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Introduction

The theme of the second workshd@mfponent Technology and Power Take-off.” incluidgscs like
Mooring systems, Installation methods and Powes-tatk systems such as Air turbines, Water turbines,
Hydraulics and Linear generators.

Ocean Energy demonstrations and prototype tests, éracountered problems with bio-fouling,
survivability in ocean environment, anchoring, gyeconversion efficiency, navigation hazards,
maintenance requirements, environmental damagtediesssues, transmission of power to name
a few.

Scope and objective

The second workshop was planned in order to dissuss experiences and get a feeling for the
power conversion efficiencies achievable usingedéht technologies. The objective of the work
package is to present experience, discuss, angsanidle information presented from ongoing
projects related to the subjects as listed below:

Mooring systems

The partner’s projects show that a number of déffiemooring systems are possible. Information
available on the experience, reliability and picadtty of the different systems will be presented
and discussed at the workshop.

Installation methods
Installation methodologies for different ocean gyeechnologies will be presented and discussed
in cases where real sea experience is availabl¢hangartners willing to share the information.

Power take off systems

A comparable overview on the efficiency in the poafeain from wave to wire will to be presented
along with indicative cost studies for the differ&TO options. Electrical systems and power
transmission data will be collected where possilelecribing the electrical systems and
transmission systems in order to evaluate and cmtpa reliability and transmission losses in the
different systems:

Air turbines
Power chain efficiency for power take-off systemduding Air turbines will be given for a
selected range of ocean wave conditions.

Water turbines
Power chain efficiency for power take-off systemduding Water turbines will be given for a
selected range of ocean wave conditions.

Hydraulics
Power chain efficiency for power take-off systemduding Hydraulic systems will be given for a
selected range of ocean wave conditions.

Linear generators
Power chain efficiency for power take-off systemduding linear generator systems will be given
for a selected range of ocean wave conditions.



Conclusions

At the timing of the workshop there was only a fe@ave and tidal stream systems with real sea
operational experience over a longer time frameavéi@r one out standing exception is 40 year of
successful operation of the La Rance tidal powantpbf 240 MW producing 538.000 MWh/year
presented by EDF during the workshop.

Compared to La Rance the other Ocean Energy systesmauch smaller in terms of installed
power and with much shorter operational experience.

The tidal stream system Seaflow has an installecepof 300 kW driven by a propeller of 11
meter in Diameter installed on 15 meter deep watest figures, principles and experience of
installation is presented and discussed as welleaprinciples for power conversion and control.

The Cross flow tidal Kobolt turbine Enemar presdriig Ponte di Archimedes is a 55 kW system
connected to the grid in the southern ltaly stoédflesina..

Both tidal systems have been in operation for aBoygars at the time of the workshop.



Enemar System 55 kW tidad turbine, faly Seaflow tidal turbine 300 kW, UK

Wave energy systems

The longest experience real sea wave energy experigas from the shore based OWC type of
wave power conversion technology, systems sucheaSQ0 kW plant on the Azores in Portugal
and the 500 kW Wavegen plant on Islay in the UK.

The plant on the Azores was build in 1996 and hehlout of operation for several years until
recently new funding schemes had made a refurbishpuessible. The plant on Islay is the second
plant on the island replacing a first generatiopegdmental system. For both systems the in-situ
construction on the isolated location facing they@ghad not been without difficulties.

SO0 kW Azores praject Portugal




Off-shore wave energy systems operated at seamasrged by 750 kW Pelamis by Ocean Power
Delivery and the 1,2 MW AWS by Team work TechnoésgiThe two systems are very different
AWS being a submerged point absorber system driiligear generator and Pelamis a floating
snake like structure activating hydraulic rams lestwthe tubular joints

AWS was for a short period grid connected, encoedtits of difficulties in the installation, but

for a short period of time operational experienes\gained and the project terminated at the time
of the workshop.

