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Summary

This report aims to give an overview of the variswas/e energy and tidal energy test sites that éxikty as well as those that are
proposed for the near future. The various indepenfidl scale wave and tidal sites are describeggtioer with nursery and scale
sites. A description is also given of test sitescvtievice developers have created in order tahest own devices.

All the sites are described in terms of scale oficks tested, resource and met-ocean conditiofigstructure and services
available, licensing and permitting issues as \aslithe rationale behind the selection of the looatif each site. Finally the
importance of the spectral shape of the seawayaatvwenergy test sites is discussed as well asotheof test centres in the
development schedule of wave and tidal devices.
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Nomenclature

ADCP
AUV
AWAC
BIMEP
BS
DanWEC
ECN

EIA
EMEC
EPR
EPRI

ES
FEPA
FERC
FORCE
HMRC
Hs
IEA-OES
Kts

kv

kw

kwh
kW/m

LV
LVMS
MAREN
MCT
METCentre
M/S

MSL

MW
NaREC
NNMREC

Acoustic Doppler Current Profiler
Autonomous Underwater Vehicle
Acoustic Wave and Current

Biscay Marine Energy Platform
Bretschneider

Danish Wave Energy Centre

Ecole Central Nantes

Environmental Impact Assessment
European Marine Energy Centre
Ethylene Propylene Rubber

Electric Power Research Institute
Environmental Statement

Food and Environment Protection Act
Federal Energy Regulatory Commission
Fundy Ocean Research Centre for Energy
Hydraulics and Maritime Research Centre
Significant Wave Height

International Energy Agency- Ocean Energy Systems
Knots

Kilovolt

Kilowatt

Kilowatt Hours

Kilowatts per metre

Low Voltage

Low Voltage Marine Substation

Marine Energy

Marine Current Turbines

Marine Energy Test Centre

Meters per Second

Mean Water Level

Megawatt

National Renewable Energy Centre

Northwest National Marine Renewable Energy Centre
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NPS-KHPS
NRA
NREL
0O&M

OPT
ORPC
owc
PLOCAN
PM

PTO

PWP
RDA

REC
RITE
ROV

SAC
SCADA
SEAI
SEM-REV
SOEC
SWAN

Te

Tp

TPV

TRL

TT Centre
Tz

uuv
WAM
WEC

Navy Puget Sound-Kinetic Hydropower System
Navigational Risk Assessment

Neptune Renewable Energy Ltd

Operations and Maintenance

Ocean Power Technology

Ocean Renewable Power Company

Oscillating Water Column

Plataforma Oceanica de Canarias (Ocean Platform of the Canary Islands)
Pierson Moskowitz

Power Take Off

Pelamis Wave Power

Regional Development Authority

Runde Environmental Centre

Roosevelt Island Tidal Energy

Remotely Operated Vehicle

Special Area of Conservation

Supervisory Control and Data Acquisition
Sustainable Energy Authority of Ireland

Site d’Experimentation en Mer pour la Recuperatuion de I'Energie des Vague
Solent Ocean Energy Centre

Simulating Waves Nearshore

Average Energy Period

Peak Period

Third Party Verification

Technology Readiness Level

Tidal Testing Centre

Zero Crossing Period

Unmanned Undersea Vehicle

Wave Analysis Model

Wave Energy Converter



1 INTRODUCTION

1.1 ScoPE OF REPORT

This report will describe full scale wave and tigalergy test centres which have been set up to/éeistus devices and aim to
support device developers progression to commeatain. Nursery and scale test sites are alsoritbest Also discussed are
developer test sites which have been set up bycdaldvelopers to test their own devices. All thiessare described in terms of
their ability to support the development of devifresn laboratory tests to full commercialization.

1.2 AIMSAND OBJECTIVES
e To list the infrastructure and support service nexuents that test sites should have to enable tioefully support
device developers
e To describe the various wave and tidal energysiéess that exist or are proposed for the neardutu
* To give an overview of the device development safednd the test sites important role in devicesttgyment

1.3 DESCRIPTION OF TEST SITES

The requirement of test sites, in terms of whapsupservices and infrastructure they should prev@support the development
of devices is discussed. Full scale sites are iestin terms of the resource, infrastructure aeises, licensing and permits
and the reasons for the selection of the locatfogaoh site. Developer test sites are discussetbhss which devices have been
tested at these locations. The importance of tkeets shape of the seaway at wave energy test a&itd recommendations for
how to compare spectra at different sites is alsoudsed. Finally the role of test sites in thealigyment schedule of devices, and
which test sites should be used at each stagamiagd.



2 WAVE ENERGY TEST SITE REQUIREMENTS

The purpose of wave energy test sites is to makechnically and financially easier for device depers to carry out the
extensive and expensive full scale testing of devim real sea conditions. During open ocean g&ifndevices utilisation of
established test centres should reduce the chakefaging unproven heavy engineering operatiorseatas well as alleviating
permitting, licensing and conflicts with other niame users. Established centres should offer egsigrconnection that includes
performance monitoring instrumentation. Use of teatres could also satisfy the requirement for ratependent reviewer to
oversee and validate the data collection methogolibgs anticipated that service vessels and sttgpdustries will set up in the
areas around the test sites which will gain expesén their fields, from which device developeredd benefit from.

Full scale wave energy test sites should possessfdliowing in order to fully support device devp#’s progress to
commercialisation.

2.1 MET-OCEAN CONDITIONS

The site should have the correct met-ocean comditaj wave climate, water depth, sea-bed conditilmvg current, no ice etc.

The overall wave climate is required to probahideity estimate the deployment, recovery, serviteé maintenance windows and
seaway windows. Past data from the site for akbehgarameters should be available. In general thes wonditions should be
similar to those of the proposed commercial sites.

2.2 GRID CONNECTION

An electrical grid connection should be availalde full-scale pre-commercial devices. The connectioltage and power level
should be at an appropriate level and onshore &idyss with monitoring equipment should also beilalée. The test sites
should also provide convenient connection moorieghs for the straightforward deployment and recped devices.

2.3 WAVE MEASUREMENTS

Although the wave climate should have been estabdl prior to use of the site, real-time measurésrauring the sea trials must
be conducted. It is probable that this will be domea separate acquisition system so synchronisatith device monitoring is
essential. Attention should be paid to ensuretti@selected wave recorder and data rates are@gieoto the wave conditions
being monitored i.e. scaled in accordance to thecdewhile maintaining the requirements for acoira¢a state and spectral
definition. Different types of wave recorder candeployed but each should adhere to the same #@muisate and duration.
Ideally more than one directional recorder willdeployed on a station close to and up wind of éisé herth but unaffected by the
presence of the device or local topography andybagtry.

The wave data should show that no dead spot osgdwitin the wave environment is likely to be withi®d0Om of the WEC under
test. It should also show that the wave measuriagcd (used to record the water surface elevai®m@} a position where the
wave environment is the same at the mean positidcheoWEC. Consideration should be given to diffees in water depth
between the position of the measurement devicdlentVEC, as well as bathymetry induced fractiowaties from the data site
to the test sites and tidal current induced reifvacdf waves from the data site to the test site.

Actual sea state at the proposed test site shaulddasured by wave buoy or other device of at le@sparable accuracy, from
as early as possible in the development proce$sasible it should be done on a continuous basidihg up to and in any event,
throughout the test period. The wave measuringcgeghould record data that allow the directionalevapectrum to be

estimated.

2.4 METEOROLOGICAL AND CURRENT MEASUREMENTS

As well as past wave climate data used to assessuitability of a site, meteorological data andrent measurements should be
recorded simultaneously with the device testingttsat device performance can be compared to theittmmsl experienced.
Current measurement devices should be deployetiqdarly for devices with deep drafts) as appraf&ito allow for corrections
for current to be made to wave measurements. Whesémpractical to permanently site current measient devices, currents
should be measured at sufficiently regular intestalpredict the corrections required. Currentsighbe measured and averaged
over the top 2m depth of the water column or asiired to correspond to the approximate energy capnis of the WECS if
different.



The test site should be equipped with a meteorcddgitation or met-ocean buoy that will automatjcaécord the wind speed
and direction, wet bulb and dry bulb air tempereguaind barometric pressure at intervals of one taimaximum. Precipitation
rate may be measured over intervals of up to 3Qutas A meteorological station should be sitedess mo the offshore site as
practicable. The data may be recorded as a sdribfrty minute averages. It is important to syratise these different systems
to agree to tolerances. The principal guidelinedara acquisition should be to install as many @enas possible and gather as
much information as possible as certain parametesshave an effect on a device which may not hllyi clear.

Seawater density is a function of seawater temperasalinity and pressure (depth). Sea temperatutesalinity should ideally
be measured by the wave rider buoy(s) and corratteecessary to reflect the depth of the energytwra axis of the device
under test.

To distinguish measurements from dry and wet psripdecipitation should be monitored by the metlegjioal station or other
suitable means and documented in the test repatailk summary from hourly readings or similar wibble advantageous.

2.5 BATHYMETRY

The bathymetry of the test site should be surveysdisidescan sonar surveys carried out. Theseestimatrthe test area is free
from obstacles or uneven seabed topology that cbeldconsidered to distort or interfere with wavensistency or WEC
performance.

2.6 PROXIMITY TO SUPPORT FACILITIES

The site should be easily accessible with suittdaleel and communication infrastructure. The shiewdd be close to a service
port and access harbour. These ports should atbowthé local launch and recovery of the device$ witharbour nearby which
can facilitate service vessels. The site should &ks close to experienced marine engineering yaiitts mobile operating
capability. If testing of a number of devices orags is to take place then local fabrication féed may be required as the
transportation of a large number of devices maybedieasible.

2.7 LICENSING AND PERMITS

One of the main benefits of test sites is that tteay provide a pre-consented testing area whialcesdthe amount planning and
licensing that device developers have to undertkes can save both time and money. Test sitegfiier should have in place
simplified licensing and consenting regimes. Asidew are likely to be tested in the open oceartHerfirst time at test sites,
there should be an environmental monitoring prognanin place so that the effect of the devices enahvironment and the
effect of the environment on the devices can uly fuhderstood.

2.8 ONSHORE MONITORING FACILITIES

As well as measuring as many parameters as postabtesites should have adequate onshore-datirecéacilities which will
allow for the synchronisation and storage of theadar analysis. Onshore facilities should be iacgl to monitor the power
output to the grid for comparison with the measused state and device parameters. As there areies s test centres
established it could become customary to use ni@ne dne test centre during a devices passage fresprpduction through to
pre-commercial stage. This may be required tofgdiigure clients of the product that the publisheiformance figures for the
WEC are intersite portable. Therefore common mettoades for the testing of devices should be ircelacross different test
sites that facilitate the comparison of differeavides tested at different sites.



3 EMEC WAVE ENERGY TEST SITE SCOTLAND

3.1 INTRODUCTION

The European Marine Energy Centre(EMEC) on the &ykKslands in Scotland, is one of the first wellagdished and grid-
connected test sites within Europe and is the @irs in the world to create a test base for tida wave energy devices [1].
EMEC is considered to be a representative sitthiddeployment of wave energy converters off thetweast of Scotland.

.‘ ‘lh

‘ . m.ﬁ,
4 *

L Jh

N @5 Ty T
C

Figure 1 EMEC wave energy test site with Pelamis on test

It was established in 2002 to create a North Altatgtst base for both tidal and wave energy aétiwitConstruction of the wave
test facility was completed in October 2003 andabes operational in August 2004, when Pelamis WagelP (PWP) installed
their ‘Pelamis 750’ device on site for full scaéssting. During 2005 AW Energy from Finland undekt@tand alone mechanical
testing in the shallower waters at the test site.

Aquamarine Power officially launched their nearght®yster’ device on 20 November 2009 at EMEC. $heond generation
device built by PWP arrived in Orkney in July 20&40d has successfully completed the first phase plaaned work-up

programme. E.ON have deployed the first Pelamidd®2ce and Scottish Power Renewables will be dépdpa second Pelamis
P2 device on an adjacent berth in 2011[2].

EMEC's facilities are based in and around the t@frstromness on the southwest side of Orkney. Thi roffice and data
centre overlook Stromness harbour, which offerdlifies close to the sheltered deep water anchoodg&capa Flow. A regular
ferry service is operated from the mainland to ®tmess with sailings up to 4 times a day. Stromiedb miles away from
Orkney’s capital, Kirkwall, from which there areilgdlights to the mainland [2].

3.2 RESOURCE

The data presented in Table 1 and Table 2 is basedpreliminary survey carried out in 2001. Thisliminary survey estimated
the wave energy resource at EMEC to be 21kW/mAlore recent analysis of the wave energy resowas conducted in
2010[3] based on modelled wave data. It found #tdhe 50m deep water berths the net wave enesgpyiree is 22kW/m. The
report also found that there is significant shelgrof the site by the Outer Hebrides and Scottiginland which reduces the
wave energy resource by about 20% compared to exguesed sites on the western coast of Scotland.



Table 1 Joint probability diagram (Hs and Tz) for EMEC [1]

Hs\Tz| <3 35 4.5 55 6.5 7.5 8.5 9.5 105 | 115 ] 125 ] 135 | 145 |Sum_|Tz aw |dP
0,25 2653 | 3618 | 1943 | 791 356 250 137 31 2 9781 489 002
0.75 2273 | 9363 | 5794 | 2063 | 734 182 85 40 2 20535] 505 034
1,25 453 | 6484 | 6977 | 2046 | 1131 | 328 106 38 9 7 2 18481 5.48| 0,93
1,75 130 | 2035 | 7652 | 2823 | 1029 | 352 139 21 0 5 14185] 5,81] 1,48
2,25 268 | 5405 [ 38635 | 1051 319 184 66 1 11190] 6.20] 2.06
2,75 26 1135 | 5072 | 1135 [ 234 137 52 17 2 2 7812] 6.65) 231
3,25 5 137 | 3278 | 2002 | 250 106 35 19 7 5833 7.01] 254
3.75 14 713 | 2714 | 415 92 14 9 2 3973] 749 246
4,25 57 1725 | 330 94 40 19 0 5 = 2495| 7.88] 2,09
4,75 7 430 861 118 26 14 5 1461) 835 1,62
9,25 45 T67 144 3 5 992] B8.68] 140
575 0 267 255 7 2 5 533] 905 094
6,25 2 5 54 227 14 5 307] 935 0,66
6,75 5 5 142 80 5 23r] 9821 0862
7.25 66 111 2 173 10.15] 0.56
775 3 109 2 2 144] 10.33) 0,53
8.25 7 3 21 53] 10.74] 025
8,75 26 26 52| 11,00 0,26
9,25 2 19 5 28] 11.62] 015
9.75 14 2 16] 11.63] 0.10

10.25 7 2 9] 11.72] 007
10,75 2 2] 1250 0,02
11.25 5 3] 12.50] 0.05
11,75 0

Sum 0 5509 | 21819 [ 20057 [ 21590 [ 12302 [ 4834 [ 2070 [ 774 197 50 17 9 98318 | 2148

3.3 MAIN SITE CHARACTERISTICS

The summary statistics for the EMEC wave test @itgble 2) are based on a preliminary survey camigdin 2001. The water
depth is that of the test berths and EMEC mentépasately that the 50 year design wave heighteasitie is 15m. A description

of the sites infrastructure and services offere@EMEC is given in Table 3.

Table 2 Summary Statistics of the EMEC Wave Site[1]

EMEC Wave Site

59.00N 3.66W

Design significant wave height Hs14-15

Design zero crossing period Tz

Max wind speed

Max current speed
Max high water level

Min low water level

Maximum ice thickness

Wave power annual average

14

2.5
-1.7

21

(m]
[sec]
[m/s]
[m/s]
(m]

(m]

(m]
[kwWim]




Table 3EMEC wave test site Infrastructure and Services

EMEC Wave Site

Scale

Water Depth
Site Area
Berths

Grid
Connection

Wave Data
Collection

Weather Data
Collection

Other Data
Collection

Substation/
Onshore
Monitoring

Full Scale Prototype

35-75m

5kn?

Four (5SMW each), located on 50m contour. 1-2kmtuffs.

20MW. Four 11 kV subsea cables extend to 50m wdepth, 1-2km from the shore and 0.5km apart.
The cables are wet-type composite cables consistirthree 120mmEPR-insulated stranded copper
power cores designed for AC, three 2.5muopper signal/pilot cables and a 12 core singlderfibre
optic bundle. The cable is then armoured with tayels of galvanised steel wire. The wave site cable
conductor is 50mfgiving a nominal rating of 2.2MW.

At the substation each cable terminates at an 1dikdit breaker along with the tripping circuit. &h
fibres are terminated in the communications argh@ftubstation.

At the seaward end, each cable is capped usingshaak caps and is fitted with a cable sock anaybu
to allow retrieval to the surface. Developers ithstheir moorings, cable connection and then the
generating device and use umbilical cables to lattaeir device to the cables.

Main wave measurements are carried out using twtavdl directional waverider buoys which
continuously measure the significant wave heightgrgy period, mean direction and wave power as
well as GPS position and sea surface temperature.

A radio link provides a continuous feed from theyiack to the main data centre where it is reabrde
on SCADA. The SCADA system also provides a drifiral for each buoy using GPS. Data has been
obtained since October 2002.

An onshore Met station provides real time weattaagdwhich is sent to the data station. Informatson
fed into the SCADA system and made available tal@llelopers. The following is recorded:

* Mean wind speed and wind direction every 5 minutes.
* Mean air temperature, relative humidity, rainfalbabarometric pressure every 30 minutes.

e Over 24 hours: Average, min and max air temperatwlative humidity, total rainfall, mean
wind speed, direction and average barometric pressu

ADCP’s at the site provide secondary waves measemerand current measurements. An onshore
former coastguard observation point has been ctet/éo house cameras for monitoring activitiesaiut
sea. These can be remotely controlled from the EM&®@ centre.

EMEC has office and data acquisition facilitiesgliming areas dedicated to specific developers in
Stromness. Fibre- optic and VHF networks provideettepers with direct access to their devices.

The onshore substation connects to the nationél ghis substation houses the main switchgear,ugack
generator and communications room, for supply freach offshore device to the national grid. It
provides isolation switching for the devices untist and operates as an interface between EMEC and
UK Grid. The electrical output performance of eaélthe devices is measured by equipment within the
substation and transmitted to the data centre. fdetdata is also provided to the developer through
SCADA and the power data is logged in the datahest for historical trends.

A two-way flow of information between devices undest, environmental monitoring equipment and
EMEC'’s data centre is maintained using the SCAD#teay which allows the devices to be controlled
remotely, real time monitoring of their performarened round-the-clock assessment of their operating
environment. The data is transmitted to the EME@ dzentre via a fibre optic system. It gives the
developer control of the high voltage circuit breakeeding their device, for isolation purpose oitly
also provides information on the health of the m&jistems, including the 11 kV and communications
networks. All data is logged and archived to re¢eeggh standards.




3.4 LICENSING AND PERMITS

EMEC applies for the necessary licenses to depfopehalf of client developers. To facilitate thisIEC has produced a set of
EIA Guidelines for developers to follow. The purpasf these guidelines is to encourage and assistiafgers to consider, as
fully as possible, the range and scale of impaptssitive as well as negative - that might resulif the testing of their devices at
EMEC. The process requires developers to produdenaimonmental Statement (ES) along with a Navigal Risk Assessment
(NRA), Decommissioning Plan and a Third-party Viedtion Report (TPV) [2]. EMEC then uses this doeuwtation to
accompany the appropriate license applications.

During the setting up of the EMEC facilities, Emonmental Impact Assessments (EIAs) were perforredhie wave and tidal
sites. In 2002 the EIA for the wave site concludeat the site displayed a typical diversity for lidgation, with no particular
sensitivities [2].The range of environmental isswhich need to be addressed will therefore be &lmtthe industry as a whole.

