
7.2 Electrical infrastructure onshore
7.3 Electrical infrastructure offshore
7.4 Marine generators
8 Electromagnetic compatibility
9 Commissioning and Information
9.1 Commissioning
9.2 Information
10 Operation
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Guidelines for Marine Energy Converter Certification

Schemes
conformity evaluation
conformity surveillance
a) (Type certification)
b) (Project certification)
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2 3 4 Type
Design ) Manufacturing pe
Type testing ) characteristic
assessment evaluation
measurements
5
Final evaluation
6
Type certificate
6)) Design assessment
(2 Type testing
3 Manufacturing evaluation
(4) (Type characteristic measurements)
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6))

6

(Final evaluation)

(Type certificate)

(Project certification)
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