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Abstract

In this study, the design requirements for a regional wave energy converter are identified
from the analysis of 10 years of spectral data provided by nine buoys located across the
Caribbean. It indicated that the average significant wave height and wave period in the
Caribbean is 1.62 m and 5.91 s, respectively, while the average total theoretical power capa-
ble of being absorbed from a wave energy converter is 7.4 kilowatts per meter of surface
waves. Devices should be designed to withstand a significant wave height of 19.0 ± 2.8
meters (95% confidence) for a 1 in 100 year return wave. This was determined by perform-
ing various extreme wave analyses. Additionally, a design life of 30 years for a device would
have a probability of exceedance regarding this return wave as 26%. Using two-dimensional
wave spectra analysis for the resource study, the overall spectral width, directionality coef-
ficient and direction of the maximum directionally resolved wave power for the region are
determined to be 0.172, 0.74 and 42◦, respectively. It is expected that the combination of
these information would improve the viability of a wave energy industry in the Caribbean
and advance technological development.

1 INTRODUCTION

1.1 Background

Currently,members of the United Nations have been working
studiously across the world towards the attainment of the UN
2030 Agenda for Sustainable Development. This agenda takes
many forms as there are 17 main goals being addressed. Of par-
ticular importance to this paper is Goal No. 7, which is enti-
tled “Ensure access to affordable, reliable, sustainable and mod-
ern energy for all” [1]. According to the United Nations [1],
the 2030 agenda specifically targets worldwide access to afford-
able, dependable and contemporary energy systems, a drastic
increase of renewable energy to the global supply, and the devel-
opment/advancement of infrastructure and technology to sup-
port modern sustainable energy services in Small Island Devel-
oping States (SIDS). The Caribbean region is a perfect example
of the SIDS being referenced by the United Nations [1].

In 2019, Lemessy, Manohar and Adeyanju [2] conducted a
comparative analysis of “notable wave energy countries” to
Caribbean SIDS using developed metrics such as coastline per
area ratio and maritime economic activity, amongst others. The

UNITS: J, Joules; kg, Mass; m, Meters; s, Seconds; W, Watts

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is

properly cited.
© 2021 The Authors. IET Renewable Power Generation published by John Wiley & Sons Ltd on behalf of The Institution of Engineering and Technology

paper suggests that SIDS (such as the Caribbean nations) is well
suited for a marine renewable energy industry when juxtaposed
against “active wave energy countries”. However, as one begins
to consider the development of wave energy converters for this
region, there is an unfortunate gap in literature with respect to
resource characterisation that creates a barrier for technological
advancement. Lemessy, Manohar and Adeyanju [3] expressed
that the lack of information regarding wave energy resource in
many countries is a key challenge experienced by the industry
globally.

Wave energy research continues to be developed as individ-
uals across the world seek to find the most amenable generator
and means to capture and efficiently convert the energy into
electricity. One such advancement is the work put into wave
energy park optimisation. Göteman, et al. [4] indicated, “opti-
mal layouts will position the WECs along lines perpendicular to
wave direction at sites with a narrow interval of incident wave
directions”. This detail expresses the passion of this study as
Göteman, et al. [4] went on to explain that though other crite-
ria such as viscosity and rotation are critical elements of fluid
properties, it is not feasible to be considered in modelling of
wave energy parks. However, knowledge of wave directionality
and wave propagation is paramount over a long period for the
design of parks.
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In the past, many studies attempted to predict wave
behaviour across different regions of the world. Muzathik, et al.
[5] identified the Gumbel distribution as one of the many dis-
tributions that could predict extreme wave heights, while Math-
iesen, et al. [6] expressed their belief that most wave climates
follow the Weibull distribution. Information regarding the dis-
tribution preference of the extreme Atlantic Ocean waves in the
Caribbean is not currently identified in literature. An extreme
wave analysis must be conducted so that the appropriate struc-
tural design loads are considered, minimising the failure of wave
energy converters (WEC) due to storm events [7].

There has been some relative work done in the Caribbean
region that deserves special mention; this includes spectral
widths and directionality coefficients by Ahn, Haas and Neary
[8]; wave energy by Ahn and Neary [9]; equator friendly WECs
by Henry, et al. [10]; and wave climate trends by Appendini,
et al. [11], to name a few. However, there is no substantive
study regarding wave characterisation found in literature for the
Atlantic ocean aspect of the Caribbean region in the context of
WECs. The wave climate in the Caribbean Sea and the Gulf of
Mexico is much different from the climate positioned on the
Atlantic side.

Critical information regarding the characteristics of the wave
climate must be easily attainable by developers for suitable
designs of wave energy converters and systems. As such, there
is a desperate need for an expansive continuous resource analy-
sis to be conducted in the Caribbean region if a marine energy
industry is to develop. This paper seeks to research and pro-
vide design criteria, such as the average significant wave height,
the average wave period and the average total theoretical power.
Developers need this information specifically for the design of
the energy absorption mechanism, amongst other elements like
the Power Take-Off system. Additional metrics including the
spectral width (for frequency sensitive WECs), directionality
coefficient (for WECs that prefer a steady wave power direc-
tion) and direction of the maximum directionally resolved wave
power (to guide developers on how to position fixed WECs
for maximum efficiency) are also determined. The details under
extreme conditions are also a key element of the study, as it
would guide developers on the selection of materials and dimen-
sional characteristics of device components to improve device
survivability. According to IEC [12] and IEC [13], this informa-
tion will lay the foundation for the development of relevant and
noteworthy wave energy converters.

1.2 Geographical location

The Caribbean region is a chain of islands located to the right
of Central America, south of North America and to the north
of South America. It is bordered by the Gulf of Mexico, the
Atlantic Ocean and the Caribbean Sea (Figure 1). The National
Oceanic and Atmospheric Administration (NOAA) has strate-
gically located data collecting buoys in the region that feeds into
the National Data Buoy Centre (NDBC). The plethora of buoys
spread over the Atlantic Ocean and Caribbean Sea (Figure 1)
currently has the ability to measure atmospheric pressure, wind

FIGURE 1 Image of the Caribbean region and approximate locations of
the buoys (Image Courtesy Google Earth Pro)

direction, wind speed, gust, air temperature, water temperature,
wave energy spectra, water-column height, relative humidity,
ocean current velocity, precipitation, salinity, solar radiation, vis-
ibility, water level and water quality. However, some of the buoys
do not provide the full spectrum of data [14].