The Pelamis project has been tested outside thsitest EMEC in Scotland, on and off. The
project has not yet been exposed to survival cmmdit— much and careful work is undertaken to
fully understand the behaviour of the system beifgrexposed to such conditions. One experience
however was the cost of installing and taken thecgeto shore — and also the need for fast
attachment to the moorings has lead to new compalex@lopment.

Other technologies for wave energy systems presbaihg tested at sea are smaller in size,
experimental of nature and located in more sheltergers such as the Wave Dragon system in
Denmark of 20 kW and the Wave Bob and OE Buoy itw@g Bay the FO3 project in Norway.

Wave Dragon, Denmark OF buoy, freland




Recommendations for Future Research
The conclusions from this workshop points towartieeds for further work in the following

areas:

O 0O O0OO0Oo

Deploy more systems in the sea and collect expeziemer longer periods of time
Development of a design protocol for componentkigiog grid conection
Development of a Maintenance log book for exchasfgexperience

Low cost mooring systems and fast connections

Promote policy for publishing results



Choice of methods

The co-ordinated action addresses the issues statieel objectives by inviting the partners to
present their experience in workshop in presentatand papers during a two day workshop hosted
and arranged by Uppsala University.

Uppsala University was chosen to host this workstepecially because of their expertise in
electrical systems witch is an important part & Bower take-off. Further their deployment of
small point absorbers in Sweden would provide egpee in installation of these types of systems.

Mooring systems and Installation methods:

The methods required for installing the differgmids of Ocean energy systems is highly depending
on the technology however all technologies arenfathe challenge of short operational windows
and high costs of equipment.

In situ constrictions:

The shoreline and near shore Ocean energy systermsiigd on the site and thus installed during
construction. Examples of such systems are:

Tidal barrage systems La Range has been build thage shore in the same way as a harbour
wall, dike or a low head dam.

OWC wave energy shore based systems are in coturdst tidal barrage systems placed on
locations with limited onshore infrastructure andhe same time exposed to high wave conditions
— sometimes also tidal variations. Two operatirgjesys has been build one on the Azores and one
on Islay and the experience from these projecteseti@ostly and time consuming installation and
building process. Second generation OWC systemsrudelelopment are projects like the Spanish
and Portuguese projects where the OWC is incorpdiata breakwater of a harbour or projects

like the Faro project build into a cliff.

Installation of pre fabricated structures:

Tidal flow systems such as Sea-Flow further offrehat greater water depth using mono piles
utilises similar principles as off-shore wind batmuch more severe conditions regarding water
depth, current speed and wave conditions — thisymtreat jack-up vessels for these operations are
not yet fully developed and available.

Off-shore wave energy converters.

Most wave energy converters require a number ofrmmggoints to connect to as-well as a cable
connection point. The mooring lines and anchoresysn each case has to be designed to the
specific device in terms of loads and motions —iargbme cases the mooring is part of the Power
take-off i.e. the Swedish Point absorber.



The different type of wave technologies studiedunexs different components due to their size,
response to the waves, power extracting principtelaads.

Non resonant floats — tight moored — snatch loatlending + connection.

Resonant point absorbers — Large mooring systempaeed to small unit size

Over topping systems such as wave dragon requivesyastrong mooring system due to the large
mass of structure.

Attenuator systems such as the Pelamis will conabrd eminator experience relatively smaller
mooring loads. However secondary slow oscillatiass result of the mooring stiffness and the
device weight requires considerations in the desigge.

Like the Pelamis requires a number of tug boatsdtall the device — it is towed to

Practical components for fast connection and diggegent are components that could prove
important in the future development.

Design rules and guidelines
Numerical modelling of single and coupled mooriggtems are discussed in the paper from
Mavracos as well as the existing standards andgngenew guidelines for mooring calculations.



Methodology

Grid connection
Power conversion systems in principle involve a hanof steps from capturing the energy of the
wave or the tidal flow until generating electricitythe grid.

The grid connection point in general is a pointatap of receiving the power from the plant at a
certain voltage and frequency.

Grid connection proposed at the Wave Hub in the UK.

Shore station.

