
Vol.:(0123456789)1 3

International Journal of Energy and Environmental Engineering (2018) 9:363–382 
https://doi.org/10.1007/s40095-018-0278-4

ORIGINAL RESEARCH

A novel modelling approach to the identification of optimum sites 
for the placement of ocean thermal energy conversion (OTEC) power 
plant: application to the tropical island climate of Mauritius

Jay Rovisham Singh Doorga1 · Oomarsing Gooroochurn1 · Beenesh Anand Motah1 · Vimal Ramchandur1 · 
Shane Sunassee2

Received: 14 March 2018 / Accepted: 23 June 2018 / Published online: 3 July 2018 
© The Author(s) 2018

Abstract
The geographical location of Mauritius near the warm tropical waters of the Indian Ocean coupled to the vast exclusive 
economic zone approximating 2.3 million square kilometers, encourage the promotion of ocean thermal energy conversion 
(OTEC) systems. Technological advancements have enabled offshore structures to pump the cold water lying at 1000 m depth 
in the seawater column to the surface, and through the temperature difference set up with the warm surface layer, drives a 
turbine and generates electricity. In this study, a model has been developed to compute the temperature difference between 
the deep (1000 m) and surface (20 m) seawater layers around Mauritius. An algorithm has been implemented to determine 
the net power generated from a proposed OTEC power plant, acquired through the processing of sea surface temperature 
satellite images, at a resolution of 1 km. The spatial and temporal variations of the net power generated has been observed 
by splitting the annual data into four monsoonal time frames. Results show that the south-western region of Mauritius pos-
sesses high OTEC resources, with annual mean daily net power generation capacity of about 95 MW, representing about 
20% of the peak power demand of the island. Moreover, the bathymetry of the southern region is propitious due to deep 
cold water availability at a proximity of less than 5km from the coastline. The energy and exergy efficiencies of the OTEC 
system are found to be 1.9 and 22.8%, respectively. A cost–benefit analysis indicates that profits of the order of 4.5 times 
the initial investment can be generated.
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Introduction

The Small Island Developing State (SIDS) of Mauritius, 
situated near the subtropical latitude of the south-west 
Indian Ocean, benefits from a wealth of renewable energy 
resources. The favorable microclimate system associated 
to that region, characterized as both diverse and prevalent, 
encourages the development and exploitation of the avail-
able natural resources for energy self-sufficiency, based on 

renewable energy generation. The abundance of sunshine 
received over the two seasons of the year has urged local 
authorities to integrate solar energy in the local energy mix. 
The year 2014 has seen the operationalization of the first 
solar farm in Mauritius, having installed power production 
capacity of 15.2 MW, with international expertise from 
Skytron Energy (Sarako Ltd) [1].

Besides the solar resource potential of the Island, the per-
sistent south-east trade winds ensured by the position of the 
Intertropical Convergence Zone (ITCZ), incites the promo-
tion of a number of wind and surface wave energy projects. 
A study performed by the Mauritius Oceanography Institute 
reveals the suitable wave climate of the eastern coasts of the 
island, with a mean power flux of 31.7 kW/m recorded in 
the winter season [2]. The island relies on additional renew-
able energy resources, including hydroelectricity (3.3%), 
bagasse (16.3%) and landfill gas (0.6%) to satisfy the elec-
tricity requirement of its expanding population dynamics 
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[3]. Consequently, the diversification of its renewable energy 
resources has earned the island the position of being one of 
the most promising SIDS leading renewable energy develop-
ment around the world.

The necessity of developing the renewable energy sector 
in SIDS stems from the impediment brought by the reli-
ance on imported fossil fuels to satisfy the energy needs 
of the population. The fluctuations of fossil fuel prices on 
the international market bears economic repercussions on 
the financial structure felt by the small island economies. 
As highlighted in the Caribbean Community (CARICOM) 
implementation plan for climate change-resilient devel-
opment, SIDS recognize the need to transcend towards 
low-carbon, climate-resilient economies [4]. The strategy 
involving the phasing out of fossil fuel imports, through the 
gradual penetration of renewable energy technologies, bears 
multiple benefits including energy security and environmen-
tal deliverance from the emission of harmful carbon dioxide 
gases in the atmosphere.

Considerable efforts have been made throughout the last 
decade to boost the renewable energy sector of the island. 
This is reflected by the fact that Mauritius ranked among 
the five developing countries to lead the investments per 
gross domestic product (GDP) on renewable energy (RE) 
technologies, with a total expenditure amounting to 0.75% 
of its GDP on environmental programmes back in 2012 [5]. 
With the allocation of a capital share in the recent 2017 
national socio-economic budget to increase grid absorption 
capacity from intermittent renewable energy resources, the 
Government aided by local authorities, is seeking to attract 
the integration of efficient and newfangled forms of renew-
able energy facilities in the energy mix. The objective of 
which is to expand through diversification, the country’s 
natural energetic resources [6].

Ocean waves, currents and offshore winds tend to provide 
power more continuously than land surface winds [7]. Fur-
thermore, the electricity generated by photovoltaic systems 
suffers from the drawback of intermittence in electricity 
generation arising from the heterogeneity associated with 
the cloud systems. The relative attractiveness of ocean ther-
mal energy conversion (OTEC) on the other hand lies in 
the fact that it can conceptually provide continuous base 
load power on the temporal scale [8]. OTEC is a method of 
converting the sensible heat of stored solar energy potential 
in the upper mixed layer of tropical and subtropical oceans 
into electricity by evaporating an appropriate working fluid 
in a Rankine cycle that operates between the warm upper 
surface layer and the cold deep bottom layer. The existing 
thermal stratification in the ocean column occurs due to the 
fact that warm water of the upper thermocline is inherently 
less dense and has, therefore, the tendency to rise above the 
denser cold deep water originating from polar regions and 
traveling towards the equator.

The conceptualization of the working principles behind 
the OTEC was first formulated in 1881 by the French physi-
cist Jacques-Arsene D’Arsonval who proposed to use the 
warm surface water of tropical latitudes to vaporize pressur-
ized ammonia through a heat exchanger to operate a turbine 
generator while the cold water pumped from deep ocean 
would then be used to re-condense the ammonia vapor in 
a closed, Rankine cycle. Additional modalities include the 
open-cycle OTEC whereby warm surface water introduced 
into a vacuum chamber is flash vaporized and drives a tur-
bine generator, while the hybrid cycle OTEC combines the 
characteristics of both open and closed cycles systems. The 
OTEC principle, however, suffers from the drawback of low 
conversion efficiency resulting from the thermodynamic 
process. The upper threshold of this efficiency is dictated 
by the Carnot efficiency of 6.6%, derived from the typical 
temperature difference of warm surface layer ( 28 ◦C ) and 
cold bottom layer ( 8 ◦C ) [9]. Consequently, large seawater 
flow rates of several cubic meters per second are needed to 
compensate for the low system efficiency.

Nonetheless, the quantity of seawater needed to oper-
ate an OTEC power plant is not an issue for SIDS, which 
despite of their limited land based natural resources, possess 
20–25% of the world’s most productive part of the ocean in 
their exclusive economic zone (EEZ) [10]. Hawaii became 
the first state in the United States to generate electricity 
from the closed-cycle onshore ocean thermal energy con-
version process on August 2015, through the construction 
of a 105 kW plant connected to the grid in Kailua-Kona 
to provide electricity to 120 households [11]. A number of 
additional operational OTEC power plants currently exist 
around the globe, with the majority of them focused in the 
high ocean thermal resource potential of the Pacific, includ-
ing the 30 kW Saga plant of Japan, 20 kW Gosung plant of 
Korea, and the 100 kW Kumejima plant of Japan, installed 
for the sake of research and development [12].

