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Abstract—Among all the Wave Energy Converter (WEC) 
technologies suggested in the last decades, the Oscillating 
Water Column (OWC) technology seems to be the most 
robust and reliable technology. One of the key elements 
of the OWC technologies is the power take-off (PTO) 
system that converts the pneumatic energy trapped in the 
chamber into electrical energy. The most common turbine, 
mainly due to its relative simplicity both on the conceptual 
and mechanical aspects, is the Wells monoplane turbine. 
The preliminary design of these turbines usually relies 
on analytical models based on the blade element method 
(BEM), using dimensionless parameters for representing 
the behavioural charts of the different configurations. In 
fact, in order to better represent the behaviour of air 
turbines in realistic conditions with polychromatic waves, 
it is usual to consider the stochastic version of these dimen-
sionless parameters. However, the air turbines, regardless 
of their configuration, i nclude a  l arge n umber o f different 
geometrical parameters, which complicates the optimisa-
tion procedure and leads to a decision-making process that 
relies on an expertise-based intuition. In this sense, an 
already proposed Genetic Algorithm (GA) based method 
allows articulating all the relevant parameters. This GA-
based optimisation method includes information about the 
hydrodynamic behaviour of the WEC and the pneumatic 
conversion within the chamber. Hence, the optimisation is 
sensitive to the characteristics of the wave climate and, 
thus, the behaviour of the WEC in that specific wave 
climate.

Index Terms—Wave Energy, Oscillating Water Column, 
Wells turbine, Genetic Algorithms, Design Optimisation, 
Wave Climates

I. INTRODUCTION

Concerns about climate change have led to interna-
tional cooperation, with the Paris Agreement advocat-
ing for net zero commitments [1]. Subscriber countries
aim to reduce emissions by 45% by 2030 and achieve
near-zero emissions by 2050 [2]. Replacing carbon-
based energy sources with renewables is a crucial goal.
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Offshore renewable energy remains largely untapped
but has significant potential for decarbonizing the en-
ergy system [3]–[5]. Offshore wind is commercialized,
while tidal and wave energy are developing. Wave
energy, despite its lower maturity, can contribute to the
energy transition due to its consistent and compatible
energy flow [6].

Among wave converter prototypes, oscillating wa-
ter column (OWC) devices seem to be one of the
most promising technologies [7]–[11], being a robust
and reliable solution to extract the untapped energy
from ocean waves. The operational principle of OWCs
is centered in the internal air chamber, which is
submerged in the water, capturing the wave energy
through oscillations of the water column inside the
chamber. Hence, OWC devices can be either fixed
onshore in a breakwater or floating devices deployed
offshore. The pneumatic energy stored in the chamber
is converted into mechanical energy by means of a
bi-directional air turbine, being the Wells turbine [12]
the most commonly used in OWCs. Wells turbines are
well-known for their simplicity and self-rectification.

Studies have explored turbine modifications, such as
biplane configurations and guide vanes, to enhance ef-
ficiency [9], [13]. Design parameters, including solidity
and hub-to-tip ratio, impact turbine performance [13],
[14]. Since then, several studies have analysed these
effects by means of experimental and numerical means.

Experimental tests on Wells turbines have provided
valuable insights into their behavior. Studies on dif-
ferent turbine configurations have shown that higher
values of solidity result in increased swirl downstream
of the rotor and decreased overall efficiency. Overall,
moderate values of solidity and hub-to-tip ratio are
recommended for achieving high efficiencies or con-
trolling the slope of the pressure-flow curve [15]. On
the other hand, low values of both parameters are
preferred to extend the stall-free operation regime and
mitigate acoustic noise caused by stalled blades [15],
[16]. Besides the turbine configuration and geometry,
different aspects have also been evaluated:

• However, the use of guide vanes, particularly in
biplane turbines, helps mitigate this effect [9], [14],
[17].

• The use of end plates, which modify the gap
between the tip and casing, has been found to
increase efficiency by reducing tipward three-
dimensional effects [18], [19].
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• The spanwise distributions of blade skew, pitch
angle, and chordal dimensions also influence tur-
bine behavior [15], [16], [19]–[23].

• Swept blades offer improved efficiency over a
wider range of operating conditions, albeit with
a reduction in peak efficiency [21]. Furthermore,
swept blades can reduce acoustic noise by up to 4
dB compared to unswept baseline turbine blades,
while extending the stall-free operating range by
106% [15].