The voltage used to transmit the power from seshtoe in the sub-sea cable depends on the
distance to the shore — and the power to be trateinin the case of the wave hub the distance is
about 25 km and the power 20 mW. The valtage us28KkV. In the case of Horns Rev wind mill
farm the distance is similar 25 km, the power 160Mkd the voltage used 150kV.

Sea sub station

At the Sea Sub station connecting to the sea-gaer from several array terminals are
connected. In the case of wave hub four main caiflabout 5SMW and 12 kV are connected to the
sea sub station. At Horns Rev five cables leads fitte transformer platform connecting 16 wind
of 2 MW (32MW) at 36kV.



Cable interconnection at Horns Rev Off-shore Wi@d MW mill park
Array connecting points

For windmills the cable conection points can beadmside the tower on a fixed structure. The
same is true for the tidal and wave power systéxesl the seabed by i.e. a monopole foundation —
like the sea-flow system or the Wave Rotor. Howdwaefloating structures the cable connection
from the floating device to the seabed is novel tiedsolution will depend on individual projects
both in terms of their hydrodynamic behaviour ameirtpower rating and PTO system.

Device generator voltage and type ()

In wind energy Asynkrone generators seems to bstdrelard, and in the power range up to 2MW
the generator voltage is about 600 kV. This voltegal is then transformed to the subsea grid leval
of in the case of Horns rev 36kV.

The Pelamis devices of 750 kV includes 3 power ntexiaf 250 kW. Eeach power module
contains the hydraulic motors and two generatod6fkW at 690kV. Each of the three generator
sets are linked by a common 690V, 3 phase "busimgrihe length of the device. A single
transformer is used to step-up the voltage to anogypiate level for transmission to shore, HV
power is fed to the sea bed by a single flexibldilioal cable, then to shore via a conventionalsub
sea cable.

At sea one or more ocean energy converters areectethto a substation, and at the substation the
power is transformed to a voltage leval suitabtetfansmitting the power to the shore via a sub sea
cable.

From the sea substation cables are connectingtdebices. these cables are equipped with
submersible transformers and plugs to wich thes#svean plug in at a voltage of about ....

This volatage and power can depending on techndiegyenerated in different ways, and some
typical examples are given to illustrate this defieg on PTO system.



Air turbines OWC

The first generation of wells Air turbine is wassaged to drive generators in the range 300 - 500
kW at a voltage level of 900 volt

The trend is however to produce several smalldéirtes and install several on the same device to
be able to work with higher efficiency at part load

The efficiency depends on the load and idle lossas an indicative figure the pneumatic power to
shaft efficiency is around 50%.

Water Turbines

Water turbines are in more details described irtdaBk report by Wilfred Knapp, Munich

University. The water type of turbine depends antibad that the device produces, and typically a
few different turbines are considered — a technptbgt is mature and well developed on land.

Pelton turbines are well suited for high pressunessured in meter water column like 200 — 2000
meter, Francis turbines in the range 40 — 200 matet Kapland turbines from 1 — 50 meter. For all
turbines the conversion from hydraulic power tofsphawer is in the range of 90-94%.

Oil Hydraulics
Based on the experience from Pelamis the overalepoonversion efficiency ranges from around
mechanical input to electrical output is about 7@%ow power levels to over 80% at full capacity.

Direct Drive

Most wind energy projects and a majority of the eawnergy concepts uses conventional high
speed generators. These systems requires intetimeatahanical conversion steps to transform the
natural motion of wind and waves into a desiredhtsgeed rotational motion required by the
generator. Projects like the AWS and the Swedistb&sed are using directly driven linear
generators adapted for the slow reciprocal motigargby a point absorber excited by ocean
waves. Direct drive gives in general systems wailu intermediate conversion steps and reduced
mechanical complexity, however, the demands omgé&merators have increased. A direct drive
generator need to produce high power at relatilyspeed and also needs to handle considerable
overloads.

The AWS systems producing peak powers above 1 MiNSmabased using smaller floats driving
generators up to about 20kW with peak power ut KW .

