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Tropical climates provide ideal year-round marine thermal gradients that meet the requirements for the oper-
ation of commercial Ocean Thermal Energy Conversion (OTEC) plants. This study assesses Barbados’ OTEC
resources and viability at several locations around the island. The island’s coastline was divided into four
quadrants and four proposed plant locations were selected within each quadrant based on the shortest distance to
the coast. These locations were ranked via a multi-criteria decision analysis using the AHP-TOPSIS methodology.
The results of the analysis ranked east coast plant locations highest, with the north, south and west coasts

following in that order. The results of this study can guide OTEC development as well as marine planning and

investment on the island.

1. Introduction

With the set goal of restraining rising global temperatures to within
2 °C, 196 signed country parties of the ‘Paris Agreement’ have sworn to
recognize the adverse effects of climate change and what it can pose
upon Small Island Developing States (SIDS) in 2015 ([1], pp 13). Six
years later, the 2021 United Nations Climate Change Conference
(COP26) ‘Recognizes that the impacts of climate change will be much
lower at the temperature increase of 1.5 °C compared with 2 °C, and
resolves to pursue efforts to limit the temperature increase to 1.5 °C’
([2], pp3). Limited by their small land space and population, SIDS have a
high dependency on the importation of goods and services, where 87%
of primary energy consumed is from the importation of petroleum goods
[3]. With this, regionwide contributions to the overall goal of greater
energy efficiency have seen the implementation of many renewables
throughout the islands.

To further renewable energy (RE) penetration, the Caribbean Marine
Energy Technology (CariMET) Forum was hosted through November
6th - 7th, 2019 in Grenada. This forum set goals into introducing ocean-
based technologies, among which was Ocean Thermal Energy Conver-
sion (OTEC). OTEC exploits the ocean’s naturally occurring thermal
gradient to generate electrical energy [4,5]. Solar radiation emitted
from the sun meets the earth’s oceans, warming its upper layer. This
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warm water remains in the upper layer of the ocean whilst the colder
seawater sinks due to density stratification and thermohaline circula-
tion. The temperature stratified seawater represents the natural thermal
gradient found within the world’s oceans. OTEC generation is then a
heat engine - a system that converts thermal energy to mechanical en-
ergy - utilizing the warm/cold seawater as heat sources/sinks [6].
OTEC is a baseload energy technology, requiring a minimum tem-
perature differential of 20 °C to be considered viable [7,8]. To investi-
gate this, we first look to the deep, cold seawater source. Water of
around 4-6 °C can be found around 1000 m deep within the world’s
ocean [7], which maintains this low temperature range consistently. In
some cases, this cold seawater source can be found higher up the water
column than the rule of thumb 1000 m depth, leading to shorter cold
seawater intake lengths and greater technical feasibility [5]. Neverthe-
less, with the relative consistency of the deep-water temperature, the
temperature differential is then dependent on the warm seawater tem-
perature. Fig. 1 highlights the sea surface temperatures of the global
ocean, showing the Tropics as a clear OTEC hot spot, with temperature
differentials 20 °C or higher [9]. Consideration of temperature differ-
ential availability must also include the longevity of the temperature
state as well. Some locations may experience sea surface temperature
fluctuations throughout the year. This would require both off-design and
design point investigation to ensure the viability of OTEC power output
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continually [10]. This is why locations with quasi-uniformity of surface
water temperature, showing little seasonal impact year-round are ideal
[6].

Barbados is a Small Island Developing State in the Caribbean (See
Fig. 1), being 166 square miles and having a population of approxi-
mately 288,000 people [11]. Much like other small island developing
states, Barbados relies heavily on international imports on
petroleum-based products for energy. As a SIDS, Barbados is highly
dependent on international imports and as such is highly vulnerable to
international factors and price fluctuations. Barbados’ average elec-
tricity consumption is 926.8 GWh (BNEP) and according to the IRENA
country profile, in 2019 the island had an energy generation of 1165
GWh, 1121 GWh from non-RE sources and 44 GWh from RE (96%/4%)
(RE generation was 100% solar) [12].

This paper assesses OTEC site selection considerations for Barbados.
Once finalized, the considerations are used to investigate the thermal
structure of the designated study area(s) to further assess the viability
for sustained commercial OTEC generation for the island. This will
include a literature review in Section 2, data acquisition and method-
ology in Section 3, data visualization and results in Section 4 and the
discussion in Section 5.