• Pitching the blades improves starting character-
istics, lowers operational speed requirements, re-
duces aerodynamic losses, and enhances over-
all efficiency compared to baseline configurations
[20].

Similarly, numerical investigations of Wells turbines
have also been extensively conducted [24]–[30], in-
cluding studies where numerical and experimental
approaches are combined [10], [15], [31]. Earlier com-
putational fluid dynamics (CFD) simulations employed
Reynolds-Averaged Navier-Stokes (RANS) with the
k − ε turbulence model to replicate experimental re-
sults, showing good agreement in both pre- and post-
stall conditions [24]. However, CFD simulations have
exhibited limitations in accurately reproducing near-
stall conditions [15]. Based on such CFD simulations,
improvements of traditional turbine configurations,
mostly Wells turbines, have been suggested, such
as minor geometric modifications, including radiused
edge tips, extended trailing edges, variable blade thick-
nesses, Gurney flaps, and sharkskin-based riblets [28]–
[30]. Similarly, blade pitch variations, demonstrating
a slight increase in turbine efficiency aligned with
experimental trends [27].

Commonly, the optimisation of the air turbines, re-
gardless of the turbine configuration, is carried out by
treating the air turbine as an isolated element operating
at steady flows. In fact, advanced optimisation strate-
gies have been applied [10], [27], [32]–[39].Among the
available optimisation techniques, genetic algorithms
(GA) based on evolutionary programming have gained
prominence and are widely utilized for optimising
Wells turbine designs [39].

However, the operation of turbines implemented
in OWCs is significantly different. On the one hand,
the assumption of steady flows is unrealistic, since
the common operation in OWCs includes considerably
variable conditions in terms of flow and pressure.
On the other hand, the hydro-pneumatic performance
of the OWC device and, more specifically, the OWC
chamber, is tightly connected with the performance of
the turbine. Therefore, both aspects should ideally be
considered in the optimisation of these turbines. In ad-
dition, any optimisation strategy should also consider
a realistic representation of the wave climate where
the OWC device with the turbine is intended to be
deployed.

The variability of the flow can be considered fol-
lowing a stochastic representation of the sea states
and, as a consequence, modelling the air turbine as a
stochastic process [40]. In fact, it has been shown that
this stochastic feature of the wave resource has a critical

effect on the energetic outcome of the Wells turbines
[9], [17]. Additionally, the validity of the stochastic
process for considering the variable performance is also
demonstrated.

In contrast, the combination of hydrodynamics and
pneumatic effects in OWC WECs, and the aerodynam-
ics of Wells turbines introduces a novel and complex
optimisation scenario. As a consequence, [41] suggests
a novel holistic optimisation tool for the design of
Wells turbines under realistic wave climates. Based on
this optimisation tool, the impact of realistic waves
climates on the final design of the air turbines is
evaluated. Hence, the present paper is structured as
follows: Section II briefly explains the methodology
of the optimisation tool referring to [41] for further
details, Section III describes the case study analysed
in this study, Section IV presents and discusses the
results of the optimisation, and Section V draws the
main conclusions.

II. METHODOLOGY

The general procedure of the optimisation tool is
illustrated in Fig. 1 including the different sets of
inputs and the different stages of the optimisation rou-
tine. A comprehensive description of the optimisation
process is provided in [41] and a brief explanation
of the methodology is given in this section. Overall,
the methodology is divided into three main parts:
the definition of the input parameters described in
Section II-A, the mathematical model for evaluating
the performance of the different turbine configurations
analysed in the process is presented in Section II-B, and
the definition and rationale of the fitness function on
which the optimisation is based is in Section II-C.

A. Definition of the input space

The set of input parameters are divided into three
different sets:

• Geometrical parameters include the main geomet-
rical aspects that are known to have a significant
impact on the aerodynamic performance of the
turbine. These parameters are:

– The number of blades: Z.
– The radius at the hub: rhub.
– The hub-to-tip-ratio: ν.
– Tip clearance percentage: t.
– Chord distribution along the radius: c(r).
– The solidity along the radius: σ(r).
– The distribution of the NACA airfoil profile

along the radius: NACA(r).
– The discretisation of the blade.

