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INTRODUCTION

Wave power is the transport of energy by ocearasarivaves, and the capture of that energy to do
useful work, for example for electricity generatiomater desalination, or the pumping of water
(into reservoirs). For these and many other reasmthnologies to exploit wave resource are
increasingly developing, especially in the receatrg, and the wave power could potentially
represent a very practical solution.

Actually, the idea of extracting energy form wai®sot so recent as it can imagine, the rst patents
for example, date back to the early 18th centuryl973 oil's crisis, resulting in sudden increase i
price, has prompted many governments to considernative energy sources, more durable and
politically stable. It is precisely in this histoal moment, therefore, that ocean was identified as
major source of energy to draw from. However, wiité stabilization of oil's price at the end of the
80s, the interested in renewable energy diminisdretithe almost absolute lack of interest on the
part of government has lasted to this day. Foryesrs now, the incentive for clean energy has
opened a new era of research and developmentoéné improved technologies. The reasons for
this change of direction are different and multjgte sure the increasing world population and the
depletion of conventional energy sources (fos®l)fbut also the fact that the world-wide demand
for electricity is expected to double within thexn20 years. This, combined with commitments to
significantly reduce C®emissions in the same timeframe are increasingséach for clean,
socially acceptable methods of generating powee. [idt of countries seriously committed (figure

1) to convert wave energy in electricity is growing. Moreover, all this countries are looking, in



some way, to find the greatest way to take profithe sea respecting the variety of ocean space

uses present in this moment.
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Figure 1: List of the Countries concerned in marereergy, Ocean Energy

Most governments have introduced schemes to engetin@ development and uptake of renewable
energy, either through direct grants or favoralleffs for electricity generated from renewable
sources. Whilst the majority of work to date hasulked on the wind and solar sectors, the
generation of electricity from waves, tidal curieand tides has received renewed interest as some
of the complexities of practically harnessing otftems of renewable energy become apparent.
Figure 2 shows how the key areas for wave and &dalgy potential are distributed around the
world. Western Europe, the west coasts of North &odth America, New Zealand and Australia
are the regions of the world where waves with tighést energies are found. Key regions for tidal

energy include western Europe, Australia, CanadaiNand South America, China and Russia.
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Figure 2: Areas for tidal and wave energy around torld

At the moment, in the most interesting areas forav@nergy conversion, solar and wind energy are
still the most competitive resource on the globakket. However, looking the diagram in figure 3
below it can be seen that the utilization of wawergy is potentially higher than the wind energy

and, even more, solar energy [ll.].
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Figure 3: Degree of utilization of the main enespurces

Surely the greatest benefit comes from the fadtttiearesource is concentrated in specific ardas al



over the world with specific properties. These anajnly, oceanic coastal zones exposed to the
main directions of ocean winds and at the endsmg fetches. The wave activity in fact is intense
in areas between 30°N and 60°N of latitude on Ibetimispheres for the presence of predominantly
westerly winds. Other advantages are linked tolithged negative environmental impact in use
and to the natural seasonal variability of wavergpewhich follows the electricity demand in
temperate climates. Last, waves can travel largtanites with little energy loss; storms on the
western side of the Atlantic Ocean will travel toetwestern coast of Europe, supported by
prevailing westerly winds. The problem is that thuerent state of technological development is still
inappropriate, due to many critical issues stibaimed. This means that the wave energy can not be

economically competitive yet.

WAVE ENERGY CONVERTERS

Generality

Devices able to generate electricity exploiting émergy of the waves are commonly called Wave
Energy Converter (WEC). At the moment exist a \tgred technologies to capture the energy from
waves; however, each is in too early a stage oéldpment to predict which technology or mix of
technologies would be most prevalent in future camumalization.

The design of a wave energy converter has to b@yhgpphisticated to be operationally efficient
and reliable on the one hand, and economicallyifEasn the other. As with all renewables, the
available resource and variability at the instalatsite has to be determined first. The above
constraints imply comparably high construction soshd possibly reduced survivability, which,
together with misinformation and lack of undersiagd of wave energy by the industry,
government and public, have often slowed down wavergy development. But, in the last five
years, there has been a resurgent interest in emaegyy. Nascent wave energy companies have
been highly involved in the development of new wawergy technologies such as the Pelamis, the
Archimedes Wave Swing and the Limpet. At presestworld-installed capacity is about 2 MW

mainly from demonstration projects.