2. Literature review

They are a few common guiding factors that determine optimum
locations for OTEC operations throughout literature. Thermal difference
is usually considered first and foremost - in the case of Uehara et al. [4],
they focused primarily on temperature profiles to determine the con-
ceptual placement of an OTEC plant in the Philippines. In order to
determine temporal variability of the thermal gradient, Nihous [14]
employed the Hybrid Coordinate Ocean Model (HYCOM) to generate
daily ocean temperature data over a 2-year period. VanZwieten et al.
[15] also utilized the HYCOM platform to access electrical power po-
tential in Florida. VanZwieten stated HYCOM was an applicable means
of estimating OTEC thermal potential with the greatest error occurring
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at shallower depths. Hamedi et al. [8], not having the necessary data
within their study area in the Oman Sea used an analog approach that
utilized general profiles and data from the neighboring Arabian Sea to
access the thermal resource. While this solidifies the necessity for tem-
perature data, Uehara [4] provided addition conditions that should be
considered - these were further elaborated on by Devis-Morales [5]. For
example, bathymetry must be considered as it affects decision making
on plant type [4] and distance to applicable thermal resource - a rela-
tively steep slope (15°-20°) and smooth seafloor is beneficial for
reducing pipeline/cable length [5]. Specific wave data and ocean cur-
rent data was also listed as necessary considerations, wave heights of
3.7 m (6 m maximums) were listed as extreme operational conditions by
Ref. [5], wind speed and natural disaster likelihood were stated as well
[4,5]. Langer et al. [16] created a gridded mesh within the Exclusive
economic zone (EEZ) of Indonesia to find the most optimal location for a
plant. With each grid point (27.8 km x 27.8 km gridded mesh) repre-
sentative of an OTEC plant, they were evaluated based on longitude and
latitude of the OTEC site, longitude and latitude of connection points
(capital city), province of connection points, distance between plant and
connection points, seawater temperature difference, water depth and
PPA tariff at connection point.

Much like Langer et al., Garduno-Ruiz et al. [17] were guided by
more considerations than thermal potential in deciding the optimal
location of an OTEC plant along the coasts of Mexico. Although still
heavily weighted, factors other than thermal potential can influence the
final decision. As seen in their study, one of their two final options had
the lowest thermal power potential out of their four (4) potential sites.
Once the EEZ on both the Pacific Ocean and Caribbean Sea coasts of
Mexico were mapped, the authors considered along with the thermal
resources; (i) bathymetry, (ii) OTEC net power (based on theoretical
calculations using the temperature differences), (iii) persistence of net
power, (iv) distance to cold-water intake at 1000 m depth, (v) extreme
events, distance to the electricity grid, (vi) protected areas, (vii)
marginalization index, (viii) homes without electricity and (ix) local
marginal. These criteria were placed within a multi-criteria decision
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Fig. 1. Worldwide average ocean temperature. The red rectangle on the plot indicates a portion of the Caribbean island chain. The inset map in the bottom left
showcases the position within the red rectangle containing the island of Barbados at 13.194° N, 59.543° W. Adapted from Ref. [13].

61



K. Hall et al.

matrix and using the Technique for Order Performance by Similarity to
Ideal Solution (TOPSIS) the authors came to two potential sites.

In 2020, a technical note on Ocean Energy in Barbados [18] was
developed for the Inter-American Development Bank to present infor-
mation and assess the future potential of marine renewable energy for
deployment in Barbados, namely among them OTEC. The assessment of
OTEC was done via a weighted sum analysis map with the following
considerations: (i) temperature change, (ii) distance from shore, (iii)
ruggedness, slope, (iv) leasing blocks, and (v) offshore infrastructure.
Within a buffer zone of 35 km from the coasts and a shallow mask in-
ward from the 750 m isobaths, suitable locations from their analysis
appear around the west, north and east coasts, with the most suitable
locations being found on the west coast [18]. The authors gave the
rationale that “the west side of the island may prove to be more
attractive to developers given the reduced wave exposure due to the
shadowing effect of the island from the prevailing swell direction. An
additional consideration is the presence and relative strength of the
electrical infrastructure on the west versus east coast” [18].

