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Abstract—The wave energy resource in coastal areas of the With a total resource amount estimated 0280 GW ( [2],
Sea of Iroise (western Europe) is evaluated with an unstructured [7]), particular attention has been given to European shelf
version of the phase-averaged wave model SWAN (Simulating gea5 with numerical applications at spatial scales ranging

WAves Nearshore) for a eight-year period between 2004 and . .
2011. Numerical predictions are calibrated and evaluated against from regional domainse(g.,[8]-{10]) to shallow-water coastal

available measurements of significant wave height and peak areas Wwith increased computational resolutioasy.( [11]-
period at nine wave buoys in offshore and nearshore waters. [13]). A detailed review of these modelling has recentlyrbee
In spite of strong energy dissipation in shallow water, up established by Guedes Soares et al. [5].

to 60% of wave power, the medium-term evaluation of the Whereas coastal applications, mostly based on structured
resource reveals major coastal energetic patterns, betwee20 Pp ! y

and 35 kwm ™!, off the isles of Ushant and Sein and in the regularor curvilinear computational meshes, identifyegafly
nearshore areas of the Crozon Peninsula, the bay of Audierne and well the distribution of nearshore energetic patternstruns
the northern coastline. The variability of wave power production tured grid computation offers attractive options (1) irmsiag
is estimated revealing, in accordance with previous numerical spatial resolution at the coast, (2) solving numerics anies

estimations over European shelf seas, significant inter-annual mismatches boundaries problems of embedded domains and
and inter-seasonal evolutions at the scale of the Sea of Iroise. P

Changes are particularly noticeable during the winter period with (3) optimising CPU performance with a reduced number of
opposite situations in the di_stribut_ion of monthly averaged wave grid nodes.
energy flux. In the perspective of implementation of wave energy  The present study extends these coastal numerical eval-

converters, the local distributions of energy flux against periods . - .
and directions are finally investigated in areas of maximum mean uations relying on an unstructured version of the phase-

wave power. averaged wave model SWAN (Simulating WAves Nearshore)
Index Terms—marine renewable energy, wave power, SWAN, [14] implemented in the Sea of Iroise at the western extend of
unstructured grid, Brittany, western Europe. Brittany (Fig. 1). The site of application is considered ag o

I. INTRODUCTION

Marine renewable energy (MRE) is recognised by many ***
countries as a promising alternative to mitigate the effexdt
climate change induced by human activities and achievedutu
energy security [1]. Among the different MRES, wave energy
constitutes an abundant resource with (1) a global worldwid
power estimated aroun?l TW [2] and (2) high power den-
sity in the nearshore areas [3]. Numerous technologies are
currently in development to improve extraction perform@&anc
for electricity generation [4]. Accurate energy assessmare
thus requested by potential developers to optimise locatim
design of wave energy converters (WEC).

The available resource is commonly evaluated with the wave : -
energy flux (also denominated the wave power or potential) s 60
characterising the transport of energy per unit length ofeva
front and expressed in kWm. Among the different methods
implemented to assess wave powerg(, buoys records, ad-
vanced combination of measurements and large-scale numer
ical simulations) [5], third-generation spectral wave reisd
are traditionally implemented to extrapolate the resowate
extended time scales and locations approaching, in particu
lar, the_ aSSOCIE_Ited variability in coastal areas [6]. N_umer Fig. 1. Bathymetry of the Sea of Iroise with locations of aahié mea-
numerical studies have thus been conducted to refine wWaygements points (red circles for wave buoys and black sgdarecurrents
power assessments in the most energetic regions of the.wostations).
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of the most energetic region along the French coasts withaieret denotes times. The right-hand side of this equation
mean offshore wave energy flux estimated arob@#W m—!  contains the source and sink terms of physical processahwhi
[8]. generate, dissipate or redistribute wave energy:

The approach retained here relies on a comparison betwe
numerical predictions and available observations of toeifi Bt = Sota + Suts +Sin -+ Sue + Shor-+ S+ Sweeur - (2)
cant wave height and the peak period. Field measurements Ragameterisations here adopted for each terms are briefly
collected at nine offshore and nearshore locations instudidetailed hereafter. The redistribution of energy by nadin
archived data of long-term observation systems and field dajfuadruplet wave-wave interactios;, is computed with the
acquired during short-term campaigns in coastal areaigeec Discrete Interaction Approximation of Hasselmann et af][1
[I-A). SWAN (version 40.91), modified to integrate an enThe non-linear triad re-distribution of wave energy,s is
hanced dissipation term for current-induced whitecappl®y approached with the Lumped Triad Approximation derived
(section 1I-B), includes heterogeneous parameterissitioh by Eldeberky [18]. The transfer of energy from the wind
bottom roughness and variations of tidal free-surfaceadien to the wavessS;, and the dissipation of wave energy due
and depth-averaged currents (section 1I-D). A medium-tenm whitecapping S,,. are approached with the saturation-
evaluation of the wave energy resource for a eight-yeaogeri based model of van der Whesthuysen [19] combined with
between 2004 and 2011 (section llI-A), reveals major coastae wind input formulation proposed by Yan [20]. The sink
energetic patterns exhibiting significant inter-annual arter- term of energy dissipation by bottom frictic,; is computed
seasonal variabilities (section 1lI-B). In the perspeetiof according to the formulation proposed by Madsen et al. [21].
WEC implementation, the local distributions of energy flugnergy dissipation in random waves due to depth-induced
against periods and directions is finally investigated isaar breakingS,, is quantified according to Battjes and Janssen

of maximum mean wave power (section IlI-C). [22]. An additional dissipation termfy,. .., recently proposed
by van der Westhuysen [15] is finally included to limit the
Il. MATERIALS AND METHODS overprediction of wave height on negative current gradient
(accelerating opposing currents or decelerating follgwgnr-
A. Measurements Description rents). Its implementation is conducted following prewdou

. . recent calibrations of this dissipation term in SWA&(J.,[15],
Wave buoy data here used consist of the archived meas P 4, [19]

ments of the French CANDHIS database ("Centre d'Archivage In SWAN, wave power is approximated with default quan-

National de Donées de Houle In Situ”, Cerema, France)..
] ] f I
(points 02902, 02911 and 02914) complemented by obs%%ezi?euéggaz.o energy transport components aleng and

vations acquired during campaigns conducted off and in t
bay of Douarnenez (points E1 to E3 and T1 to T3) (Fig. 1).
Long-term measurements are only available at the offshore
wave buoys 02902 and 02911. Whereas the associated deih o oo
may lack during periods over three months in relation to Psw AN « :pg/ / ¢ Edodf (4)
measuring-system malfunction, it covers globally well the o Jo

period of interest between 2004 and 2011. Medium teramnd or oo

observations are available at the wave buoy 02914 off Pen- Pswan.y = pg/ / ¢, Edodd (5)
marc’h headland over the period November 2009-February ” o Jo

2010. Complementary measurements were acquired at giere, is the water density; is the acceleration of gravity,
offshore and nearshore wave buoys (E1-E3, T1-T3) durifgthe wave direction and, andc, are the propagation veloc-
three short-term campaigns: in 15-22 April 2005, in 13-2@es of wave energy in spatial space [24]. This computatibn
September 2005 and in 10 April-10 May 2006 [16]. Th§ave power based on the summation of squaredand (y)
associated instrumentation network is deployed in watgtft® components neglects additional terms included when djrect
ranging from 10-15 m off beaches of the bay of Douarnen@gtimating wave potential from the amplitude of wave energy
(points E3, T2 and T3) to 110 m at the wave buoy 02902 off

. 2 e’}
the isle of Ushant. P= pg/ / |cg + U|Edodf (6)
0 0

1/2
Pswan = (P§WAN,;C + PgWAN,y) : ®)

B. Model Theoretical Formulation where cg is the group velocity andi is the depth-averaged
) ) _current. Nevertheless, as demonstrated by wave-powessasse
SWAN computes the evolution of the wave action density,a s pased on SWANe(g., [11]-[13], [25]), this computa-

_N(_: E/U with B the wave energy density_ diStribL_’ted OV€fional method provides accurate estimation of the waveggner
intrinsic frequencies and propagation directior§ using the g, in nearshore areas.

time-dependent spectral action balance equation: The wave action balance equation is expressed on a carte-

dN S, sian coordinate system and solved on an unstructured grid, a
== (1) constant directional resolution and an exponential fraque

d o



distribution. Further details about the mathematical egpr
sions of sources and sinks are available in SWAN technical
documentation [24] and associated scientific literatu.[2 2500000