2 MATERIAL AND METHODS

To develop the design data for a Caribbean focused WEC,
records from the National Oceanic and Atmospheric Adminis-
tration (NOAA) [15] and National Data Buoy Centre were sur-
veyed. The buoys selected were mainly on the Atlantic Ocean
side of the Caribbean islands since this side is expected to be the
most energetic region of the Caribbean (Figure 1). The results
from each of the buoys deployed were scrutinized to deter-
mine whether they had a reasonable amount of data spanning
10 years. The following selected buoys met the 10-year (2009
and 2018) minimum data criteria for this study: 41040, 41041,
41043, 41044, 41046, 41052, 41053, 42060 and 42085.

The identified buoys are dispersed in the region (from 14◦

N to 24◦ N and 46◦ W to 69◦ W) in a manner that will allow
them to measure ocean swells and localised wind waves from
different bodies of water. Buoys 41040, 41041, 41043, 41044,
41046, 41052 and 41053 are recording data from waves origi-
nating in the Atlantic Ocean, while buoys 42085 and 42060 are
recording localised wind waves from the Caribbean Sea. Buoys
41052, 41053 and 42085 have an average depth of 31 m; there-
fore, they can be considered to be observing the nearshore wave
climate, while the buoys 41040, 41041, 41043, 41044, 41046 and
42060 are observing the offshore wave environment. The mix
of nearshore, offshore, Atlantic borne and Caribbean Sea gen-
erated waves, gives the study more rigour in its attempt to inves-
tigate the general wave climate of the Caribbean region.

The data for each buoy over the selected 10-year period
was systematically downloaded, organised and refined. This
involved deleting data that represented values when the buoys
did not have any measured information. It was easily identifiable
as it is characterised by seeing a significant wave height of 99 m
or wave period of 99 s, a code used for missing data accord-
ing to [16]. This resulted in only 668,294 of the 2,183,509 wave
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LEMESSY ET AL. 3411

TABLE 1 Individual buoy details obtained during the period 2009–2018 [15]

Station 41040 41041 41043 41044 41046 41052 41053 42060 42085

Depth (m) 5106 3485 5289 5391 5430 44 32 1525 17

Location – latitude (◦ North) 14.559 14.329 21.132 21.597 23.832 18.250 18.474 16.387 17.860

Location – longitude (◦ West) 53.073 46.082 64.856 58.621 68.417 64.763 66.099 63.350 66.524

High. sig. wave height (m) 6.34 8.55 13.42 11.79 14.81 7.90 6.00 9.37 4.30

Low. sig. wave height (m) 0.54 0.53 0.02 0.32 0.01 0.20 0.10 0.31 0.20

Avg. sig. wave height (m) 2.00 2.03 1.81 1.87 1.74 1.05 1.27 1.34 1.02

Avg. wave energy density per unit area
of surface waves (J/m2)

2,453 2,527 2,009 2,144 1,856 676 989 1,101 638

Maximum wave energy density per unit
area of surface waves (J/m2)

24,645 44,821 110,422 85,227 134,480 38,265 22,073 53,830 11,337

TABLE 2 Average wave climate details across the Caribbean region from 2009 to 2018 [15]

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Avg.

Average depth (m) 2924 2924 2924 2924 2924 2924 2924 2924 2924 2924 2924

High. sig. wave height (m) 11.79 14.81 9.91 8.38 5.45 9.91 5.43 5.07 13.42 7.46 9.16

Low. sig. wave height (m) 0.30 0.20 0.10 0.02 0.10 0.20 0.30 0.20 0.01 0.20 0.16

Avg. sig. wave height (m) 1.81 1.73 1.60 1.59 1.59 1.54 1.53 1.57 1.58 1.73 1.63

Highest wave period (s) 11.14 14.80 10.75 11.86 13.69 11.88 11.51 12.79 13.41 13.63 12.55

Lowest wave period (s) 3.47 3.43 3.55 3.30 3.76 3.64 3.41 3.84 3.32 3.81 3.55

Average wave period (s) 5.64 5.94 5.71 5.67 5.90 5.94 5.98 6.14 6.00 6.13 5.91

Avg. wave energy density
per unit area of surface
waves (J/m2)

2,016 1,831 1,565 1,552 1,550 1,454 1,435 1,511 1,531 1,838 1,628

Maximum wave energy
density per unit area of
surface waves (J/m2)

85,227 134,480 60,214 43,056 18,211 60,214 18,078 15,760 110,422 34,121 57,978

data obtained from NOAA to be used in the analysis (approxi-
mately 30.6%). Details about the buoys’ depth and location were
also recorded as shown on Table 1 and average values across
the region on a yearly basis were recorded on Table 2. From
this information, the various significant wave heights, wave peri-
ods, wave power, and wave energy density values required for a
regional WEC were calculated (Table 3).

The dataset obtained, was represented graphically to iden-
tify any particular trends or outliers in the population. When
this was conducted, the periods of increased significant wave
heights and extreme values became apparent in the spread of
the annual significant wave height across the region (i.e. the
10 selected buoys) from 2009 to 2018. These extreme values
represent storm events that occurred during the year and is
utilised via the Peak Over Threshold (POT) method to pre-
dict the future 50-year and 100-year return waves via extreme
wave analyses [5]. The distributions used for these extreme anal-
yses are the Exponential, Fisher-Tippet, Gompertz, Gumbel,
Rayleigh and Weibull [17, 18]. A probability plot was created
with the Reduced Variate against the Wave Parameters. The
resulting mathematical equation was used to give an approxi-
mated prediction at the 50-year and 100-year return period. It is

recommended by Penalba, et al. [19] that at minimum 30 years
of historical data be used for reliable predictions. Unfortunately,
this span of data was not available for the public by NOAA. To
circumnavigate this, statistical analyses were employed.

According to NOAA Atlantic Oceanographic and Metero-
logical Laboratory [20], the average number of named storms
per year (i.e. Tropical Storms, Hurricanes and Subtropical
Storms) in the Atlantic region is 12; this is based on empirical
data captured from 1968 to 2015. The highest amount of storms
and hurricanes ever recorded in a single year in the Atlantic
region since 1930 is 28 and 15 respectively. This energy inten-
sive activity took place in the year 2005. For the purposes of
using the distributions in extreme wave analysis of storm events,
threshold values will be set to attain 12 assumingly independent
peak storms per year from the annual wave spread, in alignment
with the average amount experienced annually as stated by
[20].

Using the independent 12 peak values per year, the respec-
tive significant wave height threshold values were 3.75 m for
2009, 4.00 m for 2010, 4.00 m for 2011, 4.00 m for 2012, 3.75 m
for 2013, 4.00 m for 2014, 4.00 m for 2015, 4.00 m for 2016,
6.00 m for 2017 and 4.00 m for 2018. These 12 values over 10
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3412 LEMESSY ET AL.