Sister Island, Reunion also falls in the group with an oper-
ational OTEC power plant of capacity 15 kW deployed in the 
Indian Ocean for research purposes [12]. Having recognized 
the potential of energy production from the thermal attribute 
of the ocean, a number of islands situated in the Pacific, 
Indian and North Atlantic Oceans are currently either in the 
construction phase or have planned for the construction of 
OTEC facilities in the near future. The Kwajalein Atoll of 
the Marshall Islands (20 MW), Tarawa Atoll of the Kiribati 
(1 MW), Maldives (2 MW), La Martinique (10 MW), New 
Providence of the Bahamas (10 MW) and St. Croix of the 
Virgin Islands (15 MW) are all in advanced phases pertain-
ing to the construction of OTEC facilities [13].

The purpose of this paper is to provide an assessment 
of the resource potential for OTEC resource exploitation 
off the coasts of Mauritius. To the author’s knowledge, the 
research methodology adopted involving a combination of 
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geographic information system (GIS), remote sensing tech-
niques along with mathematical modelling to identify the 
most promising regions around the island for OTEC devel-
opment, is the first of its kind. The paper would be of inter-
est at the national level and would provide the Government 
or any relevant organization with sufficient knowledge and 
incentives in making an informed decision with regard to 
major investments in OTEC.

The novelty of this paper is that it employs mathematical 
regression formulae based on the thermal stratification of the 
ocean water column, coupled to GIS modelling technique to 
predict the optimum site of OTEC plants. As compared to 
primitive equation general circulation models available, the 
proposed methodology is computationally less extensive and 
provides a relatively cheaper solution to the identification of 
optimum OTEC sites. To stress the novelty of the paper, we 
estimate the energy and exergy performances of the OTEC 
cycle for the proposed model. The organization of this paper 
is as follows: Sect. 2 discusses about the methods adopted; 
Sect. 3 presents the results; while Sect. 4 gives the conclu-
sive remarks of the study.

Methods and data

Study area

The main island of Mauritius (20◦10′ S, 57◦30′ E) forms part 
of the three group of islands including Reunion and Rodri-
gues to constitute the Mascarenes. The archipelago is situ-
ated in the south-west Indian Ocean (Fig. 1b) at a distance 
of 900 km to the east of Madagascar, off the eastern coasts 
of Africa. The island sits on the Mascarene Plateau which 
arches about 2000 km across the western Indian Ocean up to 
the Seychelles, with water depths reaching 100 m (Fig. 1a), 
highlighting the wide diversity of ecosystems supported 
by the shallow mid-oceanic plateau. The most interesting 
feature of the region are the aseismic formations includ-
ing banks and plateaus, with seismically active mid-ocean 
ridges [14]. Both aseismic and seismic formations gave rise 
to a diversity of islands, including the granitic and coral-
line nature of the Seychelles and the volcanic nature of the 
Mascarene Islands.

The origin of the Mascarenes germs from the plateau, 
with the formation of Mauritius starting with the Breccia 
Series 10–7.8 million years (my) B.P. Three main dome-
building phases which comprise of a primary shield vol-
cano, followed by the development of a caldera in the eastern 
part of the volcano and finally a new cycle of activity in the 
late Pliocene, gave rise to the geomorphology of Mauritius 
[15]. The morphological and paleoecological characteristics 
of fringing reefs as distinguished by the volcanic founda-
tion, rate of vertical growth and overlap by reef-building 

organisms, is typical of the marine environment of Mas-
carene Islands. The coastline (Fig. 1c) measures about 200 
km long and is composed of different shore types (catego-
rized as sandy shores, rocky shores, muddy shores, mixed 
shores, calcareous limestone shores, cliffs and coastal wet-
lands), neighbouring a lagoon having an approximated area 
of 243 km2 and enclosed by the fringing reefs.

The island of Mauritius possesses a typical maritime cli-
mate with two distinct seasons: summer (November–April), 
characterised as warm and humid; winter (May–October), 
distinguished as cool and dry. Additionally, the position of 
the island near the Intertropical Convergence Zone (ITCZ) 
ensures persistent winds directed from the south-easterly 
direction throughout the year. The climate regime of mon-
soon and trade winds prevailing in the Indian Ocean is dic-
tated by its geography and proximity to two large continen-
tal masses [14]. The occurrence of the monsoon regime is 
attributed to the transition season from summer to winter, 
resulting in the direction of average prevailing winds chang-
ing more than 90◦ [16]. This phenomenon dominates the 
northern region of the Indian Ocean while the patterns are 
present in the eastern and western extremes of the south-
ern Indian Ocean. Within the Mascarene Plateau region, 
three climatic regimes are prevalent and encompasses the 
north-east monsoon from December to March, south-west 
monsoon from June to September and two inter-monsoonal 
periods which are dominant from April to May and from 
October to November.

The spatial and temporal movement of winds over the 
Indian Ocean is dictated by the latitudinal displacement of 
the ITCZ and varies strongly as a function of the season of 

Fig. 1  a Bathymetric chart at one-minute resolution of the region 
around the coastal structure of Mauritius [data source: ETOPO1 
made available from the National Oceanic and Atmospheric Admin-
istration (NOAA)]. b Geographical location of the tropical island of 
Mauritius, south-west of Indian Ocean basin. c Magnified view of the 
study area of Mauritius, part of the Mascarene group of Islands
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the year. In the Northern Hemisphere winter, the air sitting 
over southern Asia is cooler and denser than the air sitting 
over the ocean. The resulting pressure gradient leads to a 
low-level north-easterly movement of air from the southern 
Asia towards south of equator, forming the north-east mon-
soon [17]. Due to the coriolis effect, the air movement is 
directed westwards and converges with the south-east trade 
winds at latitudes of 10◦S–20◦ S. This period corresponds 
to the rainy season in Mauritius, with the occurrence of fre-
quent tropical cyclones and depressions which significantly 
influences the weather on the island. Over time, the air resid-
ing over Asia heats up, weakening the high pressure over 
Asia. Subsequently, by the month of June, the low pressure 
that is formed over Asia results in a sudden change in wind 
direction to south-westerly, giving rise to the south-west 
monsoon.

Data inventory

The relevant factors governing the identification of optimum 
sites for OTEC power plants include: bathymetry and sea 
surface temperature of the region of interest. A description 
of the available data and its influence in the current study is 
discussed below:

Bathymetry

Bathymetric chart of the water depth around Mauritius is 
an important criteria in determining the best locations for 
harnessing energy from the thermal content of the ocean. 
Due to the thermal stratification of the ocean column, the 
temperature at subsequent water level is a strong function of 
the water depth. The NOAA provided the detailed gridded 
bathymetry, the ETOPO1 dataset, at 1 arc minute resolu-
tion (Fig. 1a). The ETOPO1 data relies on the Sandwell 
and Smith [18] bathymetry data derived from sea-surface 
satellite altimetry measurements and ocean soundings with 
inclusion of supplementary detailed datasets.

Sea surface temperature

The sea surface temperature (SST) reflects the storage of 
thermal energy in the upper mixed layer of the oceans. 
The combination of SST and bathymetric data would help 
reveal the difference in temperature between the warm sur-
face layer and cold bottom layer, thereby identifying zones 
around the island regarded as suitable for OTEC placement. 
The detailed variations on spatial scales of the temperature 
difference between the top-most- and bottom-most level of 
the water column is subsequently computed on the basis of 
SST and temperature variations with depth. Small differ-
ences in the temperature of the water column is expected 
to improve extractable power, and therefore, our analysis 

caters for minute changes on the three-dimensional level 
involving variations on both ocean surface and depth. It is 
revealed that for every 1 ◦ C increase in difference between 
the utilized warm and cold water resources, the extractable 
power increases by about 15% [19].