OTEC intakes cold water from the deep ocean and disperses ‘used’
seawater into the upper levels of the ocean. This discharge can lead to
thermal shock of surrounding biota [19]. Prolonged discharge at a
higher temperature can also alter the thermal gradient of the area,
causing a permanent change of the thermocline [19]. To minimize the
effects of thermal stress on the receiving environment, depths of
dispersion can be monitored to ensure the surrounding temperature is
like that of the effluent. As water is taken into the system, there is the
possibility of marine life being impinged on the intake screens of the
system or being ingested into the main system [20]. In the case of
CC-OTEC, leakage of working fluid and coatings to prevent external
biofouling could be toxic to marine life [20]. Artificial upwelling sites
due to the deep-water discharge increases localized nutrients in the area
[21]. Continued upwelling can lead to eutrophication. In order to
mitigate any environmental impacts due to eutrophication, discharge
pipes should be placed beneath the sunlight zone in order to avoid the
growth of algae blooms [22]. Nevertheless, it should also be highlighted
that there are potentially beneficial by-products of OTEC. The increased
nutrient levels can promote some algae growth, which could potentially
absorb atmospheric carbon dioxide. The cold-water effluent can also
support mariculture, chilled soil agriculture and sea water air condi-
tioning. Depending on the OTEC cycle, desalinated water can also be a
by-product [23]. Although explored in the literature, these environ-
mental points were not included in the site selection analysis. These
considerations round out the site selection process within the examined
literature noting applicable caveats within certain studies. Additionally,
consideration must also be given to the presence of electrical generating
systems and infrastructure around the site location. To access the
availability of sites around Barbados, considerations such as pro-
tected/world heritage zones, marine space use, maritime traffic density
and coral reef locations will be considered. These are necessary con-
siderations as islands usually have the highest population densities at
the coastline and Barbados, being a tourism driven economy [3], utilizes
its coasts as a major selling point. Interruptions due to construction,
operations and maintenance of an OTEC plant, whether on land or
floating, can impact the nation’s economy.

3. Materials and methods

Data were obtained as follows: Ocean temperature representation
data were obtained from the National Oceanic and Atmospheric
Administration (NOAA) [24] - which created the World Ocean Atlas
2018 (WOA18) which includes maps of climatological distribution fields
of temperature at selected standard depth levels of the World Ocean on
1° and 1/4° latitude-longitude grids These climatologies are based on
the objective analysis of historical oceanographic profiles (Bathyther-
mographs, Conductivity-Temperature-Depth (CTD) packages, profiling
floats, moored and drifting buoys, gliders, undulating oceanographic
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recorders) and select surface-only data. The in-situ level data were
interpolated to standard vertical depth levels and if observations
occurred at the desired standard depths, the values were substituted in.
For this study, the monthly climatologies were considered [25]. -,
Bathymetric Data were taken from the General Bathymetric Chart of the
Oceans (GEBCO) [26] (which provide elevation data on a 15 arc-second
grid globally). The Barbados shapefile containing administrative
boundaries was taken from DIVA-GIS [27]. Atlantic tropical and sub-
tropical cyclone data were taken from the National Hurricane Center
[28]. Marine protected area shapefiles for the island were obtained from
Protected Planet [29]. Marine traffic density data was obtained from
Ref. [30] and Coral location data from Reefbase [31]. Areas of fishing,
marine space use and coastal infrastructure maps were received from the
Barbados Ministry of Energy.

3.1. Data analysis methodology

To guide the site selection process, key considerations were assessed
to determine an ideal location for an OTEC plant off the coast of
Barbados: Temperature conditions around the island, the shortest dis-
tance from the proposed plant location to the coast, the shortest distance
to the Port of Barbados from the proposed plant locations, the shortest
distance to the nearest electrical station from the proposed plant loca-
tions, marine protected zones, coastal features/infrastructure, coastal
space use, marine traffic and historical storm conditions. To access these
criteria, data described above were visualized in QGIS.

Once mapped, the island was split into north, east, south and west
coasts (Fig. 2) and the shortest distance from the 1300 m isobath to the
coast was chosen as the floating plant location in each quadrant. The
1300 m isobath was selected to prevent disturbance to the seabed from
cold intake pipe (1 km in length) [32]. Thermal difference (the tem-
perature at 20 m depth minus the temperature at 1000 m depth), linear
distances (measured via QGIS) to the coast, electrical station and the
Port of Barbados (Fig. 3), the number of space use nodes, coastal
infrastructure nodes (visual discerned and counted) and fishing areas
(measured via QGIS) (Fig. 4) were used as criteria to populate a
weighted decision matrix. The criteria weights were determined using
the Analytic Hierarchy Process (AHP) [33,34] and the TOPSIS method
was used to rank the plant locations [34,35].

The AHP was developed by Thomas Saaty [33,36]. This methodology
is a multicriteria approach to making a decision. The AHP approach first
requires a problem to be defined. The problem is then structured as a
hierarchy (top level being the overarching goal, second level being the
criteria by which the goal is judged by and the bottom level being the
alternates) where a pair-wise comparison matrix is used to determine
priorities of the criteria and their weightings [33,36]. The pair-wise
matrix is populated using the upper level to compare the elements
directly below with respects to itself (eg. a pair-wise comparison matrix
would be constructed of the criteria in the second level with respect to
the goal in the top level). For this study the overarching goal (top level)
is the determination of the optimal position for an offshore OTEC plant
location, with the criteria making up the second level. Since the AHP
approach will be only be used to obtain the weights for these criteria, the
hierarchy tree stops at the second level.