TABLE 3 Proposed design specifications for WECs

Design operating specifications

Average significant wave height (m) 1.62 ± 1.31 (95% confidence)

Average wave period or energy period (s) 5.91 ± 2.03 (95% confidence)

Average wave speed (m/s) 9.23

Maximum wave speed (m/s) 12.40

Average wavelength (m) 54.53

Maximum wavelength (m) 98.43

Average wave power per unit of wave
crest length (kW/m)

7.421

Average wave energy density per unit of
surface waves (J/m2)

1,609.09

Maximum wave power per unit of wave
crest length (kW/m)

32.568

Maximum wave energy density per unit
of surface waves (J/m2)

5,256.43

Overall spectral width 0.172

Overall directionality coefficient 0.74

Overall Direction of the maximum
directionally resolved wave power
(with respect to North)

42◦

Extreme wave (100-year return) 19.00 ± 2.78 (95% confidence)

Extreme wave (50-year return) 17.88 ± 2.32 (95% confidence)

Extreme wave climate model Rayleigh distribution

years, accumulated to the 120-value dataset that would be used
for the extreme wave analysis in this study. The 120-value data
set contained significant wave heights ranging from 3.75 m to
14.81 m. After attaining the various extreme predicted signif-
icant wave heights for the 50-year and 100-year return waves,
further statistical analyses (method of least squares) are utilised
to identify which distribution best represented the dataset and
as such, the wave climate examined. An average of the predicted
extreme values from the various distributions was determined
and recorded with 95 % confidence. Following this, the proba-
bility of failure was calculated for each return period to establish
an acceptable design life.

Trends on the wave energy density over the years were plotted
graphically and analysed accordingly. This also used statistical
analyses such as the Mann–Kendall standard normal test statis-
tic and the Theil-Sen method to determine the projection of
the wave energy environment in the future. The different buoys
(or locations) were compared to highlight geographical factors
associated. Further to this, the significant wave heights and asso-
ciated wave periods and power were plotted in a scatter form to
examine characteristic shapes or relationships.

Following this and utilising the standard IEC [12], the overall
spectral width, directionality coefficient and the direction of the
maximum directionally resolved wave power were found. It was
determined for each individual location positioned by the buoys
and then an overall average value was determined. This overall
value would be used as the metric to represent the environment
on the Atlantic side of the Caribbean.

3 THEORY/CALCULATION

3.1 Wave power

Calculations were conducted with the assumption that the Airy
Wave Theory applies. Hence, for deep water, the wave energy
flux is Wave energy flux per unit of wave-crest length (W/m) as
given by the equation:

P =
1

64𝜋
𝜌g2H2T, (1)

where H is the significant wave height, T is the wave energy
period, ρ the sea water density (1000 kg/m3) and g the acceler-
ation by gravity (9.81 m/s2) [21].

3.2 Wave energy density

In a sea state, the average energy density per unit area of grav-
ity waves on the water surface can be calculated from the
equation:

E =
1
16
𝜌gH2, (2)

where E is the mean wave energy density (kinetic and potential
energy) per unit horizontal area (J/m2) [21].

3.3 Extreme wave analyses

Using the principles of extreme value analysis, various prob-
ability distributions were utilised to represent the ocean wave
characteristics. Since each probability distribution theorem gives
a different answer, for a better approximation of the extreme
significant wave height of a 1 in 50 year return wave and a 1
in 100 year return wave, an average of the Exponential, Fisher
Tippet, Gompertz, Gumbel, Rayleigh and Weibull distributions
was used. See World Meteorological Organisation Secretariat
[17] and BSI [18] for more details regarding their use, the
formulas employed and how to extrapolate the data.

3.4 Peak over threshold (POT) method

This methodology is used for acquiring the dataset for extreme
wave analyses. It is assumed that the storm events are indepen-
dent of each other, for the POT method to be used for sam-
pling. The POT method considers local maxima or peaks due
to storms above a determined threshold. [6]

3.5 Long-term wave analysis

The data points utilized in long-term wave analysis and pre-
diction must be independent of each other. This analysis of
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LEMESSY ET AL. 3413

long-term wave statistics involves the study of statistical prop-
erties of wave over a significant amount of time. In comparison,
short-term wave parameters are considered constant due to
the short timeframe under evaluation. For short-term data,
the average hourly height will be influenced by the average
wave height from the previous hour. Hence, theoretically,
short-term data condition cannot meet the requirements unless
storm events alone are considered for the POT [5]. Also,
with long term wave analysis, a greater understanding of wave
behaviour can be obtained as it takes into account factors
such as seasonal or yearly variations, changes in the climate
globally and other sea conditions that would affect results
[22].

3.6 Probability of the return period

Pnx =
T0

Tr

(
1

nx + 1

)
, (3)

where Pnx is the probability of the event associated with the
return period Tr, nx is the number of data points in the time
T0 (years). The return period is an average time or an estimated
average time between extreme events [18].

3.7 Z score

Since it is unknown, which probability distribution is the most
suited, an average of the five was calculated and the Z Score for
each found using the formula [23]:

Z =
x − 𝜇

𝜎
(4)

3.8 95% Confidence interval

When the standard deviation is known, the limits for the values
with 95% confidence are:

Lower limit = 𝜇 − Z

(
𝜎√

n

)
, (5)

Lower limit = 𝜇 + Z

(
𝜎√

n

)
, (6)

where x is the extreme value obtained from the distribution, μ
is the mean of the distributions being analysed, σ is the standard
deviation of the distributions being analysed, Z is the amount of
standard deviations from the mean and n is the sample size (the
number of distributions used). Z for 95% confidence is equiva-
lent to 1.96 [23].

3.9 Coefficient of determination

To assess how linear regression models fit the data set, the coef-
ficient of determination (R2) is used. The formula used is as
follows:

Coefficient of determination
(
R2

)
=

SSR

SST
, (7)

SSR =

n∑
i = 1

(ŷi − ȳi )
2
, (8)

SST =

n∑
i = 1

(ŷi − ȳi )
2
+

n∑
i = 1

(yi − ŷi )
2
, (9)

where 0 ≤ R2
≤ 1 and the closer R2 is to 1 the better the model

represents the data set. SSR is the regression sum of squares,
that is the variability due to the regression model and SST is the
total sum of squares. It is a measure of total variability, which
includes the variability due to the regression line and error. [23].