C. Numerical Resolution

2450000

The wave action balance equation is solved on an un-
structured computational grid adopting a constant dioeecti
resolution and an exponential frequency distribution. The
time integration of the action equation is performed with an
implicit first order Euler scheme improving the stability of
the resolution with the time step retained. The geographic
propagation terms are approximated with an upwind diffegen
scheme while discretisation in spectral space is performed
with a hybrid central/upwind scheme. Source-sink terms are
integrated semi-implicitly following Patankar’s [27] ad and
linearised with the Newton-Raphson iteration if strongbnn
linear. The solution is finally found by means of an active
solver integrating a sweeping algorithm to update the Ewoiut {
at each vertex. Further details about the numerical rasalut -100000 " -50000 O 100000 150000
are available in [28], [26] and [24].
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Fig. 2. Computational unstructured grid for the (blue lindLEMAC2D
D. Model Setup and (red line) SWAN models.

SWAN is set up on an unstructured computational grid
covering the Sea of Iroise and comprising 9971 nodes am index of agreement introduced by Willmott [33] as

18443 elements with a size of 10 km offshore to less than 300 N 9
m nearshore (Fig. 2). The model runs with 30 exponentially RE—1_ izt (&i—Y) ®)
spaced frequencies ranging from 0.05 to 1 Hz, 30 evenly SE=V (s — 2+ |y — 7))

spaced directions and a time step of 15 min. In nearshore,ar%d the Pearson’s correlation coefficient
wave energy dissipation by bottom friction is parameterise

with a heterogeneous roughness length scale determined com R— ZZ;V (zi — ) (yi —9) )
bining bottom types with associated observations of roeghn (Zi:N (s — Q)Q Zi:N (i — ,)2) 1/2
parameter compiled by Soulsby [29]. The offshore bottom =1 A =1 Wi —Y

roughness is set to an uniform value fof = 10.5 mm (.g., whereN is the number of data in the discretised time series
[30], [31]). Wind velocity components at 10 m above the fregonsideredx;) and (y;) represent the two sets of measured

surface are provided at a time step of three hours and a bpadiad simulated values and and § are the mean values of
resolution of 10 km by the meteorological model ALADINgbserved and modeled data, respectively.

(“Aire Limit ée, Adaptation dynamique,&eloppement Inter-
National”, Méteo-France). SWAN integrates variations of tidal IIl. RESULTS AND DISCUSSION
free-surface elevations and depth-averaged currentscpgdd A. Comparison with Point Measurements
by the bidimensional horizontal circulation model TELEMAC o quality of numerical results issued from the depth-
2D [32] set up at an extended computational grid covering thgeraged circulation model TELEMAC 2D has first been
initial SWAN unstructured mesh. The wave model is finallgstimated. A preliminary confirmation of model predictions
driven by wave components (significant wave height, pedlts peen performed against water depth’s observations in
period, direction and spreading) predicted by a regional r4, hors of Le Conquet and Brest of the tide gauge network
of Wave Watch Il at the scale the north-eastern Atlantigonim (“Réseau d'Observation du Niveau de la Mer”). This
ocean with a spatial resolution of 18 km in the context Qfajyation has been extended to mean near-surface syt ti
the IOWAGA (Integrated Ocean WAves for Geophysical andrents’ measurements compiled by the SHOM (“Service
other Applications, .Ifremer) prOJegt. Hydrographique et Gmnographique de la Marine”) at eight
The wave model is run during eight years between 2004 aggints titled S1 to S8 evenly spaced over the computational
2011 which corresponds to a period when most measuremegdsnain (Fig. 1). Predictions reproduce generally well the
and forcings were available. Model performances are a8deSgmporal variations of the amplitude and direction of the
with the standard statistical parameters of the mean alesoly,rents at the eight sites considered (Fig. 3). Whereas the
bias N model tends to overestimate currents amplitude at point S5,
BIAS — izi: 25 — yil @ differences are globally restricted to less thah%. The
N ~ Lo currents direction is furthermore fairly well approacheere
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Fig. 3. Measured (black line) and computed (blue line) timéesenf (top) the near-surface tidal current amplitude andt@bo) its direction (anticlockwise
convention from the East) at points S1 to S8 for spring tidalditions.

in areas influenced by the formation of headland-associateddulation of the significant wave height induced by theltida
eddies (point S7). current and particularly noticeable at point E2 in Septembe
2005. Whereas the correlation coefficient R reaches values
Wave model predictions are then evaluated on the basisupfder 60 % at points E1 and T3 for the estimation of the
statistics computed for the significant wave heightand the peak period,T;, predictions are in general good agreement
peak periodI, at the nine locations considered over the difwith measurements reproducing the observed increasegdurin

ferent periods of measurements (Fig. 1). Predictions tem® storm events. No particular bias is thus denoted on predisti
fairly well the temporal evolutions of long-term obsereats of H, and7), at the nine available measurements sites.