Classification of WECs
In contrast to other renewables the number of quiscir wave energy conversion is very large.
Despite this large variation in design, WECs aneegally categorized by location and type/mode of

operation [lIL.].



a) Location

It is spoken of shoreline devices, nearshore dewacel offshore devices.

Shoreline devices have the advantage of being close to the utilgywork, are easy to maintain,
and as waves are attenuated as they travel thishajlow water they have a reduced likelihood of
being damaged in extreme conditions. This leadsrn® of the disadvantages of shore mounted
devices, as shallow water leads to lower wave pdthes can be partially compensated by natural
energy concentrated locations). Tidal range cao bés an issue. In addition, by nature of their
location, there are generally site-specific requeats including shoreline geometry and geology,
and preservation of coastal scenery, so devices

cannot be designed for mass manufacturing.

Near shore devices are defined as devices that are in relativelylshaivater (there is a lack of
consensus of what defines 'shallow' water, bua& been suggested that this could be a depth of
less than one quarter wavelength). Devices inltiuation are often attached to the seabed, which
gives a suitable stationary base against whichsailating body can work. Like shoreline devices,
a disadvantage is that shallow water leads to wawts reduced power, limiting the harvesting
potential.

Offshore devices are generally in deep water although, again, tieelttle agreement about what
constitutes 'deep' water. 'Tens of meters' is @feiton, with 'greater than 40m’, and 'a depth
exceeding one-third of the wavelength' being othEng advantage of siting a WEC in deep water
is that it can harvest greater amounts of energguse of the higher energy content in deep water
waves. However, offshore devices are more diffitmlconstruct and maintain, and because of the
greater wave height and energy content in the wawvesd to be designed to survive the more
extreme conditions adding cost to construction.

b) Type

Despite the large variation in designs and con¢&@EsCs can be classified into three predominant
types: attenuator, point absorber and terminagpedding on their orientation among the waves.
Attenuators lie parallel to the predominant wave direction andk' the waves. An example of an
attenuator WEC is the Pelamis (figure 4(a)), dgwetbby Ocean Power Delivery Ltd (now known
as Pelamis Wave Power).

A point absorber is a device that possesses small dimensionsveelat the incident wavelength.
They can be floating structure that heave up antindon the surface of the water or submerged
below the surface relying on pressure differenBaicause of their small size, wave direction is not
important for these devices. There are numerouspbes of point absorbers, one of which is
Ocean Power Technology's Powerbuoy (figure 4(b).

Terminator devices have their principal axis parallel to thave front (perpendicular to the



predominant wave direction) and physically intetcefves. One example of a terminator-type
WEC is the Salter's Duck, developed at the Unwiersi Edinburgh (figure 4(c))

(b) Powerbuoys wave farm

c) Lab test of Salter's Duck

Figure 4: Some of the most famous Wave Energy Cense

c) Modes of operation

Within the categories identified above, there idfuaher level of classification of devices,
determined by their mode of operation. Some sigaift examples are given below.

The submerged pressure differential device is a submerged point absorber that useprédssure
difference above the device between wave crestdranghs. It comprises two main parts: a sea
bed fixed air-filled cylindrical chamber with a meable upper cylinder. As a crest passes over the
device, the water pressure above the device cosgsdhe air within the cylinder, moving the

upper cylinder down. As a trough passes over, tatempressure on the device reduces and the



upper cylinder rises. An advantage of this devécthat since it is fully submerged, it is not exgubs

to the dangerous slamming forces experienced layirfig devices, and reduces the visual impact of
the device. Maintenance of the device is a possblee however. Owing to part of the device being
attached to the sea bed, these devices are typioalited nearshore. An example of this device is
the Archimedes Wave Swing, an artist's impressfomhich is shown in figure 5.

Figure 5: Archimedes Wave Swing farms

An Oscillating Water Column consists of a chamber with an opening to the séabthe water
line. As waves approach the device, water is forotml the chamber, applying pressure on the air
within the chamber. This air escapes to atmosptigoeigh a turbine. As the water retreats, air is
then drawn in through the turbine. A low-pressurI$\turbine is often used in this applicationtas i
rotates in the same direction irrespective of tbe fdirection, removing the need to rectify the air
flow. It has been suggested that one of the adgastaf the OWC concept is its simplicity and
robustness. There are examples of OWCs as poirmdrladrs, as well as being built into the
shoreline, where it acts as a terminator. An exangpla shoreline mounted device is the Wavegen
Limpet (figure 6). The device is installed on tiséand of Islay, Western Scotland, and produces
power for the national grid.
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Figure 6: Sketch of Limpet

An Overtopping device captures sea water of incident waves iasarvoir above the sea level,
then releases the water back to sea through twbike example of such a device is the Wave
Dragon, which is shown in figure 7.