Results & Conclusions



Abstracts of Presentations at the Workshop II:
2-3 November 2005, Uppsala University

Introduction:

Mats Leijon, Division for Electricity and LightninBesearch, Uppsala University
Welcome speech and presentation of research at ldtificity

The activities at the Div. for Electricity and Liging Research are focusing both on applications
physics related to electromagnetism, especiallgtetegeneration for renewable energy. The
largest project is on wave energy, where the simpheept is to let the motion of a buoy drive a
linear PM generator placed in a container on tha ettom. A special message is that it is very
important to pay attention to economy when desmnégmewable energy converters

1. Ocean Energy at Uppsala University
Karin Thorburn, Division for Electricity and Lighitmg Research, Uppsala University

The Division for Electricity and Lightning Reseatishheavily involved in research in power from
ocean waves, marine currents and wind.

The main topic is wave power, where the philosaplmased on making simple energy converters
in small sizes and large numbers. The technologulsmot only be functional but also economical
while keeping the impact on the environment atr@mal level.

The wave energy converter is basically a buoy (palrssorber) connected via a rope to a
permanent magnetized directly driven linear genarat a watertight container on the sea bottom.
Coil springs act as a temporary storage releasingrgy to the generator when the buoy is moving
downwards. The wave energy converter concept iotly being tested outside Lysekil on the
West coast of Sweden, with environmental impaanhamportant auxiliary project.

For wind power, the concept is based on a vertaoas turbine with three straight blades and two
supporting struts per blade. This type of turbis@ot sensitive to wind direction and the noisé wil
be relatively low. The generator is also of theedirdrive permanent magnet type, with relatively
many poles and large diameter. The first prototigoglanned to be installed in the autumn of
2006.

For marine currents, a similar concept is basedaorertical axis “wind turbine”, albeit modified
for the different operating conditions. The firegswill be to design, make and test a prototype
generator in the laboratory during 2006.

2. Water Turbines for Overtopping Wave Energy Conve  rters
Wilfried Knapp, Technische Universitat Minchen

Water turbines for overtopping devices have to rfeegh specifications: harsh sea climate, small and
varying turbine head and rapidly varying flow rat@$e experiences gained so far indicate that troeilsl
use several small Kaplan propeller turbines that & run at varying speeds. The control includesitg



on or off several turbines, depending on the situeat hand. The turbines should be simple and edgg
order to reduce maintenance costs.

3. Description of the Power Take-off System on boar  d the Wave Dragon
Prototype

Jens Peter Kofoed, with co-authors Peter Friga&itiried Knapp and Erik Friis-Madsen
SPOK ApS and Aalborg University, Technische UniitatdgMiinchen and Wave Dragon APS

The working principle is to let two long arm refiers focus sea waves onto a small water reservoir
with a doubly curved ramp. The reservoir has aofeimall variable-speed Kaplan turbines with
fixed vanes and runners. The turbines are constaafulated against the variable turbine head
and rapidly changing water flow.

The experience shows that the well-proven hydropteednology needs to be adapted for the very
different conditions at sea. Among the problems lilaa to be overcome were marine growth on
turbine draft tubes, corroded bearings, insuffitisaaling, sand/mud entering the structure and
practical problems when doing maintenance at sea.

4. Turbine Control Strategy Including Wave Predicti  on for Overtopping Wave
Energy Converters

James Tedd; with co-authors Wilfried Knapp, Petegdard and Jens Peter Kofoed
SPOK ApS and Aalborg University , Technische Ursitét Munchen, Aalborg University

The Wave Dragon is a small hydropower dam at seayevgravitational potential energy is
captured by collecting water from waves spillingiothe dam edge.

The height of the dam over the average sea suléaet can only be changed slowly, by varying the
buoyancy with compressed air. The turbines, orother hand, can be controlled quickly, but
knowledge about future waves is important for ogatimg the performance.

The immediate goal is to keep an optimal levehendtorage reservoir, so that the incoming water
neither falls too much (loss of potential energg) simply spills outside (reservoir already full).