The TOPSIS methodology was developed by Yoon and Hwang [35].
The ideology was that the best alternative should have the shortest
distance away from the ‘ideal’ solution and inversely, the worst alter-
native being the farthest away. To measure these metrics, raw metrics
from data sources are normalized, weighted and the ‘ideal” best/worst
values extracted from weighted normalized values. The Euclidean dis-
tance from ideal best/worst would then be used to find the best
alternative.

3.1.1. AHP methodology
A pair-wise comparison matrix, A, is constructed (see Table 2). The
criteria, Cy, are ranked based on importance comparative to one another
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based on the overall goal and are given values, aj, using the weight
scheme in Table 1. Elements that are compared to themselves have an
equal importance of 1 (eg, a1, asy etc.) and reciprocal entries (eg. a;o,
ap1) are inverse, ai;o = 1/az1 [33,36].

Cl CZ"'CM
ay dppdip
da) At
Ap) Apo***

Aon
Ann

Once the matrix is fully populated, the priority or criteria weights,
W;, are calculated. The sum of the column values in the matrix are
calculated and each element is divided by the sum value to normalize
the elements [38]. The priorities are then calculated by averaging the
normalized elements along the row.
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The consistency ratio (CR) of the pair-wise matrix is then calculated
to check if the consistency of the matrix is acceptable - CR < 0.1 [33].
This is found by dividing the consistency index (CI) by the random
coincidence index corresponding to the number of criteria (n) (Table 1)
where Anqy is the eigenvalue of matrix A [38].
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3.1.2. TOPSIS methodology

Once an acceptable consistency is achieved in the AHP methodology,
the priorities are then set to be used as the criteria weights in the TOPSIS
method to rank the proposed plant locations. The TOPSIS method re-
quires the raw data to be normalized using equation 4

Xij
m 2
Zi:lxli
before applying the weightings to the normalized values (v;; = w x r3;)
[17,35]. The Ideal Best/Worst solutions are extracted from the calcu-
lated weighted normalized data, being either the best/worst of the

weighted normalized values based on the perception of impact of the
criteria, whether negative or positive [17,35].

Ty =

(€3]

At = (v, vi,...,vi) = {(max vj| j ¢ B), (min vj| j ¢ C)}

A= (v1,vg,

) = {(min vy| j ¢ B), (max vy je C)}

=1, ..., n |j} for positive criteria impacts and
1, ..., n |j} for negative criteria impacts

The Euclidean distance from the Ideal Best (s™ ;) and Ideal Worst (s;)
are calculated.

Table 1
The AHP scale of absolute numbers. Adapted from Ref. [26]. R.I taken from [37].
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Weight Definition

Equal importance

Moderate importance

Strong importance

Very strong importance

Extreme importance

Intermediate values between adjacent weights
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Random Coincidence Index when n = 7, R.I = 1.32.
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Finally, Alternative closeness (C;") is then calculated and the alter-
native with the largest C;" value is ranked the highest.
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4. Results

This section will be arranged in a linear fashion. The site selection
results inform the investigation of the thermal structure of the water
column; thus, the site selection results will occur first. The sections are as
follows: Site Selection and its subsection, Maps of Barbados (Section
4.1), the AHP-TOPSIS Multi-criteria analysis (Sections 4.2) and the
Thermal Structure of the Water Column (Section 4.3).

4.1. Maps of Barbados

The rolling transition of the bathymetry brings warmer temperature
differences off the western and southern coasts of the island in contrast
to the steeper descent into cooler temperature differences off the eastern
coast (see Fig. 2). This sees the 1.3 km isobath approximately 8.5-11 km
from the northeastern to southeastern edge of the island whilst the
western coast distances range from approximately 19 km at the north-
western edge to approximately 21 km at the southwestern edge. To the
south of the island the 1.3 km isobath can be as far as 55 km away. The
WOA18 provides monthly climatological fields (January through
December) of temperature at standard depths [25], which were aver-
aged to provide the raw data for interpolation over the study area. In
some cases, some data points had up to 5 months out of the year to be
averaged whilst others only had 1-month present. Nevertheless, the data
presented represents average conditions around the island.

