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Abstract: This paper presents the economic feasibility analysis of a 2 MW Ocean Thermal Energy
Conversion (OTEC) power plant in the open cycle. The plant can supply 6.35% of the average annual
consumption of the electricity demand located at San Andrés Island (Colombia). On the one hand,
the work presents the selection of the place to locate an offshore facility considering the technical
viability while, on the other hand, the economic viability analysis is performed. The latter considers
two scenarios: one without desalinated water production and another one with desalinated water.
In this way, it is intended to first determine its construction’s technical requirements to analyse its
economic performance. This approach allows us to have a general idea of the implementation costs
and the benefits obtained with this type of plant, for the particular case of San Andrés, an island in
the Colombian Caribbean with sustained stress on electricity production and freshwater generation.
The results obtained show that the technology is viable and that the investment can be recovered in
an adequate time horizon.

Keywords: floating OTEC plant; marine energy; power energy; economic feasibility analysis

1. Introduction

Islands emit fewer greenhouse gases (GHG) globally than the emissions generated on
the continents; however, they have high per capita emissions. For example, the Caribbean
Islands generated 0.4% of the world’s total GHG emissions in 2011, but per capita emissions
exceeded 120 tons while the world average was 5 tons per person [1]. These emissions are
derived mainly from the generation of energy through fossil fuels.

Due to its location far from the rest of the country, the San Andrés Island is part of
the non-interconnected areas of Colombia. Currently, electricity at San Andrés Island is
generated by diesel power plants, with an approximate cost of USD 0.3 per kWh, which is
relatively high compared to an interconnected city whose electricity price fluctuates around
USD 0.08 per kWh. This difference is due to the costs of the thermoelectric operation
plant and because diesel fuel must be brought by boat from Cartagena. It should also be
noted that thermoelectric plants produce greenhouse gases that reach the atmosphere and
contribute to global warming. Furthermore, most developing countries have insufficient
financial and legislative resources to meet the challenges of climate change [2]. In addition,
sustainable energy supplies are needed to reduce greenhouse gas emissions, thus mitigat-
ing the devastating effects of climate change [2]. Furthermore, the seventh Sustainable
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Development Goals of the United Nations Organization emphasise energy affordability
and clean energy use. In this way, Colombia and, in particular, the Colombian Caribbean
is consequently in need of reliant sources of energy capable of guaranteeing a continuous
supply of energy sustainably.

Furthermore, the well-being of communities can be improved by increasing the supply
of electricity. However, there are historical reasons why this has not happened in some
regions of the Colombian Caribbean. The lack of enough energy is added to other problems
concerned with access to potable water, adequate housing, quality food, and high infant
mortality rate, among others [3,4]. The reports [5,6] reveal that it will be necessary to
increase political commitment and investment in energy at San Andrés Island, or else
energy poverty will increase.

If a small part of the energy stored in the oceans could be recovered, the world’s
energy demand could be satisfied. However, the technology to recover energy from the
oceans is at a very incipient level of development, with the production of marine power
being only residual compared to other sources of renewable energy [7,8]. Among the
different technologies to harvest energy from the sea, OTEC is one of the most incipient and
promising ones. According to [9], the installed capacity of ocean energy in 2050 could reach
337 GW [7]. Along the same lines, a recent analysis by [10] estimates that the industrial-
scale potential of an OTEC system is around 13 terawatts worldwide [7]. Moreover, the
development of OTEC technologies is an opportunity to generate an industry around this
type of energy generation, generating new jobs, both for the construction and maintenance
of OTEC plants.

Countries located in tropical areas have the ideal conditions to develop OTEC tech-
nology; due to their proximity to the equator, the necessary temperature gradients are
generated for the OTEC system operation [11,12]. Additionally, OTEC systems can be built
to generate power on a small scale [13]. On the other hand, OTEC systems have greater
economic viability in tropical islands not connected to the mainland electricity grid, with
potable water deficiencies and air conditioning needs, since these needs could be mitigated
simultaneously by an OTEC system [7]. Some developing countries that are investigating
the feasibility of OTEC technology are Colombia [14], Indonesia [15–17], Panama [18] and
Pakistan [7], among others.