Figure 7: Frontal view of Wave Dragon in the NissBnedning site

This device uses a pair of large curved reflectorgather waves into the central receiving part,
where they flow up a ramp and over the top intaised reservoir, from which the water is allowed

to return to the sea via a number of low-head habi



OVERVIEW ON OVERTOPPING WECs

Under the Danish Wave Energy Programme a numb&/BEECs have been suggested and tested.
Among these WECs are devices like the Wave Dray¢ae Plane, Sucking Sea Shaft, Power
Pyramida and others. Furthermore a number of deviweve been proposed and some built
internationally. All these devices have in commdmttthey utilize wave energy by leading
overtopping water to one or more reservoirs plaaed level higher than the mean water level
(MWL).

The potential energy obtained in the overtoppingew# then converted to electrical energy by
leading the water from the reservoir back to the\sa a low head turbine connected to a generator.
The performance of these WEC technologies are epémbdant of resonance with the waves and
can therefore be constructed very large. Centsakis for floating overtopping WEC's are to control

and stabilize the floating structure to optimizeveo output.

Overtopping theory

The theory [VI.]for modeling overtopping devicesiea greatly from the traditional linear systems
approach used by most other WECs.

A linear systems approach may be used with ovemgpplevices. This considers the water
oscillating up and down the ramp as the excitedybaad the crest of the ramp as a highly
nonlinear power take-off system. However due to nloa-linearities it is too computationally
demanding to model usefully. Therefore a more maysapproach is taken. The time series of the
overtopping flow is modeled, thus, relying heavifyon empirical data. Figure 8 shows the

schematic of flows for the Wave Dragon.
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Figure 8: Schematic of flows for the Wave Dragon
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Depending on the current wave state (Hs, Tp) aaccthst freeboard Rc (height of the ramp crest
above mean water level, MWL) of the device, wat#ér avertop into the reservoir (Qovertop). The
power gathered by the reservoir is a product of thrertopping flow, the crest freeboard and
gravity. If the reservoir is overfilled when a largolume is deposited in the basin there will sslo
from it (Qspin). TO Minimize this, the reservoir level h mustkept below its maximum level (hR).
The useful hydraulic power converted by the turbirsethe product of turbine flow (Qturbine), the
head across them, water density and gravity.

Within the field of coastal engineering there iscansiderable body of work looking at the
overtopping rates on rubble-mound breakwatersywsdla and dykes.

The studies of Van der Meer and Janssen (1994)dad\the basis of the theory on the average
expected overtopping rate. Gerloni et al. (199%estigated the time distribution of the flow.
However this work was focused on structures desigoeninimize the rate of overtopping, counter
to the aims of the Wave Dragon. Kofoed (2002) pentxd laboratory tests on many permutations
of ramp angles, profiles, crest freeboard levela irariety of sea states, all with heavy overtogpin
rates. These studies showed the Wave Dragon'stpdtdauble curved ramp to be highly efficient
at converting incident wave power.

When comparing results between different scalemodel testing it is very useful to use non-
dimensional figures to describe the variables. Re$tom the model scale can then simply be used
for any size of device.

In coastal engineering the average flow Q is caedeinto non dimensional form by dividing by

the breadth of the device b, gravity g and theiBggmt wave height Hs:

In the case of the floating Wave Dragon it has bssen that there is a dependency on the wave
period. The dominant physical explanation for ikishe effect of energy passing beneath the draft
of the structure. Figure 9 shows a typical distiitru of wave energy in the water column, with the
left side showing the portion influenced by the paofi Wave Dragon and therefore available to be

exploited.
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Figure 9: Vertical distribution of energy in wateolumn (Kofoed, 2002)

As it can be seen, shorter period waves have émeirgy concentrated in the upper part of the water
column so Wave Dragon will absorb proportionatetyrenenergy from these.