The island’s infrastructure is skewed along the western and southern
coasts, concentrated around the main city and port of Bridgetown (see
Fig. 3). This, coupled with the location of the other cities being along the
western and southern portions of the island, focuses most of the elec-
trical stations in these areas. The main feature of Fig. 3 showcases the
frequency of marine traffic around the island of Barbados. As Barbados
Port Inc. And the privately owned Port St. Charles are on the west coast
of the island, the majority of marine traffic occurs on that side of the
island. To the south and to the east of the island are local fish markets
and their jetties for small fishing vessels, providing additional influx/
efflux of marine traffic. Following the established shipping patterns, ship
routes are drawn out linking the proposed plant locations to the
Barbados port.

Due to the COVID-19 pandemic, the 2020 marine density map is a bit
more visually skewed to the west than usual. The presence of anchored
cruise liners is mapped off the west coast as the Government of Barbados
allowed several ships to berth off the west coast during the pandemic
lockdown of 2020 (See comparison to the inset map of the 2019 Marine
Density).

The more tranquil west coast of the island invites much more rec-
reational and economic activities and facilities when compared with the
east coast (see Fig. 4). Being shaded from the swells from the Atlantic,
the west and southwestern coasts hosts the islands two marine protected
zones, world heritage sites and much of the coastal infrastructure.
Fishing, on the other hand, is a much more widespread occurrence.

This map shows the track of prominent storms that have passed
within 75 nautical miles (138.9 km) of Barbados from 2000 to 2019 (see
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Table 2
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Pairwise comparison matrix of the main criteria and their resulting priorities. Column headings are abbreviated versions of the row headings.

Ther. Dist. Dist. Dist. Fishing No. Space Use No. Coastal Infra. Priorities
Diff. Coast Station Port Area Nodes Nodes
Thermal Difference 1 1 1 3 8 2 3 0.23
Distance to Coast (km) 1 1 1 5 8 2 2 0.22
Distance to Electrical Station (km) 1 1 1 5 8 2 2 0.22
Distance to Port (km) 1/3 1/5 1/5 1 1/3 1/5 1/5 0.04
Area of Fishing areas (km?) 1/8 1/8 1/8 3 1 1/5 1/5 0.04
Number of Space Use Nodes 172 1/2 1/2 5 5 1 1 0.13
Number of Coastal Infrastructure 1/3 1/2 1/2 5 5 1 1 0.12
Nodes
Amax = 7.45 Consistency Index = 0.08 Consistency Ratio = 0.06
-60|.00 -59|.85 -59|.70 -59I.55 -591.40 -59.25 -59.10 -58|.95
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Fig. 2. Map of Barbados: Temperature difference, bathymetry, marine protected areas, proposed plant locations.

Fig. 5). Storm tracks that intercept this buffer zone are highlighted on
the map, with the minimal wind speed of 39 mph (30 m/s) [4]. Within
this time period 12 tropical storms passed within the buffer zone with 2
instances of increasing intensities (tropical storm to a category 1 hur-
ricane and category 1 hurricane to category 3).

4.2. Weighted decision matrix

Table 1 shows the pair-wise comparison matrix and the resulting
priorities. The pair-wise comparison rankings and the subsequent pri-
orities were all selected by the authors. The consistency ratio of the pair-
wise comparison matrix is 6%, which is within the 10% upper limit [23].
Table 3 shows the table of raw data of criteria chosen for the weighted
decision matrix. Thermal difference and distance to the coast is taken
from Fig. 2. Distance to electrical station and port is taken from Fig. 3.
Fishing areas, space use and coastal infrastructure nodes were taken
from Fig. 4. Bathymetry was not taken into consideration in the
weighted decision matrix as each proposed plant location lies on the 1.3
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km isobath. Table 4 shows the results of the AHP-TOPSIS method with
the highest ranked location being the east coast plant site based on our
chosen criteria and priorities.

4.3. Thermal structure of the water column

The closest grid point within the WOA18 data to the east coast
proposed plant site was located at 13.375° latitude and —59.375°
longitude. From the data point selected, the WOA18 provided two
averaged monthly profiles, June and September. The sea surface tem-
peratures for both June and September profiles are 28.5 °C and 28.99 °C
respectively with an average of 28.745 °C. At 20 m depth - which has
been used as the OTEC warm water intake depth for many studies
[39-41] - the average temperature is 28.56 °C and cold-water intake
temperature at 1000 m is 5.53 °C. Fig. 6 depicts the depth at which the
20 °C differential from the 20 m intake temperatures of each profile
occurs (Blue lines). At a temperature of 8.637 °C, the September profile
reaches its 20 °C differential at a depth of 470.47 m, the June profile at
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Fig. 3. Map of Barbados: Marine Traffic Density Map 2020, Island Infrastructure, Cities, Ports and Electrical Stations (Inset map: Marine Traffic Density Map 2019).