The SST data employed in the current study is a 3-day 
composite of sea surface temperature ( ◦ C) at 1 km resolu-
tion acquired through satellite-based MODIS observations, 
provided in NetCDF format and processed by the Plymouth 
Marine Laboratory (PML). The temporal resolution of the 
data is daily spanning from 1st January 2017 to 31st Decem-
ber 2017, while the chart of SST for a 3-day composite in 
the vicinity of the Mascarene is illustrated in Fig. 2. Dur-
ing data pre-processing, pixels containing missing records 
arising from factors such as cloud cover and sun glint were 
substituted by NaN (Not-a-Number) to avoid errors in aver-
aging computations over a certain time interval. The missing 
values corresponding to certain geographical coordinates for 
a typical day are represented as white zones in Fig. 2 for 
illustrative purpose.

Temperature variations with depth

The vertical temperature distribution in tropical and sub-
tropical climates exhibits a profile of decreasing water 
temperature with increasing depth. Vertical profiles of tem-
perature investigated at North Sulawesi and South Kalim-
antan of Indonesia vary to different extents according to the 
month of the year [20]. Similarly, the variation of tempera-
ture profile with depth of the seawater around Mauritius is 
expected to change according to the time of the year. To 
successfully model the thermocline trend as a function of the 
month of the year, we rely on the data provided by the Asia-
Pacific Data-Research Center through Argo profiles and the 

Fig. 2  Chart of sea surface temperature ( ◦ C) acquired for a 3-day 
composite satellite imagery in the vicinity of the Mascarene at a reso-
lution of 1 km
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satellite-based AVISO altimetry, provided in NetCDF for-
mat and interpolated in space using Variational Interpolation 
algorithm to minimize the misfit between the interpolated 
fields defined on a regular grid and the irregularly distrib-
uted data.

The data were collected and made freely available by 
the International Argo Program (http://www.argo.ucsd.edu, 
http://argo.jcommops.org). The Argo Program is part of the 
Global Ocean Observing System [21]. The Argo floats oper-
ate in a network of 2000–3000 floats, recording data such as 
temperature and salinity as a function of pressure. AVISO 
altimetry on the other hand was employed to calculate abso-
lute dynamic depth. The temporal resolution of the data is 
monthly and spans from January 2010 to December 2012. 
The spatial resolution of the dataset is 1 ◦ global with a verti-
cal distribution of 27 levels from 0 to 2000 m.

Statistical Evaluation

In the following subsection, a mathematical model will be 
derived to estimate the temperature variations as a function 
of depth. Consequently, to evaluate the performance of the 
model and compute its deviation from the actual recorded 
dataset, a set of statistical tool will be used. It comprises of 
the sum of squares error (SSE), coefficient of determination 
( R2 ) and root mean square error (RMSE) as defined below.

Sum of squares error (SSE)

The SSE is a measure of the variation of the dataset around 
a trend value or central number. The smaller the value, the 
more likely is the model estimates closer to the actual values. 
It is given by:

Coefficient of determination ( R2)

The coefficient of determination is a measure of the percent-
age variation of an estimated value. A value close to unity 
implies excellent fit between model estimates and actual 
data. It is given by:

Root mean square error (RMSE)

The RMSE reflects the sample standard deviation of the dif-
ferences between estimated and measured values. A value 

(1)SSE =

n
∑

i=1

(yi − mi)
2

(2)R2 = 1 −

∑n

i=1
(yi − mi)

2

∑n

i=1
(yi − yavg)

2

close to zero implies no spread about the regression line. It 
is given by:

where yi and mi represent the ith measured and estimated 
values, respectively. The average of recorded values is pro-
vided by yavg while n gives the number of observations.

OTEC plant model

The computations involved in the current study is based on 
the OTEC plant model presented in this subsection. The 
formulated model estimates the net power production of a 
single OTEC plant given seawater temperature and depth 
of the cold water resource. The plant model stems from the 
100 MW net power/150 MW gross power closed cycle plant 
that Lockheed Martin/Makai Ocean Engineering designed as 
part of a contract with the U.S. Naval Facilities Engineering 
Command (NAVFAC) at Kahe Point situated in Hawaii [22]. 
The model represents a single-stage-, closed-cycle OTEC 
plant that operates using anhydrous ammonia as the working 
fluid as illustrated in Fig. 3.

The factors contributing to the net power production 
( Pnet ) include: the gross power ( PG ) which is established 
on the governing thermodynamic equations of the Rankine 
cycle, variable losses ( Lvar ) associated with cold water pipe 
pumping, and fixed losses ( Lfixed ) associated with all other 
pumping and transmission within the plant [23]. The net 
power of the OTEC plant is, therefore, given by:

The gross power production equation combines Carnot effi-
ciency, Carnot to Rankine efficiency, and heat balance across 
the evaporator [9]. The equation formulated for gross power 
by Nihous [24] was amended to incorporate the propriety 
assumptions made by Lockheed Martin [23] ( PLM

G
 ), which 

was then simplified to a linear Eq. [25] ( PL
G

 ) as provided 
below:

where TS is the sea surface temperature ( ◦ C) and ΔT  is the 
temperature difference available for OTEC process ( ◦C).

The fixed losses, Lfixed , of the OTEC plant is provided 
by the specifications of the OTEC model, as presented in 
Table 1. Through these specifications, the losses arising 
from cold water intake, condenser and distribution pumping, 

(3)RMSE =

√

√

√

√

1

n

n
∑

i=1

(yi − mi)
2

(4)Pnet(MW) = PG − Lfixed − Lvar

(5)
PLM
G

(MW) =
106.22ΔT2

TS − 0.25ΔT + 273.15

≈ PL
G
(MW) = 13.89ΔT − 149.71
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evaporator and distributing pumping, and ammonia pump-
ing were computed. A detailed description of these losses 
is provided in a paper presented by Ascari et al. [25], which 
results in a total fixed loss given by:

The variable losses, Lvar , of the OTEC plant is the sum of 
pipe friction loss, Lpf , and static head loss, Lsh:

Where pipe friction loss is a function of the water velocity, 
smoothness and diameter of the pipe. Through substitution 

(6)Lfixed(MW) = 42.7

(7)Lvar(MW) = Lpf + Lsh

of the appropriate roughness coefficient and Reynold’s num-
ber, the pipe friction loss is given by:

where z is the vertical water-column coordinate (m).
The static head loss on the other hand is acquired through 

integration along the full length, of the density difference 
between the cold water inside the pipe and the warmer water 
on the outside of the pipe, as a function of depth. Due to 
unavailability of density against depth profiles in the region 
of investigation, an approximation is made using a simpli-
fied formula for static head accompanied by a bias correc-
tion formulated through comparison of the results stemming 
from the simplified method with results from the integration 
approach along a representative pycnocline [23]. Therefore, 
the static head loss is a product of pump power loss, static 
head bias correction, and simplified static head loss, as 
shown below:

where Lpp is the pump power loss, Lssh is the simplified static 
head loss, and Cshb is the static head bias correction. These 
are computed as follows:

OTEC cycle component

The schematic diagram of the OTEC cycle under investiga-
tion is presented in Fig. 4a. The governing principles are 
as follows: (1) The working fluid is transformed to high 
pressure vapor due to heat being transferred from the warm 
surface seawater into the evaporator; (2) The vapor jour-
neys through the mist separator and into the turbine. The 
pressure change between the turbine inlet and outlet drives 
the latter and generates electricity; (3) Depressurization of 

(8)
Lpf(MW) =

hfṁg

𝜂
=

f
(

ṁ

𝜌f A

)2

ṁg

2Dg𝜂
z = 0.0038z

(9)Lsh(MW) =
(

Lpp × Lssh × Cshb

)

(10)Lpp(MW) =
ṁgz

𝜂
= 4.488z

(11)