OTEC systems use only the temperature gradient (∆T) generated between the sea
surface and deep water as an energy source, converting it into renewable energy. The
∆T is directly related to the performance of the OTEC power cycles; ∆T ≈ 20 ◦C is
generally needed for an OTEC system to be viable [8]. Therefore, OTEC systems have a low
thermal efficiency compared to other renewable energy sources. For example, an OTEC
system based on the Rankine cycle generally has an efficiency of no more than 5% [19,20].
However, an OTEC system has the following two advantages. First of all, the power
generation system can constantly work 24 h a day, something that is not possible with
photovoltaic or wind systems; the temperature of the sea in tropical areas does not change
considerably throughout the year, presenting small variations in the order of degrees due to
the seasons and climate changes. Additionally, the variation of ∆T between day and night
is around 1 ◦C [15,21]. Second, the OTEC system can generate freshwater as an indirect
product [22–25].

Research on the OTEC system has focused on evaporators, turbines, generators, con-
densers, pumps, pipes to transport water, and moorings. For example, some investigations
focus on the design of turbines to obtain the highest efficiency and net power [15]. Other in-
vestigations work on cycles; the most used are the Rankine, and double-stage Rankine [26]
cycles; OTEC systems have also been implemented using various cycles such as Kalina [27],
Uehara [28], which is an improvement of the Kalina cycle [19,20,27]. At the pipeline level,
research is being carried out on the material and coating of the pipeline and the control
that can be implemented to keep it stable. The pipe that transports deep seawater is a
fundamental component of the OTEC system; this pipe, generally greater than 1000 m,
must be designed to withstand the vibrations generated by deep water. Research on flexible
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structures can be found in [25]. Finally, studies on the economic viability of OTEC systems
can be found in [15]. Various studies [16,29] have shown that the economic viability of
an OTEC system requires plants with a maximum power of 100 MW, since the cost and
complexity increase considerably from systems with the higher power.

Although the technical aspects are essential for developing this technology, it is also
true that it is necessary to know the economic viability due to its low efficiency and high
implementation costs. In this line, different works with multiple approaches have been
developed. For example, in [30], a thermo-economic analysis of a 20 kW OTEC system
is conducted by calculating the unit cost of electricity generated. They concluded that
OTEC systems are economically viable in regions where the surface seawater temperature
is greater than 25 ◦C. On the other hand, Ref. [31] presents the design of an OTEC Ecopark
consisting of a 60 MW OTEC system coupled to a marine aquaculture farm located near the
Island of Cozumel. The proposed system meets part of the needs of coastal communities
for energy production, desalinated water and food production. The work was based on the
technical-economic evaluation of the OTEC Ecopark, and the financial evaluation showed
that the OTEC Ecopark is economically viable, having a CAPEX of USD 655.38 M, an OPEX
of USD 69.66 M and an annual income of USD 348 M. Studies that carry out economic
viabilities can be found in [32–34], and an interesting review on economic feasibility studies
is presented in [35].

This paper conducts an economic feasibility study of installing an OTEC plant at San
Andrés Island. In this sense, it is assumed that the economic viability is closely related to
the installation location and the plant’s technical design. The economic viability is based
on two analyses, (i) a cash flow analysis of the project, and (ii) a levelized cost of energy
(LCOE) are carried out [36]. The latter way of measuring is usually used to assess the
cost of employing different methods for generating renewable energy [35]. It should be
noted that the LCOE in this work is calculated individually for the proposed OTEC system.
Ideally, if it wants to have a total generation from renewable energy, the LCOE should be
calculated for the entire system [37].

This study is a starting point to develop this technology on the Island, developing
an OTEC system that improves electricity and potable water supply needs. Furthermore,
the environmental conditions at San Andrés Island sea (optimal surface temperature, ∆T
around 20 ◦C all year, low frequency of hurricanes, ideal depth at a short distance from the
coast) favour the implementation of an OTEC plant, which could generate electricity for
several homes on the island without producing polluting waste and operating costs lower
than those of the diesel plants.