Map of Barbados: Space Use Maps (High Space Use, Fishing, Anchorages, Coastal Infrastructure)
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Fig. 4. Maps of Barbados: Space use maps (high space use, fishing, anchorages, coastal infrastructure).
545.6 m (8.484 °C) with the average depth being 515.6 m (8.56 °C). 5. Discussion
5.1. Weighted decision matrix

As seen from Table 4, the east coast proposed plant location was
ranked the highest of the four proposed locations (locations shown in
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Fig. 5. Map of Barbados: Tropical cyclone tracks (2000-2019), buffer zones).

Table 3
Weighted decision matrix raw data.
Criteria North East South West
Coast Coast Coast Coast
Thermal Difference 22.92 22.86 22.68 23.31
Distance to Coast (km) 9.59 5.86 12.53 19.54
Distance to Electrical Station 17.02 13.75 18.43 20.60
(km)
Distance to Port (km) 39.19 43.97 39.57 21.57
Area of Fishing areas (km?) 17.48 13.00 11.09 4.68
Number of Space Use Nodes 7.00 8.00 43.00 85.00
Number of Coastal 8.00 0.00 34.00 56.00

Infrastructure Nodes

Fig. 2). With the difference in temperature between the four sites being
only 0.63 °C, the weighted normalized values for temperature were
fairly constant between the sites. The difference starts to show in the
consideration of distance from the main points of interest. The east coast
has the shortest distance to the coast, which directly governs the length

of the submarine electrical cables to transfer electricity back to the coast.
The distance to electrical stations is somewhat governed by the distance
away from the coasts, as well as layout of the substations on the island.
Ultimately the three distance criteria are dependent on the bathymetry
around the island. Due to the east coast facing the Atlantic Ocean,
economic and recreational activity are much more concentrated on the
west coast of the island (Fig. 4) with coastal infrastructure following the
same pattern. Fishing areas is the only criteria where the east coast had a
high (which in this case is a negative impact) weighted normalized value
(0.02 in a range of 0.007-0.027), but due to the criteria weightings this
did little to change the overall ranking of the east coast. The criteria
weights developed by the considerations of the authors saw that the
thermal difference was weighted the heaviest, as consistent with [17].
Having a high thermal difference increases the efficiency and net power
output of the OTEC cycle [41-43], therefore optimizing the thermal
difference and subsequent power output goes a long way, especially in
adding to the goal of 100% renewable energy for Barbados [44]. Of
equal importance was the cost effectiveness of the plant location. Closer
plant locations to the coast require less pipeline and cabling to transfer

Table 4

Weighted decision matrix.
Criteria Weight North Coast East Coast South Coast West Coast Ideal Worst Ideal Best
Weighted Normalized Values
Thermal Difference 0.23 0.113 0.113 0.112 0.115 0.112 0.115
Distance to Coast (km) 0.22 0.083 0.051 0.108 0.169 0.169 0.051
Distance to Electrical Station (km) 0.22 0.121 0.098 0.131 0.147 0.147 0.098
Distance to Port (km) 0.04 0.020 0.022 0.020 0.011 0.022 0.011
Area of Fishing areas (km?) 0.04 0.027 0.020 0.017 0.007 0.027 0.007
Number of Space Use Nodes 0.13 0.009 0.011 0.058 0.114 0.114 0.009
Number of Coastal Infrastructure Nodes 0.12 0.015 0.000 0.063 0.104 0.104 0.000
Euclidean Distance from Ideal Best, Si+ 0.05 0.02 0.10 0.20
Euclidean Distance from Ideal Worst, Si- 0.16 0.19 0.09 0.02
Positive Ideal Solution, Pi 0.77 0.92 0.47 0.11
Rank 2 1 3 4
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Fig. 6. Temperature profiles created using WOA18 Data.

electricity and desalinated water/chilled seawater (if necessary) inland.
Closeness to electrical stations are to the same effect. Coastal infra-
structure present along the island’s coast serve to preserve the coastline
and its extensive recreational and economic use. Preserving these nodes
are integral to Barbados’ tourism driven economy. Distance to the port is
considered for transport of goods and services, labor force and mainte-
nance. In extreme cases of emergency, the distance from port to plant
would be a determining factor in speed of response but outside of that it
falls behind the other criteria in priority. The impact on fishing areas
was given a lower priority as the area of fish-able waters in comparison
to the plant footprint would be large.

