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Abstract: Small Island Developing States (SIDS) face energy security challenges due to
reliance on imported fossil fuels and limited land for renewable energy. This study evaluates
the techno-economic feasibility of integrating Ocean Thermal Energy Conversion (OTEC)
and Seawater Air Conditioning (SWAC) systems as a sustainable solution. The research
focuses on (1) developing a scalable onshore OTEC-SWAC system and assessing feasibility
across 32 SIDS using 20 years of oceanic and atmospheric data, (2) analyzing key system
parameters such as pipeline length, pump sizing, and cooling requirements and their
effect on capital cost, and (3) developing a scalable cost estimation model for Levelized
Cost of Energy (LCOE) predictions. The techno-economic analysis reveals that 30 of the
32 SIDS are technically feasible for OTEC power generation with a temperature gradient
of 20 ◦C. The proposed system is economically feasible in 23 of the SIDS with a calculated
average LCOE of 0.16 USD/kWh, which is 67% lower than the diesel LCOE, which is on
average 0.46 USD/kWh, making it a cost-competitive alternative. The developed reduced
form of the model enables scalable LCOE calculations based on pipeline length and ocean
temperature differentials, aiding policymakers in decision-making. By reducing fossil fuel
dependency and supporting green tourism, this study provides actionable insights for
sustainable energy adoption in SIDS.

Keywords: ocean thermal energy conversion technology; seawater air conditioning; small
island developing states; renewable energy

1. Introduction
Small Island Developing States (SIDS) face unique challenges in meeting the United

Nations Sustainable Development Goals (SDGs), a set of 17 objectives adopted by member
states to guide global action imperative to achieve decarbonization and energy access
into concrete policy mandates and financial incentives in renewable energy markets. In
particular, SIDS struggle with climate change (SDG 13) and energy security (SDG 7) due
to their ecological fragility, geographical isolation, and limited capacity for industries to
achieve economies of scale [1]. These factors increase transportation and infrastructure
costs, intensifying dependence on imported fossil fuels to meet local energy demands [2].
This reliance, coupled with climate change impacts, strains their economies, ecosystems,
and energy infrastructure [3]. Rising sea levels and intensified weather events threaten
coastlines and tourism-driven economies, heightening the urgency for resilient, sustainable
energy solutions [4].
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While tourism provides the backbone of the economy, there is a significant trade-off
between SDG 8 (economic growth) [5] and SDG 7 (affordable energy), as energy demand
fluctuates with tourism. Transitioning to local and cleaner renewable energy is essential
not only for mitigating environmental impacts but also for reducing economic vulnera-
bility and enhancing energy self-sufficiency [2], thereby achieving the targets of SDG 7.
Ocean Thermal Energy Conversion (OTEC) and Seawater Air Conditioning (SWAC) offer a
promising pathway, particularly for island nations.

OTEC utilizes the natural thermal gradient between warm surface water and cold deep-
ocean water to generate continuous renewable electricity [6], offering a global potential
estimated at 10.2 TW [7,8]. However, widespread adoption remains limited due to technical
and financial barriers, including the need for high volumes of seawater [9], significant
capital investment, and perceived investment risk [10]. This study focuses on improving
the economic viability of the OTEC technology and provides a geographically dependent
economic viewpoint.

Standalone OTEC research has made incremental progress through demonstration
facilities reaching up to 1 MW offshore barges [11] and two onshore pilot plants of 100 kW
in Hawaii and Japan [12]. Most techno-economic assessments to date have focused on
large offshore OTEC systems [13–15], while onshore designs—despite offering infrastruc-
ture simplification and operational advantages—are often constrained to small capacities
(<1 MW) [16,17]. The small temperature difference between the deep-ocean water and
surface ocean reduces OTEC cycle efficiency, prompting research into improving the plant’s
thermal cycle [18,19] and resulting in advanced thermodynamic cycles, such as the Kalina
cycle [20], Uehara cycle [21], and hybrid cycles, that utilize dual-pressure Rankine cy-
cles [22]. Research has also explored increasing the temperature differential by integrating
solar [23] and waste heat recovery [24] for improving OTEC efficiency.

Additionally, hybrid systems that utilize OTEC byproducts have gained traction. For
instance, deep-ocean water (DOW) can be used for desalination [25] and SWAC [26], both
of which enhance system efficiency and lower the effective cost of energy, as demonstrated
in a Maldives case study [27]. SWAC—already commercially deployed in multiple regions,
including Hawaii, Bora Bora, and French Polynesia [28]—offers an especially viable appli-
cation of DOW for space cooling, a major energy use in tourism. While substantial research
exists on standalone OTEC and SWAC systems, the techno-economic viability of combined
OTEC–SWAC systems remains underexplored, with studies citing SWAC as a conceptual
cost offset for OTEC without presenting detailed thermo-economic models or quantifying
savings [29–31]. These combined systems align with broader efforts to improve hybrid
OTEC configurations [30] and enhance profitability by leveraging multiple revenue streams
from DOW applications [25]. Rigorous modeling of such multi-product schemes therefore
remains a critical research gap.

Addressing this knowledge gap of large, scalable onshore OTEC plants with combined
SWAC systems is important, as onshore OTEC systems provide the benefit of simplified
infrastructure development by avoiding complex offshore platforms and mooring of their
offshore counterparts. It also enables easier maintenance and increased reliability with less
exposure to corrosive environments. Moreover, onshore OTEC systems are less vulnerable
to extreme climates, such as hurricanes, giving increased resilience compared to offshore
plants. In a sense, this technology offers the potential to unlock the use of a seemingly
renewable resource (ocean water) for energy generation that directly aids in sustainable
energy generation (SDG 7) and provides a climate-resilient design (SDG 13).

However, conventionally onshore plants are seen to be too expensive due to the long
cold water pipe requirements [32], and the implementation of large-scale onshore systems
introduces new questions, especially for SIDS:
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What are the technical design requirements for implementing OTEC-SWAC systems
in different SIDS locations? How do location-specific parameters affect the technical design,
and what economic impact do they have? Are all SIDS technically and economically
compatible with OTEC technology?

These questions have become increasingly relevant as international institutions advo-
cate ocean-based solutions in SIDS. As custodians of vast oceanic territories within their
exclusive economic zones reaching over 30 million km2 [33], SIDS are well-positioned
to leverage these technologies. The SIDS Lighthouses Initiative by IRENA has actively
promoted OTEC, featuring case studies from pilot systems in Martinique, Réunion, and
the Maldives [34]. From COP21 to COP28, SIDS delegations have repeatedly emphasized
the need to include ocean-based climate solutions—such as OTEC—as part of the global
climate mitigation strategy [35] to achieve targets of SDG 13.

In response to these needs and opportunities, this study aims to evaluate the techno-
economic feasibility of OTEC-SWAC systems in SIDS, addressing both their technical
performance and economic viability through comprehensive feasibility analysis and cost
modeling using location-specific parameters. Specifically, this research:

1. Develops a scalable onshore OTEC-SWAC system and assesses the feasibility of
system integration across 32 SIDS using 20 years of region-specific data, identifying
their potential for renewable energy generation and sustainable tourism.

2. Analyzes key system parameters, such as pipeline length, pump sizing, and cooling
requirements, and their influence on Levelized Cost of Energy (LCOE).

3. Develops a reduced form of the cost estimation model, enabling adaptable cost
predictions based on location-specific factors.

This addresses an important knowledge gap in the literature, as scalable onshore
OTEC systems are yet to be studied, and the use of onshore systems allows for easy
incorporation of deep-ocean water applications, creating additional revenue, which is
crucial for mitigating financial risks attached to OTEC systems. The result from this study
provides actionable insights for policymakers, engineers, and developers in project design,
scaling, and site selection of onshore OTEC-SWAC systems.

2. Literature Review
2.1. OTEC Technology and Technical Performance

OTEC is a renewable energy technology that harnesses the thermal gradient between
surface ocean water and deep-ocean water to generate electricity. It is estimated to be viable
over 100 million km2 of tropical oceans, requiring a minimum temperature differential
of 20 ◦C to operate efficiently [16]. OTEC systems are broadly classified into three types:
closed-cycle, open-cycle, and hybrid-cycle, each offering distinct operational advantages.