The paper is organised as follows. Section 2 explains the current energy and water
situation at San Andrés Island and briefly describes an OTEC system. Section 3 summarises
the methodology for performing the economic analysis. Section 4 exposes an OTEC system
location, the technical conditions of the OTEC system, and the economic viability of two
possible scenarios presented, without potable water and with potable water. Finally,
Section 5 summarises the main conclusions.

2. Problem Formulation

Next, the energy and water needs of San Andrés Island are presented to complete the
description of the OTEC system.

2.1. Energy and Water Needs of San Andrés Island

San Andrés Island is located to the west of the Caribbean Sea in the Atlantic Ocean.
The island has a warm climate, between 26 ºC and 29 ºC all year round. Throughout the
year, there are two seasons (i) the dry season, usually between January and April, but it
can last a maximum of five months, (ii) the other months are part of the rainy season with
strong winds, usually between May and December [38].
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The economy of the department is based mainly on tourism and commerce. Its main
export product is coconut, but it also produces avocado, sugar cane, mango, orange and
yucca [39].

It is the least extensive department in the country and has the highest population
density, which places the islands in a delicate resource management situation. It is estimated
that around 75,000 people live on San Andrés Island, and every year, one million tourists
arrive [40]. A considerable figure for a territory of 26 square kilometres with no rivers.

The particular geography of the San Andrés Island, its condition of insularity, having
only two aquifers, the amount of population that inhabits the islands, as well as the floating
population that arrives throughout the year and depends on imported food are just some of
the characteristics that make this territory highly vulnerable to climate change and shortage
of potable water.

Currently, the San Andrés Island electricity demand is approximately 160–
187 GWh/year [41], which is supplied by diesel-powered thermoelectric plants, consum-
ing around 40 million L of diesel each year, which are brought by boat from Cartagena.
In addition, there is also a thermoelectric power plant that works with the burning of
garbage, which has an installed capacity of 1.6 MW and a helpful power of 1 MW [42]. This
situation, combined with the variable costs of fuel and the transport high prices, serves as
an incentive for companies and communities to seek new energy alternatives.

On 17 July 2018, the Colombian government delivered the new desalination system
and treated water line for the neighbourhoods of La Loma, El Cove and San Luis, at San
Andrés Island, which facilitates the supply of treated water in the communities of this
sector and avoids that emergencies occur due to the shortage of water in times of drought.
The work had a total initial investment of 4.2 million dollars, and the plant can treat 25 L of
water per second, enough to benefit more than 23,000 inhabitants [43].

It is convenient to study more thoroughly the possibilities offered by an OTEC plant
for the San Andrés Island since not only can the natural resources available be used
to generate electricity, but in addition, OTEC plants can convert seawater into potable
water at a cost similar to that of a conventional desalination plant [44]. This last one
would be quite beneficial for the island population because it would help to supply this
indispensable resource.

2.2. Ocean Thermal Energy

OTEC is a type of renewable energy that uses the ∆T between the surface and deep
layers of the sea to move a thermal machine and produce valuable work, usually in the
form of electricity [12]. On the other hand, the oceans cover more than 70% of the earth’s
surface, and by absorbing heat, it can store a large part of the energy emitted by the sun.
In this sense, using a small portion of this stored energy could meet the energy needs of a
country [45]. The water column temperature in the Colombian Caribbean depends on the
origin of the water masses from different latitudes, such as the North or Central Atlantic,
and the contribution of the great rivers of the southern Orinoco and Amazon. Each mass
of water has a characteristic temperature, salinity, and density [46]. In the Colombian
Caribbean, three thermal layers can be differentiated in the water:

1. The surface is between 0 and 100 m deep and has a temperature between 25 ºC and
30 ºC all year round.

2. The intermediate one is between 100 and 1000 m deep and is a thermal barrier between
the upper and lower.

3. The depth is more than 1000 m deep, where the temperature gradually drops to 4 ºC.

In an OTEC system, the cycle efficiency is directly related by the ∆T [47]. The larger
the ∆T is, the higher efficiency obtained. OTEC systems should be located close to shore to
reduce the transmission costs of the electricity generated [14].
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2.2.1. OTEC Cycles