The Mann–Kendall standard normal test statistic is used to
determine the monotonic incline or decline of a trend. It is used
extensively in hydro-meteorological time studies. More details
concerning the use of the method can be found at Gocic and
Trajkovic [24].

Sen’s slope estimator is a non-parametric method for esti-
mating the slope of a trend examined. This methodology is
employed when the dataset does not fit a straight line, thus inval-
idating the estimations made from a regression line using the
least squares concept. Its insensitivity to outliers is what makes
it relevant. More details concerning the use of the method can
be found at Gocic and Trajkovic [24]. It was first published by
Sen in 1968.

3.10 Failure probability

Probability of exceedance (%) = 100 ×

(
1 −

(
1 −

1
T

)N)
,

(10)

where T is the return period and N is the design life in years.
This value calculated represents the probability that the T year
event will occur in the next N years. [18]

3.11 Spectral width

∈0 =

√√√√√√√
∑

i
Ji, j

∑
i

[
Ji, j fi

−2
]

{∑
i

[
Ji, j fi

−1
]}2

− 1, (11)
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3414 LEMESSY ET AL.

where i is the index representing discrete frequency, j is the
index representing discrete direction, ∈0 as the spectral width,
fi is the frequency (Hz) and Ji, j is the mean wave power
spectrum (W/m). The equation expressed is adapted from
Ahn and Neary [25] and the IEC [12]. According to the IEC
[12], the spectral width “characterizes the relative spreading of
energy along the wave spectrum” and is defined as “the stan-
dard deviation of the period variance density, normalized by
the energy period”. For interpretation purposes, the smaller
the value obtained, the narrower the frequency bandwidth
exhibited.

3.12 Directionally resolved wave power

Ji (𝛼) =
∑

j

Ji, j cos (𝛼 − 𝜃) 𝛿, (12)

𝛿 = 1,when cos(𝛼 − 𝜃) ≥ 0,

𝛿 = 0,when cos(𝛼 − 𝜃) < 0,

where i is the index representing discrete frequency, j is the
index representing discrete direction, Ji (𝛼) is the directionality
resolved wave power (W/m), Ji, j is the omnidirectional wave
power (W/m) and α is the angle (in degrees) of the direction-
ally resolved wave power. α has a resolution of 1◦ and it is
taken clockwise from true North (0◦ to 360◦). This equation
expressed is adapted from Ahn and Neary [25] and the IEC [12].
According to the IEC [12], the maximum directionally resolved
wave power is “the maximum time averaged wave power prop-
agating in a single direction”.

3.13 Direction of maximum directionally
resolved wave power

The associated angle α for the maximum directionally resolved
wave power identified is the direction of maximum directionally
resolved wave power [12].

3.14 Directionality coefficient

d
Ji
=

max
[
Ji (𝛼)

]
Ji

, (13)

where d
Ji

as the directionality coefficient, max[Ji (𝛼)] is the maxi-

mum directionally resolved wave power identified (W/m) and Ji

is the corresponding total wave power (W/m). This equation is
adapted from Ahn and Neary [25] and the IEC [12]. According
to the IEC [12], the directionality coefficient is “a characteristic
measure of the directional spreading of wave power”. A small

FIGURE 2 Trend of maximum wave energy density per unit area of
surface waves throughout the years

FIGURE 3 Trend of average wave energy density per unit area of surface
waves throughout the years

value is interpreted as the wave energy resource displaying wide
directional spreading.

4 RESULTS

In the analysis of this study showed in Figure 2, the maximum
wave energy density per unit area of surface waves in the region
has been on the decline as reflected by the linear regression
line illustrated. The Mann–Kendall standard normal test statistic
(ZS) calculated is −1.62 and the Sen’s slope estimator (QMED)
found for Figure 2 was determined to be−18.8 (within an inter-
val of −93.8 and 19.3 for 95% confidence).

The analysis of this study showed in Figure 3 the linear
regression line that the variation in the average wave energy
density per unit area of surface waves in the region was on a
decline, though minimal. Over the 10 years observed, the aver-
age wave energy experienced fluctuated between 1500 J/m2 and
2000 J/m2. The Mann–Kendall standard normal test statistic
(ZS) calculated is −1.53 and the Sen’s slope estimator (QMED)
found for Figure 3 was determined to be −6523.1 (within an
interval of −18566.7 and 3182 for 95% confidence).

Figures 4 and 5 showed that the area surrounding buoys
41043, 41044 and 41046 experience significantly higher maxi-
mum wave energy density per unit surface area than the other
locations and are also within the higher range for average
wave energy density per unit surface area. The location of
buoys 41040 and 41041 have the highest 10-year average wave
energy but relatively low 10-year maximum wave energy values
when compared with the other sites analysed. The locations of
buoys 41052, 41053, 42060 and 42085 have the lowest 10-year
average wave energy and low 10-year maximum wave energy
consistently.
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LEMESSY ET AL. 3415

FIGURE 4 Comparison of 10-year maximum wave energy density per
unit area of surface waves for each buoy

FIGURE 5 Comparison of 10-year average wave energy density per unit
area of surface waves for each buoy

On Table 4, we can see the variation of the spectral width,
directional co-efficient and direction of maximum direction-
ally resolved wave power across the region and by the different
buoys. No value was obtainable for the spectral width of buoys
41052, 41053 and 42085 due to data concerning wave period.

On Figure 6, all the buoys examined had a relatively stable
spectral width amongst them, while on Figure 7 all the buoys
had relatively high directionality coefficients except 41041,
41052, 42060 and 42085. There were no geographical common-
alities found between them, that sets them apart from the rest.

TABLE 4 Spectral width, directionality coefficient and direction of
maximum directionally resolved wave power spread throughout the Caribbean

Buoy

Spectral

width

Directionality

coefficient

Direction of maximum

directionally resolved wave

power (in degrees clockwise

from north)

41040 0.151 0.92 351

41041 0.173 0.38 9

41043 0.187 0.74 42

41044 0.191 0.88 3

41046 0.191 0.84 33

41052 N/A 0.04 275

41053 N/A 0.88 24

42060 0.131 0.55 16

42085 N/A 0.50 60

Overall 0.172 0.74 42

FIGURE 6 Comparison of spectral width across the Caribbean

FIGURE 7 Comparison of directionality coefficient across the Caribbean

4.1 Data spread of the significant wave
height, the average wave period and the average
wave power

Each buoy except 41052, 41053 and 42085 was individually
analysed in Figures 8–13 for correlations between their sig-
nificant wave height, average wave period and average theo-
retical wave power based on data obtained over the 10 years.
Buoys 41052, 41053 and 42085 were left out of this analysis
because their wave data did not provide sufficient information
on their respective wave periods. Figure 14 illustrates the cor-
relation across the region for all the buoys in the analysis. The
wave spread showed no characteristic trait other than between
the average wave power and the significant wave heights. The
overall shape of the significant wave height is expected to be
reflected on the overall shape of the average wave power. This is
because it is mathematically directly proportional to each other.