at offshore locations 02902 and 02911 (Fig. 4). The assatiat
statistics (Table I) fall in the range of estimations peried

al. [9] at point 02911. At both measurement sites, goo

TABLE |
by Goncalves et al. [13] at point 02902 and Boudiere GIVERALL STATISTICS FOR THE SIGNIFICANT WAVE HEIGHTh;,0 AND THE

d PEAK PERIODTp AT THE NINE MEASUREMENTS POINTS CONSIDERED

agreement is obtained fd{, with indexes RE over 0.93. The YWave ho T
quality of model predictions at these offshore locational$® buoys  BIAS rF';E R BIAS R"E R
exhibited with computed correlation coefficients ower%. m) )

Wh_erea_ls increased dl_fferen_ces are obtained in peak _perlod 02902 047 093 094 121 0Bl os8
estimations, the associated indexes of agreement remam ov 02911 035 096 096 107 084 073
0.81. On medlur_n and short-term measurements, COMparisons  ~-o17™ 35 098 096 129 083 071
between numerical results and observations reveal slightl E1 032 093 089 121 075 059
better estimations off; in deep waters (points 02914 and T1) E2 016 096 095 089 087 078
than in coastal waters (points T2 and T3). This comparison £3 009 094 094 108 080 064
can not be accurately established between points E1, E2 and T 022 095 092 096 086 074
E3 as measurements cover different periods in offshore and T2 008 091 089 117 076 059
nearshore waters. Differences obtained at coastal lowatio T3 009 085 088 153 069 050

appear primarily in the bay of Douarnenez where the model
tends to overestimaté/, measurements at point T2 while

underestimating it at points E3 and T3 (Fig. 5). Nevertteled- Global Wave Power Assessment

predictions of the significant wave height remain satisfgct

1) Spatial Distribution of Energetic Pattern€£oastal wave

with a minimum index of agreement RE equal to 0.85 at poiehergetic patterns in the Sea of Iroise are exhibited dispia
T3. The model approaches also the observed semi-diurttaé mean annual wave power over the period 2004-2011 (Fig.
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offshore values arour@l’ kW m~! off the Crozon Peninsula to
less tharl2 kW m~* at the entrance of the bay of Douarnenez.
This dissipation results in a strong spatial variabilitycofstal
wave energy flux with values (1) reachi) kWm=! in
exposed shallow-water areas of the northern coastline, the
Crozon peninsula and the bay of Audierne and (2) decreasing
below10 kw m~! in sheltered areas behind the isles of Ushant
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Fig. 4. Measured (black line) and computed (red line) timeesesf significant
wave height and peak period at wave buoys 02902 and 029110@. 20
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Fig. 5. Measured (black line) and computed (red line) timeesesf significant
wave height and peak period at wave buoys E2, E3, T2 and T3 iil &pd
September 2005 and April-May 2006.

6). As pointed out by Rusu and Guedes Soares [12], whereas
a close correlation exists between significant wave height
and wave powerP, the resulting field may present local
differences revealing especially the influence of the group
velocity on computation of wave energy flux (Egs. 4 and 5).
In the present investigation, slight differences are ol#diin
the nearshore areas, locations with the most imporfant
matching sites with maximum wave power.

Strongest shallow-water mean wave powes 35 kW m~1!
is reached off the isle of Ushant characterised by the larges
exposure to North-Atlantic incoming waves. Waves exp&gen

‘ r
ke A Ll H and Sein or in the bays of Brest and Douarnenez.

m

0.0
kW/m
40
35
30
25
20

15

10

0

however more significant energy dissipation, mainly bydrott

Fig. 6. Predicted annual average (top) significant wavehteagd (bottom)

wave power in the Sea of Iroise over the period 2004-2011 lsithtions of

friction and wave breaking, in the eastern nearshore argafts #1 to #4.
of the Sea of Iroise. Mean wave power decreases thus from