Lssh(MW) =
�D − �S

�D
z

=

(

−0.00599T2
S
+ 0.031TS + 1025

−0.00599(TS − ΔT)2 + 0.031(TS − ΔT) + 1025
− 1

)

(12)
Cshb = 5.234 × 10−10z3 − 1.378 × 10−6z2 + 1.313 × 10−3z − 0.6541

Table 1  Specifications of the OTEC plant model with a rating of 
100 MW net/150 MW gross power

Plant model specifications Numerical value

Warm water mass flow rate 460,000 kg/s
Cold water mass flow rate ( ṁ) 366,000 kg/s
Ammonia mass flow rate 4060 kg/s
Turbine expander efficiency 86%
Ammonia pump efficiency 75%
Seawater pump efficiency ( �) 80%
Generator efficiency 97.5%
Evaporator UA ( UAevp) 1410 MW/◦C
Condenser UA ( UAcon) 1350 MW/◦C
Head loss due to friction ( hf) 0.0008356z
Gravitational constant (g) 9.81 m∕s2

Friction factor (f) 0.007933
Pipe diameter (D) 10 m
Pipe intake area (A) 78.5 m2

Head loss water density ( �f ) 1025 kg∕m3

Water density ( �) (− 0.00599T2

+0.031T+1025) 
kg∕m3

Fig. 3  Schematic diagram of the OTEC plant model for Kahe Point, 
Hawaii
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the working fluid to the condensation pressure takes place 
and the vapor-state working fluid is condensed due to heat 
exchange with the cold deep seawater; (4) The working fluid 
pump circulates the liquid-state working fluid to complete 
the cycle.

The pressure-enthalpy (P-H) diagram of the OTEC cycle 
is presented in Fig. 4b. As described by Yoon et al. [32], the 
transformation from 1 to 2 represents the transfer of heat 
between the working fluid and the warm surface seawater 
[32]. Transformation from states 2 to 3 represents departure 
from isentropic expansion process of the working fluid in the 
turbine. States 3–4 depicts the transformation due to conden-
sation process in the heat exchanger condenser. Transforma-
tion from states 3 to 4 represents the pressurization process 
of the condensed working fluid to the evaporation pressure 
by the working fluid pump.

The energy efficiency ( �otec ) of the OTEC system is 
defined as the ratio of the net power output to the input 
energy at evaporator, and can be expressed as [26]:

where Q̇evp is the heat transfer rate of the evaporator and is 
evaluated as:

where UAevp is obtained from Table 1; ΔT  is the mean tem-
perature difference of the evaporator and amounts to a con-
stant value of 3.56 ◦C in accordance to the OTEC model 
design used in the current study [25].

(13)𝜂otec =
Pnet

Q̇evp

(14)Q̇evp = UAevpΔT

The exergy efficiency ( Ψ ) of the OTEC system is defined 
as the relative measure of the performance of the OTEC 
cycle as compared to the reversible Carnot cycle operating 
under same conditions, and is given by [27]:

where �carnot is the Carnot efficiency and is given by:

where Tww is the warm water intake temperature; and Tcw is 
the cold water intake temperature.

Modelling stratagem

Commercial-scale OTEC plant needs to have a cold water 
pipe (CWP) length of about 1000 m for successful opera-
tion [28]. Shallow water temperature is generally defined 
at the assumed depth of the shallow water intake pipe of 
20 m, while deep water is assumed to be derived from the 
deepest point in the vertical column to a maximum depth 
of 1000 m [9]. Consequently, the OTEC model designed 
to be constructed in the vicinity of the island is condi-
tioned to operate between the warm water temperature at 
20 m depth and cold water temperature at 1000 m depth. 
The thermocline models developed for the four temporal 
windows are used to calculate the seawater temperatures 
at 20 and 1000 m depth. Potential temperature decreases 
downward through the thermocline into a much more 

(15)Ψ =
�otec

�carnot

(16)�carnot = 1 −
Tcw

Tww

Fig. 4  a Schematic diagram 
of the OTEC cycle under 
investigation. b P-H representa-
tion of the OTEC cycle under 
investigation. Adapted from 
Yoon et al. [32]
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uniform, colder temperatures at depth [29]. Consequently, 
the performance of the OTEC plant on spatial scales is dic-
tated to a greater extent by the temperature of the surface 
layer than the temperatures lying deep down the seawater 
column.

The average temperature on spatial scales at depth of 
1000 m near the vicinity of Mauritius on a rectangular frame 
of dimensions 200 km × 200 km is derived. The rectangular 
frame is first generated in ArcGIS environment and then 
the mean value is computed using zonal statistics function 

available under the Spatial Analyst Tools. The temperature 
difference between the variable surface temperature on spa-
tial scales at depth of 20 m and the constant mean bottom 
temperature at depth of 1000 m is computed. The tempera-
ture difference obtained is then substituted in Eq. (17) below, 
which is in fact derived from Eqs. (4)–(12). The equation 
is subsequently used to calculate the net power potential 
of OTEC resources around Mauritius. The flowchart meth-
odology summarizing the adopted strategy in this paper is 
presented in Fig. 5.

Fig. 5  Methodological flowchart illustrating the main procedures undertaken to identify the high energy potential sites around Mauritius for the 
placement of an OTEC power plant
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Results and discussions

Thermocline model development

The first step in the thermocline model development is the 
selection of an appropriate seawater site near the coasts of 
Mauritius that is deep enough to observe the variations of 
temperature profile with depth. Consequently, the seawater 
column A (20.5◦ S, 58.5◦ E) was selected for investigation 
as depicted in Fig. 6a. One of the criteria for selection was 
that the site should be at some distance from the elevated 
Mascarene Plateau. Once the point of interest on the geo-
graphic coordinate system has been identified, the next 
phase involves the development of a script on the MAT-
LAB R2015a development environment to extract the tem-
perature at respective depths using an Intel(R) Core(TM) 
i5-6500 operating at 3.20 GHz with 8 GB central process-
ing unit on a Windows 7 platform.

The monthly values for the temperatures at all 27 levels 
of water column A from surface layer to 2000 m depth 
were extracted. Averaging of extracted monthly datasets 
was carried out for the years 2010–2012 to account for the 
effect of climatic variability on the temporal scale. Some 
additional coordinates around the island were selected 
and the data extracted were cross-validated with dataset 
of coordinate A. Due to small differences observed in the 
thermoclines of datapoints around the island, we choose 
the dataset of point A as a representative of the general 
trend of the thermocline for the locality of the island. The 
monthly datasets were then grouped into four main tem-
poral windows which include the north-east monsoon, first 
inter-monsoon, south-west monsoon and second inter-
monsoon. The grouping was performed by averaging the 
temperature values corresponding to the same depth for 
respective temporal windows. A plot of the temperature 
profile with depth for the four monsoonal periods is illus-
trated in Fig. 6b.

The model development was performed on MATLAB 
using the curve fitting tool to obtain the best fit between 
the extracted measured datasets and the modeled ones. 
The process was repeated on all four monsoonal periods. 
A polynomial function was selected due to the reasonable 

(17)

Pnet(MW) =13.89ΔT − 149.71 − 42.7 − 0.0038z−
[

4.488z ×

(

−0.00599T2
S
+ 0.031TS + 1025

−0.00599(TS − ΔT)2 + 0.031(TS − ΔT) + 1025
− 1

)

×
(

5.234 × 10−10z3 − 1.378 × 10−6z2 + 1.313 × 10−3z − 0.6541
)

]

flexibility in fitting curve for data that is not too com-
plicated, in addition to relatively simple fitting process 
[30]. Furthermore, from the polynomial fit, the intercept 
of the curve on the y-axis can be obtained through the 
constant function. The constant function for the case of the 
thermocline is simply the sea surface temperature. Conse-
quently, the polynomial function enables a relationship to 
be established between the seawater temperature and depth 
while involving a constant function in the form of the sea 
surface temperature. The thermocline model would be able 
to estimate the temperature of seawater at a certain depth 
in the water column, given the sea surface temperature and 
depth. Nonetheless, the theoretical model is based on the 
assumption of uniform potential temperature of seawater 
which ensures good thermal stratification irrespective of 
the depth of the water column.