FIGURE 8 Significant wave height, the average wave period and average
wave power found across the region
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3416 LEMESSY ET AL.

FIGURE 9 Significant wave height, the average wave period and average
wave power found at buoy 41040

FIGURE 10 Significant wave height, the average wave period and average
wave power found at buoy 41041

4.2 Percentage occurrence of the significant
wave height, average wave period and average
wave power

The percentage occurrence shown on Figure 15 indicates that all
the buoys on average maintain approximately 55–75% of their
dataset in the region of 1–2 m.

The percentage occurrence shown in Figure 16 indicates that
all the buoys on average maintain approximately 45–60% of

FIGURE 11 Significant wave height, the average wave period and average
wave power found at buoy 41043

FIGURE 12 Significant wave height, the average wave period and average
wave power found at buoy 41044

FIGURE 13 Significant wave height, the average wave period and average
wave power found at buoy 41046

FIGURE 14 Significant wave height, the average wave period and average
wave power found at buoy 42060

FIGURE 15 Percentage occurrence of the significant wave height
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LEMESSY ET AL. 3417

FIGURE 16 Percentage occurrence of the average wave period

FIGURE 17 Percentage occurrence of the average wave power

their dataset in the region of 4–7 s. Majority, however, appear
to be concentrated between 5 and 7 s.

The percentage occurrence shown in Figure 17 indicates that
the wave power is less uniformed than the average significant
wave height and wave period. The spread of the values are a lot
more pronounced.

4.3 Extreme value analyses

According to the Exponential distribution, for a return period
of 100 years and 50 years, the extreme significant wave heights
is 21.7 m and 20.0 m, respectively. These values were obtained
using the equation of the line:

y = 2.4667x + 4.2265. (14)

According to the Fisher Tippet distribution, for a return
period of 100 years and 50 years, the extreme significant wave
heights are 14.4 m and 14.3 m respectively. These values were
obtained by using the equation of the line:

y = 0.4942x − 2.5277. (15)

According to the Gompertz distribution, for a return period
of 100 years and 50 years, the extreme significant wave heights
are 15.5 m and 15.0 m, respectively. These values were obtained
by using the equation of the line:

y = 4.5538x + 6.5784. (16)

According to the Gumbel distribution, for a return period of
100 years and 50 years, the extreme significant wave heights are
21.0 m and 19.4 m, respectively. These values were obtained by

using the equation of the line:

y = 2.2687x + 4.8919. (17)

According to the Rayleigh distribution, for a return period of
100 years and 50 years, the extreme significant wave heights are
18.3 m and 17.4 m, respectively. These values were obtained by
using the equation of the line:

y = 0.5221x + 1.8858. (18)

According to the Weibull distribution, for a return period of
100 years and 50 years, the extreme significant wave heights are
23.0 m and 21.1 m, respectively. These values were obtained by
using the equation of the line:

y = 0.9829x + 1.0291. (19)

From the table we can identify that the Rayleigh distribu-
tion has the lowest Z score for both the 50-year and 100-year
return wave. Its coefficient of determination was also the largest
at 0.9968. This means that 99.68% of the dataset used for the
extreme value analysis fit the Rayleigh distribution.

When analysing the data we can see that the Fisher-Tippet
distribution provided the lowest return wave heights and the
closest to the largest extreme wave currently known in the data
set (14.81 m).

4.4 Probability of failure

Table 3 presents the calculated data that outlined the proposed
design requirements for a regional WEC. It was created with a
95% confidence interval.

5 DISCUSSION

The data analysed in this study was from nine buoys located
across the Caribbean region at varying depths. According to
NOAA National Data Buoy Center [14], the accuracy of data
recorded for the significant wave height, period and direction
was ±0.2 m, ±1 s and ±10◦, respectively. NOAA/NDBC
utilised spectral hindcast data, modelled from WAVEWATCH
III. This particular system was preferred for analyses on the
Atlantic Ocean side of this region because it catered for com-
plex sea states developed by swells and localised winds. An
analysis based on the JONSWAP spectrum exhibited a slight
overestimation when compared to hindcast data and yielded
large instant errors due to its focus on unimodal sea states. This
focus prevented the model from accurately assessing the spec-
tral distribution of the native energy found in this region [26].
When Campos and Soares [27], compared 3 hindcast models:
the ERA-Interim, NOAA (based on WAVEWATCH III) and
HIPOCAS (based on the REMO wind model), they found
that at non-extreme conditions the hindcasts were effectively
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3418 LEMESSY ET AL.

equivalent as their biases for significant wave height was less
than 0.5 m. However, when comparing wind and wave errors,
WAVEWATCH III was the best model for accuracy and was
suggested to be the model of choice for latitudes below 30◦

North (as is the case in this study).
Data showed the contribution of localised wind energy and

swell energy were particular phenomenon that can affect the
wave energy climate in regions located at significant distances
from its source. Munk, et al. [28] found that swells could propa-
gate to distances up to one-half of the Earth’s perimeter, leading
to mixed energy climates and provided a sound basis why accu-
rate resource analyses should be built on hindcast data. A study
conducted by Zheng, et al. [29], illustrated that the source of
swell energy in a particular area changed throughout the year.
As such, the impact on Caribbean region wave energy is influ-
enced by various distant regions globally.

The trend of the maximum wave energy experienced on
Figure 2 indicated that the extreme levels have been reducing
regionally over the years. The downward monotonic trend is
seen via the regression line illustrated on the Figure 2. This
was confirmed by the negative Mann–Kendall test statistic (ZS)
and the Sen’s slope estimator (QMED) calculated. It is uncer-
tain as to when this trend started since the data analysed in this
study was only from the year 2009. One can assume that this
will work in favour of device survivability due to reduced cyclic
loading of high-energy waves, as this is a stated major challenge
faced by the community to date by multiple sources including
Mofor, Goldsmith and Jones [30]. It will also facilitate appro-
priate scheduled maintenance activities, as devices will be more
accessible due to “safer” climate conditions [31]. This can also
increase the device’s design life and improve sustainability.