• WEC and wave climate parameters define the
interaction between the hydrodynamic and pneu-
matic effects in the OWC chamber, and the aero-
dynamic performance of the turbine, including
constraints and control parameters. In this respect,
four main parameters have been incorporated:

– The site-specific weight of each sea state con-
sidered in the definition of the realistic wave
climate: ωSS
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Fig. 1: Flowchart of the optimisation tool [41].

– The standard deviation of the pressure in the
OWC chamber: σΦSS

.
– Lower- and upper-constraints of the rotational

speed: ∆ω.
– Damping coefficient for the hydrodynamic

control of the OWC WEC at each sea state:
CpSS

.

B. Performance evaluation
The performance of each air turbine, regardless of its

geometrical characteristics and operational conditions,
is evaluated by means of an analytical model based
on the blade element method (BEM) incorporating

the actuator-disk model. Such aerodynamic analytical
tools for Wells turbines abound in the literature [10],
[42]–[46]. All these analytical models provide the non-
dimensional coefficients (given as a function of ω and
turbine diameter Dtip) that are commonly used for
the assessment of the turbine’s performance: the flow
(Φ), power (Π), pressure-drop (Ψ) and efficiency (η)
coefficients.

Π =
P

ρaω3D5
tip

, Ψ =
∆p

ρaω2D2
tip

, η =
Π

ΨΦ
, (1)

Further explanation of the analytical BEM/actuator-
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disk approach with all the detail for its reproduction
and the validation of the model are provided in [41].

However, in addition to the BEM/actuator-disk ap-
proach described above, the assessment of a Wells
turbine under realistic wave conditions requires the
implementation of the stochastic coefficients, as sug-
gested in [40]. The stochastic variability of ocean waves
is assumed to follow a Gaussian process and, thus,
so does the pressure oscillation in the OWC chamber,
whose mean and standard deviation are denoted by
p and σ, respectively. Following [17], this leads to the
following probability density function (PDF) of p:

f (p) =
1√
2πσ

exp
(
− p2

2σ2

)
. (2)

With the stochastic nature of the sea-state (SS) being
expressed by the PDF above, the averaged values of
the air flow rate (Q), the power output (P ), and the
pneumatic power available to the turbine (Pav. = pQ)
are given by: {

Q (σ) , P (σ) , P av. (σ)
}
=

1√
2πσ

∫ ∞

−∞
exp

(
− p2

2σ2

)
{Q (p) , P (p) , Pav. (p)} dp ,

(3)

which, in dimensionless variables, adopt the form:{
Φ (σΨ) ,Π(σΨ) ,Πav. (σΨ)

}
=

1√
2πσΨ

∫ ∞

−∞
exp

(
− Ψ2

2σ2
Ψ

)
{fΦ (Ψ) , fΠ (Ψ) ,ΨfΦ (Ψ)} dΨ ,

(4)

showing that the computation of the stochastic curves
results from a convolution of the corresponding vari-
ables with the Gaussian PDF. Besides, fΦ (Ψ) and
fΠ (Ψ) represent the functional relations between Φ−Ψ
and Π−Ψ, respectively, for a range of input velocities
upon which the stochastic analysis is computed. The
dimensionless variables shown above are defined as:

Φ =
Q

ωD3
tip

, Π =
P

ρaω3D5
tip

, Πav. =
P av.

ρaωD5
tip

, (5)

with σΨ = σ/ρaω
2D2

tip being the dimensionless coun-
terpart of the pressure oscillation p. Similarly, the av-
erage efficiency is:

η (σΨ) =
Π (σΨ)

Πav. (σΨ)
. (6)

C. Fitness function
The fitness function (f ) that provides the perfor-

mance of a turbine under a realistic wave climate
considering all the main sea states is built upon the
combination of the outcomes of the stochastic process,
and the WEC and wave climate parameters, as illus-
trated in Fig. 1. To that end, first, the fitness value of
an isolated turbine configuration (fSSi

), defined as the
aerodynamic stochastic efficiency of the turbine for a
single SS, is computed. Then, this isolated fitness value
is combined with the occurrence probability of that sea
state in a particular site or location (ωSSi ). Hence, the
overall fitness value corresponds to a weighted average

of the stochastic efficiencies obtained for each sea-state,
which results in a sea-state-pondered optimisation:

f =

N∑
i=1

wSSi
fSSi

. (7)

Finally, the optimisation method utilised in this
study, as described in [41], incorporates a parallelised
Genetic Algorithm (GA) to enhance the computational
efficiency. By parallelising the GA algorithm, the num-
ber of evaluations required is significantly reduced,
enabling a more efficient sampling of the search space.
This optimisation strategy allows for a more stream-
lined and computationally efficient process, enabling
effective exploration of the parameter space and iden-
tification of optimal turbine configurations.