3.5 REASON FORTESTING AT THISSITE/ RELATIONSHIP TO DEVELOPMENT STAGES

As EMEC is a commercial scale site it can be usedevelop devices from Stage 4 of the developmbas@ and in particular
TRLS, the solo testing of a full scale prototypemiay also be used for Stage 5 TRL9 developmergeptesting of multi device
arrays at an exposed ocean site. According to EMEGite can be used for TRL stages 7-9: Systerdatadn. With TRL 7-9
system validation consisting of the following

e TRL 7: System prototype demonstration in an openati environment
e TRL 8: Actual system completed and service qualifterough test and demonstration
e TRL 9: Actual system proven through successful imissperation

EMEC is the world’s first full scale grid connectegbt site and as a result has, at this stage, exgerience that others in the
testing of full scale devices.

3.6 REASON FOR CHOOSING THISLOCATION

The location around Orkney was chosen becauseeopribximity of a good wave regime, strong tidalreuts, grid connection
and sheltered harbour facilities [4]. The good warergy resource at the site is considered to fresentative for wave energy
converters off the west coast of Scotland.

3.7 RELATIONSHIP WITH SCALE/NURSERY SITES

EMEC has recently developed Nursery sites for ke and tidal devices. The Nursery wave site ¢eetion 12.3) is intended
to allow developers to trial scale devices, as aslfull size prototypes, in less challenging smaddions than those experienced
at the full test site. The nursery site may thexefme used as a precursor to deploying full scelécds at EMEC.



4 WAVEHUB ENGLAND

4.1 INTRODUCTION

The WaveHub test site is a project in Cornwall &etest England, the location of the WaveHub is shawFigure 2. It is
intended to be the UK'’s first offshore facility fdemonstration and proving of the operat|on ofy.mm‘ WEC s.
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Figure 2 Location of WaveHub site [5]

The test site includes a 12 tonne ‘Hub’, showniguFe 3, which was installed in 2010. This ‘Hub’liwhake it possible to test
four different technologies with grid connectionstlze same time with each developer able to leaBenax 2 km sea area for
testing prototypes for a period of 5 years or mote site will initially operate at 11kV, but coubd upgraded to 33kV with each
developer being allowed to generate a maximum 54 of power (20MW total capacity). This can be tgdpd up to 50MW
of generating capacity in the future once suitalolmponents for operating the cable at 33kV have leeeloped [5]. WaveHub
will itself collect data on the strength of incomiwaves and purchase the electricity from testiegetbpers [1]. A schematic of
the WaveHub site is shown in Figure 4.

Figure 3 WaveHub subsea connector prior to deployment [5]
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Figure 4 Schematic of WaveHub development [5]

WaveHub was first conceived in 2003 when the SaM#st RDA (Regional Development Agency) consideréiciv emerging
renewable energy technologies would present thedmsortunities for economic growth in South Wesgknd. A good wave
climate and the available capacity in the eleckriral near the coast, made the concept of a céedagrid connected site for the
demonstration of wave energy devices the mostcdttea proposition as part of a wider UK offer toetimarine renewables
industry. Scoping and technical feasibility studiéshe concept looked at options for site locatiengineering considerations,
legal and permitting issues as well as the businass for WaveHub. The project received its necgssansents from the UK
government in the autumn of 2007 and was deplogeitheé summer and autumn of 2010. WaveHubs firstoousr is Ocean
Power Technologies (OPT) [5] which intends to dgma array of up to 5SMW of its Powerbuoy technologlyased over several
years.

4.2 RESOURCE

The average annual wave energy resource at the Nvavsite is 17 kW/m [1], a scatter diagram is showable 4. A 2006
study by the Halcrow Group estimated the annuataaee wave energy resource to be between 16.9 ® KM/m at the
WaveHub site[6]. This was based on a combinatiomadelled wave data and recorded wave data froomeaoby locations.

Table 4 Joint probability diagram for Wave Hub all direct®all year (2005-2006)[1]

Hs\Tz] 45 55 65 75 85 95 105 115 125|Sum [Tz aw |dp
0,25 3 9 5 2 19|
075 571 95 56 16 2 226| 5.66] 042
125] 21 120/ 68| 35 8 9 1 2571 612] 144
1.75 67| 80| 38 17 6 3 1 212 669 255
225 11 61 29 14 5 1 121] 7.04] 253
275 2711 28] 12 3 1 1 70| 747] 232
3,25 3| 20/ 14 G 1 43| 8.06] 215
3,75 o 11 4 2 26| 846] 182
4.5 1 5 E 1 1 1| 914 107
4.75 3 2 1 6] 9.17] 073
505 2 E 1 6| 933 091
575 7 1 3| 983 057
6,25 1 1| 950 022

Sum 81l 302 301 176l 88 31l 13 2 1] 1001




4.3 MAIN SITE CHARACTERISTICS
The summary statistics for the WaveHub site arevshia Table 5, with a description of the sites @asfructure given in Table 6.

Table 5 Summary Statistics of the Wave Hub site [1]

Wave Hub 59.36N 5.67W
Design significant wave height Hs14 .4 [m]
Design peak period Tz 14.1 [sec]
Max wind speed 33.2 [m/s]
Max current speed 3.8 [m/s]
Max high water level 4 [m]

Min low water level -4 [m]
Maximum ice thickness — [m]

Wave power annual average 17 [kw/m]

Table 6 Wave Hub Site Infrastructure and Services

Wave Hub

Scale

Water Depth
Distance to
Shore

Site Area
Berths

Grid
Connection

Wave Data
Collection
Weather Data
Collection
Other Data
Collection
Substation/
Onshore
Monitoring

Prototype Scale
50m
16km

2km x 4km
Up to four connected at one time (4-5MW each)

Wave Hub is connected to shore via an armouredesubable which consists of twin 300mB8kV
power triads and fibre optic cables. The cablesiminated onto two isolated busbars within the hub
chamber on the seabed and each busbar will sewiderthing areas via four 300m ‘tails’, one for
each berth, made up of three core 126r8B1kV cable, operating at 11kV. Each customer gothnect

to the WaveHub by means of an umbilical that with from the lead device of each array to an 11kV
dry-mate connector on one of the WaveHub tails. Raiéof the connector is fitted to the cable taid

the other half will be issued to the WaveHub cugtorifhe connectors provide both electrical andefibr
optic connection. Grid connection is via the Weast@ower Distribution substation at Hayle. The
WaveHub system will operate initially at 11kV, cafmof delivering 16-20MW of power. However
once the industry has developed subsea compor@mm@8KV operation the system can be run at 33kV,
allowing WaveHub to accommodate up to 50MW of desic

Wave Data collected since 2005 [7]

Nortek Acoustic Wave and Current (AWAC) instrumetdployed since 2008[7]. AWAC measures
directional waves, directional current profile amater levels.

Onshore control room at Hayle.

WaveHub’s subsea cable connects to a new elegtsiglistation at Hayle on the north coast of Corhwal
via a pair of 400mm33kV onshore cables on the beach. The substatiampises an 11kV/33kV
transformer with associated switchgear and powetofecorrection equipment to ensure delivery to the
grid within specification. Control and monitoring wave energy devices is performed remotely via
fibre optic cables within the main cable. Power eniey is performed at the lead device on each array
and at the substation exit breaker.




4.4 LICENSING AND PERMITS

WaveHub has the necessary consents and permitgp far 20MW of wave energy generation and holds &6 lease of 8 sq
kms of seabed from The Crown Estate. WaveHub wiingan underlease to customers for a term to beedg A berthing
agreement will set down the respective respongdsliof WaveHub and its customers. Key points ftbe berthing agreement
will include:

e WaveHub will insure the WaveHub system

« WaveHub will enter into a Power Purchase Agreenesell the electricity from the project into th&KWrading system
and will pay the proceeds to customers in proportiotheir generation

* WaveHub will provide validated data on the prevajlivave resource

e WaveHub will co-ordinate collection of data to meavironmental monitoring obligations

« Customers will be responsible for insurance of desj moorings and connecting cables, includingl tharty liability
»  Customers will be responsible for decommissionihtheir devices and associated equipment [5]

WaveHub also has a licence for the installatiothef ‘Hub’, its subsea cable and the stabilizatiod protection of the cable by
rock dumping. Customers coming to WaveHub needptolyafor their own FEPA (Food and Environment Petittn Act)
licences. WaveHub say they will advise and supfi@$e applications which will be able to draw oa éxisting environmental
and other baseline data [5].

A continuous environmental monitoring programmel viié managed by WaveHub in partnership with itstmugrs.UK
legislation allows for areas of sea surroundingtrictions to be closed to navigation up to a maxmmadius of 500 metres.
WaveHub has been granted a safety zone of thisas@mend the hub unit [5].Customers may need toyafipl separate safety
zones around their devices, which WaveHub say theyassist with.

4.5 REASON FOR CHOOSING THISLOCATION

The Cornwall location of the WaveHub was choseit bas a long coastline facing the Atlantic, a goesource of between 20-
40kW/m, without extreme winter storms. The Southsi\&f England also has strong 400kV and 132kV etggt networks near

the coast. There is also existing relevant tectregpertise in the region and the combined expertittwo universities in

Cornwall. The WaveHub project also has the backiihthe south west of England regional developmegehay and other public
bodies.

A 2008 study by Garrad Hassan [8], found that thelability of ports for assembly, deployment an&® activities should not

be a barrier to developments in the South-West wgla range of appropriate facilities are availaflbe study also found that
due to anticipated generation facilities cominglioe-up to 2014, the gird in the southwest of Endlahould be capable of
accommodating somewhere in the region of 250MW enf igeneration. Therefore in the short term thelabks capacity that

exists within the distribution and transmissionwak should allow a number of small (<20MW) progend possibly a few
larger (<50MW) projects.

The study found that the nearby area is subjestgiificant levels of maritime traffic, commerciidhing and military exercise
activity. The coast adjacent to the offshore stadya is of importance both ecologically and alsaraarea of significant leisure
activity. It concluded however, that none of thésetors have been found to preclude the developwiewave energy projects
within the offshore study area although any propgasevelopment will be subject to significant sanytand the impact of the first
developments will have a direct bearing on whetbire developments obtain consent.

4.6 ADDITIONAL | NFORMATION

In March 2011 the Falmouth Harbour Commissionetsstied a license application for a nursery wavergy test site in
Falmouth harbour. Known as ‘FabTest’, it would alldevelopers to undertake tests to investigatetstral integrity, response
behaviour, mooring/umbilical behaviour, subsea comgmts, monitoring systems and deployment procedureanoderate sea
conditions before deploying their devices in mamnergetic offshore seas at WaveHub[5]. WaveHub gquartmer in the project.



5 BIMEP SpAIN

5.1

| NTRODUCTION

The Biscay Marine Energy Platform (BIMEP) test sitdocated off the coast of the village of Armiatan the municipal area of
Lemoiz, some 30 kilometres north of Bilbao in thesBue Country, Spain. The location of the siteelation to Bilbao and Bilbao
harbour is shown in Figure 5. A wave energy tet wias desired in the Basque country in order twige infrastructure for
research, demonstration and operation of offshoag@\Energy Converters which would place the Basguatry at the forefront
of marine energy and create a technological andsim@l cluster around the industry. The site ie do be operational in the
second half of 2011. The sites proximity to therasgharbour and other onshore infrastructure felbswvs:

Distance to large town: 30 km

Distance to nearest airport: 24 km

Distance from nearest service port to site: 18km

Distance from nearest access harbour to site: $raddour at 2km, larger ones at 11km and 18km.
Distance from site to shore: nearest point: 1km

Distance from closest test berth to shore: 2km [1].

Armintza Lemuoiz

Bilbao
Harhour

Figure 5 Location of BIMEP test site [9]

5.2 RESOURCE

The average annual wave resource at BIMEP is 21kY¥Jmvith a scatter diagram shown in Table 7. Hoere¥arraga and
Amezaga state a higher wave energy resource faitdat 24kW/m[10].



Table 7 Joint probability diagram (all year, all directigrier the BIMEP site [1]

Hs\ Tz 5 7 9 11 13 1€ 17 19|Sum Tz ave |dP

0.75| 0,017) 0,025 0,009] 0.002| 0.00C| 0.00C| 0.00Q 0,052 6.79] 0.12

1.5| 0,098 0,327 0,165/ 0,058 0,00¢| 0,001) 0,000] 0,000 0657| 7,56 6,57
8,83

25| 0,000] D,085| 0,084 0,037 0.018] 0,004] 0,000 0,000 0,208 L 6,75
3.5 0,010{ 0,030| 0,007 0.006| 0,004] 0,001 0,058 9,66 4,01
4.5 0,000{ 0.012] 0,004] 0.001] 0,001] 0,001 0,020] 10,20] 2.43
5.5 0,007] 0,003| 0.000| 0,000] 0,000 0,005] 10,48| 0,85
6.5 0,000] 0,00C{ 0,000 0,000) 12,85] 0.12
7.5 0.00C{ 0.000 0.000] 14.33] 0.01
Sum 0115 0447 0,279 0,111[ 0,035[ 0,010 0,002 0,000 1,000 20,87

5.3 MAIN SITE CHARACTERISTICS

The summary statistics for the proposed BIMEP weamergy test site are shown in Table 8 with a dpsori of the sites
infrastructure given in Table 9. A schematic otimifrastructure is shown in Figure 6.

Table 8 Summary Statistics of the BIMEP [1]
BIMEP 43° 28'N 2°51'W

Design significant wave height Hs11.54 [m]

Design peak period Tp 154 [sec]
Max wind speed 47 [m/s]
Max current speed 14 [m/s]
Max high water level 5.37 [m]
Min low water level -0.49 [m]
Maximum ice thickness - [m]
Wave power annual average 21 [kW/m]

Figure 6 Schematic of BIMEP test site [9]



Table 9BIMEP Infrastructure and Services

BIMEP

Scale
Water Depth

Distance to
Shore

Site Area
Berths

Grid
Connection

Wave Data
Collection

Weather Data
Collection

Other Data
Collection

Substation/
Onshore
Monitoring

Full Scale Prototype

50-90m. The seabed material consists of sedimemeterial filling an old river bed, composed of
gravelly sand to sandy gravel grain size sedimerigtween rocky outcrops.

750m Offshore

4km x 2km

Four 5MW submarine cables link to the onshore siiost with four connectors. Possible for different
devices to be connected.

The WECSs can be connected to the grid by meansbefths of offshore power connection points, one
for each of the 4 export power cables. Each coioreqgtoint consists of a 13.2 kV and a 5 MW
submarine junction box, allowing several WECs tacbenected to a single power cable. The berths are
designed for easy connection /disconnection of WECs

The four 13kV/5MW underwater power cables are ado8+bkm in length and are deployed from the
onshore substation to each of the four junctionelsoX he cable consists of three copper power cores
and several fibre optic lines for communications.

A directional wave buoy (WaveScan from FUGRO:Ocepi@as been deployed at the site. It can
transmit real time data and store Spectral datatwban be obtained from the measurements of the
buoy.

An Oceanographic Buoy is located in the middle hleé site. This scientific buoy contains multiple
sensors measuring a wide range of meteorologichlogeanographic parameters (weather data, wave
height, period direction, current speeds etc). Biney transmits this data in real time to the reseand
data centre. It has been installed since Februz09 £9].

The following is the onshore infrastructure at BIME

« Onshore substation containing the electrical ptatecdevices and the measurement and
communications systems of the four power cabldsasta 13/30kV 20MW transformer to feed
the power generated by the WECSs to the local 30k, g

* A research centre provides developers with allfudlities to support test activities and also
house scientific activities related to wave enesggh as environmental monitoring, site wave
potential modelling and equipment optimization

5.4 LICENSING AND PERMITS

The licensing process for the site is underwayhasapplication for permits covering the environmaén¢lectrical and maritime
usage of the site have been submitted to the nel&S@anish authorities.

5.5 REASON FOR CHOOSING THISLOCATION

The location for the BIMEP site was chosen as ibnie of the areas on the Basque coast with theekiglvave resource
(21kwW/m). It is very close to Bilbao harbour (18kamd the city of Bilbao (30km) as well as the \giaof Armintza-Lemoiz
which is the subsea landing point. This town presidjood road access and a nearby coastal utililyvgth 132kV 20MW
capacity. According to BIMEP the offshore site does conflict with any environmentally protectectas and the site is close to
an open sea location which would allow for a futex@ansion of the infrastructure [9].



6 SEM-REV FRANCE

6.1 INTRODUCTION

The proposed SEM-REV (Site d’ Experimentation err [deur la Recuperation de I'Energie des Vagues3haffe test site is
being developed jointly by the Ecole Centrale Nar(teCN), the French National Centre for ScientRiesearch (CNRS), the
Pays de la Loire Region and the French State. TH-BEV test site consists of an offshore zone iditly oceanographic
monitoring instruments, sub-sea equipment and b hatage cable linked ashore. SEM-REV has beedewelopment since
2007 and plans to be fully operational in summet12Qt is located off the west coast of Francehia Pays de la Loire region
100km from the city of Nantes and approximatelyrhSkom the town of Le Croisic, as shown in Figure 7
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Figure 7 Location of the SEM-REYV test site [11]

P2

L

1

6.2 RESOURCE
The wave energy resource at the site was estintgtddouslim [12] to be 14.4 kW/m. This was basedaomndcast covering 23
years with a time step of 3 hours. The sea stataercences at the SEM-REV based on this 23 yearchstds shown in Figure 8.
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Figure 8 SEM-REV sea state occurrences [12]
6.3 MAIN SITE CHARACTERISTICS
A description of the infrastructure that is propbs¢ the SEM-REYV site is given in Table 10
Table 10SEM-REV Infrastructure and Services
SEM-REV
Scale Full-Scale Prototype
Water Depth 35m
Distance to Shore  15km Offshore
Site Area 1km x 1km
Berths Three
Grid Connection 20kV connection
Wave Data 2 directional waverider buoys will be used to meaghe wave fields(Figure 9)
Collection
Weather Data An offshore weather and HF transmission buoy walasure the metocean conditions (Figure 9)
Collection
Other Data A matrix of current profilers will measure the cemts as well as providing reconstruction of the
Collection wave data (Figure 9)
Substation/ The SEM-REV substation will assess the WEC powedpction. The power quality will also be
Onshore assessed at the same point. Sea state measuravilebesrelated to the real time monitoring of the
Monitoring power quality and the energy flux
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Figure 9 Location of Oceanographic sensors at SEM-REV [13]

6.4 LICENSING AND PERMITS

It is proposed that the SEM-REV permitting procedballow for a consented zone with pre-arrangednpits which will enable
developers to deploy easily at the site once thegtrthe sites requirements.

6.5 REASON FOR CHOOSING THISLOCATION

The proposed SEM-REV site is close to Ecole Cemtidé Nantes (ECN) where wave energy technologyarelseand
development has been carried out for more tharyéans[14]. It is also close to heavy marine engingeinfrastructure and
suitable port for deployment and O&M, at St Nazaire



/ BELMULLET |IRELAND

7.1 INTRODUCTION

The Sustainable Energy Authority of Ireland (SEAIan to develop a National Wave Energy Test sitated off the Annagh
Head west of Belmullet. This site will provide gddnnected moorings for wave energy devices faingén the open ocean. It is
proposed to operate the site for 20 years withagsvonsite intermittently throughout the year. Tdwation of the site together
with a schematic of the infrastructure is showiigure 10.