In addition to the maximum wave energy being on a decline,
the average wave energy experienced is also on a decline, as it
fluctuated between 1500 J/m2 and 2000 J/m2 (Figure 3). Simi-
larly, the downward monotonic trend was seen via the regression
line on Figure 3. This was confirmed by the negative Mann–
Kendall test statistic (ZS) and the Sen’s slope estimator (QMED)
calculated. Therefore, WECs designed for the Caribbean region
should be focused on optimizing operating conditions within
this range. This narrow range presents an opportunity and is a
critical finding of the study. It lays the groundwork for devices
to be developed that will have a relatively high percentage util-
isation value. That is, devices should be able to employ a sig-
nificantly large amount of time undergoing productive energy
harvesting operations as opposed to retracting into survival
mode when waves are too large or at standstill when waves are
too small. This translates to increased sustainability and greater
return on investment. Guanche, et al. [31] expressed this con-
cept as device availability.

The mathematical equations in Figures 2 and 3 could be
utilised for predicting the maximum or the average wave energy
in the region, thus facilitating better planning practices for
project developers. A longer timeline would have given the anal-
ysis more rigour; however, that data was not accessible as wave-
measuring devices are highly unreliable due to the harsh ocean
environment. Comparison of these trends found would have
been useful for academic purposes, but unfortunately, it was

not identified in literature. Only a snapshot in time on energy
potential was found [32, 33]. Mann–Kendall Test and Theil-
Sen method utilised their non-parametric nature to confirm the
decline presented by the regression lines. These methods were
considered more applicable, as the data set was not naturally lin-
ear and it takes into account how outliers can skew the regres-
sion trend lines. It was built on the median of the slopes of all
lines passing through pairs of points in the data set.

In the analysis in Figures 4 and 5, the commonalities found
for buoys 41043, 41044 and 41046 were their geographic loca-
tions (Table 1). This may explain why they possessed a sig-
nificantly higher maximum wave energy density per unit sur-
face area and was in the higher range for average wave energy
density per unit surface area. These three buoys are located
between 20◦ and 30◦ North latitude. This finding is in line with
the work of Waters [32] and Arinaga and Cheung [33], which
showed that the closer you were to 30◦ north latitude in the
Caribbean region, the greater the wave energy was expected
to be. As such, it is confirmed that these locations will expe-
rience greater extreme events and will release vicious forces
on devices located there. This expected action will inevitably
decrease the survivability potential at those sites. Therefore, it
is suggested that larger devices or devices with high material
strength would be most applicable at those locations. Alterna-
tively, the sites of buoys 41040 and 41041, which possessed the
highest 10 year average wave energy with relatively low 10 year
maximum wave energy values seemed better suited for clusters
of medium sized devices in large groups. Also, the locations of
buoys 41052, 41053, 42060 and 42085 were considered prime
candidates for micro WECs as they have the lowest 10-year aver-
age wave energy values and low 10-year maximum wave energy.
These micro WECs, would not have to be as robust as other
sites, but should be developed in a large farm like arrangement
for sufficient energy harvesting. However, the creation of site-
specific devices was not the thesis of this study, but really that
of the criteria for a regional WEC.

The results of this study showed that a regional WEC should
be designed with the capability of absorbing energy from waves
with heights ranging from 0.3 m to 2.9 m, with the optimal
working range between 1.0 m and 2.3 m (i.e. the average signifi-
cant wave height ± 1 standard deviation). A device operating in
this range should capture approximately 68% of the waves pass-
ing, assuming a normal distribution. Additional metrics include
wave periods (or energy periods) ranging from 3.9 s to 7.9 s,
and wave speeds around 9.2 m/s. It was found that devices in
this region have the potential to absorb theoretically 7.4 kW/m
of average wave power and 1,609 J/m2 of average wave energy
density.

The average wave power of 7.4 kW/m determined in this
study for the general region, is analogous with the 5–10 kW/m
range reported by Ahn and Neary [9] around Puerto Rico
(located in the Caribbean region). The maximum wave energy
flux per unit of wave crest length is equivalent to 32.568 kW/m
and the maximum wave energy density per unit area of surface
waves is equivalent to 5256 J/m2. These energy values are
theoretical and do not take into consideration losses due to
friction, noise, etcetera. The buoys that were used for this study
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LEMESSY ET AL. 3419

were located in a region with an average depth of 2924 m. (See
Table 1 for actual details regarding water depth at each buoy
location).

Additional metrics to be used in a regional WEC design
include overall spectral width of 0.172, overall directionality
coefficient of 0.74 and the overall direction of the maximum
directionally resolved wave power (with respect to North) as
42◦. This information coincided with Ahn, Haas and Neary [8],
who determined the directionality coefficients by the Gulf of
Mexico (eastern coast) and the Florida Channel to be 0.78 and
0.77, respectively. They also identified that Puerto Rico had a
directionality coefficient of 0.89, which was comparable to the
0.88 value found at buoy 41053 (located just north of Puerto
Rico) in this study (Table 4). It is clear that the concept of an
overall directionality coefficient for a regional device has some
merit but there requires a tolerance that must be implemented.
A directionality coefficient of 0.74 means that the energy sup-
ply expresses generally a narrow range in directional spread-
ing. As such, the maximum wave energy is propagated from
a singular direction on average. This works well with WECs
that take some time to realign its energy absorption mechanism,
ensuring operational efficiency due to direction. An example of
this in use may be the Wave Overtopping technology, demon-
strated by the Wave Dragon. A high directionality coefficient
is a welcomed advantage for WECs, as devices would experi-
ence a more focused energy supply with little need for realign-
ment. However, buoys 41041, 41052, 42060 and 42085 seemed
to experience a wide range in directional spreading of the wave
energy. Further investigation should be performed to explain
this finding.

Ahn, Haas and Neary [8] determined that the Gulf of Mex-
ico (eastern coast), the Florida Channel and Puerto Rico have
spectral widths of 0.3, 0.27 and 0.27, respectively. It is not par-
ticularly comparable to the overall spectral width found in this
study, and may be a result of the location of the buoys. The
best suited buoy for comparison with Ahn, Haas and Neary [8]
would have been buoy 41053, located near Puerto Rico. Unfor-
tunately, sufficient data was not found for buoys 41052, 41053
and 42085 to determine the locations’s spectral width. As such,
this information was not presented in Table 4 nor was it taken
into consideration for the overall spectral width calculated. It
can be reasonably stated that since the overall spectral width
in this study was smaller than what was found in the Gulf of
Mexico and inside the Florida channel by Ahn, Haas and Neary
[8], the Atlantic side of the Caribbean yields a narrower fre-
quency bandwidth. Small spectral widths is optimal for WECs
that have, like the point absorbers (e.g. Powerbuoy and Waves-
tar), submerged pressure differential devices (e.g. Archimedes
Wave Swing) and attenuators (e.g. the Pelamis) because they
allow developers to match the device frequency from bobbing
with the natural frequency of the wave environment. This in
turn makes the devices operate more optimally, as it improves
the energy captured by the absorption mechanism once they
are synchronised with their surroundings. As all the buoys pre-
sented on Figure 6 had a relatively stable spectral width amongst
them, the overall value is a reasonable representation of the indi-
vidual locations.