In a closed-cycle OTEC system, a low-boiling-point working fluid such as ammonia,
propane, or Freon-type refrigerants is vaporized using the heat from surface ocean water.
The generated vapor drives a turbine to convert thermal energy into mechanical energy,
which is subsequently converted into electrical power. The vapor is then condensed using
deep-ocean water and recirculated within the system [36]. In contrast, open-cycle OTEC
utilizes seawater itself as the working fluid. Warm surface ocean water is pumped into
a low-pressure evaporator where it vaporizes into steam, which then drives a turbine
to generate electricity. As an added advantage, this steam is later condensed into fresh
water, making open-cycle OTEC particularly attractive for island nations facing potable
water shortages. The hybrid-cycle OTEC system combines aspects of both closed- and
open-cycle approaches by first evaporating surface ocean water into steam, which then
heats a working fluid in a secondary closed loop, improving overall energy efficiency.
Recent hybrid concepts raise the effective temperature lift—and boost net efficiency by up
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to 50%—either by coupling solar-thermal collectors to the evaporator [23] or by optimally
cascading industrial waste heat into the Rankine cycle at optimum pressure levels of
11 bar [24], while parallel studies redirect OTEC by-products into high-value applications
such as aquaculture and seawater-cooled agriculture [25]. While the theoretical feasibility
of OTEC has long been established, its commercial deployment remains limited due to
high capital costs, technological challenges, and economic risks. These barriers have
impeded widespread adoption despite significant advancements in system design and
efficiency improvements.

2.2. OTEC Cost Drivers and Economic Performance

The financial viability of OTEC plants is influenced by multiple factors, including
plant location, plant type (onshore or offshore), plant size, and technological innovations.
A major cost consideration is the installation and maintenance of cold-water intake pipes,
which must extend between 800 and 1000 m in depth with diameters reaching up to 40 m.
These pipes can account for nearly 50% of the total capital cost of an onshore OTEC plant,
posing a significant economic challenge for onshore facilities [37]. Offshore OTEC plants,
while eliminating the need for long intake pipes, introduce additional complexities related
to platform motion, hydrodynamic coupling effects, and structural stability in dynamic
ocean environments. The cost of floating platforms is substantial, but recent studies suggest
that fixed offshore structures could help mitigate expenses [38].

Beyond infrastructure costs, seawater temperature differential (∆T) plays a crucial role
in determining OTEC’s cost efficiency. Locations with higher ∆T values yield greater power
output, with increases of 4 ◦C increasing the net power output 1.51 times, thereby reducing
the levelized cost of electricity (LCOE), which has been estimated to range between 0.15 and
0.46 USD/kWh depending on site conditions [32,39]. Additionally, several financial models
suggest that scaling up OTEC operations and improving technological learning curves
could drive substantial cost reductions. In the case of Indonesia, for instance, investment
projections indicate that a large-scale OTEC deployment could achieve a net present value
of up to USD 23 billion for a 45 GW plant, making it a potentially profitable venture with the
right financial structuring [40]. Table 1 summarizes the estimated capital costs for different
OTEC plant configurations. These values illustrate the cost variations depending on plant
size, system type, and technology choices, particularly in terms of heat exchangers and
the inclusion of desalinated water production [32,41]. Installation and assembly expenses
further contribute to overall project costs.

Table 1. Estimated capital cost of OTEC plants. Data obtained from [32,41]. Note: Costs per kW
vary based on specific technology choices, particularly the heat exchangers, and whether desalinated
water production is included in the calculation. These costs do not include installation and assembly,
which add a significant amount to the overall project cost.

Plant Type Size Capital Cost
(Millions USD) Cost per kW (USD)

Closed-Cycle OTEC 10 MW 286.3 21,606–27,012

Closed-Cycle OTEC 50 MW 886.9 11,223–16,578

Open-Cycle OTEC 10 MW 378.4 33,962–35,697

Open-Cycle OTEC 50 MW 1308.6 22,722–24,459

Onshore Open-Cycle OTEC 1.36 MW 42.8 31,471

Table 1 reveals clear cost hierarchies among the OTEC plant configurations. The
closed-cycle plant ship is the most economical as it avoids the large vacuum pumps and
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low-pressure turbines that raise open-cycle capital costs. Upscaling to 50 MW roughly
halves specific capital costs for both cycles by diluting fixed platform, mooring, and
installation expenses, bringing the LCOE of the closed-cycle 50 MW OTEC plant to
0.20–0.28 USD/kWh, approaching diesel parity in many SIDS, while 10 MW units remain
suited to premium off-grid or hybrid desalination markets. Onshore plants demonstrate
the highest cost intensity, dominated by intake piping; their feasibility therefore depends
on monetizing DOW byproducts.

To improve the economic feasibility of OTEC, several studies have explored integrat-
ing the technology with other industries that benefit from the use of deep-ocean water,
such as aquaculture, desalination, and seawater air conditioning (SWAC). This approach
allows for shared infrastructure costs and diversified revenue streams, making OTEC
projects more financially viable [32]. The concept of integrated ocean ecoparks has been
proposed as a strategy to accelerate OTEC commercialization by creating synergies between
renewable energy production and resource-efficient industries [31,42]. However, while
these studies highlight the potential economic benefits, they primarily rely on qualitative
assessments and lack empirical financial evaluations necessary for large-scale investment
decision-making. Existing techno-economic analyses of OTEC and deep-ocean water uti-
lization have predominantly focused on power generation and water desalination, as seen
in [6,43,44], with low-temperature thermal desalination emerging as the least energy-
intensive method [45]. The data-driven approaches used in [46,47] that link high-resolution
climate records with coastal geography are directly transferable to onshore OTEC and
SWAC technoeconomic analysis.

2.3. OTEC-SWAC Use in SIDS

Tourism-driven SIDS pay some of the world’s highest electricity tariffs, and hotel
cooling alone can consume 45–55% of total power use on popular Caribbean and Pacific
islands [48], as energy use in hotels and resorts averages between 25 and 284 MJ per guest
per night [49]. SWAC systems that draw 5–10 ◦C deep-ocean water slash that demand
by 70–90%, as demonstrated by the 2.4 MW installation at The Brando resort, which cut
annual diesel use by 1 GWh [50]. Existing studies of SWAC have currently focused on
the coefficient of performance [50] and estimating monthly flow rates through numerical
models [51,52]. Pairing SWAC with an onshore OTEC plant converts the same intake pipe
into a dual-revenue asset—electricity plus chilled water—raising capacity factor–weighted
revenues by 25–40% in recent exergo-economic simulations [53].

In summary, OTEC can provide stable baseload renewable energy generation. How-
ever, it faces challenges to commercialization due to high capital costs from long cold-water
pipes that need to access deep-ocean water and the lack of large-scale prototypes. Inte-
gration with other uses of deep-ocean water can reduce the economic risks and return
period, especially for onshore plants. This paper aims to conduct a technoeconomic
analysis of combined OTEC-SWAC systems to address the two chief barriers to OTEC
commercialization—high capital costs and single-product risk—while delivering SDG-
aligned cooling resilience to islands whose hospitality sectors are both carbon intensive
and economically vital.

3. Materials and Methods
This study develops a scalable, location-specific model for an onshore OTEC-SWAC

system tailored to the energy and cooling demands of tourist hotels in SIDS. The method-
ology comprises three components: (i) system design and thermodynamic modeling,
(ii) site-specific parameterization based on atmospheric, oceanographic, and bathymetric
data, and (iii) techno-economic assessment using the LCOE metric.
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3.1. Onshore OTEC-SWAC System Design

The proposed configuration couples a closed-loop saturated ammonia Rankine cycle
for electricity generation with a SWAC system that utilizes post-condenser cold deep-ocean
water for space cooling and follows the conceptual design in Figure 1. The model utilizes
a saturated closed organic Rankine cycle for the OTEC power generation cycle as used
in [54]. The modeled cycle consists of four main parts: the working fluid pump, which
pumps the working fluid, ammonia, to the evaporator, where the warm surface ocean water
evaporates the ammonia; gaseous ammonia is then passed through the turbine, generating
electricity, and then flows to the condenser, where the cold deep-ocean water is used to
condense the ammonia; the liquefied ammonia runs through the working fluid pump
again to complete the cycle. It is assumed that during each enthalpy and entropy process,
complete evaporation and condensation of the working fluid is undertaken, as in the
studies [54,55]. Ammonia is chosen as a working fluid due to its favorable thermodynamic
efficiencies, reaching 4%, and cost-effectiveness compared to other refrigerants such as
Freon [56]. The net power of the OTEC system Wt,net,OTEC is calculated, as given in [54],
written as follows:

Wt,net,OTEC =
Wt,turb,gross

ηturb,el ∗ ηturb,mech
− Wt,pump,NH3 − Wt,pump,cw − Wt,pump,ww (1)

where Wt,turb,gross is the turbine gross power, Wt,pump,NH3 is the working fluid pump power,
Wt,pump,cw is the cold deep-ocean water pump, Wt,pump,ww is the warm surface ocean water
pump power, ηturb,mech, and ηturb,el is the mechanical and electrical efficiency of the turbine.
The sizes of these pumps are based on the mass flow of the cold and warm ocean water (as
calculated from the equation in Table A1), which subsequently determines the volume of
the intake pit.