S

MULELET PENINSULA

ANNAGH HEA

Figure 10Location and schematic of Belmullet test site [15]

It is envisaged that the site will be operatioms2012 based on the following development schedule:
e July 2011: Decision on granting of Foreshore LeawkPlanning Permission
e Summer 2012: Installation of sea bed cables anglipgs
e September 2012: Completion of construction of satiist and turbine house
e October 2012: Test site ready for first full scai@ve energy converters

Frenchport on the Annagh Peninsula has been ighti§ a possible location for launching and lagdiatilities for boat services
to the test site and the construction of a slipadjacent to the existing pier is being consideteis. also thought that Killybegs
harbour in Donegal will act as a support base &tivities requiring larger vessels.



7.2 RESOURCE

A scatter diagram for the area off the Belmulleastos shown in Figure 11. It gives the averagaiahwave energy resource in
this area as 72kW/m based on WAM model data froB718994. A more recent study by Numerics Warehdoisthe SEAI[16]
based on 15 years of modelled weather and waveada&ssed the wave climate specifically at the S&silsite. It found average

annual wave energy resource at the deep water (Ll@@ation to be 70-75kW/m and at the mid-wateat@n (50m depth) to be
55-60kW/m.

Bivariate Frequency Table of (Hs,Te)

LOCATION: ATL.23 BELMULLET (54°N;12°W)
DATA: Directional spectra from WAM (1987 - 1994)
SEASON: Annual

Hs\ Te] 2.5] 3.5] 4.5] 5.5] 6.5] 7.5] 8.5] 9.5] 10.5] 11.5] 12.5] 13.5] 14.5] 15.5]Sum |Acc |Te avedP
0.25 o o 0,00
0.75 1| s 8 1 13 13| 7.04] 003
1.25 a| 28] 44| 23] 7 110] 123 7.44] 063
175 a| 38| 28] 45| 24] 5 168] 201 7.82] 198
2.25 1| 2a] 37| 30| 33| 14| 3 146] 437| 8.32] 3.03
275 7] 34| 30| 25] 18] 6] 121] 558 870 396
3.25 1] 16| 28] 20 18] o 1 03| 651] 024 447
3.75 ol 4] 21l 17] 15| 12 5] 1 75 726 089 514
4,25 1| 14| 19] 14| 10| 85| 2 65 791/ 10.13] 5.86
475 ol 4] 15] 14| 10| 5[ 3 51 8421062 6.02
5 25 ol 1| o 3] o 4| 2 1 30| 8811091 578
5.75 ol a3 11 o 5[ o 1 31 012[11.34] 572
6,25 2l 7] 6 5 2] 1 23| 935 11.54] 511
6.75 nERE 16] 951[ 11.04] 429
7.25 o 4 3 2 1 12| 963 12.17] 3.78
7.75 ol 1 3] 4] o 1 11] oral12.41] 4.04
8,25 2| 2| 2] 1 7| es1|12.79] 3.00
8.75 ol 1| 2 2| 6| 9s87]13.00] 204
9.25 ol o 1] 1 2| os9|13.00] 1.10
9.75 1 I 3] o92[13.50] 1.00
10,25 0 2| 1 3 995]13.83] 2.15
10,75 1 1] 996| 1450 0283
12.75

sum | ol of o] 18[1o7f100f197[174f 136 sof a8 26] 11! 0] 996 71,74

Figure 11Plot of the average energy period Te ave as aiumof the significant wave height Hs [1].



7.3 MAIN SITE CHARACTERISTICS
A description of the proposed infrastructure atBleémullet site is given in Table 11.

Table 11Belmullet Infrastructure and Services

BELMULLET

Scale

Water Depth
Distance to
Shore

Site Area

Berths

Grid
Connection

Wave Data
Collection

Weather Data
Collection
Other Data
Collection
Substation/
Onshore
Monitoring

Full Scale
20-100m
Up to 7km offshore

21knt
Three separate locations

1) Nearshore (10-25m water depth). Is not connecteth \&ih electric cable as nearshore
developers may use water pipes to pump pressuvieger to an onshore converter station,
where electricity is generated e.g. Oyster.

2) Mid water (50m water depth), 2 subsea cables
3) Deep water (100m water depth), 2 subsea cables

Total of 5SMW (onshore grid constrained). Deep anid-water sites will be grid connected to the
onshore substation. It is proposed that four submaglectricity cables will be installed to a minim of

1 metre below the seabed and will come ashore laieBa beach. A small portion of the route near the
50 meter depth zone (about 2 miles out from Annidghd) has a stony seabed and here the cables will
be laid on top of the rock and protected usingck term or mattressing.

There are two SEAI wave monitoring buoys alreadstatled at the mid-water (2) and deep-water (3)
areas off Annagh Head which are collecting datauab@ve conditions, weather and tidal currentsaDat
will shortly become available to the public[17].

Proposed for weather buoy to be location closesepdvater location (3)
An ADCP current profiler is proposed to be locaéthe deep water location (3)

A turbine house located close to the near shoratitoe (1) with water pipe connection. Devices under
test at the near shore site will send compresseedrwa pipelines along the seabed to a turbinesbou
which will be constructed on Annagh peninsula. KHéne pressurised water will be utilised to drike t
turbine. The turbine is connected to an electrigalerator which generates electricity and sentts at
small substation at Annagh Head and onto the @#gtgrid at Belmullet.

An electricity substation will be located inland thfe beach at Belderra. The electricity cables from
offshore will continue underground to the substatid dedicated overhead power line on wooden poles
will transmit electricity from the substation toetlelectricity grid at Belmullet. An electricity nastwill

be included on each cable from the deep wateatesss for monitoring purposes [18].

7.4 REASON FOR TESTING AT THISSITE/ RELATIONSHIP TO DEVELOPMENT STAGES

By the time the site is proposed to be completecthéll be a number of test sites available arothdworld. Each site will not
only serve a specific application, but also a gaplical area. Ireland currently has model scatintgfacilities at the Hydraulics
and Maritime Research Centre (HMRC) wave tank inkGmd a ¥4 scale testing facility in Galway baye(section 12.2). The
Wave Energy Test Site in Belmullet is designed tiesting of full scale, pre-commercial wave energynwerters and is
specifically intended to be the site used for thalftesting of devices before they are considéuétd commercial [15].



7.5 REASON FOR CHOOSING THISLOCATION

Seven sites along the west coast of Ireland wetially identified as potential wave energy tedesi The Marine Institute and
ESBI undertook an independent assessment of thesdidns to select the most suitable site. The atimsn assessed
approximately 40 marine side and 30 land side parars. Belmullet was identified as the most su@dbtation based on the
wave climate, water depths, proximity to good gadilities in Killybegs and reasonable cost of cection to local network[17].

The seabed geology was another critical decidingpfdor the cable route.



8 PILOT ZONE PORTUGAL

8.1 INTRODUCTION

The Portuguese Pilot Zone was conceived in 20@¥ dedicated area to provide for testing of wavegnsystems in Portugal. It
is intended for demonstration, pre-commercial amttirmercial deployment, with a maximum grid integyatof 250 MW [1]. The

rated capacity of 250MW is made up of two partse Titst pre-commercial 80MW is to be integratedittie local distribution

grid with the full commercial 250MW integrated intioe transmission grid[14]. The Pilot Zone is l@choff the west coast of
Portugal about 130 km north of Lisbon, near thiag# of S. Pedro de Muel shown in Figure 12.
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Figure 12 Location of Portuguese Pilot Zone[19]

8.2 RESOURCE

The scatter diagram in for the site (Table 12)dsdul on buoy data 2004 — 2005 at a 50m water dajdim from an IEA-OES

Annex Il report[1] . The report calculated the mahpower as 23.3kW/m by using the full expresgmmgroup velocity taking

the water depth into account. This value was themected to the 11-year period (1989 — 1999) rewpiin a resource of 25
kW/m [1].

The Scatter diagram in Table 12, uses the deepapproximation for wave power calculation and gaar data resulting in the
annual wave power average being 21.1 kW/m [1]. Titnear relationship between significant wave hei¢fis) and average
energy period (Te) is shown in Figure 13.



Table 12 Joint probability diagram from the Pilot Zone Pgali[1]

Hs \ Te <5| 55 65 7,5 8.5 9.5 10,5 11,5] 12,5 13,5] 14,5[155] 217[Sum |Te ave dP
0,25 1 3 4] 5,25 0,00
0,75 10/ 28] 42 43 14 a 1 1 145 /90| 0,29
1,25] 3| 21| 41] 54 47 41 17 5 229] 7,97| 1,45
1,75 8| 36 48 47 34 35 17] 6 4 235] 8,73] 3,19
2,25 15| 30 37| 36 30| 18| 7] 2 175| 9,23| 4,15
2,75 3] 18 17 19| 19| 1e6] 6 1 99| 9.61] 3,65
3,25 6 9 a8 9 14 6 2 1 55| 1p0,00] 2,97
3,75 1 1 3 e 6 7 3 27| 11,28] 2,17
4,25 1 6| 3 4 2 16| 11,44] 1,68
4,75 1 E 7| 11,36] 0,91
5,25 1 1 1 3| 11,83] 0,50
5,75 1 i| 9,50] 0,16
6,25

=7
Sum 14 58l 137] 200 174 151 124 83 38 16] o 1 0| 996 L21,11]
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Figure 13 Relationship between Significant Wave Height (H®) ¢he Average Energy Period (Te) at Pilot Zone [1]

8.3 MAIN SITE CHARACTERISTICS

The main characteristics of the Pilot Zone sitesdi@wn in Table 13 with the infrastructure and m&w provided shown in Table
14. The Pilot Zone is intended for full scale destoation at pre-commercial and commercial leveisitunclear if certain

infrastructure, such as wave data measurementstniiciure and data collection systems, will be jated by the site or if the
project developer will have to provide the infrasture for the testing of the devices.

Table 13Summary Statistics of the Portuguese Pilot Zone [1]

Pilot Zone Portugal 39°54’'N 9°06" W
Design significant wave height Hs (At 30m depti) 1 [m]
Design energy period Te (At 30m depth) 19 [sec]
Max wind speed 25 [m/s]
Max current speed 34 [m/s]
Max high water level - [m]

Min low water level - [m]
Maximum ice thickness - [m]
Wave power annual average 25 [kW/m]




Table 14Pilot Zone Site Infrastructure and Services

Pilot Zone Portugal

Scale
Water Depth

Pre-Commercial/Commercial Scale

The pilot zone was defined between 30 and 90 mrvekgeth. In the area sand is abundant; a geological
survey is planned.

Distance to The distance from the 30 m bathymetric to shoré.%skm and the 50m bathymetric is 7 km off the

Shore coast.

Site Area 320knt

Berths No predefined number. Will depend on number of esilolr connection points that the developer installs

Grid Includes cable corridors (up to two) and onshofeagtructure. It does not include the subsea cable.

Connection Electrical cabling from the devices to the offshaannection point or shore is paid by the project
developer [20]. The pre-commercial phase can beexed up to 80OMW to the local distribution grid.
For the full commercial site connection can be magléo 250MW to the transmission grid.

Wave Data —

Collection

Weather Data —

Collection

Other Data —

Collection

Substation/ —

Onshore

Monitoring

8.4 LICENSING AND PERMITS

The pilot zone will be managed by a majority statened company specifically set up to manage thet Zibne. This company
will be a one stop shop for all the required ligegsand permits and will also be responsible foildig the required
infrastructure, monitoring the tests and operathmg prototypes and wave farms. An initial feedariff of €0.26/kWh for the
first five 4MW projects are available in Portugdlhere are a range of reducing tariffs as the tddgyodevelops and
deployments increase, dropping to €0.07/kWh wherctpacity exceeds 250MW [21].

8.5 REASON FOR CHOOSING THISLOCATION

The Portuguese Pilot Zone was envisaged to atfiexobnstration and industrial development to Poitagd create an industrial
cluster associated with wave power. Another asipettte development of the Pilot zone was the unkmewironmental impacts
of wave energy devices. Given that initial deployseof WEC would consist of only a few devices,dmyncentrating the initial
deployment activities in a single zone, with a lemwvironmental sensitivity, baseline studies ofithpacts can be made. The Pilot
zone site was chosen due to this low environmesstiaitivity and the general lack of conflicts zoimethe vicinity, together with
the good wave energy resource.

8.6 ADDITIONAL INFO

As mentioned the site does not include the subsiele @and the cost of connecting the devices tgtiteconnecting point must be
paid by the developer. It is unclear what resoancenetocean measuring equipment is installed pitasned to be installed or
what onshore monitoring stations there will beislalso unclear if a device developer will needtovide this equipment and
infrastructure.



9 DANWEC HANSTHOLM , DENMARK

9.1 INTRODUCTION

The Danish Wave Energy Centre (DanWec) is a prptoscale test centre that was formed in 2009. Dan¥/supported by the
Port of Hanstholm, the Port Forum of Hanstholm, Mheicipality of Thisted and Aalborg University. it located in Hanstholm
in the North-West part of Denmark on the North Séh a fetch of about 600km to the west — sheltdrgdhe UK. Hanstholm

has a large harbour including fishing industried &rry traffic to Norway. The distance from thertaur to the test centre is
about 2km. The test centre is intended for pro®tgpale and since 2009 WaveStar Energy has irstall2 scale platform

including two floats of 5 meter diameter each itksthwith a generator power of 55 kW. There ar® gans for Dexa Waves to
test there in the future.

Figure 14 1:2 Scale WaveStar device on test at Hanstholm[22]

9.2 RESOURCE

The IEA-OES Annex Il report [1] mentioned a studyigh analysed measured wave data from Hanstholer,tbe period 2005 —
2009, at a water depth of 20 metres. The scatsgrain in Table 15 is based on this data and it shthat average annual wave
power at Hanstholm is about 6kW/m. The linear reteghip between Hs and Te at Hanstholm is showigore 15.

Table 15Joint probability diagram Hanstholm [1]

Hs\Tmol] 3 35 4 4,5 5 5,5 13 6,5 7 7.5 B 8,5 9 59,5 | sum |Tmotave|Te ave] dpw | hours
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2 0,0003] 0,0005] 0,0031] 0,0385] 0,0420] 0,0181] 0,0048] 0,0017] 0,0007] 0,0004] 0,0003] 0,0002] 0,0001] 0,108 548 =78] 1,23 90
25 0,0003| 0,0013] 0,0213] 0,0220] 0,0059] 0,0012] 0,005 0,0003] 0,0001 0,053 585 618] 100l 484
3 0,0003| 0,0002] 0,0008| 0,0102] 0,0127 0,0023] 0,0007| 0,0004] 0,0002{ 0,0002{ 0,0003] 0,028 639 674] o084 247
35 0,0002| 0,0003 0,0002| 0,0043| 0,0045] 0,0010] 0,0003] 0,0002| 0,0001| 0,0001] 0,012 678] 715 048] a9
4 0,0001| 0,0001] 0,0001{ 0,0020] 0,0022] 0,0002] 0,0001 0,005 705 754] o029 a3
45 0,0001 0,0007| 0,0010] 0,0003] 0,0001 0,002 753 794] o1s] 20
5 0,0002] 0,0001 0,0003] 0,0003] 0,0002| 0,0001] 0,000 789 £32] o011 a|
5,5 0,0001] 0,000 3
3 0,000 0|
6.5 0,000
7 0,000

7.5 0,000

sum | 0,028 | 0,087 | 0,155 | 0,191 | 0,134 | 0,160 [ 0,091 | 0,041 | 0,015 | 0,008 | 0,004 | 0,002 | 0,001 | 0,001 | 1,000 6,00 &7s0]
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Figure 15Linear relationship between Hs and Te at Hansthjlm[

9.3 MAIN SITE CHARACTERISTICS
The summary statistics for Hanstholm are shownahbl& 16 with the infrastructure present at thedstecribed in Table 17.

Table 16 Summary Statistics of the Hanstholm site [1]

DanWec Hanstholm

Design significant wave height Hs 10 Yea6.6 [m]

Design zero crossing period Tz 10 Year 10 [sec]

Max wind speed 30 [m/s]
Max current speed 3.4 [m/s]
Max high water level 1.6 [m]
Min low water level -1.5 [m]
Maximum ice thickness - [m]
Wave power annual average 6 [kW/m]




Table 17Hanstholm Infrastructure and Services

DanWec Hanstholm

Scale Prototype Scale. WaveStar device installed is dakes

Water Depth Depth 12-30m. Seabed is covered with sand andAgilkome locations this cover is washed away
and chalk bedrock is exposed. Within 2km of thesteo@ter depth reaches 30 meters in a local area
of about 500 further offshore the water depth decreases.

Distance to Shore  200m offshore. The shortest distance to the 30rthdepation is about 2km

Site Area —

Berths —

Grid Connection An 110kW Wavestar device has been grid connectext $tebruary 2010.
Wave Data Measured wave data from 2005-2009 in water depg0of.

Collection

Weather Data —

Collection

Other Data —
Collection

Substation/ —
Onshore
Monitoring

9.4 REASON FOR CHOOSING THISLOCATION

According to DanWEC, Hanstholm is the best locafiona wave energy test site in Denmark due tcaitilg the best wave
energy resource in Denmark, near a port. As wethiss the site has good water depths close to, lexidting 24/7 emergency
technical marine assistance and is reasonable two8alborg University. The area also has an eisadtl history as a test site
and the Danish industry trade organisation andimgaDanish researchers have identify Hanstholmhagight place for Danish
wave energy testing and demonstration [23].



10 METC ENTRE, NORWAY

10.1 INTRODUCTION

The Marine Energy Test Centre (METCentre) is ashaife marine energy testing facility in Karmoy, Way. METCentres
objective is to provide infrastructure for the iegtof new marine energy technology. METCentre ngasaand controls a 15MW
sub-sea cable which is located about 13km westaofridy. The location of the test site is shown iguir¢é 16 with the cable route
shown in Figure 17. The site was set up to testtifig offshore wind turbines and as a result iated in deep water (200m). The
site has been used to test the Hywind conceptvtril first full scale floating offshore wind tune. According to METCentre
the site can also be used for the full scale tgsifrwave energy technologies.

Figure 17 Sub-sea cable route at METCentre [24]
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10.2 MAIN SITE CHARACTERISTICS
A description of the infrastructure and servicesvited at the METCentre site is given in Table 18.

Table 18 MetCentre Infrastructure and Services

MetCentre
Scale Full Scale
Water Depth 200m
Distance to Shore 12km offshore.
Site Area —
Berths —
Grid Connection 15MW submarine cable connected to 22kV onshore grid
Wave Data METCentre mention that the site has establishedewaudels and that METCentre can provide
Collection access to wave data. Details on wave measurenfesstinicture unknown.
Weather Data METCentre mention that wind data exists and thatdite has a good wind resource (as the site is
Collection used to test floating wind turbines)
Other Data —
Collection
Substation/ Onshore METCentre say they can provide O&M assistance, akvimase and warehouse facilities and
Monitoring collaboration with research facilities. They sagytttan also assistance with site concession and
permitting.

10.3 REASON FOR CHOOSING THISLOCATION

As the site acts as a test centre for wind turbasewell as wave devices the site required a gdod vesource and this was one
of the main reasons for choosing the site off Karnichere are established wave models for the g®ad wind conditions and
the site is within 30 minutes drive of the airp24]. The area also has significant experience ppking equipment and services
to offshore industry.
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11 PLOCAN CANARY |SLANDS

11.1 INTRODUCTION

The Oceanic Platform of the Canary Islands (PLOCAN) planned project that will test marine tecb@s including marine
renewable energy technologies. The infrastructarsists of an oceanic platform placed in depthe/éen 50-100m close to the
continental slope off the coast of Gran CanaridhnCanary Islands (Figure 18). The project5®#0 partnership between the
Spanish Ministry of Science and Innovation andGowernment of the Canary Islands.