Numerical simulations indicate that only a few waneed to be predicted in advance in order to
increase energy output significantly (5-10 %). éality, the energy increase will be lower, but
predictive control is cheap enough to be worthwhienomically.

5. Mooring Behavior and Design of Floating Supports in the Open Sea
Bernard Molin, EGIM, Laboratoire d'Hydrodynamiquedte Generaliste d'Ingenieurs de Marseille

The cost of anchoring is relatively large for tyglioffshore systems and is likely to be significant
also for wave energy converters (such as e.g. Hg)aithe design of anchoring can be a time-
consuming process. Still, the details of slow-atitation and damping are not satisfactorily
mastered. Yet more investigation will be neededviore energy applications.

6. The Well-Tempered Duck
Jamie Taylor, School of Engineering and Electranigsiversity of Edinburgh



During the development of the Salter Duck wavegneonverter buoy, it was realized that very
high efficiency high-pressure bi-directional oildrgulic transmissions were needed. Such
transmissions can implement the advanced contgarghms required to get the most energy out
of waves.

In the early 1980s, the wave power group at Uniteis Edinburgh began to develop a new
generation of high performance hydraulic machinasdal on designs by Robert Clerk. Building on
that experience, a new company called Artemisligegit Power Ltd. was founded in 1994 to
develop the next generation of hydraulic machines.

This new technology is called “digital hydraulicdt.is based on computer-controlled high speed
solenoid valves, which give a hydraulic machinentpgrt load efficiency and good controllability.
The technology has been applied to e.g. wheel miagtarars and hydraulic pumps.

7. Simulation of Wave Energy Prediction for Latched Buoys
Halvar Gravrakmo, Marine engineer, NTNU, Norway

A buoy can absorbed more power from sea wavesfidtion is temporarily locked (latched).

The mechanism needs some time to unlock, and aretefowledge about future waves would
improve the control algorithm. According to a siation using a Karman predictor and sinusoidal
wave state space model, the captured energy megaise by 1 %.

8. A Helix Wave Power Machine
Erik Stjernholm Hoff, Norwegian University for Sciee and Technology (NTNU), Norway

An idea for a novel wave power take-off device te@ated in the laboratory. The preliminary
experimental model consisted of a plastic foamndgi bent into a spiral around a straight rod, the
latter oriented along the motion of waves in a wavrtank. The machine rotated, but power
conversion was very small, and the sensitivityaeelength was large. Several improvements were
suggested.

9. Alternative PTO Concepts in WECs: Application to Desalination
Joao Cruz, Wave Power Group The University of Edigh

Wave-powered desalination may solve the fresh watéddlems in many places in the world. The
theoretical minimum energy requirement is aboutkWh/m3 of sweet water. The main argument
is that the raw material and the energy sourceiarthe same place.

Two methods are mentioned: reverse osmosis (ROYamaur compression. The latter method
does not need any pre-treatment of the water iemotal function well.

Two projects are described: “Delbuoy” using an up¥eh-moving buoy combined with an external
system for reverse osmosis, and “the Edinburgh eptiausing an oscillating cylindrical buoy with
an internal system for vapour compression.



10. A Wave-to-Wire Model for the Hydraulic PTO oft he SEAREV Device

Christophe Josset, with co-author Alain Clémengl&€entrale de NantesEcole Polytechnique de
I'Universite de Nantes , France

The SEAREYV device is based on a floater with aydandinside, viewed as two coupled
oscillators. A numerical model simulates the bebavirom waves to electricity for a system with
oil pressure accumulators acting as temporary epeatgrage. Two important issues for
performance turned out to be proper dimensioningystem parts and tuning with respect to
available torque from the waves.

11. Pelamis Power Take Off
Chris Retzler, Ocean Power Delivery, Edinburgh , UK

The Pelamis concept is based on a chain of floatytigpdrical bodies aligned with the wave
motion direction. The joints are connected to hytdicapistons that transfer energy into oil
pressure accumulator tanks. Hydraulic motors delectric generators with smooth output power.
Peak power is handled by the mechanical and hydraalrt of the system, so that the generators
can be dimensioned for a lower average power.