5.2. Thermal resource

The near coast temperature differences in Fig. 2 are greater than is to
be expected when taking the shallowing bathymetry as you approach
the island’s coastline into account. This occurs because the small
geographical area of Barbados fits inside of the 0.25° grid spacing of the
WOA18. Since there are no grid point closer to the coast, the interpo-
lation doesn’t take the change in bathymetry into account. Thus, the
temperature difference is interpolated such that depths of 1000 m are
always constant. To remedy this occurrence, there is a mask applied
from the coastline of the island to the 1000 m isobath as to only
represent the thermal interpolation starting from the 1000 m isobath.

The greater thermal differences are shown to the west of the island,
peaking at approximately 24 °C along the northwestern edge of the is-
land. The western side of the island is shown to have warmer thermal
differences stretching to the southern edge of the island. This is likely
due to the western coast being situated in the Caribbean basin which is
exposed to the warmer surface waters of the global conveyor belt
(thermohaline circulation) as opposed to the eastern coast. To this end,
the western coast of the island would provide the greater thermal re-
sources because of the higher thermal difference.

Nevertheless, when all factors were considered, the east coast plant
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placement was ranked the highest. Temperature profiles from the east
coast (Fig. 6) shows the sensitivity of temperature changes on deep
water intake depths. A small difference of 0.153 °C in surface intake
temperature translates to a difference of 75 m at the 20 °C differential
depth. This showcases the necessity of consistent mixed layer tempera-
tures year-round as it can impact OTEC efficiency and intake pipeline
length.

5.3. Bathymetry

The seabed is at its steepest gradient on the east coast of the island,
with isobaths closely knit together to showcase the drop off at the
Caribbean shelf into the Atlantic basin. This feature of the east coast
contrasts with the west coast’s smooth transition from land to 1300 m
depth. The northern and southern plant positions were skewed to the
eastern side of the island due to the steep gradient observed. Considering
not only the slope of the seabed but also the distance to required depth,
the eastern coast provides more favorable conditions when compared
with the other coasts. Distances from the northeastern to southeastern
edge of the island to the 1300 m isobath range from approximately 4.5-7
km whilst the western coast distances range from approximately 12 km
at the northwestern edge to approximately 18 km at the southwestern
edge. Fig. 6 also shows the potential to decrease the distance from the
potential plant to the east coast. The required depth for the minimum
temperature difference is achieved approximately 500 m higher than the
suggested 1000 m depth. This gives the option of situating the plants on
the 800 m isobath instead of the 1300 m isobath. This would maintain
the minimum thermal difference (20 °C) whilst reducing the distance to
the coast, assuming temperature profiles remain similar to Fig. 6 year-
round. This rationale is seen in Ref. [5], where the minimum tempera-
ture was found in depths between 500 and 700 m, stating the shallower
intake depths could increase technical feasibility and economic savings.



K. Hall et al.
5.4. Coastal infrastructure, protected areas and marine traffic

As with many islands, most of Barbados’ economic infrastructure is
built up around the ports of the island. This includes the tourism sector
with most hotels and attractions making use of the island’s coastlines. In
addition, some of the highest population densities on the island are
located near-coastal areas. This impacts the land area availability for
potential inland plants/substation for offshore piping and electrical
lines. Based on Figs. 2-4, the west coast is saturated with fisheries,
economic and recreational activities, protected zones and heavy marine
traffic. The offshore plant would have direct impacts on these activities
and infrastructure during construction and maintenance phases. An
offshore plant would disrupt marine traffic around the chosen site,
whether recreational, fisheries or freighting. Floating plants require
anchoring, which damage the seabed along with the sweeping action of
swinging mooring chains. Underground cabling could disturb recrea-
tional dive sites and coral reefs [32]. This cabling can generate low
frequency sound and electromagnetic fields as they transmit power to
land-based facilities [32]. These cables would extend inland to a sub-
station located on the coast, which would result in the closure of the area
for construction and some form of restriction to the area post con-
struction. As positive support to the floating alternative, biota found at
and sub 1 km is limited, in comparison to the nearshore coast, where
reefs house more ocean life [32]. Comparatively, the east coast suffers
with little of the previously stated impacts. Little infrastructure, limited
recreational activity, low marine traffic and absence of protected zones
provide an open coastline resulting in far less obstructions to any social
or economic activity. The negative would be the absence of electrical
substations on the east coast of the island. This would necessitate a new
connection to deliver the incoming power to the grid. Possible retrofits
to the existing Conset Bay jetty area could be performed to facilitate fast
travel between the coast and the east coast plant. This would signifi-
cantly shorten the distance travelled to the plant site, decreasing
response times in emergency situations and allowing ease of transport
for any personnel or goods to and from the plant site.