2) Inter-annual and Inter-seasonal Variabilitiesin the
present investigation, the mean offshore wave energy fl
estimated aroun® = 40 kW m~! is lower than quantification
of P =50 kwm~! established by Mattarolo et al. [8] on the
basis of large-scale modelling at the scale of the European c
tinental shelf over a period of 23 full years (1979-2001)iel$
furthermore over the evaluation @ = 28 kW m~! recently
performed by Goncalves et al. [13] in the western Frenclstcoi
for the three-years period between 1998 and 2000. Althou
these differences may be attributed to the numerical msthc
retained including various spatial and temporal resohgjshe
variability of wave climate between simulation periods ez
also to be taken into account. Indeed, as exhibited by Nedgll a -
Hashemi [10], wave power at the scale of the North-weste
European shelf seas is characterised by a strong intemanr
variability particularly noticeable during the winter e in
close correlation with the evolution of the North Atlantic -
Oscillation (NAO). Nevertheless, assessment of waveggnel
resource provides generally potential WEC developers wi
only averaged quantities neglecting the relative unaastai
associated with the variability of wave climate.q., [34],
[35]). Further investigation is thus conducted about thetiap
and temporal variabilities of wave power in the Sea of Irois

The seasonal evolution of the wave energy resource in 1
Sea of Iroise (Fig. 7) is in accordance with previous largc
scale estlm_atlonse(g., [19]’ [13]) exhibiting a clear C_OntraSt Fig. 7. Average monthly evolution of wave power in the Sea ofsk over
between winter energetic and summer low-energetic montks period 2004-2011.

Between November and March, monthly offshore wave power
remains thus globally ovet5 kW m~! reaching peak values
over75 kW m~! in December and January. For the rest of th fanuary 2008
year, deep-waters predictions are globally restrictedaloes )
below20 kW m~! with an exception for the month of October
when the offshore mean wave energy flux reactiekW m—1. ' o
This seasonal evolution is however characterised by agtrc
temporal variability as exhibited with monthly average wav
power in early 2008 and 2011 (Fig. 8). An opposite situatic
is thus obtained between these two years with energe
conditions appearing (1) in 2008 during the months of Janue
and March and (2) in 2011 during the month of Februar
Time-series of monthly wave power averaged over compu anuz
tional domain (Fig. 9) identify more precisely the intemaal
variability of energy flux in the Sea of Iroise. Following dg-
scale estimations performed by Neill and Hashemi [10], arcle
contrast is exhibited between (1) Spring and Summer when
remains nearly stable and (2) Autumn and Winter when
shows significant annual differences. The wave energy fl
experiences thus prominent inter-annual variations duittire
month of November. Indeed, whereas November is classifiec
rank four among the most energetic months (Fig. 7), the mc
energetic period is obtained in November 2009 with mes
wave power reaching8 kwm1,

As pointed out by Neill and Hashemi [10], when consid- _ o
ering a typical year, differences may also appear between g‘fd ?}Ia';’éﬁ”;rg&a‘;ﬁ‘gz%ﬁéve power in the Sea of Iroise in aapuFebruary
most energetic months in the geographic locations of peak
wave power. Previsions obtained in 2007 at the scale of the
European shelf seas were thus exhibiting peak wave power on
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Fig. 9. Yearly time series of the overall predicted wave poinethe Sea of Iroise.

the northwest of Scotland and Ireland in January and March TABLE II

Whlle dlsplaylng focused wave energy ﬂux on the Celtlc SeaLOCAT|ON, WATER DEPTH, DISTANCE TO THE COASTLINE AND MEAN
. . WAVE ENERGY FLUX COMPUTED IN2004-2011AT SITES#1 TO #4.

and Bay of Biscay in February. At the local scale of the Sea

of Iroise, smoothed differences are obtained for the periodsites X Y Depth Distance to the  Pean

of interest between 2004 and 2011. Synoptic investigatidns (m) (m) (m) coastline (km)  (kwm~1)
monthly predictions confirm that nearshore spatial digtidn #1 80159 2422126 155 2.2 16.6
of wave energy flux remains nearly the same with peak wave#2 86038 2377260 27.5 2.3 15.1
power matching sites identified on the overall average field #3 84396 2354266  31.0 21 17.8
(Fig. 6). #4 96045 2333391 243 2.1 23.3

C. Local Analysis of Wave Power

1) General Selection:Several different technologies arewave power exceeds, in this range of periods kW m=1
currently in development for transforming wave power inteeaching47 kW m~! off Penmarc’h headland. Waves with
electricity [36] with operational range reaching maximunperiods between 8 and 12 s are the most frequent with a
efficiency in restricted intervals of periods and directioin percentage of occurrence estimated aroandbs. The asso-
the perspective of WEC selection, design and optimisatfon, tciated average wave energy flux is however reduced to values
present assessment of wave energy flux is investigatedefurtbetween8 and 13 kWm~! at the four locations considered.
at nearshore locations with the largest energy along thstcol comparison, short-period waves appearing dutdia@o of
of western Brittany. Taking into account the populationgign the time have a negligible contribution reduced to meaneslu
in the proximity of these areas, sites located off the isles below 4.5 kwm—1.