50 metres deep, continental sheff
margin, a few miles to the shore and
ocean great depths

Las Palmas Harbour

Las Palmas de GC

B |nternational Airport

Figure 18 Location of PLOCAN platform [25]

PLOCAN will host a permanent deep-sea observatadywill provide direct access to deep water at @rtstlistance from the
shore. PLOCAN offers both onshore and offshore erpntal facilities and laboratories, operatiofabughout the whole year
thanks to the Canary Islands' climatic conditiorfse services offered by PLOCAN are as follows:

* An ocean observatory for continuous and real-tinomitoring of the ocean system.

e A test bed for the research, demonstration andabper of marine technologies, including those edato marine
renewable energy.
« A base for underwater vehicles, such as glidersVvR@Remotely Operated Vehicles) and AUVs (Autonosou
Underwater Vehicles).
* Atraining platform for researchers, enterprised pifots for UUVs (Unmanned Undersea Vehicles).
Currently only the offshore oil and gas industrg\pde fixed offshore structures where this typeesfearch and testing can take
place. Construction is planned to start in 2011 @ndue for completion in mid 2012. Figure 19 shomisat the PLOCAN
platform will look like when completed.
It is envisaged that a monitored test site for aceergy, including offshore wind, tidal and wavery, at the PLOCAN site
will allow for specific testing of structural compents and mooring systems as a result of the wlafgths available at PLOCAN.
As with other test sites PLOCAN aims to reduce dostdevelopers by simplifying administrative petsnienvironmental
protection guarantees and providing links with otfervice providers.
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Figure 19The planned offshore marine research platform PLE(ZS]

11.2 RESOURCE

At Plocan’s location on the east coast of Gran @ansland the average annual wave resource iS22k The north coast of the
island is more susceptible to the winter swells asd result has a higher annual average resofig:é &W/m[26]. The lower
wave power in the east coast could facilitate ngstit mid-scaled conditions during the whole yead could avoid periods of
inaccessibility as a result of avoiding winter daielhe annual distribution of significant wave dtgiand period on the east coast
of Gran Canaria is shown in Figure 20, with a jalistribution diagram shown in Figure 21.
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Figure 20 Annual Significant Wave Height (Hs) and Wave Perid@a) distribution on the East Coast of Gran Cang7]
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Annual empirical joint distribution: Hs-Tp
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Figure 21 Joint Distribution of Significant Wave Height (Hahd Peak Period (Tp) on the East Coast of Granrza[i2Y]

The return periods of extreme waves at the PLOC#Nis given in Table 19, based on a Weibull dittion of wave data at the
site.

Table 19Extreme wave return periods at PLOCAN based on Wiedlistribution[27]
Return Period (years) 10 20 50 100 200 500
Significant Wave Height (m) 4.49 488 541 581 26.26.77
Maximum Wave Height (m) 718 781 866 930 9.96 .830
Peak Period A (s) 111 114 119 122 125 129

11.3 MAIN SITE CHARACTERISTICS

A description of the infrastructure and serviceatthre planned at PLOCAN is given in Table 20, wilib location of the
infrastructure shown in Figure 22.
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Figure 22 Proposed PLOCAN marine energy test site [27]

Table 20PLOCAN Infrastructure and Services

PLOCAN

Scale

Water Depth
Distance to Shore
Site Area

Berths

Grid Connection

Wave Data
Collection
Weather Data
Collection
Other Data
Collection
Substation/
Onshore
Monitoring

Nursery scale or benign testing of larger scaléadsy
50-100m

Platform is 4km offshore

The oceanic platform will be grid connected and thierefore act like a junction box from where a
complete submarine electrical infrastructure camiéygloyed. This includes submarine power cables,
distribution units and electrical transformer sakish.

An oceanographic buoy has been deployed onsite sitay 2008

PLOCAN platform itself will acts as a substatiorgptbyment base and a control centre for data
analysis. It will provide all the support faciliiet an offshore location close to where the dewaé
be installed.

11.4 REASON FOR CHOOSING THISLOCATION

As well as the climate of the Canary Islands, th®@AN site was chosen due to the continental shélich allows for
operations to be carried out in deep water, 50-1@0ny 4 km from the shore. The sites location lua Eastern side of the island
offers protection from the winter swells. It sholle said that the site was not chosen primarily test site for wave devices but
with consideration for the other uses of the giteind.
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12 NURSERY/ SCALE WAVE TEST SITES

Nursery or scale sites represent a move from labigréank testing, where the conditions are cotabdé, to a natural site in real
seas were the conditions have to be accepted p®dticar. These sites can reduce the technical iaaddial risk that would be
required if a device went straight from the laboratscale model test to a full size prototype dgptbat an exposed ocean
location. A typical scale test would involve tesgtiof devices at 1:4 scale.

The benefits of scale tests are that the sea siedelower for operational procedures, accessiagdht site involve shorter boat
trips using smaller vessels and the support sesvare more readily available. These support sesvateould include the
following:

e Local heavy engineering infrastructure

* Tugs and similar vessels capable of handling thécde

e Sheltered port with lifting facilities

« Adjacent harbour for service and personnel transpssels
e On shore data acquisition station

e Grid connection ( not essential)

« Low tidal elevation range and currents

Due to the scaling ratios, power production forlegalevices will be relatively small, in the rangfel0-25kW for a 1-3MW full
scale machine. It may not be economically feadiblay subsea cables and grid connect scaled dewicet for such a small
amount of power. If this is the case, then a gnailator can be used to electronically model a sysis if it were grid connected.
A grid emulator package should have the followihgracteristics

< The connection voltage and frequency must be atagitevels to those for which the device is desigjito operate when
connected to an electricity network.

« Loading capacity must be at least as high as thieelpeak electrical output
* Import capacity must be at least as high as isiredby the device under normal operation

e The Impedance presented to the device must benvilibirange expected when grid connected

The sea states at scale sites must scale propagigrto represent the full ocean conditions that prototype will eventually

encounter. This involves adjusting both the wavigtite which scales linearly, and the period whishaisquare root term. The
linear ratio between the wave heights and the squoaot ratio between the wave period is obtainegetdy that a particular scale
site suit the open ocean requirement and at wrade.stt is important to correctly scale the wavesall measured physical
parameters can be scaled up. If this is not dogm ithis not possible to extrapolate data fromgbe trials in any meaningful way.

Some sites may not have this scaled relationshfplt@cean conditions but will nevertheless haven@re benign wave climate
than full scale sites. These nursery sites carsbd to test full scale prototypes in more benigmd@@ns prior to deployment in
exposed locations and for establishing deploymedtracovery procedures.
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12.1 NissuM BREDNING DENMARK

12.1.1 Introduction

The sheltered test site in Nissum Bredning wasbésted in 1999, as part of the Danish wave engmgpgram, as a site for
developers to test their wave energy technolodiesnaller scales in real sea waves. The test ageatfetch of about 10 km in
south-western direction and is operated by thedeaktre for Renewable Energy in Thy, Denmark [MeiCBO0 different types of

wave power plants have been tested at Nissum Brgdar periods ranging from a few days to seveedrg. These include the
20 kW WaveDragon prototype which was installed @2 and connected to the grid. WaveDragon has ipeeperation on and

off since. In 2006 the WaveStar Energy device waklland installed at the site at the end of thex BOOm offshore(Figure 23).
The WaveStar tests were of a 5.5 kW device cormmid floats of 1-meter diameter [1].Other devjdiée the Wave Dragon,

have been deployed in open water up to 500m oféshor

Figure 23Wave Star device at the Nissum Bredning test B¢ [

12.1.2 Resource

The average annual wave energy resource at NisseanBg is only 0.22kW/m [1], this is due to itsettkred location and
limited fetch. The scatter diagram for the Nissuradhing site is shown in Table 21.

Table 21 Joint probability diagram from Nissum Bredning [1
Hs\ Tp 15 1,7 19 21 23 25 27 29 31 33l 35 37 3,9|Sum [Tp avgdP

0,05 3,3] 111 6,6] 36| 24 331 08 07 07 03] 01 0,1 0,11 33,1 2,00 0,00
0,15 1.6] 2,2 14 06/ 0,8 1,4 1,7 15 08 04 12,4 2,47 0,00
0,25 0,1 1,3 1.1 1,6 1,3] 04 09l 05 1 0.7 8,9 257 0,01
0,35 0,8 1.3 3.7 1,6 1,20 07 1,6 1,6 0,2 12,7 2,80 0,02
0,45 07 286 1,9 19 08 04 07] 01 9.1 2,79 0,02
0,55 1,71 25 1,3 1,2 05 0.1 7.3 2,81 0,03
0,65 0,2 1,1 1,5 1 1 0,3 51 2,989 0,03
0,75 0,1 0,2 1,3 07 18] 05 46| 3,33 0,04
0,85 02 04 03] 08 1,4 3,1 3,48] 0,03
0,95 0,1 0.1 02 08 09 1,91 3,70 0,03
1,05 0,1 0.1 0,1 0,4 0.7 3.44| 0,01
jINIS 0,1 0,2 0,3 3,57] 0,01
125 0 0 0,00
1,35 0,2 0,2 3,50 0,01
1,45

3,3 12,8] 101 6,9 66| 136 98] 98] 83 68 69 35 1] 99.4 | 0,22

12.1.3 Main Site Characteristics

The summary statistics for the Nissum Bredning aie2shown in Table 22 with a description of thessinfrastructure given in
Table 23.
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Table 22Summary Statistics of the Nissum Bredning [1]

Nissum Bredning

Design significant wave height Hs, 1 yeat.3 [m]

Design zero crossing period Tz, 1 year 4 [sec]
Max wind speed 30 [m/s]
Max current speed 3.4 [m/s]
Max high water level 1.6 [m]
Min low water level -1.5 [m]
Maximum ice thickness 0.15 [m]
Wave power annual average 0.2 [kwW/m]

Table 23Nissum Bredning Infrastructure and Services

Nissum Bredning

Scale Small Scale

Water Depth The facility includes a 200m long bridge leadingnfr the shore to a depth of 3m. The water
depth increases to 5-8m some 500m offshore.

Distance to Shore End of pier 200m offshore. Some devices have bestrd 500m offshore.

Site Area —

Berths —

Grid Connection 0.5MW connection

Wave Data Collection Yes (In-platform at the end of the pier)

Weather Data Collection Equipment measuring wind speed, direction andeanptare located in a platform at the end of
the pier.

Other Data Collection —

Substation/ Onshore —
Monitoring
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12.2 GALWAY BAY | RELAND

12.2.1 Introduction

The Marine Institute, in collaboration with the SE&stablished an Ocean Energy Test Site for sqaletbtypes of wave energy
devices in Galway Bay. It is an Intermediate Sdadst Site (quarter scale Atlantic seas) facilityicghhwas designed to provide
testing facilities for large scale prototypes tdfifuthe requirements of Phase 2 (Process modelthef Development and
Evaluation Protocols for Ocean Energy Devices. BittveBob and Ocean Energy deployed 1:4 scale deaicthe site in 2006
and have been testing on and off since.

Galllimhig,

Figure 24 Location of Galway Bay test site with both Wavelzoll OE Buoy deployed[29]

The Galway Bay test site is located at 1 mile eaSipiddal, County Galway, Ireland (Figure 24). awwid conflict with shipping
it is marked by navigation markers on four corng&iee sites proximity to onshore infrastructuressalows:

e Distance to large town — 15km

» Distance to nearest airport — 20km

< Distance from nearest service port to site — 20km

« Distance from nearest access harbour to site -ril(Bkcess Harbour is Tidal — 2 hours either sidhigh water)
» Distance from site to shore — 1km

Vessels and cranes are available in Galway Dockswber of engineering companies exist in Galway beavy steel
fabrication company is located on the Galway Dasites.

12.2.2 Resource

The average annual wave energy resource at thea@d@ay site is 2.44kW/m [1]. The scatter diagramtfe site is shown in
Table 24.

Table 24 Joint probability diagram Galway Bay [1]
Galway Bay test site: pos 53,228°N; 9,266°W

Hs\Tz| 2.25] 2.75] 3.25] 3.75] 4.25] 4.75] 5.25] 5.75] 6.25] 6.75] 7.25] 7.75|Sum |1z aw]dP
0.25] 4.21] 9.04| 6,66 565 5.14] 4.38] 36| 245 1.3 073 0.1 n,nzba,za 3.85] 0.06
0,75 248] 9.21] 8.15] 4.41] 3.05] 2,11 12| 0.77] 0.12] 0.05 31,55 3,95] 0.41
1.25 0.36] 421 6 2.86| 0.83] 045 0.15| 0.01 Fm,a? 4.30] 059
1,75 0,12 1.72] 3.15] 0.85] 0,17] 0.03] 0,03 6,07] 4.70] 051
| 225 0,02] 085 1.72] 0.08] 0.01] 002 [ 27 511] 041
2,75 0.61] 0,41] 0,01 1,03] 5.46] 0,25
3.25 0.28] 0.07 0.35| 5.85] 0.13
3.75 0,01 0,14 [0,15 6.22] 0.08
4,25 0

sum [ 421711520 16.23[18.13[17.29] 1a.29] 9.72[ 5.05] 2.48[ 0.91[ 0.15[ 0.02] 100 [[2.44
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12.2.3 Main Site Characteristics

The summary statistics for the Galway Bay sitesdm@wn in Table 25 with a description of the sitgfsastructure given in Table
26.

Table 25Summary Statistics of the Galway Bay site [1]

Galway Bay

Design significant wave height Hs (Estimate} [m]
Design peak period Tp (Estimate) 10 [sec]
Max wind speed —  [m/s]
Max current speed —  [m/s]
Max high water level 2.5 [m, MSL]
Min low water level -2.5 [m, MSL]
Maximum ice thickness —  [m]
Wave power annual average 2.4  [kKW/m]

Table 26 Galway Bay Infrastructure and Services

Galway Bay
Scale Intermediate 1/3 to 1/5 Scale
Water Depth 22m. The seabed material is mud, sand, gravelat ro
Distance to Shore 1 km
Site Area 37 Hectares
Berths There have been two devices installed simultangousl
Grid Connection No. For a full scale device rated at 2MW, a scaledn device designed for Galway Bay will be

rated at approximately 16kW. Production of eledlyiat this magnitude does not justify grid
connection or the expense of a sub-sea cable.

Wave Data Directional wave rider buoy is currently deployedtlae test site. Wave data is updated every 3
Collection minutes. Measurements have been taken since 2D86tiahal buoy deployed since end 2008

Weather Data —
Collection

Other Data Developers have to manage and make their own anaeigts for data acquisition.
Collection

Substation/

Onshore No onshore facilities at the site.
Monitoring

12.2.4 Licensing and Permits

The site access is pre-permitted with conditionsdeavn by the Marine Institute. As well as proviglifor their own data
transmission and acquisition developers must alpplg their own moorings.

12.2.5 Reason for choosing this location

A wave climate recording and modelling programmagried out by the Marine Institute in 2004, indezhthe suitability of the
site for testing of 1/3 — 1/5 scale devices andl tie site scales very well with exposed locatioffishe west coast of Ireland.

12—44



12.3 EMEC NURSERY WAVE SITE SCOTLAND

12.3.1 Introduction

As well as full-scale test sites for wave and tidaVices, EMEC recently received funding from th€ gbvernment to support
the creation of new nursery berths in Orkney, fothbtidal and wave machines. The aim of the nur&enghs is to provide
facilities for the testing of scaled down devicessea trials of full scale prototype devices in engentle conditions than those
experienced at the main wave and tidal test sipesaded by EMEC.

The purpose of the new facilities is to make itiea$or developers to bring concepts and test tleraccessible, real sea
conditions, without the need for some of the bigseds or large plant that have been used in thieylepnt of commercial-scale
machines. They will also provide an area for resalaof deployment techniques. The location of tiMEE nursery wave and
tidal sites in relation to the full scale sites@tkney is shown in Figure 25. EMEC is currentlytire final stages of the
construction of the mooring points for the nurssitgs. Each will be provided with four gravity baeechors of up to 600kN
capacity with a variety of attachment points. Thesery berths are planned to be available in 2011.
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Figure 25 Locations of EMEC test sites around Orkney [30]

12.3.2 Resource

EMEC have, and continue to, assess the sites' enesgurces using surface-mounted waverider buatysimtegral downward
pointing acoustic doppler profiler (ADCP) measuringrents. Multibeam sonar, sub-bottom profilinggd anagnetometer surveys
have also been completed, with further environmenteveys currently underway. According to EMEC][81the winter months
the nursery site receives an average Hs of 0.5-afnan average Tz of 3.0-3.5s, with a maximum H& This compares to
Hs 1.5-2.0m & Tz 5.5-6.0m at the full scale wave.si

12.3.3 Main Site Characteristics
The services and infrastructure provided at the EMi&ave nursery site are described in Table 27.
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Table 27EMEC Nursery Wave Site Infrastructure and Services

EMEC Nursery Wave Site

Scale

Water Depth
Site Area
Berths

Grid Connection

Wave Data
Collection

Weather Data
Collection
Other Data
Collection
Substation/
Onshore
Monitoring

Scaled device or benign testing of full scale prgies

Two

A novel Testing Support Buoy will be deployed attederth. These connect to the device via an
umbilical and house a loadbank to dissipate eldttrgenerated by the device. Data from the device
will then be transmitted to EMEC’s SCADA system @) allowing developers to monitor the
performance remotely.

Surface Mounted Wave rider buoys will monitor thewe climate.
There are onshore weather stations at the fullesealve and tidal sites. It is unknown if separate
weather monitoring facilities will be available fiive nursery sites.

Currents measured using ADCP

The same onshore facilities exist as for the ftalles sites.

12.3.4 Licensing and Permits
EMEC will allow developers to connect their deviegghe nursery berths in three different ways:

e Use the leased area, providing own moorings ancepdigsipation

¢ Use the leased area and EMEC moorings but provioivigpower dissipation
e Use the leased area, EMEC moorings and EMEC TeStipgort Buoy

12.3.5 Reason for choosing this location

EMEC chose a location in Scapa Flow, Northwesttdf18rys Bay in Orkney as the site which best meirtbriteria for a nursery
development site[30].
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13 WAVE DEVELOPER TEST SITES

Developer test sites are sites which have beenlajga@ by device developers for the testing of tlogin devices. In doing so
they have single handily undertaken the feasibdlitydies, site permitting, infrastructure and maniity at a specific site. These
are not therefore independent test centres whéup sests, site permitting and monitoring are sthaned testing can be carried

out whereby the performance of devices can be enldgntly assessed by experienced operators.

These test sites also include sites where devigelajgers have worked in conjunction with third pegtsuch as universities,
research centres or utility companies to set upféeslities which, as well as testing the develgpdevice, also include other
research such as environmental monitoring.

Unlike independent test centres such as EMEC, Waliedt Belmullet, these sites only test one typéafice and the site may
be decommissioned when the testing is completad.ubknown therefore if these sites could be ueeagst other devices, as is

the case at independent test centres.

13.1 LYSEKIL SWEDEN

13.1.1 Introduction

The Lysekil Wave Energy Research Site has beenlalma by Uppsala University to undertake technarad biological wave
energy research projects. The site is located erSthedish West coast, about 100 km North of Gotlnenmear Lysekil, shown
in Figure 26. The site is located 2 km offshoraween a northern and a southern navigational maigenlling the research area

to avoid interference with shipping.

WEC prototypes
Substation
Biology buoys
Waverider buoy
o Research site markers|
o) Norway 3 Ve == Sea cable

et | " e % Observation tower

5
+Hedp

e ; Sweden 5 |
s o) & %
sl Wi g _ f .