For the north-east monsoon, the polynomial fit describ-
ing temperature of seawater as a function of depth and sea 
surface temperature is given by:

where T is temperature in ◦ C, d is the depth in m and TNE
S

 
is the sea surface temperature corresponding to north-east 
monsoon, with the equation applicable for 0 ≥ d ≥ −2000.

For the first inter-monsoon, the polynomial function is 
given by:

where TFI
S

 is the sea surface temperature corresponding to 
first inter-monsoon period, with the equation applicable for 
0 ≥ d ≥ −2000.

(18)
T = 7.144 × 10−09d3 + 3.145 × 10−05d2 + 0.04748d + TNE

S

(19)
T = 7.533 × 10−09d3 + 3.255 × 10−05d2 + 0.04809d + TFI

S

Table 2  Mathematical models of best fit polynomial trends corre-
sponding to the four temporal windows under investigation

Temporal window Polynomial fit SSE R
2 RMSE

North-east monsoon Eq. (4) 3.322 0.9987 0.3801
First inter-monsoon Eq. (5) 7.722 0.9969 0.5794
South-west monsoon Eq. (6) 13.83 0.9933 0.7754
Second inter-monsoon Eq. (7) 9.581 0.9954 0.6454
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For the south-west monsoon, the polynomial function is 
given by:

where TSW
S

 is the sea surface temperature corresponding 
to south-west monsoon, with the equation applicable for 
0 ≥ d ≥ −2000.

For the second inter-monsoon, the polynomial function 
is given by:

where TSI
S

 is the sea surface temperature corresponding to 
second inter-monsoon period, with the equation applicable 
for 0 ≥ d ≥ −2000.

The goodness of fit corresponding to the polynomial 
functions on all four temporal windows is included in 
Table 2. From results pertaining to the sum of squares 
errors, coefficient of determinations and root mean square 

(20)
T = 4.355 × 10−09d3 + 2.192 × 10−05d2 + 0.03814d + TSW

S

(21)
T = 3.898 × 10−09d3 + 2.053 × 10−05d2 + 0.03722d + TSI

S

errors, it can be inferred that the proposed models fit the 
empirical datasets well. This is supported by the low sum 
of squares and root mean square errors, in addition to the 
coefficient of determinations close to unity.

Statistical differences among monsoonal 
thermoclines

In view of determining whether significant differences 
exist among the thermoclines belonging to the four mon-
soonal periods of interest and derived from point A, an 
analysis of variance (ANOVA) test is performed. Table 3 
reveals the results obtained from the analysis conducted. 
Initially, the two hypotheses are:

• H0 : No significant difference exists among the thermo-
clines belonging to different monsoonal periods.

• H1 : Significant differences exist among the thermo-
clines belonging to different monsoonal periods.

The ANOVA test suggests that no significant differences 
( F = 0.04 , P − value = 0.9907 ) exist among the thermo-
clines belonging to the four monsoonal periods. The null 
hypothesis is therefore accepted. We probe into the statisti-
cal interpretations of the datasets to analyse the variations 
through a boxplot corresponding to the respective mon-
soonal time frames as illustrated in Fig. 7.

From the boxplot, it can be noticed that the minima and 
lower quartiles, belonging to the four monsoonal periods and 
corresponding to the seawater temperatures at great depths, 

Fig. 6  a Geographical position of the point of investigation (A) on 
the sea floor topography acquired from altimetry and echo sounding, 
(data source: ETOPO1 and National Geophysical Data Centre [31]) 

b Temperature variations with depth for the four temporal windows: 
North-east monsoon, south-west monsoon and the two inter-mon-
soonal periods at point A

Table 3  Analysis of variance (ANOVA) of thermoclines belonging to 
different monsoonal time frames

Sum of 
squares

Df Mean square F P value

Between 
groups

9.52 3 3.1727 0.04 0.9907

Within groups 9115.15 104 87.6457
Total 9124.67 107
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Fig. 7  Boxplot representing the 
distributions of seawater tem-
perature for water depths in the 
range 0–2000 m and grouped 
according to the four monsoonal 
time frames

Fig. 8  Map delineating the ocean thermal energy conversion 
resources around Mauritius at a resolution of 1 km for the four mon-
soonal periods. The black region demonstrates the zone regarded as 

inappropriate for the construction of the OTEC power plant due to 
water depths being lower than 1000 m
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are practically identical. The medians and upper quartiles 
of the distributions differ to some extent. The maxima on 
the other hand, reflecting the sea surface layer temperatures, 
vary significantly, with the north-east monsoon and first 
inter-monsoonal periods recording higher temperatures as 
compared to the south-west monsoon and second inter-mon-
soonal periods. This is indicative of the fact that the seawater 
temperatures differ significantly at ocean surface for the four 
monsoonal periods but as depth increases, the temperature 
difference decreases over the different time frames.

OTEC resource potential

A total of about 2 billion of data values have been assimi-
lated by the model developed. The net power of ocean 
thermal energy conversion resources around Mauritius is 
depicted in Fig. 8. The spatial distribution of the resources is 
split into four temporal regimes corresponding to monsoonal 
periods and comprise of: the (a) north-east monsoon, (b) 
first inter-monsoon, (c) south-west monsoon, and (d) second 
inter-monsoon. According to a study performed, the most 
significant parameter dictating the most suitable site for 
OTEC installation is sea surface temperature [33].

As explained previously, the net power generated depends 
strongly on the available seawater temperature difference 
between surface and bottom layers. However, the tempera-
ture difference is dictated primarily by the warm surface 
temperature since water temperature near 1000 m depth var-
ies little with longitude or season and varies only 1 ◦C or 
2 ◦C with the latitude in the ± 20◦ latitude band of interest 
[34]. Consequently, the spatial and temporal distributions 
of ocean thermal energy conversion resources around Mau-
ritius can be explained on the basis of spatial and temporal 
variations in sea surface temperature.

The net power of OTEC resources around Mauritius is 
higher in the north-east monsoon (141.6–71.83 MW) fol-
lowed by the first inter-monsoonal period (136.0  MW 
87.96  MW) as compared to the net power of available 
resources in the south-west (109.3 MW 49.59 MW) and sec-
ond inter-monsoonal (21.50 MW 93.50 MW) time frames. 
The results strongly correlates with the seasonal patterns of 
sea surface temperature around Mauritius where hotter sea 
surface temperatures are observed in the north-east monsoon 
and first inter-monsoon while colder temperatures are wit-
nessed in the south-west monsoon and second inter-monsoon 
[35]. Additionally, the higher OTEC resource energy poten-
tial of the south-western zone of the island where deep cold 
waters are located at proximity from the shore is noticeable 
throughout the year.

The higher OTEC resource of the south-west region of 
Mauritius is attributed to the higher sea surface temperature 
of the region, which is inturn dictated by the south equa-
torial current (SEC) flowing westwards, driven by strong 

south-east trade winds and bringing the cold polar waters 
in its westward flowing motion. Due to the geographical 
position of Mauritius, the westward flow is split into two 
branches forming a zone of divergence from the south-west 
to the north-western waters of the island. Consequently, 
the hot waters of higher latitudes is trapped between the 
south-west and north-western regions of Mauritius. This 
encourages the placement of an OTEC power plant in the 
high-potential zone for the generation and subsequent injec-
tion of electricity in the distribution grid of the island. The 
next subsection discusses about identification of the opti-
mum locations for the placement of the farm alongside with 
energy analysis.