Hydraulics is considered by the authors as a goesigh choice because of well-proven
technology, possibility for temporary energy stadgr smoothing output power, ease of control
and high efficiency (80%). The primary transmisstoncept has been proved in 1/7th scale and
finally in full scale over a period of seven years.

12. Power Take Off in OWC Systems Through Pneumati ¢ Means
Demos P. Georgiou, University of Patras , Greece

The pneumatic power take-off in an OWC device walex] using a simple model based on
thermodynamics and mechanics. It appears that tleeimatic work cycle is an important part in
the optimization of the total power take-off.

13. Some Aspects of the Rance Bulb Turbines After A Imost 40 years’ Service
— Feedback of Experience
Cyrille Abonnel, Electricité de France, EDF R&D NHE, Chatou , France

The Rance tidal energy facility required preparataduring long time: 25 years passed from
initiation to inauguration 1969, dominated by plamg, research and testing.
Anticipated problems: 1) Design of operation cycles
2) Turbines that can handle variable conditions
3) Protection against marine corrosion
Solutions: 1) “Double action”, i.e. power outpwvice per tide cycle
2) Upstream bulb turbines (Kaplan type with adjidé blade pitch)
3) Anodic as well as cathodic protection of vittyall metal parts in water
One major mishap: The generator stators had todpaced due to magnetic problems.

Note: The tide can be predicted, but not “unexpéavents”. On the average, there has been ona/pek
since 1996, even though the control system is uilymated.



14. Component Technology and Power Take Off for the Seaflow Tidal Stream
Turbine

Huw Traylor, IT Power Ltd., Bristol , UK

The Seaflow device is a two-bladed pitch-contrafiedzontal axis “underwater wind turbine”.
The turbine is mounted on a tower standing on &zel®ttom. The tower has a stable platform for
operation and maintenance. The turbine can bedlittet of water for inspection and service.
Operational experience indicates that the pitchtoarof the turbine blades works well.
Furthermore, the marine environment with corrosém fouling requires appropriate treatment of
all surfaces. Moving parts like cables need to lgrted against mechanical forces. Larger
equipment will be needed for future installatioAsd, the sea bottom of a site needs to be
investigated before designing the foundation.

The total costs excluding overhead and design atedun £4480/kW.

15. Development of a Large Linear Generator for Dir  ect Drive Power Take off
Nick Baker, with co-author George Aggidis, Lancas&laiversity

A linear generator for direct drive conversion céwe energy was designed, together with a test
rig. The idea is to impose simulated forces fromaae energy converter on the linear generator,
while rectifying and converting the electrical outpnto AC (50 Hz, 240 V).

The translator consists of a rod with permanent neglisks, separated by steel disks. The
surrounding stator is a basically a set of coilshaair cores.

Special attention had to be paid to the assembtii@fienerator due to the forces from the very
strong permanent magnets. The power electronidesggned to handle varying operating
conditions.

16. Linear Direct-drive Generators for Ocean Wave E  nergy Conversion in the
Archimedes Wave Swing

Henk Polinder, Delft University of Technology, TNetherlands

The AWS system has a directly driven linear dosliled PM generator. A number of generator
topologies have been compared to find a cost-effigolution. It is argued that a double-sided
Transverse Flux Permanent Magnet (TFPM) topologhésmost promising due to lower costs and
higher efficiency. However, more research is nesngssegarding eddy current losses, low power
factor and mechanical construction.

17. Drive Train Concepts for Variable Speed Operati  on
Jochen Bard, Institute for Solar Energy Supply Tedbgy (ISET), University of Kassel, Germany

The main reasons for variable speed operation atkiced dynamic loads, improved part load
efficiency, and less need for mechanical control.



A number of different drive concepts are being @at&d by ISET, inspired by previous
developments e.g. in wind power. An interestingmata is the “multibrid” concept, where a single
stage gearbox is combined with a medium speed gemeil he drive train mass can be reduced,
and no high speed gears are needed.

The cost for the frequency converter is an impdrtamsideration. The critical size, above which
price decreased slower, was found to be aroundVZ@at 200 €/kW in year 2000).