Surface water heats a liquid using a heat exchanger, transforming it into steam, which
drives a turbine that generates electricity. The cycle cools the steam with another heat
exchanger in deep water, restarting the generation cycle. Currently, the primary cycles
are open, closed or hybrid. In an open cycle OTEC system, the hot water found on
the surface is taken to a vacuum chamber using a vacuum pump, which operates at a
maximum of 3% of atmospheric pressure [48]. The water evaporates rapidly through
this pressure drop, and the expanding steam drives a low-pressure turbine connected
to an electric turbine. An advantage of this cycle is that the steam leaves the minerals
in the vacuum chamber, producing desalinated water, which can be used depending on
its physical-chemical characteristics for water for human consumption or irrigation [49].
Closed cycle OTEC systems, on the other hand, use refrigerant, which is heated directly by
heat from surface water; the evaporated refrigerant drives an electric turbine and is cooled
in deep water. The main advantage of this cycle is lower construction and operation costs;
however, it requires more outstanding care in the handling of the refrigerant; it should
be noted that the closed cycle does not produce desalinated water [50]. The hybrid cycle
contains characteristics of both the open-loop and the closed-loop. In this case, the water is
taken through a pump to a vacuum chamber to be evaporated. The water vapour heats
a refrigerant that activates an electric turbine; the water vapour is condensed in a heat
exchanger located in deep water. The hybrid cycle has desalinated water as an indirect
product [51].

2.2.2. Desalinated Water as a Derived Product

An advantage of OTEC systems is the possibility of generating desalinated water. For
example, a 1 MW hybrid OTEC system can produce around 4500 m3/day of desalinated
water [52]. However, it should be noted that the cost of producing desalinated water by
this method is comparable to standard desalination plants [48].

OTEC systems can be a solution to both the water and energy needs of San Andrés
Island. However, the implementation costs are high. Considering that the Island has
limited financial resources, it is necessary to carry out a financial assessment that serves
as a starting point when implementing a size project to ensure its long-term viability and
profitability. This work is aimed at contributing to this point.

3. Methodology to Perform the Economic Analysis

The proposed methodology is divided into three parts: first, selecting a location for the
system; second, a power plant’s technological description and third, an economic analysis,
which are described below.

3.1. Methodology Used in the System Location

The OTEC system’s location selection aims to determine the place to settle the plant
and select if an onshore or offshore installation is carried out. Bathymetry and temperature
differences at San Andrés Island, along with the best location selection are presented.
To this end, environmentally data collected from NASA are used. Then, the differential
temperature between the sea surface and the 1000 m depth around San Andrés Island is
obtained. Next, bathymetry is performed at 7 points on the island, and the point with the
most appropriate profile is selected according to [14].

3.2. Power Plant’s Technological Description

The power plant’s technological description is introduced to perform its economic
analysis. To this end, various software will be used to simulate the operation of an OTEC
power plant at San Andrés Island, understand its benefits and obtain its technical charac-
teristics. Google Earth for the positioning of the plant, Autodesk Inventor for the 3D sketch
and Cadesimu for the electrical circuit.
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The technical conditions of the OTEC system are defined, and it should be clarified
that simplifications are made to obtain an overview of the implementation. The energy
model, the sketch of the power plant, the electrical transfer scheme, and the emissions
analysis are provided in this step.

3.3. Economic Analysis

Finally, the economic analysis is carried out for two scenarios, namely, without and
with potable water production, based on the particular characteristics designed in the
previous items. The economic viability is based on two analyses.

3.3.1. Cash Flow Analysis of the Project

The project’s cash flow analysis is made with RETScreen, which calculates and anal-
yses variables associated with the project, being these either technological, economic or
environmental. The information that must be supplied to the software is as follows:

• It is taken from its database based on location, parameters such as temperature, relative
humidity, precipitation, atmospheric pressure, wind speed, and daily solar radiation.