¥ 1 s
- I

=l ol
-

-
i

Denmark { .

y

%
Hiimand

Figure 26 Location of the Lysekil Research Site[32]

The project was started in 2004 and has permigsionn until 2013. The technical part of the projiewolves testing of a linear
generator WEC concept at the site. The site hasipsion to use a maximum of 10 of these generaidms.biological aspects of
the project involves the installation of up to 3fummy’ buoys which will replicate WECs so the impa¢ WECs on the

environment and impact of environment on WECs carstidied. A surveillance tower for monitoring tih&eraction between
waves and converters will also be installed[33]fir&t prototype of the linear generator was deptbge Lysekil in 2006 and
another two were deployed in 2009 [34]. The purpafsthe slow deployment was that knowledge couldyaimed and lessons
learnt so that adjustments could be made more ghgdurhe project will be concluded in 2013-2014tem which all the

equipment will be removed.
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13.1.2 Resource

The average annual wave energy resource at thekiLysite, based on a study of eight years of sitelfiata is 2.6 *
0.3kW/m[32]. A combined scatter and energy diagfamthe Swedish coast off Lysekil is shown in Fig@&7. The results are
based on 8 years (1997-2004) of wave data which @roduct of WAM and SWAN modelled data calibrateg buoy

measurements.
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Figure 27 Combined scatter and energy diagram for the Lysitidl Colours show the annual energy transporteter of wave
front (kwh/(m2 year))/ Numbers give average ocaureein hours per year[35].

13.1.3 Main Site Characteristics
A description of the infrastructure and servicesikable at the Lysekil research site is given i[€228.

Table 28Lysekil Infrastructure and Services

Lysekil
Scale Full Scale
Water Depth 25m
Distance to 2km
Shore
Site Area 40000M
Berths Up to 10 grid connected linear generators togeiligkr 30 ‘dummy’ buoys.
Grid The grid connected linear generators will be cotewto a LVMS (Low Voltage Marine Substation)
Connection which is deployed on the sea bed. The LVMS is cotatkto the land based measuring-station with one

1 kV three phase cable for energy transfer andsogral cable. The cable lengths between the LVMS
and the measuring-station are 3.1 km, and the dablgh between the WECs and the LVMS is 70m.
Each generator will have an installed capacity@\¥ with the complete installation having a capacit
of 100kW.

Wave Data Wave measurement buoy since 2004
Collection
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Weather Data —

Collection

Other Data Close to Uppsala University 's Biological Statidgfdiubban”, as well as to Kristineberg Marine Resharc
Collection Station

Substation/ The electricity and the data from the devices ballgathered at the land based measuring-station.
Onshore

Monitoring

13.1.4 Reason for choosing this location

The location was chosen as it provides a good Sedlave climate, access to harbours which offereasad transport and other
necessary facilities. It is close to Uppsala Ursitgis Biological Station ‘Klubban’, as well as the Kristineberg Marine
Research Station, both of which are co-operatotkémroject. It is also close to the main grid imgkgrid connection easier and
this was a decisive factor in the choice of theatm. The project area is relatively close to lantlich simplifies access. The
average depth, 25m, was also a factor in the chafitke location as diving is required on a regiiasis at the site. This depth
makes diving relatively easy together with the 8ahdy seabed. Smaller similar areas close torbjeqb location are used as
control areas, an important factor for the biolaggtudies.

13.2 PORT KEMBLA AUSTRALIA

13.2.1 Introduction

Port Kembla Harbour on the eastern side of Austriglia site where the Oceanlinx OWC system has tested. The Oceanlinx
Mk1 full scale prototype was fitted out and firgpdoyed in 2005 and was decommissioned duringebersl half of 2009. More
recently Oceanlinx has used Port Kembla for testinitgs 1/3 scale Mk3 pre-commercial device. It wastalled in February 2010
and grid connected from March to May 2010. Thestegtre cut short however, as the device brokeffma its moorings on

May 14" which ended the testing several weeks early. Tewa@linx devices were located in a licensed ard¢imPort Kembla

Harbour. The following are the distances to onslfiacdities:

e Distance to large town: 3km

« Distance to nearest airport: 75km

« Distance from nearest service port to site: 1km

» Distance from nearest access harbour to site: 1km

13.2.2 Resource

The average annual wave energy resource at the KBobla site is 6.7kW/m [1] with the scatter diagy for the site shown in
Table 29.
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Table 29Joint probability diagram from Port Kembla (all ygall directions) [1]
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The linear relationship between the average wavegeand significant wave height at Port Kemblaslh®wn in Figure 28, as
well as a comparison with the linear relationstdprfd in Portugal. It can be observed that the wavé*ort Kembla seem to be
even more swell-dominated than the waves in Polrtuga
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Figure 28 Fitted linear relationship between the averageenenergy period (I, and the significant wave height (Hs) at Port
Kembla. The linear relationship found at Portugadhown with a dashed line[1]
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13.2.3 Main Site Characteristics

The summary statistics for the Port Kembla sitegaven in Table 30, with a description of the sitgfsastructure given in Table
31.

Table 30Summary Statistics of the Port Kembla site [1]

Port Kembla 34°27'S 15°054'E
Design significant wave height Hs, 10 Yeaf.6 [m]

Design zero crossing period Tz, 10 Year 10 [sec]

Max wind speed 50 [m/s]

Max current speed 1 [m/s]

Max high water level 1.25 [m]

Min low water level -1.25 [m]
Maximum ice thickness —_ [m]

Wave power annual average 6.7 [kW/m]

Table 31Port Kembla Infrastructure and Services

Port Kembla

Scale Oceanlinx have tested full scale and 1/3 scalecgsvinsite.

Water Depth 6m

Distance to Shore  The Oceanlinx structures were positioned 200m filoenPort Kembla harbour breakwater.
Site Area —

Berths Only one device has been tested at any one time.

Grid Connection The plant is connected to the local grid by an 1tk¥le. Device capacity 500kW.

Wave Data
Collection

Weather Data —

Collection

Other Data —

Collection

Substation/ Adjacent shore facilities include a security hutaltgenerator and load bank plus switchboard
Onshore enclosure for LV grid connection. Oceanlinx mainsaa small office within the Port Kembla harbour
Monitoring for the administration and maintenance crew.

13.2.4 Reason for choosing this location

The site was chosen because it is close to theagdcheavy industry, and the project was suppdiyetthie local Council and Port
Corporation. The site also has the right depthseadbed conditions [36].
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13.3 RUNDE NORWAY

13.3.1 Introduction
The MAREN project (MARine ENergy) is collaboratitretween Vattenfall AB and the Norwegian utility qoemy Tussa AS.
The project will involve the testing of two Seabd¢&B WECS, at a wave energy test site in Norwaye MAREN test site is
located off Runde Island (Figure 29) and also imgslthe Runde Environmental Centre (REC) who caoig the environmental
monitoring of the site. The first deployment ae ttest site was in 2009 with the installation obtiull scale wave energy
converters and submarine switchgear[37]. The twaO#/istalled at Runde each consist of a buoy, digeaerator, connecting
wire and a gravity foundation with each WEC havénated capacity of 20kW.

Figure 29 Location of the MAREN wave power test site off thiand of Runde [38]

A 2007 study of the wave climate off Runde Islaadrfd the average annual wave energy resource 50 lB&//m [39] with the
region considered to have high potential for futwesre power developments in Norway.

Figure 30 The two WECSs being installed at the Runde test sitewing the buoys(in the water) together withlthear generator
and gravity foundation (on the barge) [40].
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13.3.2 Main Site Characteristics
The main infrastructure at the MAREN test siteesatibed in Table 32.

Table 32RUNDE Infrastructure and Services

RUNDE
Scale Full Scale
Water Depth 50m. Gravel substratum interspersed with rock amdessand
Distance to 500m offshore
Shore
Site Area —
Berths Two
Grid The under-water switchgear Low Voltage Marine Safish (LVMS) and a sub-sea cable connect the
Connection 40kW generators to the 22kV grid. The LVMS receives power from the two WECs. It is first
rectified, then transformed to AC current and sezppp to 22kV and sent ashore.
Wave Data —
Collection
Weather Data Onshore Weather Station at REC
Collection
Other Data Data from the WEC and LVMS is integrated in the 3&ea cable running to the onshore connection
Collection point.
Substation/ The grid connection point is also where the radgnas from the measuring and power buoys are
Onshore received. The physical performance of the genesand the ambient wave climate are monitored with
Monitoring measured data transferred to shore continuouslyitbting and evaluation of data will take place at

REC as well as by Tussa and Vattenfall though eeshdl’ system.

13.3.3 Licensing and Permits

The sites permit is valid until January 1, 2014.thes site is on the interface of two seas (North ethe south and Norwegian
Sea to the North) and two major current systemsvigian Coastal Current and North Atlantic Curretayether with a highly
variable topography and narrow continental shil, marine environment around Runde has a high te#fveiological diversity.
Therefore the permit is conditional on a numbeissiies in relation to environmental monitoring, ypawarkings and agreements
with local trawlers with regards to fisheries[38]he continuous environmental monitoring programroéiects the relevant
information and has the option to disrupt testimghie case of unexpected results.

13.3.4 Reason for choosing this location
The actual MAREN test site was chosen on the lidsisnumber of criteria, including

e High wave energy

e Minimum interference with ship traffic

e Minimum interference with fishing

¢ Minimum interference with fish spawning areas.

In addition, water depth (~50m), bottom topograghgiform horizontal) and seabed substratum typeir{lparavel and sand)
had to be amenable to deployment of the generdttilly, five potential areas were evaluatedfiwiMaganeset’ off Runde
Island chosen as the most appropriate site whashinatched the selection criteria [41].
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14 ALTERNATIVE WAVE TESTING FACILITIES

14.1 AGUCADOURA PORTUGAL

Agucadoura located near Oporto, in Portugal wassiteefor the world’s first grid connected commataivave farm. In 2008
three Pelamis WECs of 750kW each were installddeasite. The three grid connected berths had dicwu capacity of 4AMW.
The commercial site was located in 40m water d&gth offshore. The site also had an onshore moniostation as well as an
electrical substation. It is unknown what met-oceagasuring equipment was or is installed onsitee €&mmercial project
stalled in November 2008 when Babcock & Brown, gamity stakeholder in the project, had their shasaspended due to the
financial crisis and couldn’t continue to fund {hmject. As a result the infrastructure remainthatsite and it may be possible to
use this infrastructure to turn the site into & sée for full scale devices.

14.2 ONSHORE FIXED OWC PLANTS

PLOCAN is a fixed offshore platform which may beedsby developers who want to test their devicesarinoffshore
environmental without it being too inaccessibles vell as this offshore fixed platform there argesal onshore fixed OWC
(Oscillating Water Column) installations. Theseafiations include the Mutriku breakwater in Northépain, which will have a
capacity of 0.3MW, made up of sixteen 18kW turbinégiother OWC plant is the PICO plant in the Azor€his was built in
1999 and has a 15kV 400kW grid connection.

These onshore sites may be used to test OWC comsounsing real sea waves and would have the benfdiigh accessibility,
cheaper installation and grid connection withoutith@ to risk a whole device in a hostile offshorevieonment. They therefore
could be used to test individual components podheir deployment on scaled devices.
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15 SPECTRAL SHAPE

Resource assessments, device performance predi@imh monitoring of operational devices will oftea based on summary
statistics. However, the performance of many deviséighly dependent on the spectral shape afehevay due to their resonant
properties[42]. An example of the different spdcstaapes with the same seaway summary statistgt®isn in Figure 31. In this
extreme example the summary statistics agg+1.2m, T = 4.65s and J= 5.37s. Three examples are shown, together Wh t
resultant power output. In the first example theorded spectral shape is similar to that of thadgteeider resulting in a power
output of 99% of the expected value based on thenmry statistics. In the second example theredkear bi-modal spectral
record made up of both a local wind sea and a sveefiponent, both with different peaks. A devicehvat resonant response
based on the Bretschneider for this sea state wanlidproduce 5% of the expected power, as the pé#e Bretschneider lies
in the valley between the twin peaks of the acteal state. In the final example the power outmmiulte are better than expected,
118%, as the peak of the recorded data coincidibstiaé peak of the Bretschneider.

In all three cases all the spectral shapes aredb@asehe same summary statistics. The reason ferghthat the wave records
associated with these spectra have the same variandhe same total energy in the wave recordth@dsame area under the
wave spectrum.
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Figure 31 Example of different spectral shapes with the saomemary seaway statistics[43]

As the spectral shape can have a large effect @péhformance of devices, it is important to besabl compare the spectral
shapes, as well as the resource and summary istatiat different test sites. This will enable bettomparisons to be made
between similar devices tested at different tdsssand results from different tests to be comparkdre is currently no common
method for presenting the spectral data from diffietest sites to enable comparisons to be madesbgrtthe spectral shapes. In
order to illustrate this, the following are someweaspectra obtained from various test sites. It lmarobserved that they are
mostly presented in different formats making disminparisons difficult.
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15.1 WAVEHUB

The location of the WaveHub site means it recehveth swell sea states propagating from the Atlamstid frequent localised
wind seas. Examination of spectral datasets fositieeindicates frequent bi-modal or multi-modad states, i.e. seas comprising
two or more separate wave systems, each with tairheight, period and directional characteriséits|

Figure 32 presents spectral data from the SWM datas scatter diagram format. The SWM dataskuey data recorded at the
WaveHub site from 30/01/05 to 08/11/05. For eachddithe scatter diagram, all spectra with paramsetgat fall within the bin
limits are plotted (blue) and the mean spectrumttierbin calculated (red). This information is imjamt for device developers
considering deployment at Wave Hub because it givemdication of where energy is found in the $peu for different sea
states. This will have implications for device tugiand power output predictions. The lower left foinexample (H= 0-1m, ==
3-4s), has spectral energy spread across a widge @fhfrequencies, with significant energy occigrivetween approximately
0.05 and 0.4 Hz. This is indicative of high levefshi-modal sea states, and it can be seen thah&an of these spectra is itself
‘bi-modal’. Comparing this with a bin containingrdger wave states, e.gsH 3-4m, Tz = 7-8s, it can be seen that the spectral
energy is concentrated at frequencies below 0.2itzalmost no indication of multi-peaked seas[6].
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Figure 32 All spectral data and mean spectra plotted for édtlof the scatter diagram for the SWM dataset[6].
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15.2 NiIssuM BREDNING

Wavestar energy recorded the following wave speatrthe Nissum Bredning test site. The blue bareaich spectra are the
correct measured spectral shapes (red bars argwiable 33 gives details of the four tests whiobduced the spectra.

Table 33Wave spectra measuring periods and summary stafidi]
06/09/2006 Duration Time Hs (cm) Ts(s)
Test 01 30 mins 11:40-11:50 29.73 2.36
Test 02 30 mins 11:55-12:25 30.52 25
Test 03 60 mins 12:25-13:25 36.8 2.67
Test 04 60 mins 13:32-14:32 38.1 2.74
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Figure 33 Nissum Bredning Wave Spectrum Test 01[44]
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Figure 34 Nissum Bredning wave spectrum Test 02[44]
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15.3 BIMEP

A wave resource estimation at the BIMEP test siés warried out in 2010[45]. As part of this, acclated wave power flux
spectra, predicted by the WAM model at the BIME#&tish, were produced for 2009. These are showddauary-March 2009
(Figure 37), June-August 2009 (Figure 38) and JagnuBecember 2009 (Figure 39). As well as shovihlmyseasonal variability
in the power produced and the frequencies at wthietmost power is produced, these spectra showlitbetion of the various

sea states.
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Figure 35Nissum Bredning wave spectrum Test 03[44]
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Figure 36 Nissum Bredning wave spectrum Test 04[44]
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Winter omnidirectional power flux (kWhm"}: 112,942
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Figure 37 Accumulated wave power flux spectra predicted l®yMWWAM model at BIMEP for January - March 2009. Gams
lines shown are: 100, 1000, 2000 kWh/m[45]
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Figure 38 Accumulated wave power flux spectra predicted ByMWAM model at BIMEP for June - August 2009 Conttue
shown is 100 kWh/m[45]
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Figure 39 Accumulated wave power flux spectra predicted By WWAM model at BIMEP for January - December 2008ntGurs
lines shown are: 100, 1000, 2000 and 5000 kWh/m[45]

154 EMEC

A 2005 study on estimating power from wave measeréamat EMEC[46] used four months of half-hourlecpal data (5718
spectra) to investigate a number of estimatorsoefgr. The months used were June & July and Nove&tigecember of 2003,
resulting in two months of summer data and two memf winter data. Figure 40 shows the averageamae spectra for these
two periods. The average spectra have been noaddig their respective maxima. Superimposed iotagflgroup velocity for a
depth of 50m. This has been normalised by the deder value at each frequency.

1.0

0.5

—————— MNow/Dec average spectrum
M ——— Jun/Jul average spectrum
——— Normalised group velocity |

Nomalised group velocity
l
o
n
Average spectra (normalised by maxima)

=]
A Rt

0.05 0.1 0.2 0.5

Frequency (Hz)

Figure 40 Normalised summer and winter spectra together thighvariation of group velocity with Frequency ions depth.
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15.5 LYSEKIL

Typical wave spectra for the Swedish Lysekil tést are shown below together with comparisons ¢oRterson-Moskowitz (PM)
and Bretschneider (BS) spectra. Measurements frDatawell Waverider buoy were used with two data sbosen to represent
two typical sea states at this location. Data setpgxesents a calm sea state wi¥1.13 m,Te=4.7 s, while Data set B represents
a rougher sea state wits=2.52 m,Te=6.8 s.Figure 41 shows the results from Data set A together witiezson-Moskowitz
and Bretschneider spectrum using the same sumrtetigtiss, with Figure 42 showing the same for Dega B. The legend in

Figure 41 is incorrect and should be the same as the leigelfidure 42.
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Figure 41 Spectrum calculated from data set A (Hs=1.13 m, Te=4.7s) together with fitted PM (U195=7.3 m/s) and
Bretschneider (Hs=1.13, wn=1.13) spectra.
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15.6 CONCLUSION

It is recommended that test centres produce waeetispfor their test sites and present them asbkas presented for the
WaveHub spectra (Figure 32) with the addition &ratschneider spectrum in each bin. This will eeabtomparison to be made

between the spectral shapes at various test agabey can all be compared to a Bretschneidetrsipedor each bin or summary
seaway statistic.

An example of such a comparison was given in [4@¢reby the spectral shapes at the Galway Bayiteswere compared to the
WaveHub site. In this analysis a scatter diagraemeht was chosen with significant wave height, <lids < 2m and zero
crossing period, 45 T, < 5s. These ranges were chosen as they were comirmoth sites, having a percentage occurrence of
17.45% at Galway Bay and 19.09% at WaveHub, owefdbr winter months for which data was availalilbath sites.

Figure 43 shows the individual spectra that ocalwéhin this single scatter element at both sitesr the duration of the data set
for Galway Bay and WaveHub respectively. The averad the spectral ordinates and the equivalentsidak shaped
Bretschneider spectra were also plotted againsfufnecy. The summary statistics of the Bretschnegactrum were the
equivalent mid-points of the scatter diagram eletm@rthis casdHs = 1.5m andlz= 4.5s[42]. The averaged spectra of each site
for this combination of summary statistics are véifferent to each other and the classical shapaegquivalent Bretschneider

spectrum. The WaveHub averaged spectrum has aaligé twin peak while the Galway Bay average spectappears very
broad.

This again shows that for the same summary stajdiivo wave deployment sites can produce diffespettral shapes and also
that a WEC being excited in these conditions ahlsites would produce significantly different povlevels. It also highlights
how the use of data from similar elements of thetec diagrams and the inclusion of the classicet®hneider shape enables
valuable comparisons to be made between two diffeteployment sites.
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Figure 43 Individual, averaged and classical spectra withengelected scatter element, Hs: 1-2m and Tz 4+5af Galway Bay
and (b) WaveHub [42]
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16 TIDAL TEST SITE REQUIREMENTS

The purpose of tidal energy test sites is to makiedhnically and financially easier for device dipers to carry out the

extensive and expensive large and full scale gstihdevices in real sea conditions. During operaoctesting of devices

utilisation of established test centres should cedhe challenges facing unproven heavy engine@egations at sea as well as
alleviating permitting and licensing issues andflicis with other maritime users. Established cestshould offer easier grid

connection that includes performance monitoringrimaentation. Use of the centres could also satiséyrequirement for an

independent reviewer to oversee and validate the dallection methodology. It is anticipated thatvice vessels and support
industries will set up in the areas around the $ésts which will gain experience in their fieldeom which device developers

should benefit from.