 

Figure 1. Conceptual diagram of modeling structure.
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The onshore OTEC system modeled in the study uses a direct deep-ocean water siphon
system as used in OTEC pilot plants in the Natural Energy Natural Energy Laboratory
in Hawaii (NELHA) and in Kumejima, Japan. The pipe is laid from 1000 m depth to an
intake pit placed 5 m below the low tide sea level to maintain the pressure difference for
the siphon effect. The length of the pipeline is determined using the Haversine formula
and estimated with the shortest distance to the shore, assuming a 1000 m depth. The flow
rate for the pit Qwell cw/ww and the estimated length of the pipe are used to determine
the diameter dcw/ww of the siphon pipe from the following equation adapted from the
Bernoulli equation.

Qwell cw/ww
2 =

π2

8
Cd

2

(
g∆hdcw/ww

4 −
f Lpipev2dcw/ww

3

2

)
(2)

where Cd is the discharge coefficient taken at 0.6, g is gravitational acceleration, ∆h is the
effective head, f is the friction factor, Lpipe is the length of the pipe, and v the flow speed

determined by v = 4Q/
(

πdcw/ww
2
)

. This step is crucial, as the cold water pipe is one of
the costliest and most technically challenging components of the OTEC plant. Previous
studies of the OTEC system suggest pipe diameters of 10 m for large-scale plants [57,58].
Recent innovations in materials such as bimodal HDPE (PE4710) have allowed for pipes
with improved crack growth [59], improving the pressure resistance. This, combined
with advances in manufacturing, allows for larger pipe diameters of 4 m and above to
be used in OTEC applications [32,60]. However, for practicality, this study will assume
a maximum diameter of 8 m, with additional pipes added to accommodate additional
water requirements.

A heat gain analysis is conducted to estimate the temperature increase resulting from
the progressive warming of the outer water surrounding the pipe as it ascends to shallower
depths. The pipe is sectionalized into five parts as there is very small temperature change in
the seawater below the thermocline [61], and the heat gain is calculated for a high-density
polyethylene (HDPE) pipe using the equation below:

MCp∆T = U0 Ao[To − T1] (3)

where U0 is the overall heat transfer coefficient between the pipe segment and seawater,
Ao is the outer surface area, To is the outside temperature, T1 is the inlet temperature at
each section of the pipeline, M is the mass, and Cp is the specific heat capacity of deep-
ocean water.

The cold, deep-ocean water from the outlet of the OTEC condenser is then used
for the SWAC system, facilitating a cascade utilization of the deep-ocean water. The
cooling requirement is then estimated using cooling degree days (CDD) and the area of
the building. CDD measures the extent to which the atmospheric temperature exceeds
a given base temperature over a given period and is widely used in studies for cool-
ing demand measurements [62,63]. The base temperature for cooling requirements is
in line with the American Society of Heating, Refrigeration, and Air-Conditioning Engi-
neers’ recommended indoor range of 20–25 ◦C [64]. The SWAC system’s heat exchanger
size ASWAC and cooling water flow rate are then estimated. The equations utilized are
as follows:

Cooling Req. = 25 × CDD × Area(sq f t)× 1
COP

× 0.000293 (4)

ASWAC =
Cooling Req.

TlogUHX
(5)
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where CDD = ∑n
i=1
(
Tdi

− Tbi

)
is the average cooling degree days calculated from the daily

temperature Tdi
and the base temperature Tbi

taken over n number of instances over a
period, and COP is the coefficient of performance taken as 13 for SWAC systems [50]. Tlog is
log mean temperature and UHX is the heat transfer coefficient of the heat exchanger. In
this research, the IUPAC convention is used, which means that heat and work flowing
into the system are positive, while heat and work flowing out of the system are negative.
The values of the technical parameters used for the OTEC system calculation are obtained
from [54], and the SWAC system is given in [59]. The five equations presented in the main
text constitute the governing relations for (i) net electrical output of the Rankine cycle,
(ii) sizing of the seawater-intake pit, (iii) heat gain experienced by the DOW stream during
pipe transit, and (iv) heat transfer across the SWAC heat exchanger. All other auxiliary
expressions required by the simulation—e.g., seawater pumping power, fluid-property
correlations, and iterative pipe-wall heat-flux balances—are compiled in Appendix A,
Table A1. These additional equations accept DOW temperature, surface ocean water
(SOW) temperature, ambient air temperature, and pipe length as inputs and supply the
intermediate parameters that feed into the four primary relations. To maintain readability,
they are excluded from the main text; readers seeking the full mathematical specification of
the model should consult Table A1.

3.2. SIDS Specific Parametrization

To evaluate system feasibility in a real-world context, site-specific data were compiled
for tourism-intensive regions in SIDS. Areas with significant touristic appeal were first
identified to obtain location-dependent data. These areas were determined based on the
prevalence of hotels and accommodation, as evidenced by data from prominent hotel
booking platforms such as [65,66]. Upon identification of these locales, their respective geo-
graphical coordinates were utilized to obtain proximity to oceanic depths of approximately
1000 m by referencing global bathymetry charts sourced from the General Bathymetric
Chart of the Oceans (GEBCO) repository [67]. The seawater temperature data are then
identified based on these locations using temperature data acquired from the Copernicus
Marine Data repository [68]. The atmospheric temperature for measuring the cooling needs
is obtained from the National Oceanic and Atmospheric Administration [69], using the
nearest weather station to the touristic location.

The number of hotels differs between SIDS due to the difference in tourist arrivals,
focus of tourism, and ease of accessibility to the destination. However, to ensure analytical
consistency across all SIDS, a standardized model hotel is utilized. The model is defined
as 1000 rooms (40 m2 each, accommodating two guests per room) and amenities such as
restaurants and fitness centers, covering 20% of the guest room area. This configuration is
selected as urban city hotels feature 300–1500 rooms with amenities such as conference halls,
restaurants, fitness centers, swimming pools, and retail spaces. Typically, hotels consume
energy within the range of 200–400 kWh/m2/year [70], with energy usage per guest
ranging between 25 and 284 MJ per night [71]. At full occupancy, with an energy usage
rate of 284 MJ per guest per night, total energy consumption is estimated at 568,000 MJ
(or 157,790 kWh) per night, equating to a net power demand of 6 MW over an area of 48,000 m2.
While demand and hotel sizes may vary by location, this standardized model enables
comparable assessments of technical and economic feasibility across regions.

The compiled list of SIDS touristic areas, hotel density, closest 1000 m depth location,
average seawater temperature data over the past 20 years, and fuel prices are given in
Table 2. These data will be used for the calculation of the deep-ocean water pipe length, the
heat gain as the water travels through the pipe, and the technical specifications of a 6 MW
onshore OTEC-SWAC plant cooling an area of 48,000 m2.
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3.3. Techno-Economic Assessment

Following the site-specific technical analysis, the long-term economic viability of the
OTEC-SWAC system is evaluated using the LCOE metric. This approach accounts for
all capital, operational, and fuel-related expenses over the system’s lifetime and enables
comparison with conventional energy sources. The LCOE is calculated using the following
equation, adapted from [39]:

LCOE =
CAPEXtotal + ∑t

OPEXt+Fuelt
(1+r)t

∑
Electricity Generatedt

(1+r)t

(6)

where t is the project lifetime, and r is the discount rate. Total electricity generated through-
out the lifetime is based on the capacity factor, OPEX is the operational and maintenance
expense, and CAPEXtotal is the total capital cost of the plant. For simplicity and modular-
ization of the design, the CAPEX of the OTEC-SWAC system has been reduced to the main
components: turbine, pumps, heat exchangers, intake pit, seawater pipelines, and project
engineering. Assumptions for each cost element are listed in Table 3.

Existing technoeconomic analyses of large-scale OTEC systems predominantly ad-
dress offshore configurations [13,72–74] and provide scalable cost data for turbines, heat
exchangers, and pumps. However, the costs associated with intake pit construction and sea-
water pipe installation were derived from pilot-scale implementations at NELHA (Hawaii),
Kumejima (Japan), and a proposed plant in (India).

At NELHA, the intake system comprises a 1.0 m diameter HDPE pipeline connected
to a 10.8 m × 4.3 m × 7.5 m intake pit. The pit was excavated by blasting 30 feet into coastal
lava rock, housing pumps beneath a reinforced concrete slab below sea level to protect
against wave action. Twin 1.4 m diameter, 152 m long concrete-lined tunnels extend under
the reef, enabling trenchless pipe routing to minimize environmental disruption. Beyond
the tunnels, the pipeline continues along the seabed, anchored by 180 precast concrete
blocks, reaching 915 m depth. The total cost for a single 2.7 km, 1.4 m diameter pipeline
was approximately JPY 3.85 billion (USD 30–35 million, circa 2015) [75].