Time variation of the overtopping flow is also vemyportant for modelling the power produced. To
make the model overtopping events are assumed tari®dm and independent, with a Weibull
distribution. With this good understanding of theedopping flows a simulation programme is
designed and is extensively used to optimize andeinthe overtopping WECs behavior. This
programme provides as an input a randomly genetatedhistory of waves overtopping the ramp
according to a mean rate and a specified distobutlhis allows modification of many attributes
(such as reservoir depth and area, crest freebwoaight, turbine number and type and turbine
operational strategy) in order to pick the confggion which will produce the most electricity for
each sea condition present at a location.

Categorization of overtopping WECs

Overtopping devices have been designed and testdmbth onshore and offshore applications. So,
they are categorized in two groups: coast basedlaaiihg structures [V.].

a) Coast based devices

Among the few WECs that have been built and tesdethe NorwegianTAPCHAN (TAPered
CHANRnRel). This device is equipped with the same mra&ry as a low pressure hydroelectric power
station with a reservoir and a Kaplan turbine. Tésgervoir is fed by waves trapped by a broad
channel opening that reaches into the sea. Towhedgeservoir the channel is tapered and bent in



such a way that the waves pile up and spill overctreannel margin.

Studies have also been performed on a variatiothisfcoast based approach where overtopping
water is not used to produce power but to reciteulgater in harbors (in a project called Kingston
harbor pump). This approach can be useful at looativhere only a small tide exists and therefore
only insufficient flushing of the harbors occurs the coast based overtopping devices work best in

areas with small tidal ranges this can be a vesyulgpplication.
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Figure 10: Scheme of TAPCHAN device

Another Norwegian project, calledSeawave Slot-cone Generator (SSG), utilizes wave
overtopping of more than one reservoir placed #erdint levels and is suitable for onshore
application. To more detailed explanation of itmgiple and operation, refer to the next section

b) Floating device

The coast based devices are most applicable inataagions with deep water close to a rocky
coastline. Therefore for countries where the cgaserally consists of gentle sloped beaches, such
as Denmark, the coast based devices are not amgieopss the waves lose the majority of their
energy content through bottom friction and waveakieg before they reach the shore. Thus a
number of floating WECs utilizing wave overtoppihgve been proposed. The fact that these
devices are floating not only makes it possiblenimve them to regions with larger wave energy



density but also solves problems associated withdnd enables relatively easy control of the crest
level of the slope.

Among the first devices to use this approach wassda Power WEC from Sweden. This device
has been tested in prototype scale.

In Denmark one of the WECs which has been mostldeegd is theNave Dragon (WD). The WD
combines ideas from TAPCHAN and Sea Power andflsating structure equipped with wave
reflectors that focus the waves towards the slope.

overtopping

reservolr

)

turbine Youtlet

Figure 11: Scheme of Wave Dragon device

The WD has so far undergone substantial modeintgsti both the hydraulic performance of the

structure and the performance of the turbinesnrane detail on WD see the next section below.

Seawave Slot-cone Gener ator

The SSG (Sea Slot-cone Generator) is a wave ewmergierter of the overtopping type [VII.]. The
structure consists of a number of reservoirs one¢hentop of each others above the mean water
level, in which the water of incoming waves is stbitemporary. In each reservoir, expressively
designed low head hydroturbines are convertingttential energy of the stored water into power.
A yearly energy production of 320 MWh is foreseend 10 meter wide section.

A key to success for the SSG will be the low cdghe structure and its robustness. During the last
2 years such a 1350 tonnes concrete structure ¢ bnder detailed design in Norway. The
construction was planned to be installed duringngpand summer 2008 at a small island Kvitsoy
situated near Stavanger. Unfortunately environntaetaies have demanded a movement of the
project to another location. The actual situatisrthat some breakwaters under design are being
investigated as a possible places for integratieg3SG structure.

The operating principle is very simple. The incognmave will run uphill a slope and on its return

it will flow into reservoirs. After the wave is caped inside the reservoirs, the water will run



through the patented multi stage turbine. Using thethod practically all waves regardless of size

and velocity, can be captured for energy production

Figure 12: Cross section of a SSG Wave Energy Gtarve

The three-tier structure ensures a high level fidiehcy and the continuous generation of enengy. |
is believed that this system is efficient and canirstalled also on offshore structures such as oil
platforms out of service.