Tidal test sites should, in general, be similatomations where commercial deployments are likelyake place. The following
are typical criteria for a full scale tidal site:

e Strong peak tidal flow- a minimum cut-off valuel#5 m/s (3.5knots)

e Depth greater than 20m

e For purposes of grid connection, maximum 5 milesnfland

e Avoidance of commercial shipping lanes

* Avoidance of physical/geographical constraints

» Avoidance of conflict with other marine industrydaconservation stakeholders.

As well as the above, full scale tidal energy wts should possess the following in order toyfslipport device developer’'s
progress to commercialisation.

16.1 MET-OCEAN CONDITIONS

The site should have the correct met-ocean comditid tidal current velocity, water depth, sea-bedditions, low waves, no ice
etc. Past data from the site for all these paraateould be available. In general the conditidgreukl be similar to those of the
proposed commercial sites. Of particular interestthe occurring tidal velocities the device. The physical processes controlling
the ocean and atmosphere have been studied forsadeoable time and are reasonably well understdodever, tidal energy is

a new technology so the level of detail neededilily fnvestigate and understand a device’s overaiformance and loadings at
sea are still being discovered. This leads to dmmmendation of gathering as much environmenfatrimation as possible
throughout the sea trial period.

Prior to carrying out any sea trials, design of thaction subsystem components needs to be castiedor the intended
deployment site. For this, met-ocean data needh® tobtained prior to deployment of the device. Thidudes both operational
and extreme conditions. If the device is bottom nted, geotechnical data is required. An understandf the wave climate is
also required to probabilistically estimate theldgment, recovery, service and maintenance windows.

16.2 GRID CONNECTION

An electrical grid connection should be availalde full-scale pre-commercial devices. The connectioltage and power level
should be at an appropriate level and onshore atidyss with monitoring equipment should also beilabée. The test sites
should also provide convenient connection moorieghs for the straightforward deployment and recped devices.

The net electrical power of the tidal devices sid# measured based upon measurements of curcembliage on each phase.
The power measurement device should be mountedbss t the network connection point of the deaseis practicable to
ensure that only the net active power output, dediel to the electrical power network, is measutazkses in cables and
transforming equipment should be calculated by thatkthat is acceptable to a relevant accreditdiady.

16.3 CURRENT MEASUREMENTS

Although the typical tidal current velocities shddiave been established prior to use of the std;time measurements during
the sea trials must be conducted. Prior to deploymag the site the theoretical sea state statistiost be validated against
measured records at the same station. Current negasnts are important at tidal test sites primddhthe following reasons

e to establish the input power
< to establish turbulence intensity levels

« toinput into device mathematical design models
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* to determine the structural induced loading

« to establish directionality of the flow

Primarily empirical tidal data should be obtainednfi direct, contact measurement. The current mespsdevice must give an
accurate representation of inflow to the devicegémeral the recording devices should be instafegositions close to the
intended tidal device test location, to provideaanurate measure of tidal current conditions expegd in operation. Ideally an
ADCP should be positioned 2 characteristic lenggfemerally rotor diameters) directly upstream af tlevice. The device to be
installed should be capable of recording the temipwariation in horizontal current velocity vertilgathroughout the water

column. In many cases the ebb and flood flow véilegidiffer in magnitude, therefore two measurent@vices are beneficial to
quantify the inflow from the ebb and flood tideig is even more important if there is a degreswing’ whereby the direction

of the ebb and flood tides are not directly oppoddw measurement device should be located in #haepmore than £10% of
the intended location of the tidal device. It slibalso be a bottom mounted recording device.

The recording period required, in order to estabdis accurate resource assessment, should be btetenwith consideration of
the nature of the tides and the complexity of timbiant tidal signal in the project area. Due coasation should also be given to
the possible stochastic influence of surges uperittal currents recorded during the resource measent stage, and to the
temporal position of the recording period withie tquinoctial and the nodal cycles. The tidal airregime should be
monitored from as early a date as possible in @veldpment process. The effects of seasonal riograf currents need to be
considered, since they do not necessarily ret@rséime position throughout the year and their pialerapacity to relocate may
exert an influence upon predicted long-term povegtare.

16.4 METEOROLOGICAL AND WAVE MEASUREMENTS

Met-ocean data for a sea trial site should be nbthprior to deployment of the device. This istiswge the correct environmental
criteria have been used during the design of thcdeand that deployment & recovery will be possilil a practical time frame.
Maintenance and service schedules must also benmogdated.

The wave fielddata is of significant importance as it affectdatiation, maintenance and may impact operatiorcéstain tidal
energy devices. The reasons for obtaining accuvatee data at a tidal test site are to determinendnee climate characteristics
for operations (deployment, recovery, service eit3ea, to quantify wave-current interactionshatdite and to cross reference
with the extreme event horizons.

Wind measurements are also important to correldtie tve concurrent waves, to establish the freabegndage and general
loading and to determine the heading control fag thoorings. Other parameters should be monitoreti wegards to
environmental effects, corrosion and marine growth.

In areas where the density of seawater would becatggd to vary, a device for measuring the temperatnd salinity should be
deployed alongside the current meter. The recoddadset of temperature and salinity should be tigated to consider the
effects of varying water density upon the poweouese.

16.5 BATHYMETRY

A survey of the bathymetry of the test site shdaddcarried out to ensure that it is free from atdleand topology that could
affect the performance of the tidal devices, oreadely affect the local quality of the tidal cunterSub-bottom profiling might
also be required in situations where there is aidenable volume of suspended sediment, or laydiguefied mud that may
affect the device installation. Prior to the degditlesign stage, an additional survey is likelggmecessary, as this may uncover
issues that sonar surveys do not.

16.6 PROXIMITY TO SUPPORT FACILITIES

As with wave sites, tidal test sites should belgasicessible with suitable travel and communicaiiofrastructure. The site
should be close to a service port and access harbbase ports should allow for the local launch aecovery of the devices
with harbours nearby which can facilitate serviessels. The site should also be close to expedemegine engineering yards
with mobile operating capability. If testing of amber of devices or arrays is to take place theal lfabrication facilities may be
required as the transportation of a large numbelesices may not be feasible.
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16.7 LICENSING AND PERMITS

One of the main benefits of test sites is that tteay provide a pre-consented testing area whialcesdthe amount planning and
licensing that device developers have to undertkes can save both time and money. Test sitegfiier should have in place
simplified licensing and consenting regimes. Asidew are likely to be tested in the open oceartHerfirst time at test sites,
there should be an environmental monitoring prognanin place so that the effect of the devices enahvironment and the
effect of the environment on the devices can uly fuhderstood.

16.8 ONSHORE MONITORING FACILITIES

As well as measuring as many parameters as postabtesites should have adequate onshore-datirecéacilities which will
allow for the synchronisation and storage of theadar analysis. Onshore facilities should be iacgl to monitor the power
output to the grid for comparison with the measuiddl currents, sea state and device parametersheke are a series of test
centres established it could become customary ¢onmusre than one test centre during a devices padgsagp pre-production
through to pre-commercial stage. This may be reguto satisfy future clients of the product that ffublished performance
figures for the tidal device are intersite portafdleerefore common methodologies for the testingafices should be in place
across different test sites that facilitate the parison of different devices tested at differetési
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17 EMEC TIDAL ENERGY TEST SITE SCOTLAND

17.1 INTRODUCTION

The EMEC tidal test site, at Fall of Warness, isated to the west of the island of Eday in the @ylen The site was officially
opened in 2007 with OpenHydro being the first depel to deploy there (Figure 44). In 2010 both T@aneration and Atlantis
Resources both deployed at EMEC with HammerfestngtiVoith Hydro and ScotRenewables all planningntiall devices at
EMEC in 2011. The site provides a full tidal regiméh five grid connected berths. There is nearbyesas to sheltered water
with harbour facilities at Kirkwall and Hatston fefing access for larger scale vessels. The sappostifacilities are available as
for the wave energy test site, with EMEC operatiogh test sites from their Stromness centre [4T.o&erview of the Fall of
Warness tidal test site is shown in Figure 45, withihich the locations of the five test berths t@nseen. The position of the
ADCPs at the tidal site, which primarily measure ¥#elocity and duration of tidal currents flowirfgdugh the site together with
water depths over the site, are shown in Figure 46.

Figure 44 OpenHydro turbine installed at EMEC [48]
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Figure 46 Fall of Warness tidal test site with the water tegatd position of ADCPs shown[50]

17.2 RESOURCE

At the Fall of Warness site, the tidal stream flawgsto 4 m/s (7.8 knots) in spring tides and 1.5im/seap tides [49]. The flow
pattern at the Fall of Warness site, together tighlocations of the ADCP measuring stations, @shduring high tide in Figure
47 and low tide in Figure 48.
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17.3 MAIN SITE CHARACTERISTICS
A description of the infrastructure and servicesilable at the EMEC tidal site is given in Table 34

Table 34EMEC Tidal Site Infrastructure and Services

EMEC Tidal Site

Scale Full Scale

Water 25-50m

Depth

Site Area 2km x 4km

Berths Five grid connected berths

Grid Five 11kV subsea cables extend to the centre didhestream. Developers are responsible for ilstgtheir

Connection devices, connecting to the test designated calll@eanoving their devices when testing is complég[#he
subsea cables are connected to an 11kV coastabtand switching station.

Current Seabed mounted Acoustic Doppler Current ProfilABQPs) are used to acquire water level, currentvaane

Data data. The instruments measure the velocity andtitireof current at high vertical resolution andtnfrequency

Collection sampling. A series of deployments have taken giadelp characterise the tidal and wave conditinribe test
area [49].

Weather A purpose built weather station on Eday island¢ated close to the test site. It provides devetopdth air temp,

Data wind speed and direction, humidity, rainfall anddyaetric pressure [49].

Collection

Other Data It is intended to measure tidal power generatiosdiypparing the real-time power generated agaiestidal flow

Collection with the measurement of electrical power supplethe grid via the substation allowing the assessmithe
performance of each device [47].

Substation/ From each of the five berths, the subsea cablésifdiack along the seabed and then pass underetiehkand

Onshore into an external housing next to the Caldale stiostan Eday island. An adjacent laydown area gh@vides an

Monitoring  optional area for developers to use conditioningigment for converting from the level at which thggnerate to

grid compliant electricity. Underground ducts thmmnect the cables through to the switchboardenrstibstation
building. The substation building has four sepamtas: the HV switchroom, communications roomsqenel
room and the standby generator room.

The adjacent building on site holds the Scottisth &outhern Energy transformer where the 11kV issfiarmed
to 33kV and fed into the national grid [47].

In Stromness EMEC has a suite of offices and daqaisition facilities, including areas dedicatedpecific
developers. Fibre-optic and data networks provieletbpers with direct and secure access to thairaevices
[49].

17.4 LICENSING AND PERMITS

The licensing and permitting regime is similar e tvave test site in that EMEC applies for the asagy licenses to deploy on
behalf of client developers. The process requireselbpers to produce an Environmental Statemen) @&hg with a
Navigational Risk Assessment (NRA), Decommissioridan and a Third-party Verification Report (TP¥MEC then uses this
documentation to accompany the appropriate licapgpdications [2]. An Environmental Impact Assessimearried out in 2005

for the tidal site, showed that the particular emwmental sensitivities are mainly a nearby bregdiolony of grey seals (a
European protected species) and a breeding cofotyrmorants. This area is also used by other ssamals and cetaceans, and
other diving seabirds. The potential for impactloese sensitive species therefore needs to be aigbgaddressed by developers
in any application for specific device deployméeo¢éhses [49].

17.5 REASON FOR CHOOSING THISLOCATION

The tidal test site at the Fall of Warness, toulest of the island of Eday, was chosen for its higlocity marine currents which
reach almost 4 m/s (7.8 knots) at springs tides.
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17.6 ADDITIONAL INFO
Demand for existing tidal testing berths at EMEQe®=ds supply and there is a significant waitingfs device developers to
occupy berths. In addition, due to the adverse legatonditions, extreme tidal currents and wavévigt some devices have

been damaged during deployment and operation[51].
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18 FORCE BAY OF FUNDY CANADA

18.1 INTRODUCTION

Force (Fundy Ocean Research Centre for Energyamada’s leading research centre for in-stream tiétdinology, located in the
Bay of Fundy, Nova Scotia. Force is a non-profititaite supported by both public and private fugfh2] whose purpose is to
test the performance and interaction of tidal tuekiin the Bay of Fundy environment. As a testreeittallows developers to
share costs, limit potential impacts, test undmiilar conditions and supply power to the grid bgyding a shared observation
facility, submarine cable, grid connection and emwinental monitoring at a pre-approved test site.

Forces test site is in the Minas Passage are&d@aly of Fundy 10km west of Parrsboro, Nova Satigure 49). Minas Passage
is only 5km wide and bordered by Basalt cliffsislat the entrance to the Minas Basin, the regiith thie world’s highest tides.

OpenHydro became the first developer to use thddetiity in 2009 when they deployed a 1MW dev{€égure 50) onsite. There

are plans for Alstom to deploy a Clean Current Thebn Summer 2011 with an MCT turbine planneddeployment in Summer

2011 or 2012[53]. An Atlantis turbine is planneddeocupy the fourth berth in 2012. The four berth¢ha site have so far not
been grid connected however; this is expected toobepleted in 2011 with the construction of thectleity substation and the

cable deployments.

Cape Sharp

Site Location

Minas Passage

Cape Splt o
e

Figure 50 OpenHydro turbine prior to installation in Bay afrkedy [55]
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18.2 RESOURCE

At mid-tide the current in the Minas Passage isabtu the estimated flow of all the freshwater rsvand streams in the world
combined. With the incoming tide, about 14 billionnes of sea water flows through Minas Passagetire Minas Basin,
creating the highest tides in the world[52].

Tidal devices operating in the Bay of Fundy mayerignce tides moving at speeds up to 5 m/s (10sknexpanding up to 5 km
horizontally, and rising up to 16 meters verticdb2]. The straight flowing and strong currents haveded the seabed to depths
over 135m providing a solid and stable foundatimmtfie placement of the devices[54]. A simulatiéimhe speed and direction of
the flood jet through the Minas Passage is showkigare 51.

3] a i} 12 14 18 18 20 22

Figure 51 A plot of the speed and direction of the floodfjeim high resolution 3D simulation of the flow tlugh the Minas
Passage. The asymmetry of the jet and the largesddrth and south of the jet are visible [56].

18.3 MAIN SITE CHARACTERISTICS
A description of the infrastructure and servicesikable at the FORCE Bay of Fundy test site is giveTable 35

Table 35Infrastructure and services provided at FORCE Bdyundy

Bay of Fundy

Scale Full Scale Prototype
Water Depth 45m at low tide with a sediment free bedrock searfl
Distance to Shore —

Site Area —
Berths Four berths to be grid connected in 2011
Grid Connection The grid connected berths are planned to be coathetd submarine cable to the onshore facility that

contains the power conditioning equipment. The orstifacility is proposed to be connected to a psepo
built transmission line to export the power. Eatthe four subsea cables will have a capacity o8
(64MW total). Each 34.5kV cable is designed towaltbe addition of more devices in the future, which
could total up to sixty-four 1MW devices[57].
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Current Data Data collection has been underway, with the piidsiing site selection for the facility. Projectinars
Collection have so far created

e High resolution bathymetry maps

e Preliminary ADCP data

« 3D digital hydrodynamic model simulations [58]
Weather Data —

Collection
Other Data Once the test turbines are in place, informatiolh lvé collected on the performance of the turbiribs,
Collection effects of the turbines on the environment anddffects of the environment on the turbines. Sensor

packages will monitor the turbine activity and d#igbof the gravity base to the changing tides and
currents. Fish monitoring equipment will assess mobammals and fish behave both at the turbine sites
and in nearby control locations. Repetitive survesls assess seabed stability around the structanes
samples and video will be collected to monitor jfdeschange[54].

Substation/Onshore The proposed onshore electrical facilities will ssh of a substation and power line to Nova Scotia

Monitoring Power’s system. The substation will initially opter at SMW but is capable of being upgraded ifsite
expands to include a commercial deployment. Thegsed purpose built transmission line could also be
upgraded to cater for any future expansion withsighificant investment[59]. The 370fmonshore
facility will also house a visitor centre and reséefacilities [54].

18.4 LICENSING AND PERMITS

The pre-approval of the site means that ‘soft stftacture’ such as permits; approvals and envireriahemonitoring are
provided. Developers intending to test their tedbgp at FORCE will not be required to make an Eormental Assessment as
long as the device either:

« Occupies one of the testing berths at Force
* Replaces one the turbines tested
« Is not predicted to have significantly differenv@onmental impacts from the previous technologésted[54].

Nova Scotia requires tidal devices to adhere tot®nvironmental safety standards; as a resulicdewndergo monitoring while
in operation, and may be removed if required. FOR&€ives ongoing monitoring oversight through avirenmental
monitoring advisory committee[52].

18.5 REASON FOR CHOOSING THISLOCATION

The location of the Bay of Fundy test site was eld after 12 months and $1 million in researcte Bay of Fundy is a good
site for tidal power development because of thg g&ong, uniform and predictable currents thatitesfrom the high tides. The
regions where these currents occur are very widel@amy, differing from most other regions of stromgter flow that occur in
narrow restricted passages[54]. A 2006 study byBER®&I [60] assessed the performance, cost andostorassessment of
potential tidal in stream plant sites. Of the sesétas EPRI considered, the Minas Passage sitdheathrgest tidal in stream
energy resource and was five times larger tharséimend largest. It found that fabrication, assenallgl installation could be
performed out of Halifax Nova Scotia, Dartmouth o8cotia or Saint John New Brunswick. Operation araintenance
activities could be performed out of Parrsboro.ril gonnection could also be established at a atibstin Parrsboro.

18.6 ADDITIONAL | NFORMATION

The strong tides at this site do create some dpegdtdifficulties. They make it difficult for suey vessels to hold position in the

Minas Channel. Experience to date at the site sigdbat it is difficult to deploy instrumentatiamd cables and there is a short
window in which this can be done. The working tioresite is limited to periods when the current vitles are less than 3 knots

(from half tide to low and back to half). Also thater levels can fluctuate by as much as 30 feetning that the local harbours

at Halls and Parrsboro are only accessible for @shon either side of high tide [53]. There haveodbeen issues with the

OpenHydro turbine installed at the site in 200¢hat the high flow has resulted in two of the tads blades being lost [61].

18—73



19 SOLENT OCEAN ENERGY CENTRE (SOEC)ISLE OF WIGHT ENGLAND

19.1 INTRODUCTION

The Solent Ocean Energy Centre (SOEC) is a propteseglopment and support centre for tidal energycgs that will include a

pre-consented 10MW demonstration site for singllesiae devices and small arrays in the Englishr@ied It is proposed for the
demonstration site to be located off St Catherifgse on the south coast of the Isle of Wight (FédaR). This site will provide

ten grid-connected testing berths with the contihueonitoring of array performance, device inter@ctieffects and

environmental impact. The centre will also conefsa pre-consented nursery site for testing of Enatale devices or full scale
prototypes in more benign conditions(see sectior2)2@s well as plans for a commercial 100MW sitgicw could have a

potential capacity of up to 250MW [51].