In Kumejima, the intake system uses a wet sump pit (19 m × 24 m, 5 m below low tide
level), drawing seawater from two 1.2 m diameter HDPE pipes [76]. The intake structure
allows entrained marine organisms to settle, reducing pump clogging. Construction
involved open-cut trenching through coral rock and sand, with rock-armored backfilling.
The total intake system cost was JPY 8.4 billion (USD 67 million, 2022), including JPY
522 million for intake construction and JPY 1.1 billion for protective revetments, armor
blocks, and pipe joint reinforcement [77].

In India, the planned OTEC facility in Kavaratti builds upon the intake design used for
its low-temperature thermal desalination (LTTD) plant. The system employs 1000 m long,
400 mm diameter HDPE pipelines reaching 350 m depth, delivering 0.3 m3/s of seawater.
Pipes are routed from shore through reef gaps, buried beneath the beach or installed
using horizontal boring to protect the shoreline. Due to calm lagoon conditions, no major
seawalls were required. The total cost of each 100 m3/day LTTD plant, including equipment,
pipelines, and pumps—was approximately INR 1.3 crore (USD 4.1 million) [78].

In summary, the NELHA pipeline cost ~USD 32 million (≈USD 12,000/km), with
pipe unit costs around USD 36.70/kg and intake pit costs near USD 5800/m3, includ-
ing installation and protection. In contrast, Kumejima’s open-cut system totaled ~USD
65.2 million, with shallow water protection accounting for ~USD 15 million. This corre-
sponds to ~USD 48.40/kg for the pipeline and ~USD 4385/m3 for the intake pit. These
values serve as a benchmark for onshore OTEC pipe and pit cost estimation.
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Table 2. Identified areas, coordinates, and water temperatures. D refers to the depth at which the temperature is measured.

Country Tourism High
Area

No. of Hotels Depth 1000 m Temperature (degC) Oil Price
(USD/L)

[79]
Source
1 [65]

Source
2 [66] lat lon D 0 m D 200 m D 400 m D 600 m D 800 m D 1000 m

American Samoa Apia 21 36 −13.74 −171.74 23.8 18.2 8.9 5.4 4.2 3.5 1.27
Bahamas Nassau 97 103 25.13 −77.36 22.1 17.4 14.1 10.9 7.4 4.9 1.41
Belize Belize city 25 35 17.69 −87.82 23.3 15.5 9.3 6.4 4.5 3.9 1.58
Bermuda Hamilton 5 10 32.28 −64.71 19.2 15.4 14.6 12.7 9.1 5.9 1.27
Cabo Verde Praia 223 40 14.91 −23.46 20.5 10.6 8.7 7.0 5.6 4.9 1.26
The Cayman Islands George Town 52 33 19.30 −81.42 23.2 17.9 12.7 8.7 5.9 4.3 1.47
Cuba Havana 237 23.18 −82.39 22.4 13.9 9.2 6.4 4.9 4.4 1.10
Curacao Willemstad 382 224 12.12 −69.04 22.7 14.3 8.8 6.2 4.8 4.1 1.01
Dominica Roseau 68 27 15.28 −61.42 22.8 15.8 10.1 6.9 5.1 4.4 1.09
Dominican Republic Santo Domingo 420 334 18.31 −69.91 22.9 17.3 12.1 8.0 5.5 4.4 0.99
The Federated States of Micronesia Kol onia 1 1 6.99 158.10 24.0 10.8 7.1 5.8 4.6 3.7 1.27
Fiji Nadi 108 71 −17.89 177.16 22.8 17.7 10.6 5.8 4.3 3.4 1.20
French Polynesia Papeete 105 82 −17.51 −149.58 22.9 18.3 9.9 5.4 4.1 3.3 1.27
Guam Tumon 20 30 13.54 144.72 23.8 16.1 7.7 5.4 4.4 3.6 1.27
Guinea-Bissau Bissau 6 8 11.86 −17.39 21.1 11.0 8.9 6.5 5.0 4.4 1.27
Guyana George Town 46 27 8.25 −57.85 23.1 11.9 7.3 5.7 4.5 4.2 1.20
Haiti Port-au-Prince 9 72 18.21 −72.38 22.8 18.3 12.6 8.3 5.6 4.9 1.24
Jamaica Montego bay 270 184 18.51 −77.97 23.4 17.8 13.4 9.1 5.8 4.3 1.38
Kiribati South Tarawa 2 1.31 172.96 24.0 13.6 8.0 5.8 4.6 3.8 1.27
The Maldives Malé 56 184 4.17 73.56 24.0 11.6 9.1 7.9 6.8 5.6 0.95
The Marshall Islands Majuro 1 7.14 171.37 23.7 10.0 7.2 5.8 4.6 3.8 1.27
Mauritius Port Louis 27 10 −20.13 57.45 21.5 16.5 11.4 8.9 6.2 4.3 1.39
Papua New Guinea Port Moresby 15 22 −9.56 147.11 22.8 15.9 10.2 6.6 4.9 3.7 1.27
Puerto Rico San Juan 353 207 18.56 −66.10 22.6 17.1 13.6 9.7 6.6 5.1 0.94
The Seychelles Victoria 42 379 −5.11 55.29 23.2 10.9 8.4 7.0 5.9 5.1 1.59
The Solomon Islands Honiara 12 10 −9.21 159.78 24.3 15.8 7.6 5.3 4.3 3.6 1.27
St. Vincent and the Grenadines Kingstown 15 27 13.12 −61.25 22.9 14.4 8.7 6.2 4.9 4.2 1.27
Timor-Leste Dili 17 11 −8.51 125.56 23.8 13.5 7.4 5.6 4.5 4.3 1.27
Trinidad and Tobago Port of Spain 26 34 11.59 −61.21 23.0 12.6 8.0 5.9 4.8 4.1 0.65
Tuvalu Funafuti 2 −8.54 179.22 24.3 17.9 7.9 5.5 4.4 3.7 1.27
The U.S. Virgin Islands St. Thomas 60 83 18.18 −64.99 23.0 17.1 12.7 8.5 5.8 4.7 1.27
Vanuatu Port-Vila 54 58 −17.88 168.18 22.5 17.4 10.8 6.0 4.3 3.4 1.27
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Table 3. Economic specifications used in calculating the LCOE.

Item Economic Value Reference

Turbine capex 328 USD/kWgross [13]
Pumps capex 1674 USD/kWpump [55]
Seawater pipes capex 42.5 USD/kgpipe [75,77]
Seawater intake pit capex 6128 USD/m3 [75,77]
Heat exchangers capex 215 USD/m2 [55]
Project engineering capex 3113 USD/kWgross [55]
Extra cost 3% of total CAPEX [39]
OPEX 3% of total CAPEX/year [39]
LCOE calculation
Project lifetime 30 years [80]
Discount rate 3% [80]
Capacity factor 96% [81]
Fuel consumption 0.286 L/kWh [81]
Carbon emission 2.8 kg/L [82]
Carbon price 130 USD/ton CO2 [83]

The calculated capital cost and the LCOE values are compared against the cost of
electricity generation from diesel-based systems of equivalent capacity. This comparison
enables quantification of the potential economic and environmental benefits of adopting
OTEC-SWAC as a renewable alternative for SIDS energy and cooling needs.

The analysis is further extended by simulating the developed model at different
capacities, allowing us to obtain a reduced form of the model based on three key location-
dependent parameters: the seawater temperature difference, the intake pipe length, and
the net power requirement, as explained in the results section.

4. Results
4.1. Technical Analysis of the OTEC-SWAC System

Table 4 summarizes the component sizes required to meet the model hotel load in
each SIDS. In nine islands, the cold-water intake pipe is longer than 10 km, with the longest
runs in Guyana and, to a lesser extent, Trinidad and Tobago. If these outliers are excluded,
the average pipeline length is 3 km—closely matching existing onshore OTEC pilot plants
at NELHA, Hawaii (2.7 km), and Kumejima, Japan (2.5 km).

The % increase in heat gain, which was conducted to identify any potential heat gain
due to the long pipe lengths, shows a mean temperature increase from 1000 m depth to 5 m
depth of 2% (0.07 ◦C). There is no temperature increase in the first section of pipe; the
second to third section has average temperature increases of 0.2% (0.005 ◦C), 0.5% (0.01 ◦C),
and 0.9% (0.02 ◦C). There is no evidence that the length of the pipeline itself significantly
impacts the percentage increase in temperature, as seen in Guinea-Bissau, Guyana, and the
Seychelles, where the pipeline lengths are 39, 74, and 43 km, respectively, having a 2–3%
increase in temperature.
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Table 4. Technical analysis for the model OTEC-SWAC-powered hotel. DOW is the deep-ocean water, SOW is the surface ocean water, dia stands for diameter, Evap
is the evaporator, and Cond is the condenser of the OTEC plant.