Feasibiliy:

A Environmental Impact: High, if it is built on the shore, due to the higimension, it my
take completely the beach which will be installédr offshore applications instead, the
estimated impact is restricted.

A Maintenance: Low. Use well-proven hydraulic technology and @mponents are easily
accessible.

A Manufacturability: medium-low. Require a large structure and theéesyss also limited to
sites with steep slopes that overlook the deep sea.

A Stage of development: design concept.



Wave Dragon

Wave Dragon (WD) is an offshore wave energy comvest the overtopping type where each unit
will have a rated power of 4-10 MW depending on hemergetic the wave climate is at the
deployment site. As part of the development adéisitowards a full size production plant in 2006 a
grid connected prototype of the WD is presentlyngeiested in a Danish fjord (a scale 1:4.5 of a
North Sea production plant).

WD consists of three main elements:

1. Two patented wave reflectors focusing the wavesatdw the ramp, linked to the main
structure. The wave reflectors have the verifieigatfof increasing the significant wave
height substantially and thereby increasing enecgpture by 70% in typical wave
conditions.

2. The main structure consisting of a patented douhlged ramp and a water storage

reservoir.

3. A set of low head propeller turbines for convertthg hydraulic head in the reservoir into
electricity.

Reflectors

Reservoir

Figure 13: Main component of Wave Dragon

When waves have been focused by the reflectorsahestop the ramp and fill the reservoir, which
is situated at a higher level than the surroundieg. This hydraulic head is utilized for power

production through the hydro turbines.



Figure 14: Wave Dragon prototype at test site

WD is unigue among wave energy converters as & tise energy in the water directly via water
turbines, i.e. a one-step conversion system, whiells a very simple construction and has only
one kind of moving parts: the turbines. This iseesisl for any device operating offshore where
maintenance is difficult to perform and where tl&e@me forces, fouling etc. seriously affect any
moving parts.
But yet WD represents a very complex design, wh@ensive efforts by universities and industry
have been spent on designing, modelling and testingder to:

A Optimize overtopping.
Refine hydraulic response: anti-pitching and aoliisrg, buoyancy etc.
Reduce (the effect of) forces on wave reflectorgormg system etc.
Develop efficient turbines for extremely low andyiag head.

> > >

Develop a turbine strategy to optimize power praiduc

A Reduce construction, maintenance and running costs.
All of this has been done with one goal: to prodasemuch electricity as possible at the lowest
possible costs and in an environmental friendly ehdble way [IX.].
a) The structure
WD is moored (like a ship) in relatively deep waiex. more than 25 m and preferably +40 m to
take advantage of the ocean waves before they Eosgy as they reach the coastal area. This is in
contrast to many known wave energy convertersadrateither built into the shoreline or fixed on
the seabed in shallow water.
WD is constructed with open air-chambers whereeagurized air system makes the floating height
adjustable. Thus, the crest freeboard can be adjustyield the maximum overtopping efficiency
in different wave conditions. Furthermore, the operchambers reduce the movements of the main
body, as the wave induced pressure on the undeo$itiee structure compresses air rather than
moving the body.



Figure 15: On the left WD prototype at launch in ieta2003: the open air-chambers are used to corttiel floating
level. On the right WD prototype in heavy waveditions.

WD is designed to be constructed in a combinatiorinforced concrete and steel. A full size unit
for a 24 kW/m wave climate will have a weight of,@20 tonnes including ballast and a width of
260 meters between the tips of the wave reflecds.reservoir capacity will be 5,000 ffhe size

of the WD depends on the wave climate. In the talelew dimensions of the WD are given for

different average wave energy densities.

Aver age wave ener gy density [KW/m]

0,40 60
Width [m] 57 260 300 390 390 |
Weight [t] 237 22000 33000 54000 54000
55 5000 8000 14000 1400C
' N. of turbines 1+3+6 16 16-20 16-20  16-24
Power production [Gwh/year] - 12 20 35 43

Generators, rated power [KW] 2,5 250  350-450 460-700 625-940

Table: Dimension of WD prototype and WDs for défgrwave climates

b) The power take-off system
Once the overtopping water has reached the resethei potential energy is harvested by the

installed low-head turbines, as the ones in theréid 6.