Portside facility

8 ¥
Newport™ .
e, G e Ll and technology

: -,4_!512 (_Jlf }V‘Jg!'p\b

Near shore
deployment
(nursery) site

“- .
- ..+ Ventnor

Offshore
(demons
commercial) site Outline plan subject to
development and consenting

Figure 52 Location of SOEC onshore support centre, nearshangery site and offshore deployment site [51]

Both the full scale and nursery sites will be supgb by shore-side facilities for data analysispitaring and control. The shore
side facilities include a Portside Facility and fMeclogy Centre encompassing the following actisitessociated with tidal
technology:

« R&D

e Manufacture and assembly

e Operational planning

e Deployment

e Operation and maintenance actions
e Performance monitoring

»  Decommissioning [51]
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Within the Portside Facility and Technology Centi@gl device and project developers will be ablestablish office bases, carry
out design work and modifications in workshop umitel assemble up to full-size tidal turbines fopldgment in nearby sites.

The facility will have suitable wharfage for deplognt vessels and cranes to load devices on arnheoffessels[51]. The location
of the Portside Facility and Technology Centre yisto be determined, but there are potential ionatin the Solent region —
principally Portsmouth, Southampton and the IslgVight. SOEC has had early discussions which indieastrong interest from

existing facility owners to re-equip their facki to serve the tidal energy industry, once thghoffe facilities have received full
consent[51].

SOEC is supported by project partners and a stpegprioup consisting of QinentiQ, Gifford, BAE SystenRicardo, Halcrow,
The University of Southampton, Marine South East #re Renewable Energy Association. The Isle of WiQouncil are the
government lead and Envirobusiness are the projanagers [51]. In early 2011 the Isle of Wight Cadlapplied for £21m from
the UK’s Regional Growth Fund to finance the £30rojgct. The council will hear by June 2011 if thepkcation has been
successful and, providing that the further £9mimaunaised, the project could be up and runningdi4462].

19.2 RESOURCE

A 2006 feasibility study into the case for estdiitig a research centre for ocean energy technalamiethe Isle of Wight [63]
identified the area off St Catherine’s Race onstethern side of the Isle of Wight as having a et stream between 1.9-2.25
m/s (3.8-4.5 knots) with a water depth betweenriB42m

19.3 REASON FOR CHOOSING THISLOCATION

In the process of selecting a site it was envisdbatthe full scale demonstration facility shobkel a suitable site for the long
term deployment and monitoring of prototype devigeder realistic in-service conditions. This fagilshould also be situated in
an area in which an operational ‘tidal energy famaly eventually be located. As well as these, f@6Zeasibility study gave the
following as the primary requirements for the offslhdemonstration site

e Strong peak tidal flow- a minimum cut-off valuel¥5 m/s (3.5knots)

* Depth greater than 20m

»  For purposes of grid connection, maximum 5 milesnftand

* Avoidance of commercial shipping lanes

« Avoidance of physical/geographical constraints

< Avoidance of conflict with other marine industrycaconservation stakeholders[63].

The study concluded that the area south of St @atfie race would best meet these requirementsadf there may be some
conflict with shipping and the area is close toaine Special Area of Conservation.

19.4 ADDITIONAL INFO

In assessing the feasibility of a test site, caasioh with device developers resulted in an exgogsof interest in a site located
near the south of England. Although EMEC is antdistaed test centre and a world leader in the fidklelopers expressed a
preference for a site which could offer easieratdur engineers, greater device accessibility(Wwhian be limited in EMEC due

to shorter winter days and inclement weather) armhg tidal currents in a less aggressive waveatj63].

According to the feasibility study an offshorettsite at SOEC would have the following advantamess EMEC

« A stronger electricity network and substantial dachéor electricity

* Less aggressive wave environment, permitting lomgedows for deployment and maintenance
* Good national and International travel access

« Milder climate and longer daylight hours in winter

It is envisaged that developers may wish to testapypes at SOEC in order to gain confidence irirthervivability prior to
future deployment in the harsher environment at EM&S3].
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20 NURSERY/SCALE TIDAL SITES

Nursery or scale sites will be used to perform-$ytem sea trials which will involve testing ofdae, rather than full, size
devices. These trials represent the first timedéndce will be in a real sea environment. Theimany purpose is to verify all the
systems and sub-systems at a scale large enowagsemble a fully operational power take-off (PTQJ) &till small enough for
the device to be reasonably easily handled. Thanigextremely important stage and the final opputgufor limited design
changes and modifications to be carried out ecocaliyi This means extensive met-ocean monitoringukhbe conducted to
assist in the major data analysis that accompagsethrials. Because the tidal conditions should hésappropriately scaled, the
acquisition rate and duration should be adjustedraingly.

The tests will typically involve devices at reducshles (1:2 to 1:4, in some cases down to 1:H@den locations with relative
good tidal flows but with ‘benign’ sea states. Swsites offer relatively easy accessibility as sadées do not normally interfere
with boat traffic, and light equipment can be utmddeployment and maintenance. However, conditgareh as wave action and
turbulence are not benign with respect to the dsiwers of the devices, making this phase the faatvrthiness proof, which is
of particular importance to the hydrodynamic subesys

At this phase, the PTO subsystem will have to hanellatively small power levels (typically less ha few hundred kW). Grid
connection may therefore not be a technical netyeand will depend mainly on its accessibility agwkt. Focus is given to the
PTO’s performance evaluation with different contlamlvs. First insights on the PTO’s constructiorstatiation, operation and
maintenance will be also experienced.

The following are typical tidal nursery sites regunents:

e Water depth between 10-30 meters (minimum deptigogoverned by a requirement for useful demonstmaif
installation and operational methods, maximum bgodapression times for divers on normal air-breattapparatus)

* Relatively strong tidal current flows of 1-2 nf&s4knots)

e Shelter from wind with minimal exposure to waves

e Transit time to local harbour from site of lessrtiahours

* Nearby shore side facilities including lay downasmre

« Avoidance of commercial shipping and activitiesdblger marine stakeholders, such as fishing andgitrgd

« Avoidance of Special Areas of conservation (SA@is)l other environmental constraints

20.1 EMEC NURSERY TIDAL SITE SCOTLAND

20.1.1 Introduction

As well as providing a test site for full scaledfidievices, EMEC is currently installing a nursédal site which will allow for
testing of smaller scale devices or testing of &dhle prototypes in a less benign seaway regimthatoexperience can be
gathered before testing at a full scale. The nyirsiée will support devices of approximately 1/31di2 size of full scale[51].

As with EMECs nursery wave site, the purpose iallmwv developers to test concepts in accessiblesesaconditions without the
need for big vessels or large plant required ihdammercial scale deployment. EMEC consulted almemof developers about
their requirements for testing in the early stagésa devices lifecycle. From their responses, myrsites would need to
accommodate tidal devices of 4m in height, 10neimgth and with a 10 tonnes dry weight (excludinged®4].

20.1.2 Main Site Characteristics

The site will have the same specially designedrigstupport buoys as for the EMEC nursery wave sitéch will gather data

and dissipate electricity generated by the machiviglst they are tested. These 7m diameter buollsach form the core of the
nursery test sites and take the place of the caridssubstations that are at the EMEC full scakssiThese buoys will allow
small scale devices to be tested more simply tmafulb scale sites. There will be two berths a ttursery site each with their
own testing buoy.
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According to EMEC, the sites energy resource hawe, continues to be, assessed using surface-mowategirider buoys with
integral downward pointing ADCP measuring curreiMsitibeam sonar, sub-bottom profiling magnetomesternveys have also
been completed, with further environmental surveygently underway. Each berth will be providedhwfour gravity base
anchors of up to 380kN capacity with a variety tdehment points, with the ability for this capadid be increased. The nursery
site will be served by the same onshore suppoaititias as for the full scale site.

20.1.3 Licensing and Permits
As with the EMEC wave nursery site developers bdllable to choose between the following berthsatiion options:

e Use the leased area, providing own mooring and pdigsipation
e Use the leased area and EMEC moorings but provioingpower dissipation
e Use the leased area, EMEC mooring and EMEC TeStimmport Buoy[30].

20.1.4 Reason for choosing this location

According to EMEC a nursery tidal site should haélve following characteristics to allow developesstést devices in benign
conditions:

e Water depth between 10-25 meters

e Current of 1-2 m/s (2-4knots) with minimal expostoevaves

e Transit time to local harbour from site of lessrtahours

e Shore side facilities, including lay down areasikable nearby[64]

EMEC chose a site at Shapinsay Sound, off the Hdadolland in Orkney as its nursery tidal site aftmnsultation with
developers about their tidal resource needs, deiies, shore side facilities and the speed arel@decal harbour access[65].

20.2 SOEC NURSERY SITE | SLE OF WIGHT ENGLAND

20.2.1 Introduction

As part of the SOEC it is proposed for a pre-cotestnursery site which will be capable of geneptiMW of electricity. The
proposed location for the site is adjacent to NMactoria in the western Solent (Figure 52). It ivisaged that the site will enable
the early stage sea trials of single prototypegdsalmost up to full scale, and deployed fronxadiplatform or on the seabed.
Three grid-connected testing berths will be progifte companies to rent on a monthly basis. Theseigles companies with the
means to test new products that have advanced tdpdoor tank testing but are not yet ready fof-éeghle demonstration,
generating data in ‘real world’ conditions at loast and risk. The nursery site will enable privsgetor firms to prove concepts
and refine designing of full-size devices or comgunparts. Subject to approval and funding, thesenyr site will be the first
phase of the SOEC project and is planned to beatipeal in 2013[51].

20.2.2 Resource

The same 2006 feasibility study which assessefithecale site, states that off Fort Victoria metwestern Solent the peak tidal
stream is 2.1 m/s (4.2 kts) with a water depth@REm[63].

20.2.3 Main Site Characteristics

The nursery site will be a progression from tarstitey into a real, but relatively benign, marineieonment. Procedures will be
developed, using divers, ROV’s, crane barges etdeuconditions that may be typical of those atgarent installations. There
may be a requirement for different types of sea, li\an muddy through to rocky, for some applicatioe.g. for testing the
installation, performance and maintenance of ma@psgstems, gravity bases, ground anchors and aih@tar equipment.

Procedures and equipment developed in the testwdh&ubsequently be subjected to these aspecasreél environment in this
first type of marine facility[63]. Another use fthis site will be short term trials for prototypdal energy devices.

It is envisaged that small devices could be temdgrmounted on an existing structure (pier), orparpose built platforms (e.g.
a moored raft) for their proof of concept testir][6
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The primary site requirements for the proposed S@&Gery site were

* Relatively strong peak tidal flow — a minimum cuf-ealue of 1.25 m/s (2.5 kts) was chosen.

*  Depth between 10 and 30m (minimum depth being gekby a requirement for useful demonstration siaittation
and operational methods, maximum by decompressimstfor divers on normal air-breathing apparatus)

« Avoidance of commercial shipping

Secondary site requirements were identified as

*  Shelter from wind and waves

e Proximity to harbour facilities

« Proximity to area for shore base, accessible bg roa

« Existing structure (e.g. pier) to carry power cabi®ugh surf zone

* Avoidance of marine leisure activities (Cowes We&}

* Avoidance of activities by other marine stakehaddsuch as fishing and dredging

* Avoidance of Special Areas of conservation (SA@is)l other environmental constraints[66]

The 2006 feasibility study found that the site lBdirt Victoria has an access harbour 1NM away altrenouth Harbour entrance
with a distance to shore of 0.1NM with road acaess a pier. The study also found that althoughditésis inshore of a cardinal
navigation buoy (Sconce), it is close to the matiaéfic choke point of Hurst Narrows. The area@ a designated SAC and no
other environmental constraints are marked on tthaifalty chart [63].

20.2.4 Reason for choosing this location

Consultation with potential clients for a nurseitg ®stablished a need for a test site where sttidag currents occur. The site
should also be easily accessible by a small boaibpfocated in shallow water and relatively shedtd from waves. The 2006
feasibility study assessed four different siteama around the Isle of Wight as potential nurséeylscations. It concluded that
the best site would be located off Fort Victorietlile western Solent as it had a good Peak tidedstirate of 2.1 m/s (4.2 kts)
with the correct water depth of 10 — 25 m and hadasonable degree of shelter in all but south-aviysor westerly winds[63].
The SOEC nursery site has an advantage over EMERatrEMEC's nursery site will not be grid connektenlike the SOEC
nursery site. There are also mooring option lirota and no dedicated portside facility at EMEC

20.3 NAREC TEES BARRAGE ENGLAND

20.3.1 Introduction

The National Renewable Energy Centre (NaREC), bas@tbrtheast England, is dedicated to acceleratiegdeployment and
grid integration of renewable energy and low-careneration technologies, using wind, wave, tidalar photovoltaic (PV),
and thermal power. NaREC has a tidal testing fgcilased at the River Tees Barrage which is esdbné lock in which the
flow of water can be controlled [67]. This is notdan open sea location and NaREC does not provideildy for long term open
water deployment. In 2007 NaREC teamed up with Bddp showcase the Tees barrage as a tidal tefstiiiy. The testing of
the 1/10 scale Evopod (Figure 53) involved the teaé logging of flow velocity, turbine speed anengrator power. It is not
known if the testing facility has been used since.
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Figure 53 Testing of the Evopod at the Tees barrage [68]

20.3.2 Main Site Characteristics

The Tees barrage facility can be used for contidlzale testing using the barrage lock infrastmectihe barrage is 6m wide and
has channel depths of between 1m and 7m with aHesf@35m. The flow through the barrage is gretitan 1m/s and ADCP and
data acquisition support is available[68]. NaRESbalrovides electrical generator test rigs.

20.4 TIDAL TESTING CENTRE THE NETHERLANDS

20.4.1 Introduction

The Tidal Testing Centre (TT Centre) is a scalaltidsting facility that utilises sluices from tAésluitdijk barrage at Den Oever
in the north of Holland. The site has been useddgardo BV who in 2005 tested their Aqua 2600 gxqgte at the site. In 2008
they installed their commercial demonstrator T5hie at the site [69]. This uni-directional turbimvas grid—connected and
fully operation at Den Oever until 2011 when Toeaidstalled and commissioned its first bi-directbturbine at Den Oever.
The TT Centre at the Afsluitdijk barrage is showrFigure 54.
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Figure 54TT Centre Den Oever [70]

20.4.2 Resource

The sluice of the Afsluitdijk barrage at Den Oe{feigure 55) is 16m wide and has a depth of 4.2ner&@fare two tidal cycles per
day with a single one directional cycle (0-max-@Ring approximately 3 hours. Depending on the gtieiof the local tide the

max flow ranges between 1.5-4.5m/s and providesniamflow. The operations are obviously dependemttiwe tides but

scheduling options are available for the openimgiag of the sluice [69].

Figure 55 3-D representation of TT Centres sluice gate withithes in place[69]

20.4.3 Main Site Characteristics

The sites flume is easy accessible by road or @&.B/Vhen the sluice is closed there is no water.fBetween operations (3
hours) the turbine can be inspected with a dinggieer. The turbine can be mounted in a way so ithedin be lifted from the
flume to take it out of operation, for inspectianfor safety reasons [69]. A description of thesiinfrastructure and the services
provided is given in Table 36.
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Table 36Infrastructure and Services available at TT Centre

TT Centre

Scale

Water Depth
Distance to Shore
Site Area

Berths

Grid Connection

Current Data
Collection

Weather Data
Collection

Other Data
Collection

Substation/Onshore

Monitoring

The sluice is a suitable size for ‘intermediatdesdasting of offshore devices (best practicedtishore tidal scale
testing is approx 1:3). It may also be suitablelfdr scale testing of small tidal power units [69]

4.2m

Onshore

Feed-in electrical grid-connection of 400V is ashle, with a capacity of 160kVA, and if neededdalable to higher
kVA

On-line 3D ADCP flow measurements are available ctvipirovide a detailed flow profile of the sluiceatB is
accessible via the data network of the tidal tgstentre. Daily flow predictions are also availaddewell as
scheduling options for opening/closing of the guic

As well as the 3D ADCP, power metering is also @@ as is the ability for easy installation ofrax¢ensors or
cameras[69].

The Tidal Testing Centre provide the following eregiring and testing support services:
«  Engineering support
« Installation support
¢ Mechanical and electrical support
¢ Monitoring and control
« Research support and capacity [69]

The Tidal Testing Centre has 3 equipped officesdmawithin 500 m walking distance of the sluicésah are
available for the testing personnel.

20.4.4 Licensing and Permits

To be able to use the facilities, a permit is reggli The permit deals with safety and environmessgkects and can be granted for
a given project period. The Tidal Testing Centreligg for the necessary licences to deploy on Weffatlient developers. To
facilitate this, a set of EIA Guidelines are betayeloped. The purpose of these guidelines is towwage and assist developers
to consider, as fully as possible, the range aatksaf impacts that might result from the testifigheir devices at the TT Centre.
The RijksWaterStaat (RWS) is the responsible badygfanting such permits. A framework will be pred with RWS to speed
up the permit procedure duration or even to esthldigeneric basic permit [69].
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21 TIDAL DEVELOPER TEST SITES

Developer test sites are ad hoc sites where dexelapeated a test site for the sole purpose tfitetheir own devices. In doing
so they have single handily undertaken the fedtsilstudies, site permitting, infrastructure andmitoring at a specific site for
the sole benefit of their own devices. These aretinerefore independent test centres where setss,csite permitting and
monitoring are shared and testing can be carrigdwereby the performance of devices can be indimdty assessed by
experienced operators.

21.1 STRANGFORD LOUGH NORTHERN | RELAND

The world’s first commercial scale tidal currenttime, a single 1.2MW twin rotor system from Mari@arrent Turbines (MCT)

known as SeaGen, was installed in Strangford nardlerthern Ireland in 2008 (Figure 56). Strangfoadrows links the inland

seawater lake of Strangford Lough to the sea ldc2femiles SE of Belfast. Currents reaching nea@lknots (4.5m/s) sweep in
and out of the 600m wide 30m deep channel[58].

As well as the tidal resource, Strangford has gaockssibility, a grid connection, a QUB (Queensversity Belfast) marine

station and can rely on local skills base for asgdgrand O&M. The site is within a European mariite sind hosts European
protected species [71]. As a result there weregicéisns on the operation of the SeaGen turbinenftbe time of its installation in

July 2008 to March 2010. The restrictions wereipytlace to check that SeaGen operations did nat hay adverse effect on
marine life. In March 2010 the restrictions werkaxed allowing 24/7 operations for the first tin¥].

The SeaGen system is connected to an existingcgndection adjacent to the sewerage substatiom sustrangford, with a
rating of 1.2MW. A 450m long 300mm diameter boréehwas drilled 20m below the sea bed so that, durstallation, the 11
kV power cable could be pulled through the ductFébruary 2008 temporary subsea mooring piles westalled to anchor the
construction vessels to. These will remain in plactl SeaGen is decommissioned [73].
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Figure 56 Location of Strangford Lough site on the left wihaGen installed at Strangford Lough on the rigij [

Also tested at Strangford narrows is a f/Hgale Evopod floating tethered tidal turbine, wahigas installed close to QUB's
Portaferry Marine Laboratory in 2008 and grid carted in 2011.
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Figure 57 Evopod installed in Strangford narrows with Sea@Geal turbine visible in background[74].

21.2 STRAITSOF MESSINA | TALY

Ponti di Archimede (PdA) tested a full scale prgpet of their Kobold turbine at the Enermar piloaml in the Strait of Messina,
Italy (Figure 58) [75]. The Kobold Turbine is a tieal axis turbine suspended from a floating bublye prototype, installed in
the Strait of Messina uses three blades with a @meter turbine, generating up to 25 kW from cuisesf 2.0 m/s. The turbine
was initially installed in 2001, and since 2005 hasn supplying power to the local grid[76].