• Type of installation (type of generation)
• Turbine Specifications: steam flow, operating pressure, temperature, efficiency, genera-

tion capacity.
• Initial and annual costs
• Transmission and distribution losses
• Financial parameters: 3% of the inflation rate, project lifetime of 30 years, a debt ratio

of 50%, debt interest rate of 3%, debt duration of 15 years.
• Meteorological parameters correspond to the particular location, such as temperature,

relative humidity, precipitation, atmospheric pressure, wind speed, and daily solar
radiation. These parameters are taken from the RETScreen database.

The parameters specifying the above characteristic are provided in the technical
description of the system in Section 4.2.

3.3.2. Levelized Cost of Energy (LCOE)

The LCOE can be used to assess the economic viability of energy projects. The LCOE
can be interpreted as the minimum average price at which the generated electricity should
be sold (throughout its useful life) to reach a similar cost to other energy projects. All ex-
penses associated with the project must be considered [35,53]. It can be calculated using
Equations (1) and (2).

LCOE =
CRF · CAPEX + OPEX

Et
(1)

with

CRF =
i · (1 + i)N

(1 + i)N − 1
(2)

and:
CAPEX: capital expenses.
OPEX: operational expenses.
Et: produced electricity in year t.
CRF: capital recovery factor.
N: project lifetime
i: interest rate.

4. Results
4.1. OTEC System Location

Initially, selecting an appropriate place to locate the OTEC facility is discussed. Ac-
cording to NASA data presented in Table 1, San Andrés Island has the appropriate sea
and weather conditions to host an OTEC facility. Table 1 presents the air temperature
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(AT), relative humidity (RH), daily solar radiation (DSR), wind speed (WS) and earth
temperature (ET).

Table 1. Climatological data of San Andrés Island, average of the last ten years. Source NASA.

Month
AT RH DSR WS ET
(°C) (%) (kWh/m2/d) (m/s) (°C)

January 26.6 75.0 5.4 7.6 27.3
February 26.3 75.0 6.1 7.2 27.0

March 26.1 75.8 6.9 6.7 27.1
April 26.4 78.0 7.0 6.0 27.6
May 26.7 82.8 6.1 4.9 28.1
June 27.0 83.9 5.4 5.1 28.3
July 2.0 82.5 5.5 5.9 28.0

August 26.9 83.5 5.6 5.1 28.4
September 26.8 84.5 5.4 4.1 28.8

October 27.0 82.7 4.9 4.3 28.9
November 27.2 79.0 4.6 5.6 28.5
December 27.1 76.0 4.7 7.4 27.8

Anual 26.8 79.9 5.6 5.8 28.0

The main requirement to meet is the condition ∆T ≥ 20 ◦C between the surface and
deep layers of the ocean. Conveniently, the ∆T is achieved as superficially as possible to
minimise the water pumping cost.

It can be seen in Figure 1 that the ∆T at San Andrés Island is greater than 20 ◦C
throughout the year, between the surface and 1000 m depth. In the period of highest
temperature, which occurs in September, it is observed that the ∆T is around 22.5 ◦C. In
the season of lowest temperature, which occurs in March, the ∆T is around 20 ◦C. It should
be noted that the blank spaces in Figure 1 mean that the depth is less than 1000 m in those
places. Consequently, it is convenient to select locations for the OTEC facility where the
access to 1000 m depth is easy. To this end, the bathymetry of the San Andrés Island is
presented in [14].

Figure 1. Differential on water temperature between surface and 1000 m depth around San Andrés
Island on March (left) and September (right).
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Figure 2 shows the bathymetric profile for seven points at San Andrés Island. The seven
points selected are Airport, Barrio Obrero, Hans Dive Shop, La Loma, Playa Rocky Cay,
San José, and Tana. The specific location of these points can be found in [14]. The bathy-
metric and temperature conditions of the seven points are presented in Table 2. Where
sizemp is the distance from the coast to where the platform break is generated, depthpb is
the depth where the platform break starts, distance f c is the distance from the coast to reach
1000 m depth, ∆Tmin is the minimum temperature differential and ∆Tmax is the maximum
temperature differential. It can be seen that the maximum width is around 4 km.

Figure 2. Bathymetric profiles around San Andrés Island, showing how high depths are reached near
the coast.

Table 2. Continental platform break in 7 points of San Andrés Island.