Ushant and Sein are not considered here. Four locatioad titl Whereas North Atlantic waves come predominantly from
#1 to #4 are retained in water depths between 15 and 32wast and northwest [5], the distribution of wave power again
at a distance to the coastline arouhd km (Fig. 6, Table Il). the incoming direction presents more variabilities (Figd) 1
The associated areas correspond to major expositions th Non relation to nearshore processes like depth and/or adrren
Atlantic incoming waves: along the northern coastline ifpoi induced refraction and dissipation by bottom friction and
#1), off Crozon Peninsula (point #2), in the bay of Audiernave breaking. Maximum energy density is obtained off
(point #3) and off Penmarc’h headland (point #4). Whil®enmarc’h headland from the western direction with wave
the average nearshore wave power lies bel@kWm=!, power exceedingt0 kW m~! during more thanl6 % of the
these hots spots concentrate wave energy flux with metme. Minimum wave power occurs off Crozon Peninsula in
values varying from15.1 kWm~! off Crozon Peninsula to relation to increased dissipation of wave energy by bottom
23.3 kWm~! off Penmarc’h headland. friction. At this site, more tharb0 % of wave power lies

2) Distributions against periods and direction¥hese four below 20 kW m~!. Points #1 and #3 are characterised by
locations present nearly the same distributions of wavegpowntermediate densities of wave energy with incoming waves
against peak periods (Fig. 10). Waves with longest periodentributing to values ovex0 kW m~! during more tharn6 %
over 12 s contribute during nearBb % of the time to the of the time. At these two locations, the wave energy flux
maximum values of the wave energy flux. The local meds nearly concentrated along one direction, the north-evast



direction at point #1 and the south-western direction ahpoinine locations between 2004 and 2011. The main outcomes of
#3. WEC selection should thus aim for maximum efficiencthe present study are the following:

in these ranges of periods and directions.

I Point #1
EEE Point #2
EEE Point #3
B Point #4

Mean wave power (KW/m)

8-12s
Range of periods

Percentage of occurence (%)

8-12s
Range of periods

Fig. 10. (Top) Predicted average wave power and (Bottom)eptage of
occurrence for peak periods between 0 and 8 s, 8 and 12 s and2weat
the four locations #1 to #4.
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Fig. 11. Predicted directional distribution of wave powépaints #1 to #4
over the period 2004-2011.

IV. CONCLUSIONS

The wave propagation model SWAN has been set up
an unstructured computational grid to investigate anduatal

1) Whereas the Sea of Iroise is a high energetic area with
mean offshore wave power estimated aroutidkW m—1!

over the period of interest, a strong energy dissipation is
exhibited in shallow water (from 50 m depth) with mean
values decreasing belo®s kW m~! in coastal areas.

The variability of the wave energy resource has also been
identified. Predictions exhibit strong inter-annual and
inter-seasonal variabilities of wave power particularly
noticeable over the winter months. At the scale of the
Sea of Iroise, monthly variations of wave energy flux
may thus present opposite situations during the most
energetic periods.

The energy resource was investigated further at four
locations with the largest average wave power exhibiting
significant variabilities against the incoming wave direc-
tions. Whereas the site located off Penmarc’h headland
presents the maximum energy density with wave power
exceeding40 kWm~! during more thanl6 % of the
time, the locations identified along the northern coast-
line and off Audierne appear also very interesting for
WEC implementation as the wave energy flux is nearly
concentrated along one primary direction.

The implementation of an unstructured version of SWAN
gives promising results for the quantification of the wave
energy flux in the coastal areas. Whereas the present inves-
tigation will benefit from extending comparisons of numatic
predictions with nearshore measurements, modelling @ghib
the remarkable energy resource in the area of the Sea of
Iroise. This refined assessment of wave power providesyinall
potential developers with relevant results for (1) setegti
the implementation and (2) optimising the design of WEC
projects.

2)

3)
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