Country

DOW
Pipe
Length
(km)

DOW
Pipe
Dia
(m)

SOW
Pipe
Dia
(m)

DOW
Pipe
Temp
Inc. (%)

DOW
Pump
(MW)

SOW
Pump
(MW)

Evap
Area
(m2)

Cond
Area
(m2)

Gross
OTEC
Power
(MW)

Net
Therm.
Eff

Avg
CDD/day

Cooling
Req
(kWh/day)

SWAC
Pump
(kW)

SWAC
Heat EX
(m2)

American Samoa 6 2 1 2% 2 1 12,983 15,402 10 2.16% 7.8 54,674 521 57
Bahamas 14 3 1 3% 3 2 22,811 27,350 13 1.23% 5.1 35,491 143 52
Belize 10 2 1 2% 2 1 14,939 17,781 11 1.88% 7.0 49,152 379 56
Bermuda 4 6 3 1% 40 30 307,982 374,032 85 0.09% 2.4 16,582 15 34
Cabo Verde 3 2 1 1% 5 3 35,001 42,173 16 0.79% 3.2 22,273 35 32
The Cayman Islands 4 2 1 2% 2 2 16,260 19,377 11 1.77% 6.5 45,535 301 56
Cuba 5 2 1 1% 2 2 18,846 22,529 12 1.49% 4.2 29,440 81 37
Curacao 7 2 1 2% 2 2 16,807 20,049 11 1.68% 7.8 54,674 521 65
Dominica 5 2 1 1% 2 2 17,157 20,480 11 1.62% 6.1 42,299 241 53
Dominican Republic 14 2 1 3% 2 2 17,188 20,519 11 1.62% 8.4 58,531 639 75
The Federated States of Micronesia 5 2 1 1% 2 1 13,017 15,445 10 2.16% 7.9 55,335 540 60
Fiji 2 2 1 1% 2 1 14,796 17,604 11 1.91% 5.1 35,652 144 36
French Polynesia 3 2 1 2% 2 1 14,461 17,193 11 1.98% 6.7 46,580 322 47
Guam 8 2 1 2% 2 1 13,252 15,734 10 2.10% 7.7 54,097 505 58
Guinea-Bissau 39 3 1 2% 3 2 25,214 30,277 13 1.10% 0.2 1530 0.011 2
Guyana 74 3 1 2% 2 2 16,486 19,654 11 1.73% 4.7 33,016 115 40
Haiti 2 2 1 1% 2 2 18,981 22,695 12 1.48% 3.2 22,273 35 32
Jamaica 5 2 1 2% 2 2 16,143 19,233 11 1.79% 7.3 51,280 430 64
Kiribati 3 2 1 1% 2 1 13,157 15,616 10 2.12% 4.6 32,053 105 35
The Maldives 4 2 1 1% 2 2 17,255 20,601 11 1.61% 8.8 61,488 741 111
The Marshall Islands 3 2 1 1% 2 1 13,390 15,904 10 2.07% 4.3 30,341 89 33
Mauritius 3 2 1 1% 3 2 22,455 26,911 13 1.27% 4.2 29,600 83 37
Papua New Guinea 6 2 1 2% 2 2 16,131 19,219 11 1.79% 6.0 42,253 241 46
Puerto Rico 11 3 1 2% 3 2 20,936 25,072 12 1.34% 3.8 26,479 59 41
The Seychelles 43 3 1 2% 2 2 18,749 22,410 12 1.51% 7.5 52,244 455 81
The Solomon Islands 7 2 1 2% 2 1 12,566 14,889 10 2.27% 6.5 45,535 301 49
St. Vincent and the Grenadines 4 2 1 1% 2 2 16,746 19,974 11 1.69% 7.3 51,280 430 62
Timor-Leste 4 2 1 1% 2 1 14,812 17,624 11 1.91% 6.8 47,836 349 59
Trinidad and Tobago 60 3 1 3% 2 2 16,459 19,621 11 1.74% 6.7 46,590 322 55
Tuvalu 3 2 1 2% 2 1 12,601 14,933 10 2.26% 8.4 58,611 642 63
The U.S. Virgin Islands 3 2 1 1% 2 2 18,328 21,892 12 1.57% 7.1 49,868 395 68
Vanuatu 14 2 1 3% 2 2 15,363 18,302 11 1.80% 4.7 33,016 115 34
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The average diameter of the deep-ocean water pipe is 2 m. This is comparable with
the 1 m diameter pipe in NELHA used for a 100 kW OTEC plant and the plant in Kumejima
supplied with two pipes of diameters 280 mm and 380 mm. Recent estimates show that for
a 1 MW OTEC facility, the pipeline size might range from 1.1 to 1.7 m in diameter [32]. The
calculated pipe lengths in these onshore plants are much lower than the offshore plants’
pipelines of 10 m for a 100 MW plant [13] and six pipes with an 8 m diameter for a 136 MW
plant in Indonesia [54]. This is mainly because the siphon method allows water to flow
into the intake pit through atmospheric pressure difference and does not depend on pump
power, as in the offshore counterpart. Countries with longer pipe lengths have higher
diameter pipes of 3 m, as seen in Bermuda, Guinea-Bissau, Guyana, Puerto Rico, the
Seychelles, and Trinidad and Tobago. Bermuda requires an unusually large cold-water
pipe diameter of 6 m because the surface-to-deep-ocean-water temperature gradient is
only 13 ◦C (Table 3). This narrow gradient limits the theoretical maximum efficiency to
just 3% and the realized net thermal efficiency to 0.09%. To achieve the desired power
output under such a weak thermodynamic driving force, the plant must circulate much
higher seawater volumes, necessitating a larger-diameter pipe, oversized evaporator and
condenser surfaces, and correspondingly higher pump power.

Overall, the diameter of the surface ocean water pipe is smaller than the deep-ocean
water pipe, with an average diameter of 1 m resulting from lower mass flows of surface
ocean water. The average deep-ocean water pump size is 3 MW, and the average surface
ocean water pump is 2 MW, with both Bermuda (40 MW and 30 MW) and Cabo Verde
(5 MW and 3 MW) having larger pump sizes due to the small temperature difference in
these countries. Cabo Verde has a temperature difference of 16 ◦C.

The average cooling degree days, which were used for measuring the cooling re-
quirement, differ greatly between the countries due to changes in ambient temperature
differences among the locations. It is directly proportional to the cooling requirement.
Guinea-Bissau has the lowest cooling requirement, while the Maldives has the highest, and
this ultimately affects the SWAC pump and heat exchanger size. The average cooling pump
size is 290 kW. This results in a cooling power consumption of 6 W/m2, much lower than
the 100–150 W/m2 in conventional cooling methods [84].

4.2. Economic Analysis of the OTEC-SWAC System

Figure 2 shows a comparative analysis of the capital cost and LCOE for OTEC-SWAC
systems across various SIDS, benchmarked against the prevailing diesel-based LCOE.
Capital intensity scales almost entirely with the length of the deep-ocean intake: Guinea-
Bissau (39 km), Guyana (74 km), the Seychelles (43 km), and Trinidad and Tobago (60 km)
record the highest values, all exceeding 210,000 USD/kW. For the remaining sites with
intake pipelines averaging 3 km, the average cost is 28,000 USD/kW.

In most of the SIDS assessed, the OTEC-SWAC LCOE is lower than or competitive
with the diesel LCOE, highlighting the economic potential of the technology in regions with
high energy costs due to fuel import dependency. Excluding countries with a pipe length
greater than 10 km, the average LCOE is at 0.09 USD/kWh. The calculated LCOEs in this
analysis show significant cost advantages, notably in countries such as the Cayman Islands
and Fiji, having 27–29 cents lower than the diesel counterpart. Only nine countries have
diesel LCOE at low levels due to a combination of long pipe length and low temperature
gradient between surface ocean water and deep-ocean water, leading to higher technical
requirements of pipes, pumps, and heat exchangers. In Trinidad and Tobago in addition
to having a longer pipe length, the diesel LCOE is very low, as the price of diesel is only
0.65 USD/L, which is 47% lower than the rest of the analyzed countries.
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From the results, the strongest techno-economic feasibility is found in Fiji and French
Polynesia, having an LCOE of 0.09 USD/kWh, followed by the Marshall Islands, Tuvalu,
Kiribati, and the Maldives, having LCOEs below 0.12 USD/kWh, which is roughly one-
third of their prevailing diesel tariffs (0.34–0.36 USD/kWh). These countries also require
relatively modest capital costs of 94–135 million USD. These advantages reflect steep near-
shore bathymetry of 1000 m depth, high temperature difference, and expensive imported
diesel, allowing OTEC-SWAC to capture energy-cost savings. Comparatively, Guyana,
Trinidad and Tobago, Guinea-Bissau, and the Seychelles lie at the opposite extreme, with
LCOE ranging from 1.59 to 3.10 USD/kWh, while their diesel generation LCOE is at
0.19–0.46 USD/kWh.