Cities
sizemp depthpb distance f c Slope

∆Tmin ∆Tmax
(km) (m) (km) (°C) (°C)

Aeropuerto 3.27 −39.52 7.85 165.46 19.88 22.38
Barrio Obrero 3.94 −58.74 8.00 191.21 19.97 22.49

Playa Rocky Cay 3.29 −36.39 8.75 160.34 19.94 22.40
San José 1.01 −41.37 10.32 59.48 20.03 22.40

Hans Dive Shop 0.42 −38.64 2.68 403.53 19.91 22.25
La Loma 0.75 −113.16 3.18 298.73 19.91 22.26

Tana 0.35 −43.86 2.49 324.77 19.91 22.24

Based on the climatological data, the San Andrés Island has an ideal temperature to
implement an OTEC plant, in addition to the other necessary characteristics, such as a
short distance between 1000 m deep and the coast, with a steep slope and a seabed without
many reliefs, the location must have low waves (height less than 3.7 m), and ocean surface
currents less than 1.5 m/s, and a low incidence of natural phenomena such as storms,
earthquakes, hurricanes, among others [54].

It is concluded that the best location for the OTEC facility is at Tana Point, at coordi-
nates 81º44′ W and 12º29′ N. Tana presents the 1000 m depth at 2.49 km; another advantage
is that the slope decreases rapidly from the break in the platform at 0.35 km until the
first kilometre. After that, it descends gently, being an advantage when establishing the
mooring system. On the other hand, the ∆Tmin is 19.91 ◦C, and the ∆Tmax is 22.24 ◦C, being
an ideal temperature for the optimal efficiency of an OTEC system. Therefore, this will be
the location chosen to analyse the economic feasibility of the OTEC plant.

4.2. Technical Conditions of the OTEC System

The technical conditions of the proposed system are described below.
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4.2.1. Development of the Energy Model

According to the calculations made in [55], they determined that about 4 m3/s of
surface water and 2 m3/s of deep water are required with ∆T ≈ 20 ◦C for each MW of net
electricity generated. An average speed of around 2 m/s is required for the seawater to
circulate through the pipes from deep water to the surface; in this way, pumping losses
more significant than 30% of the gross power are avoided [56]. Taking as a reference [57],
which states that 10% of the steam that enters the turbine can be converted into desalinated
water, this value is taken as a reference point in the calculations presented here.

An open-cycle OTEC of 2MW is chosen for the design, representing approximately
9.4% of the yearly electricity demand at San Andrés Island (160–187 GWh/year). Table 3
shows the variables used in the energy model.

Table 3. Summary of the variables with their respective values calculated for a 2 MW OTEC.

Symbol Quantity Values Units

HWF Hot water flow 8 m3/s
CWF Cold water flow 4 m3/s
WS Water speed m/s

IDHWP Internal diameter of hot water pipe 2.25 m
IDCWP Internal diameter of cold water pipe 1.59 m

SFT Steam flow in the turbine kg/s
MFDW Mass flow of desalinated water 9.37 kg/s
DWF Desalinated water flow L/s

Equations (3)–(10) present the calculations for the energy model; it should be noted
that these calculations are based on recommendations made by [55]. The values were
adjusted to meet the 2 MW objective of the proposed plant.

HWF = 4 m3/s · 2 = 8 m3/s (3)

CWF = 2 m3/s · 2 = 4 m3/s (4)

WS = 2 m/s (5)

IDHWP =

√
4 · 8 m3/s
2 m/s · ß = 2.25 m (6)

IDCWP =

√
4 · 4m3/s
2 m/s · ß = 1.59 m (7)

SFT = 8 m3/s · 1000 kg/m3 · 1.17% = 93.75 kg/s (8)

MFDW = 93.75 kg/s · 10% = 9.375 kg/s (9)

DWF = 9.37 L/s (10)

In Figure 3, it can be seen the system sketch, along with the amounts of water in both
liquid and gaseous states, which are calculated for each processing part. Table 4 presents
the values calculated in the RetScreen software, taking into account the thermodynamics of
a steam turbine [58]. A 2 MW plant can produce up to 15.8 GWh/year.
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Figure 3. A schematic diagram showing values for an open-cycle OTEC system of 2 MW.