5.5. Storm conditions

Barbados is the most easterly of the Caribbean islands, and although
located at 13° latitude, it is not close enough to the equator to avoid
tropical cyclones. Any tropical storm or hurricane that would directly
impact the island would impact the entirety of the island given its size.
As a result, a comparison of storm impacts on the individual plans was
not performed. The Atlantic basin has an active hurricane season start-
ing June 1st through November 30th [45]. In order to protect the OTEC
plant from such natural occurrences, plantships have been available
since OTEC’s early demonstration days. For example, Georges Claude
housed his plant in a ship [39,46]. Vega et al. [40] suggests that
plantships be outfitted with a detachable cold-water intake pipe to allow
the plantship to move away from incoming storm tracks. This configu-
ration would best benefit any OTEC development in Barbados.

5.6. The two Barbados case studies

The IDB analysis [18] parallels this study but shows how different
criteria can lead to differing outcomes. The IDB study had a broader
scope, ranking the entirety of their acceptable OTEC study area around
the coasts of Barbados, whilst this study chose the closest point to the
coast within four predetermined quadrants as the proposed plant loca-
tions. The IDB study allows for flexibility of choice while this study
sought to lock in a location by optimizing the distance to the coast. The
criteria for the IDB study that intersected with this study were: tem-
perature change, distance from shore and offshore infrastructure. The
IDB study then went on to consider ruggedness, slope and leasing blocks.
Although not included as part of the criteria, wave exposure/prevailing
wave direction, close distance to port facilities and difference in
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electrical station infrastructure between the west and east coasts were
mentioned as potential strengths of the west coast. Apart from the three
intersecting criteria, this study considered: distance to electrical station,
distance to port, area of fishing areas, number of space use nodes and
number of coastal infrastructure nodes, two of which were mentioned
but not included in the IDB study criteria for their weighted analysis.

The weights of the criteria in the IDB were not shown so it is not
possible to tell how the areas of analysis were ranked, but the west and
the east were the two competing sides, with the west having areas of the
most suitable rank. From visual inspection of their OTEC suitability
analysis map ([18], pp 44), the east coast locations offer the shorter
distances to the coast and no visible offshore infrastructure. It is
mentioned within the document ([18], pp 41) that slightly warmer
temperature differences exist to the southwest of the island, but that
does not correlate to the area of most suitability, leaving ruggedness
slope and leasing blocks. Due to the tightly knitted feature of the contour
intervals of the east coast, the west coast would rank higher on
ruggedness and slope, as they are both geotechnical factors. This leaves
leasing blocks, which aren’t explained or shown in the document.
Nevertheless, these criteria allowed for the west coast to be ranked
highest in the IDB study.

This study found the west coast to be the least applicable for OTEC
development based on the criteria examined, with the west coast losing
out most on the distance factors and the myriad of space use nodes sit-
uated on that coast. The distance from the west coast plant location was
3.3 times farther away from the coast to that of the east coast location
and because of this fact, the distance to the nearest electrical station is
still farther away, despite the abundance of stations on the west coast.
The thermal differences between the west and east coast plant locations
differ by 0.45 °C based on the averaged collected data (west coast being
slightly greater). With the weightings of the distance to coast and the
thermal difference being essentially equal, it would be hard validating
the difference in temperature against the capital required to have a plant
3 times the distance away. Avoiding densely populated areas of eco-
nomic and recreational activity is sensible to avoid as much as possible
any negative impacts due to disruptions (construction and maintenance)
and perception to/by the general public.

6. Conclusions

OTEC requires as a rule of thumb 20 °C thermal difference between
intake points for optimal energy production. Within tropical climates,
this requirement can be met year-round. In this study the island of
Barbados was considered and the OTEC resources around the island
were investigated to assess the viability of proposed plant locations for
OTEC generation around the island. This was done via a multi-criteria
decision analysis using the AHP-TOPSIS method.

Barbados was divided into 4 quadrant and 4 plant locations were
selected within each quadrant based off of distance to the coast. The
criteria selected for the multi-criteria decision analysis were: thermal
difference, the shortest distance from the coast to the proposed plant
location, the shortest distance to the Port of Barbados from the proposed
plant location, the shortest distance to the nearest electrical station from
the proposed plant location, coastal features/infrastructure, coastal
space use and areas of fishing. Each criterion was weighted using the
AHP and the 4 plant locations were ranked using the TOPSIS method.

The results of our analysis ranked the east coast plant location the
highest of the 4, being a short distance away from the coast, with little
economic or recreational markers around the area, no coastal infra-
structure and a thermal difference approximately 3 °C higher than the
recommended 20 °C. After the east coast were the north, south and west
coasts in that order of ranking. The results of this study can aid in OTEC
development for the island of Barbados.
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