Table 5 depicts how OTEC-SWAC economics tracks the gap between local electric-
ity tariffs. SIDS with very high retail prices—the Solomon Islands (0.72 USD/kWh),
the Marshall Islands (0.41 USD/kWh), Kiribati (0.41 USD/kWh), and the Maldives
(0.39 USD/kWh)—generate the largest spreads (≥0.27 USD/kWh), translating into high
ROI and payback periods of 6–9 years. In SIDS with tariffs between 0.09 and 0.18 USD/kWh
OTEC cost band—Jamaica, Mauritius, Cabo Verde, and Papua New Guinea—the ROIs fall
to ≈5%, and paybacks lengthen beyond two decades.

Table 5. Return on investment (ROI) was computed exclusively for SIDS with available tariff
data whose OTEC–SWAC LCOE is lower than the prevailing electricity tariff, thereby excluding
economically non-viable cases.

Country OTEC LCOE
(USD/kWh)

Electricity Tariff
USD/kWh [85]

Gross Revenue
(USD/year) ROI Simple Payback

Period

Cabo Verde 0.18 0.263 $13,270,349 5% 20

Dominica 0.17 0.368 $18,568,397 8% 13

The Federated States of Micronesia 0.13 0.414 $20,889,446 11% 9

Fiji 0.09 0.218 $10,999,757 9% 12

Haiti 0.11 0.211 $10,646,554 7% 14

Jamaica 0.17 0.264 $13,320,806 4% 24

Kiribati 0.12 0.413 $20,838,989 15% 7

The Maldives 0.12 0.394 $19,880,294 12% 9

The Marshall Islands 0.10 0.406 $20,485,786 18% 6

Mauritius 0.14 0.205 $10,343,808 5% 22

Papua New Guinea 0.18 0.289 $14,582,246 5% 22

The Solomon Islands 0.18 0.716 $36,127,642 15% 7

St. Vincent and the Grenadines 0.13 0.346 $17,458,330 9% 11

Timor-Leste 0.13 0.234 $11,807,078 5% 19

Overall, feasibility improves where (i) diesel prices exceed ~0.30 USD kW/h, (ii) in-
take pipe lengths are short, and (iii) cooling loads are high enough to monetize the SWAC
stream. CAPEX below ~200 million USD and an OTEC–diesel price gap of ≥0.15 USD kW/h
emerge as pragmatic screening thresholds. These results highlight the influence of site-
specific conditions in the OTEC-SWAC systems. While the technology presents a sustain-
able and potentially cost-effective alternative to diesel, careful consideration of capital
investment and location-specific factors remains essential for deployment.
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Figure 2. Capital cost CAPEX and LCOE of OTEC-SWAC system at SIDS locations.

4.3. Simplification of the Model

The model’s results reveal that for the given capacity, the LCOE increases with an
increase in pipe length and decreases with an increase in the temperature difference between
surface ocean water and deep-ocean water. The increase in LCOE is more noticeable and
with a greater margin when compared with changes to the pipeline length. Based on this,
the model was then extended by calculating the LCOE of different plant sizes for the same
locations. These findings are depicted in Figure 3 and show the relationship of LCOE and
net power capacity of the plant.

Figure 3. Representative figure of the relationship between (a) LCOE, pipe length, and temperature
difference and (b) LCOE and change in net power.

From the above paragraphs, the following can be concluded:

1. The pipe length is the main factor for the geographically dependent cost variation.
2. The temperature difference affects cost, albeit with a lower impact, and the relationship

is inverse, i.e., a higher temperature difference lowers the LCOE.
3. Net power and LCOE have a negative exponential relationship.
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Thus, the findings of this study can be reduced into the general form by separating the
capital cost into the separate functions of these three parameters as given in Equation (7).

capextotal = capexdep + capexintake + capexind (7)

Notably, the dependent cost, which is composed of the heat exchanger, turbine, and
pumps based on the temperature difference ∆T, and Pnet (MW). The independent cost
component that stands for the engineering costs, construction costs, and additional project
costs, which is a function of Pnet. The seawater intake cost component depends on the
length of the pipeline L and size of the plant Pnet. To determine these functions, the full
techno-economic dataset (32 SIDS × 18 design variants, giving 576 data points) was first
log-transformed, and three-parameter power law models were fitted by the nonlinear
least squares method using the Levenberg–Marqaurdt algorithm [86]. The stepwise fitting
strategy, choice of link functions, and goodness-of-fit diagnostics follow the procedures
recommended for exponentiated power-exponential regressions in [87,88]. The functions
and their fitted parameters are shown below in Table 6.

Table 6. Results of curve fitting and regression analysis on the cost components.

Component Fitted Form R Square Standard Error p-Value

Location-dependent
components capexdep
(million USD)

capexdep = 7631∆T−2.54Pnet
0.74 93% 16%

Intercept 1.1∗10−91

∆T 1.1∗10−70

Pnet 0

Seawater intake
system capexintake
(million USD)

capexintake = 2.73∗10−3L1.20Pnet
0.30 99% 9.3%

Intercept 0

pipelength 0

Pnet 1.1∗10−259

Location-independent
components capexind
(million USD)

capexind = 14Pnet
0.67 70% 34%

Intercept 1.3∗10−274

Pnet 1∗10−158

OPEX 3% of CAPEXtotal per year, where CAPEXtotal = capexdep + capexintake + capexind

LCOE function
(USD/kWh) LCOE =

(7631∆T−2.54Pnet
0.74+2.73∗10−3 L1.20Pnet

0.30+14Pnet
0.67)+∑t OPEXt

(1+r)t

∑
Pnet∗CF∗8760∗t

(1+r)t

r is the discount rate, CF is the capacity factor, and t is the total project lifetime in years. This representative
function was selected after numerous regression analyses, as given in Figure A1 in Appendix A. These functional
regressions were carried out to determine the best fit for the data via measured R-squared values and mean
squared error after the analysis data were cleaned by removing the outliers of countries with a temperature
difference lower than 18 ◦C and pipe lengths longer than 20 km.

The fitted exponents reflect the expected physics behind the cost drivers. The steep neg-
ative exponent ∆T (−2.54) indicates that even small increases in the surface-to-deep-ocean
temperature differential can sharply reduce LCOE by lifting thermodynamic efficiency.
Conversely, the positive exponent on pipe length L (1.20) captures the linear escalation of
material and installation costs as the intake is extended offshore. These sensitivities match
the relationship in Figure 3a.

For plant size Pnet, the location-dependent and location-independent blocks exhibit
exponents of 0.74 and 0.67, respectively, values that closely match the six-tenths rule
and confirm the presence of pronounced economies of scale in major equipment and
civil works. When these relations are embedded in the levelized-cost model, a ±30%
perturbation (Figure 4) around the baseline site (∆T = 20 ◦C, L = 3 km, Pnet = 6 MW) reveals
that pipe length is by far the dominant geographical lever, shifting the LCOE by about
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±0.033 USD/kWh, while a 30% increase in plant capacity reduces the LCOE by roughly
0.021 USD/kWh and a comparable rise in ∆T lowers it by 0.044 USD/kWh. These results
confirm that proximity to deep water governs cost competitiveness, whereas hotter sites
and larger unit sizes provide effective, but secondary, mitigation. The increase in pipe
length can be effectively managed and balanced by scaling up the plant capacity, ensuring
that the economic benefits of higher net power offset the associated pipe length costs.

Figure 4. Impact of a ±30% swing on each driver on LCOE.

5. Discussion
This research has found that, based on 20-year historical ocean and atmospheric

temperature data, the technical and economic feasibility of the OTEC-SWAC system is
highly reliant on location-specific conditions. While OTEC-SWAC presents a renewable
energy solution aligned with SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate
Action) and a cost-effective alternative to diesel, careful consideration of capital investment
and location-specific factors remains essential for deployment.

The results indicate that 30 of the 32 SIDS analyzed in this study are naturally suited
for OTEC power generation. Although most SIDS are occupied in the tropical belt [67] and
considered to having the necessary temperature gradient for OTEC technology [42], the
analysis reveals that Bermuda and Cabo Verde, located at the fringes of the extratropical
zone, have a temperature difference of less than 17 ◦C. This is lower than the minimum
practical temperature difference of 20 ◦C needed for closed-cycle OTEC systems [9]. This
result easily identifies that countries above latitude 11 in the Atlantic Ocean are not viable
for OTEC power generation. To broaden their power mix, Cabo Verde can capitalize on
its abundant solar resources [89], while Guinea-Bissau should prioritize wind, biomass,
and small hydro, which studies identify as its most promising resources [90]. The SIDS
analyzed in this study can be categorized into three sections based on the feasibility of
OTEC, along with recommended policy actions shown in Table 7.
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Table 7. Categorization of SIDS and recommended policy pathways.