Optimum site selection

OTEC power plants can either be built onshore or on off-
shore floating platforms. The onshore plant suffers from the 
drawbacks of long intake pipes for pumping seawater to 
land, high initial construction costs, large amounts of energy 
to operate the pumps and land-based environmental impacts 
[36]. Additionally, the land-based plant costs three times as 
much per unit power output as the sea-based plant due to the 
expense of the cold water pipe [37].

Consequently, we favour the sea-based floating platform 
system and emphasize our discussions on that marine-based 
technology in the current study. To ensure economic viabil-
ity, OTEC needs to be installed in certain strategic locations. 
As a continuation of the analysis previously performed, the 
best locations for the construction of OTEC systems are 
identified as Q and R in Fig. 9c and benefit from a higher 
net power output throughout the year as compared to other 
regions of comparable distance to the coastline.

The main criteria influencing the selection of optimum 
locations is the difference in temperature between the sur-
face and bottom layers. It can be observed from Fig. 9b that 
both sites selected lie in the 1750 m isobath, which gives an 
indication of deep cold water availability at a proximity of 
less than 5 km from the coastline (Fig. 9a). The distance of 
the optimum sites to the shore is another criteria influenc-
ing the selection since a smaller distance would imply less 
cabling, and therefore, less attenuation before the electric-
ity is injected in the grid. As depicted in Fig. 9c, the 66 kV 
transmission line lies in the region of Baie du Cap and Riam-
bel which are located at short distances from optimum sites 
selected. The short distances from the point of harness to 
the injection end, would eventually imply reduced costs of 
underwater and land-based cabling infrastructure.

In addition to appropriate thermal gradient necessary for 
OTEC operation and proximity of sites of interest from the 
coastline, the baseline situation regarding sea state includes 
operational waves of up to 3.7 m in significant wave height 
and 7.5 s period. From the high-wave regime of the eastern 
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region to the relatively calmer sea state of the western side 
of the island, the significant wave height and energy period 
recorded are less than 3.7 m and 7.5 s, respectively [2]. The 
significant wave height in the vicinity of the island of Mau-
ritius never exceeded the operational baseline previously 
defined, which demonstrates the relatively propitious con-
ditions prevailing.

Survival conditions are an important factor that need to 
be taken into account since Mauritius can encounter tropical 

cyclones occasionally, which lead to rough sea state that 
can potentially damage the OTEC structure. As from 2002, 
there was an average of 54 days when tropical systems were 
active in the south-west Indian Ocean basin, of which 20 
had tropical cyclones active, or a system with winds of over 
120 km/h [38]. Tropical cyclones are very often accompa-
nied by stormy, often destructive weather. Consequently, as a 
matter of safety and practicality, it is expected that platforms 
should be designed to survive 100-year storms [39].

Fig. 9  a Distance of selected optimum sites (R and Q) from the shore 
of the southern region of Mauritius for the placement of OTEC power 
plant (as modified in Google Maps). b Map of the southern region of 
the island delineating the water depths of the sites of interest (Data 

source: ETOPO1). c Map of Mauritius showing the distribution of 
high voltage transmission lines (Data source: Central Electricity 
Board)

Fig. 10  a Barchart representing the variations in net power from OTEC resources at optimum sites Q and R. b Boxplot illustrating the statistical 
differences between the datasets of the monthly mean daily net power generated over an annual time scale at the optimum sites
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Due to the low motility of OTEC platforms, several days 
are required to vacate an area. It is, therefore, imperative 
to design platform survival limits, with contingency plans 
around the worst possible situations. With the prowess of 
numerical forecasting techniques to predict the occurrence 
of storms several days ahead, technological advancements 
can innovate a retractable cold water pipe system to enable 
the platform to be moored to a safe region near the shore 
before the storm hits the region where the OTEC plant was 
initially deployed.

The variations in net power output from the optimum 
sites are represented in Fig. 10a. The higher power gener-
ated from the months of January–April is observable from 
the plot, whereby about 120MW can be harnessed from opti-
mum sites. This represents about 25.6% of the peak power 
demand for Mauritius in 2016, which amounted to 468 MW 
[40]. As compared to solar and wind energy technologies 
that are present in the national grid, OTEC is a much more 
continuous and constant form of energy, adaptable to the cli-
mate of Mauritius, owing to the little seasonal variations of 
upper and deep seawater temperatures of tropical latitudes.

Should maintenance operations be envisaged on OTEC 
power plants located at Q and R, they need to be planned 
for the months of July–October where the net power out-
put is at its lower operational mode. The annual mean daily 
net power potential of OTEC resources for optimum sites Q 
and R are 95.42 and 95.72 MW, respectively. Consequently, 
the power generation capacity of the OTEC system over an 
annual timescale represents about 20% of the peak power 
demand of the population of Mauritius.

Despite the comparable power generation of both sites, 
the interquartile range (IQR) of optimum site Q is found to 
be smaller than that of site R. On the basis that the IQR is 
a better measurement of spread than the range and is not 
affected by the presence of outliers, it can be concluded that 
optimum site Q is the better option for the placement of 
an OTEC plant. The smaller variations of the middle 50% 
of net power output throughout the year at site Q gives an 
indication of the appropriateness for the integration in the 
electricity transmission grid of the island.

There is a need for a holistic and integrated framework 
to balance the increasing demand for marine space, cou-
pled with environmental issues such as climate change. The 
somehow logical and vital step to meet these needs is shift 
towards a more strategic approach to marine governance via 
a marine spatial planning (MSP) process. A MSP is there 
to achieve sustainable use of the ocean whilst reducing con-
flicts between users and uses. The importance of a MSP 
in the development of an OTEC and the consideration of 
ocean-renewable industries in an MSP process is not well 
documented in the literature, though it has been found that a 
MSP is essential for developing such an industry [41].

The ocean space is home to various activities both dis-
tributed spatially and temporally, each managed more or less 
independently of each other. The proposed project should, 
therefore, consider the location of MPAs, marine reserves, 
traffic routes, whales’ routes, underwater heritage sites, data 
buoys and other proposed economic developments such as 
mariculture farms. Consequently, the optimum sites have 
been selected far away from the above-mentioned group of 
spatial constraints for OTEC farm construction.

Energy and exergy efficiency performances

The energy efficiency of the proposed OTEC cycle at the 
optimum site Q is given as follows:

As determined previously, Pnet for optimum site Q is 
estimated to have a daily mean net power potential of 
95.42 MW. Consequently, the energy efficiency of the OTEC 
cycle is evaluated at 1.9%.

The exergy efficiency of the OTEC cycle proposed to be 
constructed at optimum site Q is given by:

As previously found, the cold seawater temperature over the 
year is estimated at 2 ◦C while the warm seawater tempera-
ture estimate amounts to 27 ◦C over the same time scale. 
Consequently, the exergy efficiency of the OTEC cycle is 
evaluated at 22.8%.