Figure 16: The six axial propeller turbines beingsambled at Késsler GmbH

The operating conditions of the turbines on the Miffer strongly from those in a normal river
hydro power station. Firstly, the turbines haveperate at very low head values ranging from 0.4
m to 4.0 m, which is not only on the lower limit existing hydro power experience, but also an
extremely wide variation. Secondly, due to the Iststic time distribution of the wave overtopping
and the limited storage capacity, the turbines havée regulated from zero to full load very
frequently. Lastly they have to operate in a veogtlle environment, with only a minimum of
maintenance being possible on an unmanned offghatferm.

Early in the project it was concluded that the el had to be as simple and rugged as possible,
with an absolute minimum of moving parts. Thus,eaign with both fixed guide vanes and fixed
runner blades has been chosen. The result hasableen head turbine specially developed by the
WD team and tested at the Technical University ahih.

The resulting efficiency of the single turbine mat 91-92% in the relevant head and flow ranges.
¢) Hydraulic performance

The hydraulic performance of the WD has been optchithrough numerical modelling and the use
of small scale models tested in wave tanks. Thenigdtions includes overall structural geometry,
focusing especially on reflector design and thesergection of the ramp, and has almost doubled
the energy capture compared to the first generatgsign. This has lead to overtopping expression
by Hald & Frigaard, 2001 based on 1:50 scale mtu$té:



Q* = 0.025 exp (—40 - R*)
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As indicated in figure 17 the measured prototypa dampares well with the expression based on

laboratory tests.

=
o
o
@

\ ¢ Prototype data
\ —— Hald & Frigaard (2001)

S
0.002 s o%
&

N\

ve

0.001

q*sqrt(sop/(2m))/(sqrt(g Hs’ L?)

/

Q*
o
o
o
o

0.00 0.05 0.10 6:15

R*=R./H.*sqrt(s.p/(2))

Figure 17: Comparison of preliminary prototype datad overtopping expression

With regard to survivability a lot of experiencegwespecially the design of the junction between

reflectors and the main body have been obtainethglutthe first year of prototype operation.



During this period the design has, due to failuben altered, going from a delicate design where
cylindrical fenders were allowed to rotate in ortieact as a roller bearing, to a more rough design
where the fender elements are fixed on the mairy.bod

Measurements of mooring forces in both model saak prototype shows good correlations. The
measurements underline the importance on havirglaatic mooring system in order to avoid high

shap-loads.

ADVANTAGESAND CRITICAL POINTS OF OVERTOPPING WECS

In general, overtopping converters have advanttdgeslistinguish them from other devices. Firt of
all, the fluctuations of the energy produced byséhdevices are, in fact, relatively small, since th
conversion takes place in calm conditions in treemneoir where the water is temporarily stored.
The implementation of these devices, then, is assat with a higher economic feasibility. For
example it is possible to combine them with oth&#ucures along the coast, such as the
conventional breakwaters for coastal defense. Anceprbecause on the back of the devices there
are established calm conditions, it is possiblage this area to develop recreational activitieh su
as aquaculture and fisheries. In addition, afterglfoduction of electricity, the water is discharge
through the turbine can be recirculated in ordemntprove water quality, for example, in a closed
door. Finally, the use of a ramp that focusesetfiiey of water into the basin, makes it possible to
use the devices to overflow even in coastal regawasot favorable, characterized by a low density
of wave energy.

On the other hand however, because these devieegsaally installed offshore, they require an
appropriate anchoring system. As a matter of fagtt-power (80-90% capture) and high-efficiency
devices require a tight mooring to react force agfaiUsually the mooring costs (a huge heavy
platform or a tight seabed mooring) could costlgasiound 200-300% more then the basic device
cost (excluding the energy storage means) andrejgood weather windows of opportunity to be
worked or maintained.

Even excluding the costs issue, fatigue loads amdivability are still two major problems
regarding any moored system. Fatigue is the masimean cause of failure of any structure and
mooring systems are no exception. Not only theytrhasable to withstand the most extreme loads
(which could be extremely high), but also they miistable to resist fatigue years after years.
Survivability, especially, is the most problemadigpect because is expected to greatly impact the
cost of generated power passed to the consumethiBareason, it is imperative that WECs are both
highly reliable during operation, and highly surafdke



through extreme conditions.
A number of innovative approaches have been prabtsesnable survival of WECSs, including
submergence and intelligent control but, as wittormgs, the current state of development makes

impossible to determine which of these is the best.
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