Group SIDS Main Explanatory Factor Recommended Actions

Techno
economically
feasible

American Samoa
Belize
Cabo Verde
The Cayman Islands
Cuba
Curacao
Dominica
The Federated States of
Micronesia
Fiji
French Polynesia
Guam
Haiti
Jamaica
Kiribati
The Maldives
The Marshall Islands
Mauritius
Papua New Guinea
The Solomon Islands
St. Vincent and
Grenadins
Timor Leste
Tuvalu
The US Virgin Islands

Steep near-shore bathymetry
results in short intake pipes
(≤10 km), keeping capital
cost below ≈200 M USD.
Diesel tariffs > 0.30 USD/kWh
yield large LCOE savings
(≥0.15 USD/kWh). High
ambient cooling loads
monetize the SWAC stream,
driving additional revenue.
In Cabo Verde, the ∆T is
16 ◦C; however, the short
pipe length of 3 km gives an
OTEC LCOE of
0.18 USD/kWh, much lower
than the diesel LCOE
(0.36 USD/kWh).

Technical: adopt modular 6–10 MW
onshore units; use bundled HDPE pipes
and aluminum plate-fin heat exchangers
for lower CAPEX.
Financial: leverage concessional climate
finance and blended debt at <3% to keep
LCOE < 0.15 USD/kWh. Structure
power-purchase agreements that bundle
electricity and chilled-water services.
Institutional: fast-track marine zoning and
environmental permits; create “OTEC
eco-park” special-purpose zones that
collocate desalination, aquaculture, and
tourism cooling to diversify revenue.

Technically
feasible but
economically
constrained

Dominican Republic
Guyana
The Seychelles
Trinidad and Tobago
Vanuatu

Adequate temperature
difference is available
∆T > 18 ◦C, pipe
lengths > 10 km, and capital
cost > 250 million USD. This,
combined with diesel
LCOE ≤ 0.30 USD/kWh,
narrows the economic
margin, as diesel LCOE is less
than OTEC LCOE. Trinidad
and Tobago is additionally
penalized by very low diesel
costs (0.65 USD/l).

Technical: deploy higher-efficiency hybrid
cycles or floating offshore plants to reduce
pipe length; pilot solar-boosted hybrid OTEC
to raise net efficiency where ∆T is weak.
Financial: introduce green-bond
frameworks, viability gap grants, or carbon
offset revenues; reform fuel-subsidy
structures so tariffs reflect import
parity pricing.
Institutional: Establish regional OTEC
development funds (e.g., CARICOM green
window); engage multilateral insurers to
de-risk first-of-a-kind assets.

Unsuitable
under current
conditions

Bahamas
Bermuda
Guinea-Bissau
Puerto Rico

Extremely low ∆T and long
intake pipes (>40 km) drive
capital costs above 1 billion
USD, giving high OTEC
LCOE higher than the diesel
LCOE by 1 USD/kWh.

Technical: shift focus to offshore OTEC
platforms or hybrid floating desalination to
shorten pipe length; invest in R&D on
flexible HDPE risers and
deep-water moorings.
Financial: pursue grant-funded resource
assessments and small-scale demonstrators
rather than utility projects; explore
blue-carbon credits to improve
project economics.
Institutional: prioritise alternative
renewables (PV + storage, wind) in
near-term energy plans; maintain a
strategic watch on OTEC cost-learning
curves for future re-entry.
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The numerical model used in this study estimates the technical and economic feasi-
bility of a 6 MW onshore OTEC-SWAC system. It uses a fully saturated organic Rankine
cycle model, assuming complete phase change of the working fluid. Previous studies use a
smaller pressure ratio in the turbine, requiring larger mass flows of seawater to enable the
phase change [13]. This results in larger component sizes. However, in this model, lower
mass flow ratios like in studies [73,74] have been used, resulting in economically sized
seawater pumps. Although the numerical model has been adapted from an offshore OTEC
plant study, the calculation of the pump sizes has been modeled for the size of the intake
pit rather than from the 1000 m depth. In this regard, the use of the siphon flow method
has proven advantageous, reducing the parasitic burden of the water pumps, which is
estimated at 20–30% of the gross power output [16,91]. In this model, the pump power
for the deep-ocean water pump is on average 19% of the gross power. By minimizing the
reliance on pumps, operational costs can be reduced with increased durability [92].

The cost estimation for the intake system is a critical component of this study, as the
installation of the deep-ocean water pipeline represents one of the primary cost drivers
for onshore OTEC systems. To access cold water from depths of up to 1000 m, pipeline
construction can account for approximately 9.3% to 26% of the total capital cost for a 1 MW
plant [32,93], posing a significant barrier to widespread deployment. Pipeline installation
costs vary considerably depending on the construction method and site-specific environ-
mental constraints. For instance, at NELHA, the use of horizontal directional drilling
(HDD) increased installation costs, which can be 12.5% higher compared to conventional
open-cut excavation [94]. However, HDD is less environmentally invasive and well suited
for protecting sensitive coral reef ecosystems compared to the open-cut method used in
Kumejima, Japan, where additional conservation measures further raised construction
costs. In contrast, favorable site conditions in Kavaratti, India, such as calm lagoon waters,
eliminated the need for a seawall, thereby reducing installation expenses. Given these
wide variations, this study adopted cost estimates from established pilot plants to maintain
realism and site-specific relevance in the economic modeling of the intake system.

Siting the plant at locations with easy access to deep-ocean water is crucial, as seen
from the results where longer pipes lead to higher capital costs. SIDS requiring longer
pipes result in plant costs of 210,000 USD/kW (Figure 2). Excluding SIDS with long
pipe lengths (>10 km), the average cost of the onshore OTEC-SWAC plant modeled in
this study is approximately 28,000 USD/kW. These results are comparable with the es-
timates for onshore plants in the literature at 31,471 USD/kW for a 1.4 MW plant [32]
and the costs of the two pilot plants in NELHA (67,000 USD/kW [93]) and in Kumejima
(50,000 USD/kW [95]), both in 2023 USD values. Previous simulations and techno-economic
analyses of onshore OTEC plants have been limited to smaller capacities (<1 MW) [16,17],
while larger capacity plants are mainly modeled as offshore plants [13–15]. Hence, there
are few sources for comparison of LCOE of an onshore plant. Recent estimates show that
over a 30-year project duration, the LCOE of a 1 MW onshore plant is expected to be
0.19 USD/kWh [32]. The commercialization target for OTEC plants is to have an LCOE
lower than 0.25 USD/kWh [32]. The results from this simulation show that the OTEC-
SWAC system can achieve an average LCOE of 0.16 USD/kWh in compatible countries.
This effect is achieved through the dual use of the deep-ocean water, which significantly
enhances the benefits as there is added production in the multi-use approach [30,96]. The
achieved LCOE is also comparable with offshore OTEC plant LCOEs, which vary from
0.03 to 0.22 USD/kWh based on different plant sizes ranging from 10 to 100 MW [12,97].

Moreover, the scalable model of onshore OTEC-SWAC developed in this analysis
has additional benefits to generating renewable energy and providing a path to sustain-
able tourism in SIDS. The onshore OTEC plant opens avenues for multiple uses of the
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deep-ocean water, which enables the creation of economic activities such as aquaculture,
agriculture, and thalassotherapy [98,99], helping to foster sustainable cities and communi-
ties in accordance with SDG11. The cascade use of deep-ocean water is seen in the case of
Kumejima, where multiple industries, such as cosmetic production and prawn, spinach,
and sea grape farming, leverage the cold, nutrient-rich deep-ocean water to enhance
productivity [96].

The previous complex calculations of exergy, enthalpy, pump power, and heat ex-
changer sizes that are needed for estimating the net power output for LCOE calculations of
OTEC-SWAC have now been reduced to the main geographical components of pipe length
and temperature difference using the reduced form of the model. Although the study
focuses on SIDS, the equation is adaptable to other regions. It emphasizes the importance
of the temperature difference, as OTEC systems become economically unviable when the
temperature difference is lower than 17 ◦C. Location is also key, as onshore plants far from
1000 m depth require longer pipelines, increasing costs. This infeasibility is reflected in the
equation, with significantly higher LCOE values indicating unfavorable conditions. Hence,
the equation acts as a diagnostic tool, helping determine whether OTEC deployment in a
specific region is practical based on local thermal gradients and costs.

