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5. CONCLUSIONS

The work developed during this Ph.D. covered different topics related to wave data modeling
and analysis. In first instance, a wave hindcast for the Pacific Region of Central America was
developed and validated, providing the first long term dataset of wave parameters in the area.
Starting from these data, the wave energy potential was assessed according to different wave
energy converters, detecting the optimal choice for different sites and computing the respective
performances.

The analysis was next replicated along the Ligurian coastline, taking advantage of a hindcast
previously developed by the MeteOcean Research Group of the Department of Civil, Chemical,
and Environmental Engineering of the University of Genoa. The same data were employed to
develop and test a methodology for the automatic detection of directional wave systems which
leverage image processing algorithms.

The main findings for each of the above topics are split and summarized below for the sake
of clarity.

5.1. Wave hindcast implementation

• After evaluating several run tests by tuning the WWIII parametrizations it is concluded
that the ST4 and ST6 produces similar results of Hm0 among the run tests, where the
ST4 offers a better adjustment to the satellite records for the bulk correction procedure of
Hm0.

• The employed 2-step Hm0 correction process (bias adjustment of the cumulative Hm0

distribution followed by the adjustment method published by Albuquerque et al. [2018]),
has produced satisfactory, even if three swell partitions were considered in this correction
method.

• In general, the bulk correction, i.e. without spectral partitioning, provided better Hm0 ad-
justments than the partitioned correction, according to Taylor diagrams for all parametriza-
tions (Figure 2.7).

• The input wind information in the model affects significantly the results of Hm0, as
demonstrated in Test run 12 which utilises a different wind input database (CFSR, CF-
SRv2 [Saha et al., 2010, 2014]).

• The comparison of different fitting parameters for the assessment of seabed friction as
well as the consideration of the turbulent regime at the water surface did not improve
significantly the results.

• In the model optimization for the Central American Pacific, it is concluded that the model
parametrizations improved, particularly for Hm0, according to the depth criterion, either
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deep or shallow water. This was evidenced by the results of the Taylor diagrams in Figure
2.7.

• It is concluded that an optimal model parametrization corresponds to the WWIII model
configuration of run 10 (Table 2.3). This model configuration has been used to produce
the entire wave hindcast. According to the Hm0 adjustments shown through the Figure
2.7(D), the run 10 reached a ρ of 0.7729 at all the nodes in the studied region.

• The wave database generated in this work can be used openly for wave climate under-
standing as well as for the development of future research in this coastal-marine environ-
ment.

• The generated wave hindcasting information represents a proper database to feed wave
models locally, study the wave conditions for different approaches, and the model con-
figuration reached in this study can be used to predict the wave conditions through a the
generation of wave forecasting.

5.2. Wave energy assessment

• Central American Pacific region

• A low variability of the wave energy potential was found in Pacific region of Central
America, which differs insignificantly from the seasonal analysis with respect to the
monthly analysis (see Figure 3.11). Thus, it confirms the assessment that low latitude
regions are attractive for the continued exploitation of wave energy [Portilla-Yandun and
Guachamin-Acero, 2023].

• Mean Pw values in nearshore can reach values between 5 to 14 kW/m, whereas over the
deep waters can reach values over 10 kW/m up to 26 kW/m.

• Wave with mean TP values over 14 seconds have been found over the assessed nodes,
indicating the high presence of swells, which wave directions are coming predominantly
from the South-Southwest and Southwest.

• WEC sizing can extract the wave energy more efficiently. The optimal operating point of
the converter device is adapted as closely as possible to the wave conditions typical of a
given marine location.

• It is concluded that the best converter for all the 16 assessed locations, based on the
WEDI and SIWED 30 indexes, corresponds to the Pelamis as first choice, but also the
F-2HB converter, both at reduced scales. The Pelamis must be positioned in a way that
longitudinal body must be positioned parallel to the direction of wave propagation to
function properly. Pelamis, as attenuator type converter, coincidentally suits for marine
environments where there presence of swells with high wave periods arrive.
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• SIWED30 scaled values above 0.1 are reached for the different evaluated WEC, exceeding
even potential energy converter values evaluated in the North Sea (see Figure 3.15), thus
the WEC survival results higher than the North Sea environment and it could provide
more exploitable wave energy throughout the time.