III. CASE STUDY

A. Wave conditions

Based on the optimisation tool described in Section
II, the optimal geometrical configuration of a mono-
plane Wells turbine is identified for two different test-
sites: i) the Biscay Marine Energy Platform (BIMEP)
located in the Bay of Biscay off the Basque coast, and
ii) the European Marine Energy Centre (EMEC) located
in Orkney islands off the North Scottish coast. Figure
2 (a) shows the locations of the two sites analysed in
this study.

The two locations have been selected because of the
significant differences in terms of wave conditions, as
illustrated in Figs. 2 (b) and (c). The most frequent sea
state at BIMEP is about 1.5 m of significant wave height
(Hs) and 8.5 s of peak period (Tp), while, at EMEC, the
characteristics of the most frequent wave conditions
are rather Hs = 0.8 m and Tp = 6.5 s. However, the
resource at BIMEP seems more consistent, meaning
that the most frequent sea state is clearly dominant.
In contrast, wave conditions at EMEC seem to have
a second relatively dominant peak at about Hs = 2 m
and Tp = 8 s. Hence, apart from the most frequent con-
ditions, the distribution of the different sea states and
their occurrence is significantly different between the
two selected test-sites. This is of particular importance
for the optimisation, as both the selected sea-states and
their occurrence (weights ωSS) vary significantly.

However, the resource at each test-site needs to be
reduced to 30 relevant sea states for its consideration
in the optimisation tool. In the present study, these
30 most relevant sea states have been selected based
on their potential for electricity generation, considering
the 30 most energy generating SS. Hence, the green and
red markers in Figs. 2 (b) and (c) illustrate the selected
30 SS.

B. Wave energy converter

In addition to the wave climate parameters, the
characteristics of the specific OWC WEC for which the
turbine is being designed are crucial. In the present
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(a) Geographical location.

(b) Wave conditions at BIMEP.

(c) Wave conditions at EMEC.

Fig. 2: Illustration of the main characteristics of the two
test-site under evaluation: (a) geographical location, (b)
BIMEP wave conditions and (c) EMEC wave condi-
tions.

study, the optimisation study is performed for the float-
ing OWC device MARMOK-A-5 [47], [48] developed
by IDOM, which was deployed at the BIMEP test-site
[49] for over two and a half years.

The main parameters related to the hydrodynamic
and pneumatic performance of the OWC device (σΦSS

and CpSS
) are computed from a wave-to-wire sim-

ulation model where all the main sub-system and
components of the WEC are considered.

Fig. 3: Illustration of the floating OWC device
MARMOK-A-5 developed by IDOM [50].

C. Air turbine

Finally, an initial design of the air turbine has been
determined upon which the optimisation is conducted.
On the one hand, the turbine configuration is fixed to
be a monoplane Wells turbine. On the other hand, no
guide vanes and/or potential for pitch variation are
considered. In addition, for a preliminary optimisation
of the turbine, the input space of the geometrical
parameters has been reduced by pre-defining certain
parameters, such as the number of blades Z = 5, the tip
clearance t = 1% and turbine diameter Dtip = 0.7 m.
Hence, the geometrical parameters to be optimised for
each test-site consist on the hub-to-tip ratio ν, solidity
along the radial axis σ(r), chord distribution along the
radial axis c(r) and the distribution of NACA profiles
along the radial axis.

IV. RESULTS

Using the optimisation tool described in Section II,
the optimal Wells turbine design is identified for the
two test-sites and the WEC described in Sections III-A
and III-B, respectively.