Since the direction of maximum directionally resolved wave
power was identified to be 42◦ clockwise from true North,
developers now know how to align fixed WECs for maximum
energy capture. Technologies like the Oscillating Wave Surge
concept (demonstrated by the Aquamarine Power Oyster), the
Oscillating Water Column principle positioned on coastlines
(e.g. Wavegen Limpet) and those that are coupled to coastal pro-
tection systems (e.g. the SeaWave Slot-Cone Generator) should
be positioned perpendicularly to this 42◦ angle for optimal
operation and improved efficiency. This is paramount as these
technologies cannot reposition their orientation automatically
depending on the principal wave direction. A perpendicular
direction to the 42◦ angle would reduce the energy loss as more
of the energy absorption mechanism is engaged.

Figures 8–13, identified the average wave periods with the
highest loads (i.e. significant wave height) experienced. Devel-
opers could use this graphical display for their design calcula-
tions of marine energy converters. The illustration of this his-
torical data spread can assist in identifying exactly where on
the performance scale to locate the devices. From observation,
Figures 8–13 showed no clear relationship between the average
significant wave height and the average wave period. However,
according to IEC [13], the wave period T, in combination with
the normal wave height follows the relationship:

11.1

√
HS ,NSS (V )

g
≤ T ≤ 14.3

√
HS ,NSS (V )

g
, (20)

where HS,NSS is the significant wave height of the normal sea
state (m), V is the 10-minute mean wind speed (m/s) and T
is the wave period (s) [13]. Contours could be added to the
scatter diagram on Figures 8–13 and used to identify the one-
dimensional design load criteria for WEC. Coe, Yu and van
Rij [34] illustrated this concept well via their review of specific
researchers. They also expressed the need for a correction fac-
tor to be applied so that bias was reduced in the calculation pro-
cess. When using the contour lines to predict a response, it was
recommended that developers use the largest response as the
baseline for their design criteria on wave energy converters (for
more information around this topic, see Coe, Yu and van Rij
[34]).

Figures 15–17 represent the percentage occurrence of the
average significant wave height, wave period and wave power.
The representation takes the form of a normal distribution as
expected based on the size of the dataset. The general peak of
the normal distribution graphs revolved around the calculated
average significant wave height and wave period of 1.62 m and
5.91s, respectively. However, Figure 17 has a less steep normal
distribution as the theoretical wave power for the different
locations (or buoys). It should be noted that the missing buoys
(41052, 41053 and 42085) would have skewed Figure 17 nega-
tively, as those buoys are located in a very unenergetic region of
the Caribbean with low significant wave heights. As identified
on Table 1, the depth at their location is between 17 and 44 m.
This indicates that the buoy could be considered near shore
and as such due to shoaling and other oceanographic processes,
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3420 LEMESSY ET AL.

TABLE 5 Calculation of the range required for 95% confidence in
capturing the extreme significant wave heights

Calculation for range with 95% confidence

100-year

return

50-year

return

Sample size 6 6

Standard error (mean) 1.423 1.137

Level of confidence, 1 − ɑ 95.0% 95.0%

Significance level, ɑ 5.0% 5.0%

ɑ/2 2.5% 2.5%

From normal distribution
tables, Zɑ/2

1.96 1.96

Lower limit 16.21 15.56

Upper limit 21.78 20.11

their energy would have already begun dissipating. These fig-
ures allow designers to create optimized WECs that fit their
normal distribution profile and extend their ability to capture
the energy of a large percentage of the expected environment.

The POT method was used to determine the extreme wave
climate possible with the number of peaks per year as 12. As
different years had different experiences, the threshold lev-
els utilised varied and so did the extreme values used. For
the years 2009 and 2010, the peaks (or extreme waves) were
found between the months of May and August, while for the
other years it began around the month of June and intensified
towards November/December. This coincided with the violent
winds brought by the region’s annual hurricane season. Differ-
ent researchers utilised different methods to obtain the POT,
including the use of the data found above a percentile value (e.g.
top 0.5%) dictated by a Poisson process, as is the case in Caires
and Sterl [35] or the use of observed maximas demonstrated by
Alves (2004) [36]. The use of adjustable thresholds for this study
was considered more practical as we know from historical data
the average expected number of storm events in the region.

Extreme value analysis with 95% confidence showed waves
with heights from 16.2 m to 21.8 m for a 1 in 100 year return
wave if the significance level (α) were 5% (see Table 5). The
average significant wave heights for a 1 in 100 year return
wave was 19.0 m. This was determined after analysing the
data obtained from the buoys over a 10-year period with the
Exponential, Fisher-Tippet, Gompertz, Gumbel, Rayleigh and
Weibull PDFs. The probability plots are shown graphically in
Figures 18–23. The Method of Least Squares was used to gen-
erate a best-fit line to determine the extreme significant wave
heights at specific return periods via their respective mathemat-
ical equations.

Using the Exponential, Fisher-Tippet, Gompertz, Gumbel,
Rayleigh and Weibull distributions, significant wave heights of
21.7 m, 14.4 m, 15.5 m, 21.0 m, 18.3 m and 23.0 m were
obtained, respectively, for a 1 in 100 year return wave. Math-
iesen, et al. [6], articulates the procedure followed for extreme
wave analysis. In that study, the three-parameter Weibull distri-

FIGURE 18 Extreme value analysis using the exponential PDF

FIGURE 19 Extreme value analysis using the Fisher Tippet PDF

FIGURE 20 Extreme value analysis using the Gompertz PDF

FIGURE 21 Extreme value analysis using the Gumbel PDF

FIGURE 22 Extreme value analysis using the Rayleigh PDF

FIGURE 23 Extreme value analysis using the Weibull PDF
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LEMESSY ET AL. 3421

FIGURE 24 Comparison of extreme significant wave heights based on
various PDFs

TABLE 6 Summary of the extreme values from the six probability
distributions utilised