• The lack in the legal framework related to the marine energy exploitation precludes the
proper feasibility studies on wave energy, as occurs in the Central American region.

• Ligurian Sea

• Mean values of Hm0 over the 36 assessed locations oscillates in between 0.1 m to 0.8 m,
where maximum values between of 4 m to even 6 m can be reached.

• Mean values of TP over the 36 assessed locations oscillates in between 4.5 s to 8.2 s,
where maximum values can reach TP up to 25 s.

• Ligurian Sea present several wave systems which conditions the wave characteristics that
affects the wave energy exploitability, one of this characteristics is the wave direction
which presents a high variability (see Figure 3.2).

• Pw values over the assessed locations vary monthly and seasonally, in which the highest
energetic period (winter) present values between 3 kW/m and 5 kW/m.

• Maritime planning and mapping increase the feasibility and a better detection of wave
energy deployment locations.

• Wave energy exploitation at the Ligurian Sea becomes interesting once the WECs have
been resized, adapting them to the local wave conditions. In particular at the Ligurian
Sea the WECs increase its efficiency by downsizing them, based on the assessed WEC
performance indexes CF and SIWEDTR.

• An assessment from a technical and economic point of view clearly demonstrates the
feasibility of energy harvesting through several WECs.

• It is concluded that indexes as SIWEDTR and WEDI demonstrate to be reliable indicators
for determining the best WEC and the location to deploy the wave energy.

• Regarding the economic assessment, it is concluded that the most expensive WEC de-
ployment corresponds to the COE and LCOE of Langlee converter, in all the 36 locations
except the location 27.

• In average, the most feasible WEC in economic terms in the 36 assessed locations corre-
sponds to the AWS converter.

• The PBP associated to the Langlee converter exceeds the threshold of 20 years, i.e. max-
imum feasibility threshold, at locations 8, 19, and 23, thus exceeding the non-feasibility
threshold (Figure 3.31).
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• According to the economic analysis shown in Figures 3.31 and 3.30, it is concluded that
depending on the converter evaluated the costs can be very high, a clear indicator is the
fact that converters such as Langlee and Pontoon reach CapEx that exceed 500 C in some
locations; or the AquaBUOY or Pelamis reaching LCOE values of over 1000 C per MWh
in some locations.

• According to the findings related to the technical benefit and WECs costs (Figure 3.32),
it is concluded that LCOE increase the converters’ efficiency tends to decrease based on
the SIWED30,scaled. The extension of this finding could optimise a WEC deployment in
terms of acceptable ranges relative to the costs of such deployment.

• Based on the technical-economic assessment (Figure 3.33) it is concluded that the best
converter for most of the 36 locations evaluated corresponds to Pontoon, while AWS can
be feasible at locations 2, 8, 19, 22, 33, 34 and 35; and OEBuoy at location 36.

5.3. Wave systems in the Mediterranean Sea

• The wave systems analysis represents an innovative approach for identifying significant
directional wave patterns at a specified location.

• Wave climate modes linked to specific directions of wave propagation can be accurately
extracted by applying an image processing algorithm to images made of the spectral pa-
rameters Tm and θm belonging to different spectral partitions.

• The wave systems analysis has demonstrated the robustness of the methodology, es-
pecially in regions experiencing multi-modal wave climates originating from various
fetches. The wave systems extracted have provided valuable insights into the frequency
of complex wave occurrences, such as crossing seas characterized by simultaneous waves
pertaining to different directions.

• By leveraging this methodology, the most frequent directional wave systems in the Mediter-
ranean Sea have been successfully identified, using hindcast data spanning the entire
basin.

• In the southeast of the Levantine Basin, specifically in the Nile’s Delta area, there is a high
occurrence of crossing seas, with occurrences of up to 14 days per year (see Figure 4.10),
a similar situation occurs in the eastern part of the Strait of Gibraltar basin. Crossing seas
occur with less intensity in the Gulf of Sidra in Libya, where the occurrence can vary
between 6 to 10 days per year.

• The developed analysis can be reuse for future applications in offshore and coastal engi-
neering design, catering to navigation safety and coastal protection requirements
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nandez, R Molina, P Rodrı́guez-Rubio, F De los Santos, et al. Herramientas para el di-
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