Practical considerations

The limitations of the OTEC system lie principally in the 
practical and engineering aspects related to the construction 
of the power plant. The main limitations are in the form of: 
Platform design, construction of cold water pipe, linkage to 
the shore, turbine considerations and choice of the working 
fluid. A brief description of each limitation mentioned is 
provided below:

Platform design

OTEC facilities need to be supported on floating platforms 
where water depths attain a minimum of 1000 m. The most 
economical and durable structural material for the basic con-
struction of floating OTEC platforms in the marine envi-
ronment is a special mix of concrete reinforced with both 
conventional reinforcing steel and grouted pre-stressing steel 

(22)

𝜂otec =
Pnet

Q̇evp

=
Pnet

UAevpΔT
=

95.42 MW

(1410 MW∕◦C) × (3.56 ◦C)
= 0.019

(23)Ψ =
�otec

�carnot
=

�otec

1 −
Tcw

Tww

=
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1 −
2+273.15

27+273.15

= 0.228
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tendons, moulded into the shape of an integrated contiguous 
honeycomb pattern, to provide maximum spatial tolerance 
[42]. However, the weight of such a structure would make 
it unwieldy. Consequently, difficulty arises when it comes 
to connecting the platform to the cold water pipe owing to 
the stresses caused from surface waves and currents [43]. 
The solution to this problem is to make the platform neu-
trally buoyant and moor it underwater, hence avoiding major 
stresses at the surface.

Construction of cold water pipe (CWP)

The CWP is subject to multiple forces in addition to the 
stresses at the connection point, and includes: drag by cur-
rents, oscillating forces due to vortex shredding, forces due 
to harmonic motion of the platform, forces due to drift of the 
platform and dead weight of the pipe [43]. Dynamic load-
ings on the pipe arising from the movement of waves, and 
stresses due to platform motions are regarded as problems 
influencing pipe design. Conventional CWP used are mainly 
available as a single piece pipe or segmented pipes. While 
transportation, deployment and decoupling of single piece 
pipe is difficult and requires towing from shore, segmented 
pipes on the other hand risk failure at the joints despite the 
ease of deployment. Material for the construction of CWP 
has evolved from corrugated steel pipe sections, flanged and 
bolted together to a fibre-reinforced-plastic design that is 
fixed to the seafloor by weights [44].

Link to the shore

The electrical energy generated from OTEC system may 
be transmitted to shore through electric cables that rest on 
ocean floor, or could be used on board to produce a chemical 
store of energy such as molecular hydrogen. The transmis-
sion of power to shore via bottom cables is considered as a 
reasonable extension of present technology. Despite the cost 
of cables, a cable of about 50km long is quite practical, with 

power loss of about 0.05% per kilometre for alternating cur-
rent and 0.01% per kilometre for direct current [43]. OTEC 
power plants in the range 100–400 MW are expected to be 
up to be about 320 km offshore, requiring DC transmission 
[45]. Consequently, the 5 km underwater cable required for 
the proposed power plant would result in practically insig-
nificant power losses.

Heat exchanger and turbine

Heat exchangers are required in the design of the OTEC 
plant to allow for the transfer of heat from one fluid to 
another while keeping them separate. A common design 
is the shell-and-tube where water flows one way through 
the tubes while the working fluid flows through the shell. 
Among the factors for selection of materials for the fabrica-
tion of heat exchanges lie the durability, thermal conductiv-
ity, cost and resistance to seawater corrosion among others. 
The superior choice of material tends to side with titanium 
which exhibits better seawater performance, has good fabri-
cability, and has an excellent service history in marine envi-
ronments [46]. The turbine on the other hand needs to be 
large enough to accommodate the huge volumetric flow rates 
of working fluid vapour to maintain constant and practical 
amount of power output. Parametric studies revealed that a 
four-stage axial turbine could improve the efficiency up to 
89%, with attainable operational efficiencies of 53% derived 
from the 50 kW gross power installed capacity OTEC plant 
off the shore of Hawaii [47].

Working fluid

Generation of electricity efficiently from OTEC system 
requires a working fluid with a lower boiling point and a 
higher vapour pressure than water. There exists a list of 
working fluids including ammonia, propane and freon which 
are regarded as appropriate. Ammonia is generally used 
owing to its superior transport properties and availability 
at low cost [48]. The thermophysical property that gives 

Table 4  Capital cost in million US dollars (M, USD) of a 100 MW closed cycle OTEC plant

Components Description Cost (USD)

Equipment Floating vessel hull ; Deck platform; Hull equipment; Pipes; Quarters 85 M
Deck equipment: Turbine; Deck pumps 100 M
Independent vertical pipe floater; Sub-sea condenser; Evaporator; Pumps 95 M

Electrical Infrastructure Sub-sea cabling and land power substation system 50 M
Mooring and setup Transport and installation 30 M
Operationalization Commissioning, testing and start-up 20 M
Incidental expenses Contingency 20 M
Planning and development Marine spatial planning 10 M
Total 410 M
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ammonia its general superiority is its relatively high thermal 
conductivity [49]. Nonetheless, care should be taken when 
handling these working fluids since many of the above-men-
tioned ones are considered as environmentally unacceptable. 
Leaks could pose a potential threat to the environment, with 
increasing greenhouse gases or ozone-depleting gases. Addi-
tionally, by applying a partial vacuum through the lowering 
of pressure, the boiling point of water can be reduced to the 
temperature of warm water intake [43]. This way, the warm 
seawater can be used instead as the working fluid, with the 
system providing additional power and substantial quantities 
of distilled water.

Cost–benefit analysis

A cost analysis can be measured in different ways, with 
each way of accounting for the cost of power generation 
bringing its own insights. The overall costs of implement-
ing the OTEC project would comprise of equipment costs, 
total installation costs, fixed and variable operating and 
maintenance costs, net present value costs among others. 
However, we restrict our discussion to a simplified ver-
sion to allow greater scrutiny of the underlying data and 
improve transparency on the main costs involved. Table 4 
shows the estimated cost of a 100 MW OTEC power plant 
with its underwater cabling and supporting vessel facilities 
as initially proposed by Srinivasan et al. [50] and slightly 
modified to account for additional expenses pertaining to 
planning and development operations involved.

An annual expenditure of about 1.5% of the capital cost 
is expected as operational and maintenance cost (O&M), 
Co [51]. Consequently, over 1 year time frame, about 
$6.15 million is required as O&M costs of the OTEC farm.

The annual mean daily production of electricity of 
optimum site Q amounts to 95.42  MW. The capacity 
factor of OTEC systems have been evaluated at 80%, 
even from a modest estimate of it [52]. In addition, the 
net power that can be derived from OTEC technologies 
approximates to about 65% of the gross power generated 
[53]. Therefore, the net amount of power generation from 
the power plant situated at site Q would be, on average: 
95.42 × 24 × 365 × 0.8 × 0.65 MWh = 434, 657 MWh =

434.7 GWh = 434, 700, 000 kWh

In estimations where profits are generated after a certain 
time lapse after investments, the net present value (NPV) 

estimations are considered. Banerjee et al. [54] proposed 
the following relationship to determine the cost of electric-
ity from the NPV concept pertaining to the generation cost 
alone and excluding the insurance cost, local taxes, profit 
margin among others.

where Cc is the capital cost, E is the annual energy pro-
duction, t is the life period, r represents the discount rate 
considered, while the operational cost is x percent of the 
capital cost Cc.

Using Eq.  (24) and considering 8% discount rate 
for the OTEC system having 30  years life time, 
would give a discount factor, DF, equivalent to: 
DF = ((1 + 0.08)30 − 1)∕[0.08 × (1 + 0.08)30] = 12.11.

The present value cost  (PVC) is  given by: 
PVC = Cc + Co × DF , which gives a value of $484.5 mil-
lion. In addition, the present value of energy (PVE) is given 
by: PVE = 434, 700, 000 × 12.11 = 5, 264, 217, 000kWh . 
Consequently, the cost per kWh is given by the ratio of 
PVC and PVE and is numerically equal to 9.2c∕kWh.

The central electricity board (CEB) of Mauritius is pri-
marily responsible for the electricity supply, transmission, 
and distribution around the island. The price of electricity 
purchase by the CEB for the year 2018 is at a standard rate of 
23.1c∕kWh [55]. Consequently, the profit per kWh of elec-
tricity generated by the OTEC system turns out to be around 
13.9 c∕kWh . The yearly revenue generated by the OTEC 
farm is, therefore, estimated to be $60.4 million. During 
the 30 years lifetime, the revenue prediction is estimated to 
have a 10% increase in electricity purchase cost as provided 
in Table 5.