The price for a system of a generator and a frequaonverter also decreased with increasing
size. At 600 kW rated power, synchronous generatadsdoubly fed induction generators (at 130
€/kW) won over asynchronous generators.

Part load efficiency is an important figure of meRermanent-magnetized synchronous generators
with frequency converters appear relatively effitiat part load.

Real system weights (wind power: nacelle, powentigenerator) showed a tendency to increase
with rated power (50-80 kg/kW).

Two commercial examples were shown: one small-$galeo turbine (simplified Kaplan)
combined with a permanent magnet generator and200eHz 40 pole permanent magnet
generator as such.

18. Integrated Design of Direct Drive Electrical Po  wer Take Off for Marine
Energy Applications.

Markus Mueller, Institute for Energy Systems SchafdEngineering; Electronics University of
Edinburgh

Directly driven electric generators need many paed large diameters (if rotating). The electric
design should be integrated with the mechanicaigteis order to optimize the energy converter as
a whole. Electromagnetic forces, core weight anaring design (for linear machines) are
important in this respect. It is argued that airred machines will reduce costs for manufacture
and installation.

19. Pre-design of Direct Electrical PTO for the SEA REV Wave Energy Device

Marie Ruellan, with co-author Alain Clément (e)BNS de Cachan, Bretagne, Ecole Centrale de
Nantes, France

A simpler version of the SEAREYV device consisas afscillating buoy with an internal pendulum
connected directly to an electric generator. Themamical damping coefficient (b) needs to be
optimized in order to maximize energy productione@ethod has been investigated:

As long as the output power is lower than a dettigeshold, the damping coefficient is set at a
single value (optimal in an average sense). Abbgealesign threshold, the damping coefficient is
varied to keep the electric output constant. Tseiltevas that the oscillations of the internal
pendulum increase and the rated power of the eteganerator can be reduced.



Another investigation concerned the use of a geafbultiplier): The result was that output
limitation/levelling allowed for a reduction in gerator size, but the reduction was much larger by
introducing a gearbox. For the future, an energyrage for reducing output power variation will
be considered.

20. Power Take Off System of WaveRotor Prototype
Bart-jan Sustronk, with co-author Peter Scheijgrdfebfys bv, Netherlands

The Wave Rotor is basically a vertical axis “windiine” with inclined straight blades, mounted
on the sea bottom. The idea is to let the rotoodibshe mechanical energy in sea waves. The
power take-off system for a Wave Rotor prototygeldeen investigated. The requirement to use
components available on the market resulted inraliznation of a gearbox, a PM servomotor as
generator and a modified photovoltaic module ineerThe control is based on speed-dependent
on-off-regulation

21. Performance investigations of the LIMPET counte  r-rotating Wells turbine
M Folley, R Curran, C Boake, T WhittakerQueen’s \umsity, Belfast , UK

The LIMPET plant is based on the Oscillating W&etumn (OWC) principle: The wave motion is
converted into a water column moving up and dowa @mamber. The air above the water column
is pushed through a bidirectional Wells turbine

The plant has survived the harsh climate, but #grégomance has been lower than expected, partly
due to suboptimal sea bottom topography outsidglduat, partly due to the choice of a contra-
rotating Wells turbine. The availability was > 80, %hereas the plant spent 25-30 % of the total
time producing electric power.

Main recommendations: 1) Do not over-rate the pfantthe wave resource available; 2) maximise
the efficiency closer to the mean generation le¥emake model tests of the complete system in
cyclic flow; 4) choose another type of Wells tugebihan the contra-rotating.

Some general recommendations for energy convesyistems were also made, most of them
related to cost-efficiency.

22. Kobold turbine in the Strait of Messina, Connec tion to the Grid
Prof. Antonio Fiorentino, Ponte di Archimede S.p.Kaly

The grid connected tidal turbine project of 55 kiNhee strait of Mesina is described. The
instrumentation and principle of cable conectioniéscribed, aswell as the integration of solar
cells.