Table 4. Operating Specifications for Steam Turbine.

Item Unity Value

Avaliability 90.0% 7884 h
Steam flow kg/h 337.50

Operating pressure kPa 3.00
Saturation temperature ◦C 23.00

Steam temperature ◦C 28.00
Back pressure kPa 1.00

Steam turbine efficiency % 22.00
Actual steam rate kg/kWh 166.88
Power capacity kW 2.02

Electricity exported to grid MWh 15.95
Electricity exported rate MWh 166.67

4.2.2. Sketch of the Power Plant

Due to the island’s conditions, an offshore floating OTEC is chosen. An offshore
installation is selected instead of an onshore one since San Andrés Island has a high
density and limited onshore space. On the other hand, the 1000 m depth is obtained near
the coast, reducing transmission costs to the coast of both the electrical energy and the
water produced. By the calculations shown above, the pipes’ sizes and the plant itself are
dimensioned. A preliminary design is created and shown in Figure 4.

4.2.3. Electrical Transfer Scheme

Since many companies and businesses have diesel plants, these could continue to be
used if the OTEC plant needs to stop for maintenance or it cannot provide the required
energy. For these cases, the electrical design is presented in Figure 5.

This transfer circuit would allow switching between the OTEC and the Diesel genera-
tion to the grid. The change occurs automatically when the power of the OTEC network is
not available, in which case it will take eight seconds, and the backup system will be acti-
vated. When the OTEC power returns, the backup system will be automatically deactivated,
eight seconds will pass, and the central system will re-enter.
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Figure 4. A layout for 2 MW OTEC floating device.

Figure 5. Electrical transfer circuit. In case of a failure, the electric transfer circuit is in charge of
switching between energy coming from the OTEC to a backup diesel plant.
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4.2.4. Analysis of Emissions

The emissions analysis gives a favourable result for the OTEC plant since, if it compares
the same generation of energy made with the existing diesel plants, an annual reduction of
2404 tons of CO2 can be obtained, equivalent to 1,032,932 L of gasoline not consumed.

In Table 5, it can be seen the broken down of this data, all of them calculated using
the RetScreen software by using statistical data on the production of greenhouse gases in
power generation plants.

Table 5. Emissions analysis. Net annual GHG emission reduction 2404 tCO2 is equivalent to
1,032,932 L of gasoline not consumed.

Base Case Electricity System (Baseline)

GHG emission GHG
factor T&D emission

(excl. T&D) losses factor
Country-region Fuell type tCO2/MWh % tCO2/MWh

Colombia All types 0.15 L 12.3 0.17

GHG emision reduction summary

Gross annual Net annual
Base case Proposed case GHG GHG

GHG GHG emission emission
emission emission reduction reduction

tCO2 tCO2 tCO2 tCO2

Power project 2741.7 337.2 2404.5 2404.50

4.3. Result of Economic Analysis

Apart from generating electricity, the OTEC power plant offers another essential
advantage: potable water production. In this paper, two possible scenarios for the OTEC
plant at San Andrés Island are examined, the first is without potable water production, and
the second is if potable water is produced and sold as a public service.

In both cases, an initial investment of 50% of the total project value is assumed by
the company that builds the OTEC system, while the other 50% is requested from exter-
nal financing with a 15-year loan. According to the current OTEC plants, it is estimated
that the cost of construction of one of these plants is, on average, USD 15,000 per kW,
without counting the transmission lines or the adjustments that must be made to the ter-
rain. It should be noted that the economic data for the construction of the plant and the
energy production itself were taken based on the OTEC built by the Natural Energy Labo-
ratory of Hawaii Authority (NELHA) [59], also taking into account importation costs and
Colombian labour.

4.3.1. Scenario 1: Without Production of Potable Water

Table 6 presents the information from the financial analysis. In this case, the total initial
cost is USD 39,245,257 and has an annual cost of USD 1,528,675 for salaries, maintenance
and payments for the external financing. The only income is the sale of electric energy,
approximately 15,945 MWh per year, which generates an average annual income of USD
2,657,472. Figure 6 shows the behaviour of the cash flow of scenario 1. The project starts to
be profitable after year 13; then, the profit exceeds the annual costs.
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Table 6. Initial and annual costs, and annual income, for Scenario 1.