It can be observed from Table 5 that within the first 7 
years, the initial investment is recovered. During the whole 
30 years of lifetime of the OTEC system, profits of the order 
of 4.5 times the initial investment will be generated. This 
shows how profitable it is to have an OTEC power plant at 
the proposed location.

(24)
Cost of electricity production (per kWh)

=

�

Cc +
∑t

0
[0.01x.Cc∕(1 + r)t]

�

�
∑t

0
[E∕(1 + r)t]

�

Table 5  Estimated yearly 
revenue excluding yearly 
maintenance costs in million US 
dollars (M, USD) of a 100 MW 
closed cycle OTEC plant

Year 1–5 6–10 11–15 16–20 21–25 26–30

Revenue per year 60.4 M 66.4 M 73.1 M 80.4 M 88.4 M 97.3 M
Total revenue (per 5 year) 302.1 M 332.0 M 365.5 M 402.0 M 442.0 M 486.5 M
Net revenue over the 30 years lifetime 2330.1 M
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Benefits from an OTEC industry

Complementary with the OTEC, there are numerous social, 
environmental and economic benefits to deep sea water. Due 
to its innate characteristics, that is, low temperature, high 
purity, nutrient and mineral (organic and inorganic) content 
and concentration, this water constitutes numerous envi-
ronmental benefits. For instance, the high concentration of 
organic nutrients present in the pumped water, when released 
back to the sea, would definitely attract plankton (larval fish 
and other suspended organisms) and eventually larger fish as 
we move up the food chain. This may potentially contribute 
to addressing the global problem of food security.

Air conditioning and desalination are other potential deriva-
tives of an OTEC system. In air conditioning, the near zero tem-
perature deep sea water pumped by OTEC systems provides air 
condition for buildings. This would indeed save on the monthly 
electricity bill of several prosumers of a targeted region. Com-
bined with a desalination plant in a hybrid system which uses 
both open-cycle- and closed-cycle systems, the OTEC has a 
great potential to resolve the potable water problem. As com-
pared to surface water distillation plants, the deep ocean water 
desalination plant is more flexible in terms of energy usage. In 
places where potable water is an issue, the hybrid farm would 
offer a more economic investment solution.

OTEC also allows for the cultivation of temperate crops 
in tropical regions. The agricultural land is chilled by the 
cold deep sea water which replicates the temperature dif-
ference of cool soil and warm air of the temperate regions, 
thereby allowing for the different produces to grow. Moreo-
ver, the aquaculture industry is the main indirect benefi-
ciary of an OTEC system across the globe. The artificial 
upwelling of nutrients contributes largely to the recovery 
and amplification of fisheries resources. In addition, the phy-
toplankton, besides being an additional source of food for 
fish, comprise numerous other economic benefits such as 
acting as bio-fertilisers, natural wastewater treatment, cos-
metic and nutrition.

Environmental impact assessment

Marine organisms such as plankton consume CO2 during 
photosynthesis and in the formation of shells. CO2 seques-
tration occurs whenever the dead cells of these organisms 
or other marine species feeding on them sink to the ocean 
floor with enriched carbonate content, thereby maintain-
ing CO2 balance in the global environment. The artificial 
upwelling of deep cold water destabilizes the CO2 balance 
established. Although the increase in plankton concentra-
tion at the surface would help lower greenhouse gas level 
in the atmosphere by consuming more CO2 over the ocean 
surface, a high amount of dissolved CO2(g) is likely to be 
released from temperature rise and the pressure release of 

the upwelled cold water [52]. Green and Guenther [56], 
however, stated that if the cold upwelled water, instead of 
being discharged into the ocean is used for mariculture, there 
exists the possibility that the cultured marine plants would 
absorb the extra CO2(g) , and therefore, neutralize the impact 
on the environment [56].

For many SIDS, the degradation of coral reef ecosystems 
can have severe effects on their economic structure, arising 
principally from their reliance on the fishing and tourism 
industry. The physiology of coral reef ecosystems, in which 
symbiotic relationships exist among the marine organisms, 
is often disturbed by radical changes in sea temperature. 
A change in seawater temperatures of a few degrees can 
upset the coral’s ability to convert sunlight into biomass, 
thereby upsetting the food supply on which fish are heavily 
reliant. The artificial upwelling of deep cold water from an 
OTEC system need to be coupled to adequate monitoring 
techniques of seawater temperatures not to impact negatively 
on coral reef ecosystems. Several studies in the literature 
have proposed OTEC technology as having the potential to 
counter the problem of coral bleaching through the mainte-
nance of seawater temperatures at an appropriate level [52]. 
The hypothetical location of about 1000 plants of 200 MW 
each in the Gulf of Mexico has been simulated to reduce sea 
surface temperature by 0.3 ◦C , which is regarded as physi-
cally insignificant even at such an unlikely scale [43].

IEC compliance

An intergovernmental collaboration between countries 
resulted in the setting up of the Ocean Energy Systems 
Technology Collaboration Programme (OES), which oper-
ates under the framework established by the International 
Energy Agency. Standards and protocols for the management 
of marine energy conversion systems, with emphasis on the 
conversion of wave, tidal and OTEC technologies into elec-
tricity are managed by the IEC TC-114 which is a technical 
committee (TC) of the International Electro-technical Com-
mission. The partnership between the OES and IEC aims at 
developing a unified international standard in view of provid-
ing the guidelines for suitable site selection, design bases and 
productivity estimations for OTEC plants based on objective 
standards [57]. The standardization is an important facet to 
be considered when implementing the project in the waters of 
Mauritius to avoid the negative impact of OTEC technologies 
on coastal wildlife, such as mangroves and corals.

Conclusions

A model has been designed to investigate on the ocean ther-
mal energy conversion resources around Mauritius. The 
model implementation is based on the underlying principle 
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of thermal stratification of seawater, whereby the warm 
water of the upper thermocline is inherently less dense 
and has the tendency to rise above the colder, denser water 
of deeper layers. About 2 billion of data values have been 
assimilated by the developed model and integrated in a pro-
posed OTEC power generation model, which resulted in the 
production of net power generation maps describing the spa-
tial distribution of OTEC resources over the four monsoonal 
periods of the year.

From the maps, the appropriateness of the south-west-
ern region of the island is revealed. We attribute the better 
conditions of this region for OTEC system implementation 
to the higher sea surface temperatures and deep cold water 
availability at a proximity of less than 5 km from the coast-
line. We further investigate on the power generation capacity 
of two optimum sites in the southern part of the island. The 
annual mean daily power generation capacity is found to be 
about 95 MW, representing about 20% of the peak power 
demand of the island. Additionally, energy and exergy effi-
ciencies of the OTEC cycle are investigated and found to be 
1.9 and 22.8%, respectively.

A cost–benefit analysis performed suggests that cost esti-
mates for setting up the farm is around $410 million, with 
annual operational and maintenance cost of about $6.15 mil-
lion. Further analysis reveals that the initial cost of invest-
ment can be recovered within the first 7 years of the plant 
operation, while during the 30 years plant lifetime, profits 
of the order of about $1920 million can be generated. The 
project is, therefore, found to be profitable in the long run.

The practical applicability of the model-implemented tar-
get countries having large exclusive economic zones and vast 
expanse of the ocean, to determine the best place for con-
structing an OTEC power plant. Consequently, the results 
are believed to reduce time and money for locating optimum 
OTEC sites. In addition, the developed thermocline model 
could provide a practical way of estimating seawater tem-
perature at certain depths, without the need of deploying 
costly measuring instruments.
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