At the Messina site the peak current speed is 2(4nksots), the sea depth is 20 meters and the Idab®vice was moored 150
meters offshore. The current changes directionye&dmrs and 12 minutes and the amplitude periddiidays [77].

In the first phase of the deployment the energy wgzsl on board for experimental purposes, givinggpdo 1kW floodlights and

to a 6kW ‘fire-fighting’ pump (Figure 59). In 20G6e Kobold turbine was grid connected by means sitanarine cable which
involved the installation of a rectifier-inverter provide a stable electrical output, in order &etrthe grid requirements [78].
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Figure 58 Location of the Kobold prototype[75]
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Figure 59 Kobold turbine deployed in the Straits of Messinf][

21.3 KVALSUND NORWAY

Hammerfest Strom selected Kvalsund in Northern Ngras a test site for the companies’ prototype HS@@al turbine.
Working with Statoil, ABB and Rolls-Royce, Hammesti&Strom connected the HS300, a 300 kW tidal ctittebine, to the grid
in late 2003 (Figure 60). Located in the Straikeflsund in northern Norway, the turbine was deptbat a depth of about 50 m
in an average current of 1.8 m/s [80].

The turbine has been through a complete deploynogr@tation, retrieval, maintenance and redeployrogale. The site was
selected due to its current velocity, water dethvell as sheltered location. The close proximotyfammerfest with its support
infrastructure made it a suitable location for th$aale laboratory [81].

The companies test facility in Kvalsund, consistofgthe HS300 prototype, the subsea infrastrucaur@ the onshore station
continues to be used by Hammerfest Strom for R&Dppses, feeding information into both the HS1006jgmt and future

developments of the next generation of the teclyyp82]. The HS1000 is a 1MW pre-commercial dematstrto be deployed
at the EMEC tidal test site in the Orkney Islesiniyithe summer of 2011.

Figure 60 Hammerfest HS300 turbine during deployment at Kwads[81]

21.4 HUMBER ESTUARY ENGLAND

In summer 2010 Neptune Renewable Energy Ltd (NRE&fed their Proteus full-scale demonstrator fidater generator in the
Humber Estuary (Figure 61). They chose the Hurtstwary for the first deployment of Proteus asaidl ldepths and tidal flow
which suited the Proteus, whilst being close to NRBbase in East Yorkshire. Another benefit of thember for NREL was
their ability to call on the expertise of local @harchitects and engineering firms[83].

In November 2010 NREL announced that they had cetegla series of in-water tests including powetipgand generation of
electricity as proof of the commercial potentiakioé devices power curve [84].
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Figure 61NREL Proteus device in the Humber [84]

Also tested in the Humber Estuary, although a défie location, was the Pulse Stream 100 (Figure B@lse chose this location
because the shallow water, only 9 m deep, allowétively easy to work in conditions. The site vedso close to shore which
allowed for easier grid connection. The Pulse nebbegan generating electricity in May 2009 andoebgal power to a large
chemical plant on the south bank of the estuary. [85

Figure 62 Pulse tidal device installed at the Humber estwdtly the blades raised for maintenance [85]

21.5 RACE Rocks CANADA

The race rocks tidal energy project was Canadess fliee-stream tidal power project, located ateRBocks Ecological Reserve,
off Vancouver Island in British Columbia, 10nm dowest of Victoria. The multi-year demonstration jeat involved the
installation, operation and monitoring of a ¥ s&B&W free-stream tidal turbine generator from Gl€arrent Turbines[86].

The 3.5m diameter Clean Current tidal turbine gateerwas installed in 20 meters of water duringghdgod July to September
2006 (Figure 63). Full scale models will be 14 @ngt(or more) in diameter and of more than 1IMWapazity (depending on the
sites tidal regime). The hydraulic and electricaifprmance of the tidal turbine generator was testng an offline load bank
during this two month period[86].

21—-85



Figure 63 Clean Current turbine during deployment at RacekB@87]

After the initial two months of testing was complétin 2006, the turbine was connected to the cbitystem that feeds
electricity into the battery storage at Race Rodkscording to Clean Current, the testing at RacekRohas validated its
performance claims for the direct drive permaneagnet generator and the flow enhancement duct mesigp tidal turbine
generator having successfully extracted powerawdl up to 6.6 knots[86]. Alstom plans to test a owrcial scale Clean Current
device at the FORCES Bay of Fundy test site in San2011[53].

21.6 LYNMOUTH DEVON ENGLAND

Prior to installation at Strangford Lough, MCT #bta 300kW single rotor which was installed atta 8km North-East of
Lynmouth on the North Devon coast (Figure 64). Tdesice was known as ‘Seaflow’ which was the precuto the ‘SeaGen’
device tested at Strangford Lough. Seaflow wadithetidal turbine generator deployed in the opea-in the world when it was
installed in the Bristol Channel in May 2003. Thedtion, between Foreland Ledge and Foreland Baitihe North Devon coast
was selected because of its 5+ knot spring tide stteams and easy accessibility. The 300kW 1hmetier Seaflow was fitted
to a steel pile which was driven into the seabeagu(fe 65).

The Seaflow trial tidal turbine was connected ttuap load (rather than grid connected) to redustscén addition, the Seaflow
prototype could only generate electricity from titke in one direction[88].

Figure 64 Location of the Seaflow site [89]
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Figure 65 Seaflow installed off the north Devon coast in Bréstol Channel [89]

The Bristol Channel acts to constrict the tidal aoming off the continental shelf, giving bothgartidal ranges and high
currents. These currents are faster further uctienel than at the location where Seaflow wasliest, but the depths decrease.
The site chosen for Seaflow off Foreland Pointalisut halfway along the Bristol Channel with highrrents in depths of 20-
30m. A detailed survey was made of the bathymsegbed type, and current regime, confirming thefai a suitable location.
Official applications for permission to install véemade in 2001. A licence to install under the F&dinvironmental Protection
Act (FEPA) was granted in 2002, which had to beeveed in 2003 as the installation began just outidd@welve month licence
period. A rental agreement was made with The Cré&state in 2003, after the other permissions weceived, as this was
conditional upon the granting of all other licen¢®8]. The device was decommissioned in Octobe©20Ben the testing was
complete[90].

21.7 EAST RIVERNY USA

Verdant Powers Roosevelt Island Tidal Energy (RIpi)ject, located in New York City’s East Rivergam in 2002. The project
consists of three phases which aim to test, demaiasand deliver commercial electricity from Vertidower's Free Flow
Kinetic Hydropower System.

Verdant Power hope that the RITE project will destoste how its free flow system can be scaled facgment directly within a
population centre [91]. The three phases of theERjfoject are as follows:

* Phase 1 (2002-2006): Prototype Testing
* Phase 2 (2006-2008): Demonstration
e Phase 3 (2009-2012): MW-Scale Build Out [91]

Both Phase 1 and Phase 2 have been completed. hése R demonstration stage began in 2006 withrbaliation of the
companies’ first full-scale (5m diameter rotor) &f€low System turbine into the East River (Figugg ®ver a two-year period,
six of these full-scale turbines were operatedriraeray at the RITE project site. According to Vet Power, Phase 2 of the
RITE project delivered the following:

« Verified hydrodynamic, mechanical and electricafpenance with a total of 9,000 turbine-hours oéoation
< Fully bidirectional operational passive yawing witigh efficiency on both ebb and flood tides
e Grid-connected power with no power quality probleméch delivered 70MWh to two local end users [91]
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Figure 66 Location of the RITE project with the turbine beingtalled in September 2008 [91, 92]

Preparations for the RITE projects Phase 3 MW-sbaliéd-out are now underway with Verdant Power'dmission of an
application for a pilot license to the Federal EyeRegulatory Commission (FERC) in December 20i@rdnted this license
would allow Verdant power to build out the RITE jmct in the East Channel of the East River to a 1MW/turbine array which
will deliver power to local customers[91].

21.8 PUGET SOUND USA

21.8.1 Navy Puget Sound — Kinetic Hydropower System

As well as the RITE project in New York, Verdanty®y has other projects in the pipeline, includiteng similar to the 3 phases
of the RITE project, the CORES project in Canadardént are also involved with the US Navy in thealepment of a tidal
energy test site at Puget Sound in Washington .State

In 2008, the US Congress funded the Navy to deyelemonstrate and evaluate the feasibility of tiree{c Hydropower System
(KHPS) Turbine as an efficient non-polluting an@®aemical technology for the conversion of tidalremt energy into electrical
energy. The Navy Puget Sound — Kinetic Hydropowest&n (NPS-KHPS) demonstration project is a tick#irgy demonstration
effort in which the Navy will gather operationalcaenvironmental data from a Verdant Power desiga®di built tidal energy
system[93].

The NPS-KHPS project will be executed in two PhaBésse | involves developing the KHPS technologgyether with site and
environmental permitting. If successful it will Hellowed by Phase II, which includes deployment and-year operating
demonstration followed by system removal. Phasaslifeen running since 2008 with Phase Il of thgeptalependent on future
Congressional funding. As well as funding, commemeet of Phase Il is also dependent on the complatiothe turbine
component testing element of Phase I, which hasyebtbeen completed. Should funding be approvegther with the
completion of Phase 1, Phase Il will involve thenptetion of the system design, fabrication of tlevide and a one-year
demonstration. At the conclusion of the demonistnathe turbines and equipment will be removed[93]

A total of eight sites were initially considered demonstration sites with only two potential sitesyaining, Marrowstone North
and Marrowstone South, these are shown in Figur@ieg final site selection will be based on théofwing criteria:

« Sufficient tidal flow

e Suitable range of depth and slope for installatbthe turbines

e Proximity to Navy installations

« Avoiding or minimizing adverse effects on sensitaresironmental resources
* Avoiding Tribal, commercial, and recreational fisdi

* Avoiding interference with commercial and Navy \&ssperations
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21.8.2 Snohomish County

Also in Puget Sound, Snohomish County is pursuipga energy plant in Admiralty Inlet. The purposkthe pilot plant project
is to learn more about the performance and potestidronmental impacts from tidal energy generaiio Puget Sound. Initially
a total of eight potential sites were consideredPimget Sound with the final decision being betwégmiralty Inlet and
Deception Pass (Figure 68). The final design agdugaof the plant is subject to change but it isrently planned to be located
approximately 1km west-southwest of Admiralty Hdstween the Olympic Peninsula and Whidbey Island/ater depths of
~40-80m (Figure 69).
The plant will consist of two OpenHydro turbinesdawill be connected to the grid using a single sabsable. The project will
have a total capacity of 500kW. Snohomish County frextnered with the Northwest National Marine Reatde Energy Centre
(NNMREC) to conduct multi-instrumental studies loé fproposed project area. As part of this, NNMRB@ehplaced a sea spider
instrument cluster on the seabed to record long teeasurements of the marine environment. Thesadec

e Acoustic measurements

« Water quality measurements

e Fish and marine mammal presence in the deploynmeat a

e Seabed composition and videography

« ADCP to characterise the tidal currents in the gobarea[94].

Snohomish County is in the process of applyingdqilot licence application for the deployment bé tOpenHydro turbines.
Baseline studies have been completed and the applicfor a pilot licence was filed on December 2209[95]. In autumn 2010
Snohomish County won a US Department of Energytgravering half the costs of the $20 million pifrbject [96]. It is hoped
that the tidal turbines could be installed as sa®2012.
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21.9 CoBscook BAY USA

In 2008, the Ocean Renewable Power Company (ORR€)ed out a year long demonstration project whiekted their
prototype Turbine Generator Unit (TGU) at the compa FERC permitted site in Cobscook bay, adjateBastport and Lubec,
Maine. As a result ORPC became the first compargeterate tidal electricity in the Bay of Fundyhwitit the use of dams. In
mid 2009 ORPC began the Beta TidGen project deplmgse which improved the prototype TGU design tmmete a
commercial-scale hydrokinetic power system. Inyeararch 2010 ORPC launched the 60kW Beta TidGetesysORPC fully
commissioned the system and carried out testinfp@mproject until December 2010 [97].

In late 2011 they plan to, with FERC approval, lgua commercial-scale TidGen Power System in CalisBay, just west of
Eastport. After running and monitoring a smallesteyn for a year, they intend to gradually expaedtétpacity to 5 MW. This
larger project will be connected to the New Englgnd through Eastport’s Bangor Hydro substatiof[98

Figure 70 Beta Pre-Commercial TidGen Power System duringnigstt Cobscook Bay [97]

21.10 ATLANTIS RESOURCES

Atlantis Resources have developed a number of tidaice concepts and have undertaken sea trabistbfscaled devices and
full scale prototypes. Atlantis has been operaitie@wn dedicated grid connected tidal power tasilify in San Remo, Victoria,
Australia since 2006. In September 2006 Atlantseawled and installed a grid connected 100kW ‘Aqtamn device at San
Remo [99]. Atlantis used the results of the Aquan#&tsting to develop its ‘Nereus’ concept. Towtitesof a 100kW 30 tonne
Nereus in the open ocean took place in Victoriastfalia in December 2007[99]. In May 2008, the Awptar turbine was
removed and decommission from the San Remo siis.Wés followed shortly with the completion of thear-shore installation,
grid connection and commissioning of a 150kW Nerkuenamed as the AN-150 tidal current turbineMay 2008 at San
Remo[100]. Environmental monitoring has been undgrat the San Remo facility which include assesssnehwater quality
inclusive of salinity, pH, dissolved solids, turlhjd impacts on local flora and fauna as well asseoand vibration
monitoring[99]. In July 2008, the Nereus Il or ANtidal current turbine (Figure 71) was tow testedan open ocean
environment. In 2008, Atlantis unveiled its Sol@®B) series turbines[99]. Solon is a horizontalsaixirbine targeted for deep
open water deployment in water depths exceeding®breters. The turbine produced in excess of 500k@/ knots of water
flow during testing. The five day tow testing pragr was conducted off the coast of Singapore anolvad the mobilisation of
the 20 tonne horizontal axis turbine (seven meatetiameter and eight meters in length), on atéiatbarge pulled by two ocean

going tugs[101].

Figure 71 AN 400 installed at San Remo[99]
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22 RELATIONSHIP BETWEEN TEST SITES AND DEVELOPMENT PHASES

Table 37 lists the wave energy test sites fromeheih the lowest resource, to those with the high€able 38 lists the tidal
energy test centres from those with the lowesteriryelocities, to those with the highest. Durihg tevelopment of both wave
and tidal devices it is envisaged that they wibgress from scale testing, to nursery testing liosfiale prototype testing. This
will involve testing at numerous sites as parthef tlevice development schedule.

Table 37Summary of test sites in order of resource

Site Resource (kW/m) Scale Year opened/
due to open

Nissum Bredning 0.22 Nursery Scale 1999
Galway Bay 2.44 1/4 Atlantic 2006
Lysekil 2.6 Full scale testing of 10kW devices 2006
PLOCAN 4.2 _ 2012
DanWec 6 Prototype Scale 2008
Port Kembla 6.7 1/3 — Full Scale 2005
EMEC Wave _ Nursery Scale 2011
Nursery
MetCentre _ Full Scale _
Runde 50 (off the coast, may not Full scale testing of 10-20kW 2009

be the same at the test siteflevices.
SEM-REV 14.4 Full Scale 2011
WaveHub 17 Full Scale 2011
BIMEP 21 Full Scale 2011
EMEC Wave 21 Full Scale 2004
Pilot Zone Portugal 21-25 Full Scale / Pre-commercial _
Belmullet 55-60 (50m)/70-75 (100m) Full Scale 2012

Table 38Tidal test sites listed in order of tidal currestocities

Site Tidal Currents Scale Year opened/
(m/s) due to open
NaREC Tees >1.0 1/10 Scale device has been tested 2007
EMEC Tidal Nursery 1.0-2.0 1/2 - 1/3 2011
SOEC Nursery 2.1 Nursery Scale 2013
Tidal Testing Centre  1.5-4.5 1/3 Intermediate Scale (or full size 2006
for small units)
EMEC Tidal 1.5-4.0 Full Scale 2007
SOEC 2.0-4.5 Full Scale 2014
Force Bay of Fundy 5.0 Full Scale 2009

! Although the devices tested at Lysekil and Runae'lull-Scale’ they are still relatively small tomparison to the full scale
devices that are tested at sites which have arlaegeurce. For example the full scale deviceeteat Lysekil and Runde are
rated at 10-20kW, whereas the full scale Pelansietkat EMEC is 750kW.
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For both wave and tidal devices there are two Stageered in the Sea Trial section of a device ldpweent schedule, each of
which is further subdivided into two phases. Thaeshown in Table 39. Test sites will be usedSiage 3 TRL 6 ‘Full System
Sea Trials’ to Stage 4 TRL 8 ‘Prototype Expose@’Sit

Table 39Device development schedule

Stage  Section TRL  Timetable
Sum-system Bench Tests 5 6-12 months
s3 Full-system Sea Trials 6 6-18 months
Prototype Sheltered Site 7 1-2 years
4 Prototype Exposed Site 8 1-5 years

22.1.1 Full-System Sea Trials

Although at a large, rather than full, size thessd represent the first time the device has linemreal sea environment. The
primary purpose of the test schedule is to verlfyttee systems and sub-systems at a scale largeganim assemble a fully

operational power take-off (PTO) but still smalloegh for the device to be reasonably easily handléis is an extremely

important stage and the final opportunity for liedtdesign changes and modifications to be carii¢@anomically.

Testing of WEC's at this stage would involve thetitgg of scaled down devices at nursery/scale sitefr as Galway Bay,
Nissum Bredning or the EMEC nursery site.

For tidal devices it would involve testing at ecalent scale/nursery sites such as the EMEC orritygoged SOEC nursery sites.
It could also involve testing at tidal barragestsas at NaREC or the Tidal Testing Centre in théh&igands which would
provide greater control over the tidal currentsvai as much greater device accessibility.

22.1.2 Prototype Sheltered Site

Following Stage 3 it is expected that a full, opagximately full, size prototype device will be &tructed for sea trials. It could
be anticipated that a shake-down period to progecttimponent, assemblies, manufacturing qualityi@stdumentation would be
conducted at a station with a less aggressive tdirtiean the final destination. Systems operatiah@mtrol, especially fail safe
and shut-down scenarios, should be practised. Bgwirformance can be verified but survival modestnine deferred until
subsequent site sea trials.

Wave device testing at this stage could also usesif the nursery sites, such as EMECs nurserysit to deployment at the
full wave site. Other sites which could be usedldde DanWEC, PLOCAN or even SEM-REV due to theiatively lower
wave energy resource.

For tidal devices this could involve the testingudf scale devices at EMEC or SOEC'’s nursery sigé®r which the device could
progress to testing at the SOEC full scale sitihigswould have more benign weather conditions HsiC.

22.1.3 Prototype Exposed Site

Once the operator is confident the pilot planuisctioning acceptably it should be transferred kocation with similar conditions
to those expected at a typical power park. Thetriga are now specifically for proving rather thamodification, so deployment
should be for an extended duration to facilitatenponent lifecycle verification, full range perfornee verification and survival
diagnosis. Met-ocean monitoring can be minimiseth&d required for offshore operations and may beation of the degree of
information necessary for the device PTO control.

Testing of WEC's at this full scale would involvesting at sites with a reasonable good wave resauch as the EMEC full
scale site, BIMEP, or SEM-REV. A location such he WaveHub could be used to test arrays of dewoethat array effects
could be quantified. Finally an exposed high wassource site, such as Belmullet, could be useddbthe device in extreme
conditions.

Similarly for tidal devices, having completed tagtiof full scale devices in sheltered sites, des/iweuld progress to sites with a
higher resource such as SOEC or EMECs full sctdeasid eventually Bay of Fundy, which has the higihesource of all.
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