A. Device performance

Each of the selected SS in both test-sites is simulated
via the wave-to-wire model, using the outputs as the
inputs for the optimisation procedure. Fig. 4 represents
the outputs, both in absolute and relative values, of
each SS, illustrating that despite power absorption
capabilities of the WEC are maximum for the final
SSs, the energy generation along the whole year varies
significantly based on the occurrence of each SS. In
addition, Fig. 4 represents the control parameter that
maximises the final energy generation and the stan-
dard deviation of the pressure, both being correlated
to the isolated power generation graph. Hence, it is
demonstrated that the final power generation and,
thus, the turbine optimisation is highly dependent on
control parameters and the pneumatic behaviour of the
system.
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Fig. 4: Performance of the WEC based upon the wave-to-wire simulation at each evaluated SS: (top) occurrence,
(middle-left) final power production capabilities of the WEC, (bottom-left) the percentage of the power generation,
(middle-right) the control parameter and (bottom-right) standard deviation of the pressure in the OWC chamber.

TABLE I: parameters of the optimal turbine configurations.

Site ν
Hub Tip

σ NACA chord σ NACA chord

BIMEP 0.439 0.667 0013 0.126 0.6 0013 0.263
EMEC 0.4 0.533 0013 0.094 0.567 0014 0.249

B. Turbine optimisation

The results of applying the GA-based approach to
the BIMEP and EMEC sites is summarised in Table I,
which gathers the geometrical parameters of the opti-
mal turbines. Both the frontal and the cross-sectional
views of such turbines have been depicted on Fig. 5.
As observed in the frontal view, the EMEC-optimal
configuration shows a considerably smaller hub and
lower solidity values than the BIMEP-optimal one. The
cross-sectional plane shows that the chordal extent of
the NACA profiles is appreciably shorter in the case of
the EMEC-optimal case, especially at radial stages near
the hub. Besides, it is observed that the EMEC-optimal
turbine shows a linearly varying NACA distribution,
despite such a variation implying a subtle change from
a NACA0013 geometry at the hub to a NACA0014 one
at the tip. Even so, the higher thickness of the profile
is noticeable in the cross-sectional view. As discussed
in a recently published paper by the authors [41], the
larger blockage of the BIMEP-optimal is indicative that
the turbine operates at lower rotational speeds and,

accordingly, achieves locating the operational points
closer to the maximum stochastic efficiencies.

The translation of the geometrical differences shown
in Fig. 5 to efficiency-related terms is shown in Fig.
6, where the left and right columns illustrate the
performance of different turbines based upon BIMEP
and EMEC conditions, respectively. The plots, as such,
synthesise the information concerning the stochastic
performance of both optimal turbines when operating
in the two considered locations, namely BIMEP and
EMEC. Figs. 6a and 6b show the stochastic efficiency
curves for the optimal configurations; those curves
are reproduced in the two plots, but the operational
points shown in each of them correspond to the η (σΨ)
values of each optimal turbine obtained for the set
of sea-states considered. As observed, the stochastic
curve of the BIMEP-optimal configuration lies appre-
ciably higher than the EMEC-optimal one, although
both of them show similar maxima. The difference of
the curves stem from a milder efficiency drop of the
BIMEP-optimal configuration at large values of σΨ. Be-
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Fig. 5: Front and cross-sectional views of the optimal turbine configurations for the BIMEP and EMEC sites.

sides, and as mentioned before, the larger geometrical
blockage of the BIMEP-optimal configuration achieves
to cluster its operational points closer to the maximum.
Instead, the EMEC-optimal configuration is shown li-
able to operate at high σΨ values. It is to notice that
the main differences between Figs. 6a and 6b is that, in
Fig. 6b, the overall set of operational points seems to be
sensibly tilted towards the maximum, especially in the
case of the BIMEP-optimal configuration. However, the
layout of the plots themselves does not allow delving
any further into the analysis of the curves.

For such a purpose, Figs. 6c and 6d show, by employ-
ing the bar-plots that correspond to the left-side y−axis,
the individual fitness value adopted by the optimal
configurations for each sea-state considered. The line
plots, associated to the right-side y−axis, represent
the cumulative fitness value. It is reminded that the
individual fitness is just the product of the stochastic
efficiency and the probabilistic weight associated to
its correlative sea-state. As such, the data in Figs. 6c
and 6d is a broken down surrogate for the operational
points shown in 6a and 6b.