This study has shown that location-specific parameters such as the deep and surface
ocean water temperature and bathymetry around the SIDS are the key factors for the techni-
cal design requirements for onshore OTEC plants. The most crucial factor is the bathymetry,
as observed, which determines the length of the cold deep-ocean water pipe. Longer pipes
and lower temperature gradients both negatively affect the economic feasibility of the
plant, with countries having lower surface ocean temperatures and longer pipelines having
high LCOE. The scalable model of the onshore OTEC-SWAC was developed, and the
reduced form of the model will enable easy estimation of OTEC systems for designers and
policymakers. Despite the promising results of this study, high upfront costs and limited
infrastructure remain key barriers, as evidenced by the existing literature that identifies
capital intensity and resource constraints as prominent challenges [30] for transitioning to
sustainable energy generation methods.

6. Conclusions
This study evaluated the techno-economic feasibility of combining ocean thermal

energy conversion (OTEC) and seawater air conditioning (SWAC) systems in different
Small Island Developing States (SIDS). Specifically, this study aligns with the achievement
of several SDG targets, including that of SDG 7 (sustainable energy generation), SDG
8 (economic growth), and SDG 13 (climate action), contributing to existing academic
deliberations on sustainable energy transition [90]. It estimated the viability of OTEC to
transition to renewable energy generation for increased sustainability in the tourism sector.
The research is grounded in three major contributions:

1. Feasibility assessment of OTEC-SWAC systems across 34 SIDS: The study conducted
a comprehensive feasibility analysis of OTEC-SWAC integration across 32 SIDS,
utilizing 20 years of geographically specific ocean and atmospheric data. The results
show that 29 of the 32 analyzed SIDS meet thermal and geographic suitability criteria,
confirming the viability of OTEC-SWAC systems for stable power generation and
cooling in tourism-driven economies. The findings highlight significant regional
variations, with longer pipeline distances and lower thermal gradients impacting
system efficiency and costs in some locations.

2. Analysis of key system parameters and their impact on Levelized Cost of Energy
(LCOE): Techno-economic analysis reveals pipeline length as the main cost driver,
with longer pipes leading to higher LCOE in countries like Guyana and Trinidad and



Sustainability 2025, 17, 4724 21 of 28

Tobago. Most SIDS, however, achieve a competitive LCOE averaging 0.19 USD/kWh,
presenting a cost-effective alternative to conventional diesel systems.

3. Development of a scalable cost estimation model for onshore OTEC-SWAC deploy-
ment: Large-capacity onshore OTEC plants, in addition to power generation, provide
economic benefits through deep-ocean water industries. The scalable model and the
reduced form developed will enable policymakers, engineers, and stakeholders to
quickly assess the economic viability of OTEC-SWAC projects at different locations.

Overall, the study demonstrates that onshore OTEC-SWAC is a viable and scalable
solution that is economically competitive for reducing fossil fuel dependence in SIDS and
offering environmental benefits. These findings support informed decision-making and
promote investment in sustainable energy infrastructure across island economies.
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Appendix A

Table A1. List of equations used for calculation of the OTEC-SWAC system.

Parameter Formula

Calculation of pipe length

Haversine formula (m) Distance = Rcos−1(sin lat1 ∗ sin lat2) + cos lat1 ∗ cos lat2 ∗ cos(lon1 − lon2)
R is the radius of the earth taken as 6371 m.

Length of pipe (m)
lengthpipe,cw =

√
Distance2 + 10002

Assuming the shortest distance given by a right-angle triangle and a depth of
1000 m.
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Table A1. Cont.

Parameter Formula

Calculation of pipe heat gain

Dynamic viscosity of seawater µ = ρv

Nusselt number Nu = 0.023Re0.8Pr0.4

Heat transfer coefficient h =
kp Nu

D

Thermal resistance for pipe R = 1
hπD

Overall heat transfer coefficient Uo =
1

A0
A . 1

hi
+Ao

ln
[

ro
ri

]
2πkp Ls

+ 1
ho

Calculation of OTEC technical system

Evaporator saturation temperature (◦C) Tsatevap = Twwin − ∆Tww − pptemp

Condensor saturation temperature (◦C)

Tsatcond = Tcwin + ∆Tcw + pptemp
where Twwin is the temperature of the surface ocean water, Tcwin is the

temperature of the deep-ocean water, and pptemp is the pinch point
temperature assumed as 1.25.

Saturation pressure (bar) Psatevap/cond = 0.00002196Tsatevap/cond
3 + 0.00193103Tsatevap/cond

2 +
0.1695763Tsatevap/cond + 4.257339601

Enthalpy of liquid phase (kJ/kg)
h1evap/cond = −0.0235Psatevap/cond

4 + 0.9083Psatevap/cond
3 −

12.93Psatevap/cond
2 + 97.316Psatevap/cond − 39.559

Enthalpy of vapor phase (kJ/kg) h2evap/cond = 28.276ln
(

Psatevap/cond

)
+ 1418.1

Isentropic quality of turbine outlet h_turbout =
(
h_turbout,is − h2evap

)
∗ ηturb,el + h2evap

where ηturb,el is the electric efficiency of the turbine.

Mass flow of ammonia (kg/s) mNH3 =
−Wt, turb,gross

h_turbout−h2evap

where Wt, turb,gross is the gross power of the plant.

Ammonia pump power (kW) Wt,pump,NH3 = mNH3(h2 − h1)

Evaporator heat in (kW) Qevap = mNH3

(
h2evap − h2

)
Mass flow of warm ocean water (kg/s) mww =

Qevap
Cp,water∗∆Tww

where Cp,water is the specific heat capacity of the water taken at 4 kJ/kgK.

Evaporator area (m2) Aevap =
Qevap

Uevap∗∆Tlog,evap

Condensation heat (kW) Qcond = mNH3(h1cond − h_turbout)

Mass flow of cold ocean water (kg/s) mcw = −Qcond
Cp,water∗∆Tcw

Condesor area (m2) Acond = −Qcond
Ucond∗∆Tlog,cond

Intake pit flow rate (m3/s) Qwell cw/ww =
2mcw/ww

ρwater

Area of intake pit (m2)
Awell =

Qwell
depthwell

where depthwell is taken as 5 m

Diameter of siphon pipe (m)
Qwell cw/ww

2 = π2

8 Cd
2
(

g∆hdcw/ww
4 − f Lv2dcw/ww

3

2

)
where the equation is solved using an iteration method and dcw/ww is the

diameter of the pipe.
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Table A1. Cont.

Parameter Formula

Weight of pipe (kg)
mpipes,cw/ww =

π
4

((
dpipes,cw/ww + 2t

)2
− dpipes,cw/ww

2
)
∗ lengthpipe,cw/ww ∗ ρpipe

Dynamic viscosity (PaS) µcw/ww = 3.443 ∗ 10−7Tcw/wwin
2 − 4.711 ∗ 10−5Tcw/wwin + 1.767 ∗ 10−3

Reynolds number
Recw/ww =

upipes∗ ρcw/ww∗ dpipes,cw/ww
µcw/ww

where ρcw is the density of deep-ocean water at 1027 kg/m3 and ρww is the
density of surface ocean water at 1024 kg/m3.

Darcy friction factor fcw/ww = 0.25(
log10

(
roughnesspipe

3.7dpipes,cw/ww
+ 5.74

Recw/ww
0.9

))2

Pressure drop (kPa)
∆Pcw/ww =((

fcw ∗ ρcw/ww ∗
lengthpipe,cw/ww

dpipes,cw/ww
∗ upipes

2

2

)
+
(
KL,cond ∗ ρcw/ww ∗ uHX

2 )) ∗ 1
1000

Pump power (kW) Wt,pump, cw/ww =
mcw/ww∗ ∆Pcw/ww

ρcw/ww∗ ηpump, hyd∗ηpump, el

Thermal efficiency ηnet,therm =
−Wt,net,OTEC

Qevap

Calculation of SWAC technical system

Mass of water required (kg) mSWAC =
creq

Cp,water∗∆TSWAC

Velocity of water flow (m/s) vSWAC =
4 mSWAC

ρcw
πdpipe,SWAC

2

Head loss
hloss =

fswac
lswac∗dpipe,SWAC

∗ vSWAC
2

2∗9.81

where fswac is the friction factor, lswac is, the length of pipe and dpipe,SWAC is
the diameter of pipe.

SWAC pump size (kW) Wt,pump,SWAC = ρcw ∗ hloss ∗ vSWAC ∗ πdpipe,SWAC
2

4∗ηpump, hyd∗ηpump, el

SWAC heat exchanger area (m2)
Aswac,HX =

1000creq
Tlog,swac∗Hcoe f f

where Hcoe f f = 7166.4 is the heat transfer coefficient of a titanium heat
exchanger in W/◦Cm2.

 
Figure A1. Results of all regressions carried out for the reduction of the model to the generalized
equation. R2 is R-square, MSE is the mean squared error and RMSE is the root mean squared error.
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