Extreme significant

wave height (m) Z Score

Probability

distribution

100 year

return

50 year

return

100 year

return

50 year

return R2 value

Exponential 21.74 20.03 0.79 0.77 0.9798

Fisher Tippet 14.43 14.28 1.31 1.29 0.9562

Gompertz 15.50 15.04 1.00 1.02 0.9769

Gumbel 21.00 19.42 0.58 0.55 0.9891

Rayleigh 18.34 17.38 0.19 0.18 0.9968

Weibull 22.96 21.12 1.14 1.16 0.9828

Average, μ 19.00 17.88 0.83 0.83 0.9803

Std. deviation, σ 3.49 2.78 0.41 0.42 0.0138

bution was assumed to be the most acceptable for ocean wave
analysis. However, it does not limit the use of other distribu-
tions. Since it is unknown, which distribution may be the most
applicable for ocean waves in the Caribbean region, the aver-
age of the six distribution models was used to minimise the risk
of erroneous results. The analysis indicated that to protect the
investment, WECs in the Caribbean region should be designed
to withstand the forces associated with a significant wave height
of 21.8 m (upper end, 95% confidence).

If one distribution had to be chosen to predict the wave envi-
ronment encountered by these buoys, it would be the Rayleigh
distribution. This is because it had the smallest Z scores (0.19
for the 100-year return event and 0.18 for the 50-year return
event) when compared against the mean of the extreme signifi-
cant wave height calculated from the six distributions (Table 6).
This indicated that the significant wave heights determined
via the Rayleigh distribution were ± 0.19 and ± 0.18 standard
deviations from the mean values, respectively. Additionally,
the trend line generated when the Rayleigh distribution was
used fit the dataset the best (Figure 22). It had a coefficient
of determination (R2) value of 0.9968 (meaning the regression
line fit approximately 99.7% of the dataset adequately), which
is the highest of all the distributions. Second to the Rayleigh
distribution in both the Z scores calculated and the coefficient
of determination, was the Gumbel distribution. These results
indicate that the conclusions made by Mathiesen, et al. [6], that
“the three-parameter Weibull distribution provides an accept-
able fit for wave heights in most oceans” and the preference by

TABLE 7 Failure probability (1 in 100 year event)

Design life

(years)

Probability of

exceedance (%)

1 1.00%

10 9.56%

25 22.22%

30 26.03%

50 39.50%

75 52.94%

100 63.40%

TABLE 8 Failure probability (1 in 50 year event)

Design life

(years)

Probability of

exceedance (%)

1 2.00%

10 18.29%

25 39.65%

30 45.45%

50 63.58%

75 78.02%

100 86.74%

Muzathik, et al. [5] for the Gumbel distribution are valid, but the
Rayleigh distribution is more accurate in the Caribbean context.
Potential reasons for the variation amongst the extreme wave
heights found by the distributions include the wide range of
the data set used (3.75 m to 14.81 m), the timeline of 10 years
(30+ years would have been more appropriate), and the use of
various site locations as opposed to a singular one.

According to the European Marine Energy Centre [37], the
recommended notional design life for a marine energy system
is between 10 and 30 years. As shown in Tables 7 and 8, when
a 30-year design life is considered, the probability of a 1 in 100-
year event will be approximately 26%. While the probability for
a 1 in 50-year event will be approximately 45.5% for the same
design life. The design life is ultimately the minimum timeframe
required for a return on the investment. As such, the design life
will be based on the design basis and the financial requirements
of the project. Some measure of calculated risk may be required
to determine what is considered acceptable. However, the
better recommendation is that a design life of 30 years be used
and the WEC be capable to withstand a 1 in 100-year event.

The findings from this study should not be taken in isolation
for WECs design. The results should be taken in context and
serve as information for the academic and research communi-
ties to use towards the advancement of this industry. Additional
information that should be examined for a complete design of
a WEC at a proposed location according to European Marine
Energy Centre [37] includes:

- Bathymetry or coastal topography.
- Seabed structure.
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- Wind loading, humidity and air temperature for devices pro-
truding in the air.

- Water salinity, temperature and silt content.
- Tidal level.
- Combined effects of high tides, storm surges and waves.
- Sea level rise.
- Current velocities from tidal streams, circulation, winds,

storm surge and turbulence.
- Wave actions and loading.
- Increase load and damping from marine growth build up on

structure.
- Marine life.
- Geotechnical parameters e.g. soil shear strength, seabed con-

ditions, etc.
- Stability of the seabed.
- Seismic activity of the area.

The results in Table 3 present a summary of the optimized
working conditions for WECs intended to be used on the
Atlantic side of the Caribbean region. Based on the data from
nine buoys over 10 years, an understanding of the characteris-
tic traits of the wave energy in the region was obtained. WECs
designed on these metrics should have the capability of absorb-
ing energy from a significantly larger amount of the ocean waves
encountered.

6 CONCLUSIONS

The objective of this research was to determine and present key
data for the development of WECs in the Caribbean region. In
this study, the operational range for a regional WEC was iden-
tified. The calculated data was based on historical wave infor-
mation that was analysed to predict future performance. Addi-
tionally, the information is expected to improve the develop-
ment of wave energy harvesting in the Caribbean region, as it
details critical knowledge about design requirements for suc-
cessful projects. Its main goal is to provide information that will
facilitate the development of a WEC, capable of being utilised
anywhere on the Atlantic side of the Caribbean region and not
one that is site specific. This will:

- Reduce the cost and time of prototype generation;
- Reduce the design costs for devices at different locations util-

ising the same principle;
- Enable the development of technical standards for WECs in

the region; and
- Expedite the ability for devices to be mass manufactured as

the economies of scale has increased, thereby reducing indi-
vidual unit costs.

The analysis methods utilised in this study are well developed
but the research is novel, as it has not been extensively practiced
in this region for this purpose. Similarly, detailed information
like this packaged for different regions (especially SIDS across
the world) could accelerate the development of devices and
the UN 2030 Agenda for Sustainable Development. The key

findings of the study showed, that for a WEC to be regional in
the Caribbean it should facilitate the following:

- Average significant wave heights of 1.62 m.
- Average wave period of 5.91 s.
- Average wave speed of 9.23 m/s.
- Average wave energy flux of 7.421 kW/m of wave crest.
- Average wave energy density of 1,609 J/m2 of surface waves.
- Spectral width of 0.172.
- Directionality coefficient of 0.74.
- Main direction of incident wave power (with respect to

North) is 42◦ in a clockwise direction
- Withstand the force of associated with a wave of height

21.8 m.

Design life of 30 years with expected probability of a 1 in
100 year return wave at 26%.
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