The first thing to notice is that the optimal configura-
tions, when operating in the site for which they have
been designed, show the best performance. In other
words, the BIMEP-optimal configuration achieves the
largest cumulative fitness value when operating in the
BIMEP site, and the same goes for the EMEC turbine.
This behavior is not surprising, and merely shows that
the optimization tool works as expected. However,
the relative performance differences are remarkable.
The EMEC-optimal configuration achieves an overall
fitness value of 0.286 compared to the 0.459 value ob-
tained by the BIMEP-optimal one, when both turbines
are operating at the BIMEP site. This supposes that
the EMEC-optimal turbine shows a relative efficiency

drop of 37.69% with respect to the BIMEP-optimal one.
Instead, when both turbines are operated at the EMEC
site, such fitness values are of 0.269 and 0.228 for the
EMEC and BIMEP configurations, respectively. This
implies that, even if the EMEC turbine shows the best
performance when deployed at its expected site, the
BIMEP counterpart merely shows a 15.24% drop in
fitness.

These differences in the fitness drops when the
optimal turbine configurations are employed in sites
other than their nominal ones sets forth two additional
considerations. The first has to do with the way in
which the configurations achieve the ultimate fitness
value or, in other words, the shape of the cumula-
tive lines. On this respect, the BIMEP-optimal turbine
seems to prefer a high performance in a relatively low
number of sea-states, resulting in cumulative lines that
show steep increments combined with milder or even
flat regions. Instead, the EMEC-optimal one shows a
more constant increasing trend, indicating a relatively
lower performance but in a larger number of sea-states
than its BIMEP counterpart. Probably, these behavioral
trends also explain the geometrical differences shown
in Fig. 5. The optimization procedure seems to pre-
fer a BIMEP-optimal turbine with a larger blockage,
thus achieving operation points that lie closer to the
efficiency maximum and compensate the sacrifice of
sea-states in which the turbine would be forced to
operate outside its safety bounds, which result in a
null fitness value. Instead, the lower-blockage EMEC-
optimal configuration overcomes such a limitation by
extending its operational range among a larger number
of sea-states.

Nevertheless, such a first consideration is not inde-
pendent from the site conditions at which the turbines
operate. Indeed, the distributed nature of the EMEC-
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optimal configuration seems to work as expected when
at the EMEC site exclusively, given the large loss
experienced by the turbine when deployed at BIMEP.
But the approach adopted by the BIMEP-optimal con-
figuration seems to be more robust. On this respect,
the second relevant point to draw from the analysis is
that the optimization procedure may be refined in two
ways.

• If the strategies adopted by each of the optimal tur-
bines for maximizing their fitness values remain
regardless of the provided, site-related input, one
of the first analyses to carry out would imply test-
ing different potential strategies of optimization.
In other words, modifying the cost function of the
optimization so that the turbines are evaluated,
jointly, at the BIMEP and EMEC sites. If a com-
bined optimization shows a better performance
than the individual ones, that would mean that
the optimization tool allows analysing different
maximization strategies that may provide insight
into how the geometrical variables of the turbines
affect the overall behavior.

• The way in which the site-specific input data is
specified may be relevant as well. Fig. 3 shows
that the sea-states are determined from power-
and occurrence-based criteria. Such criteria may
not result in the constitution of a proper clustering
of sea-states, and studying the relevance of other
parameters may be important on this respect.

V. CONCLUSION

The present paper has considered GA-based opti-
mizations of Wells turbines subjected to a set of WEC-
dependent sea-states at two different sites: BIMEP and
EMEC. The analysis of the optimal turbine configura-
tions has revealed the following:

• The geometrical differences of the two configura-
tions show that the relevant aspect determining
the behavioral changes among turbines is the rel-
ative blockage they induce on the OWC duct. The
rest of the geometrical parameters, such as the
radial NACA distributions, do not seem to affect
the performance of the turbines as sensibly.

• The optimal turbines operate relatively poorer
when deployed at sites other than their nominal
ones, but the differences in the overall fitness drop
are relevant. Whereas the BIMEP-optimal turbine
seems more robust to site changes and its fitness
value at EMEC lies merely 15% below from that
of the EMEC-optimal one, the latter is severely
affected and shows a relative efficiency drop over
37% when operating at BIMEP.

• Those differences are traced back to the differing
sea-state-wise behaviors adopted by the optimal
turbines. Whereas the BIMEP configuration prefers
performing with high efficiencies at relatively
lower sea-states, the EMEC turbine distributes
its lower-efficiency operation points throughout a
larger number of sea-states.

• The existence of different strategies paves the way
towards launching a campaign with a modified

cost function that considers a site-wise joint op-
timization of the turbines. Likewise, the criteria
employed for specifying the site-dependent sea-
state input data needs to be further investigated.
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