Project Costs and Saving/Income Summary

Initial costs

Feasibility study 2.5% $1,000,000
Engineering 12.7% $5,000,000

Power system 79.9% $31,376,435
Balance of system & misc. 4.8% $1,868,822

Total initial costs 100% $39,245,257

Annual costs and debt payments

O&M $220,500
Fuel cost-proposed case 0
Debt payments-15 years $1,308,175

Total annual costs $1,528,675

Annual saving and income

Electricity export income $2,657,472

Total annual saving and income $2,657,472

Figure 6. Return on investment, and long-term cash-flow, for Scenario 1.

Using Equations (1) and (2) a LCOE of 0.22 USD/kWh is obtained for scenario 1.
Despite this value may be slightly high compared to [35], whose LCOE is around 0.2
USD/kWh, it is observed that the proposed system has a cost of 36% lower than diesel
production, which at this time is around 0.3 USD/kWh. Consequently, installing an OTEC
facility without desalination is economically viable on San Andrés Island.

4.3.2. Scenario 2: Potable Water as Public Service

In this case, the total initial cost is USD 42,395,257, as can be seen in Table 7. It is
more expensive than the first scenario because equipment must be purchased, and rooms
must be conditioned to convert the desalinated water into potable water (it is necessary
to adjust the pH to 7.7 and eliminate all types of pathogenic organisms by chlorination,
perchlorination or ozonation).
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Table 7. Initial and annual costs, and annual income, for Scenario 2.

Project Costs and Saving/Income Summary

Initial costs

Feasibility study 2.4% $1,000,000
Engineering 18.9% $8,000,000

Power system 74.0% $31,376,435
Balance of system & misc. 4.8% $2,018,822

Total initial costs 100% $42,395,257

Annual costs and debt payments

O&M $517.465
Fuel cost-proposed case 0
Debt payments-15 years $1,413,175

Total annual costs $1,930,641

Annual saving and income

Electricity export income $2,657,472
Other income (cost) - 30 year $295,492

Total annual saving and income $2,952,964

The annual cost is about USD 1,930,641 for salaries, maintenance, payments to the
bank, and potable water production. It has two incomes:

The sale of electric energy, approximately 15,945 MWh per year, which generates an
average annual income of USD 2,657,472.

The sale of potable water as public service, approximately 295,492 m3 per year, with a
standard price of 1 USD/m3. It represents an additional annual income of USD 295,492.

The two incomes add up to an annual total of USD 2,952,964. The project starts to be
profitable after year 15. After that, some profits greatly exceed the annual costs, as shown
in Figure 7.

Figure 7. Return on investment, and long-term cash-flow, for Scenario 2.

For scenario 2, the LCOE obtained is 0.26 USD/kWh, which remains competitive
concerning diesel production and makes installing an OTEC facility with desalination
economically viable at San Andrés Island.
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5. Conclusions

San Andrés Island has the ideal condition for the location of an OTEC power plant
since it meets all the technical and environmental conditions required, and a power plant
of this type would bring significant benefits to the island, such as an electrical system more
ecological, economic and stable, together with a more continuous potable water service.

The results show that the operation of an OTEC plant at San Andrés can be viable.
Of course, it requires a high initial investment, but given that it is a clean technology that
does not consume fuels and that can cogenerate associated products, in the long term, the
investment can be recovered and eventually give benefits.

However, it must be taken into account that the values obtained in this paper are based
on a theoretical analysis; these values would change when implementation is carried out
since it is possible that environmental factors and the type of soil, among others, impact
the costs of the plant. In this sense, it is recommended to carry out more detailed studies
regarding the installation and moorings costs in different parts of the island, which may
be lines of future research. However, the analysis performed in this work provides the
positive overall conclusion that it is worthy to seriously explore the installation of such a
facility in San Andrés since the system is economically feasible.
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