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ARTICLE INFO ABSTRACT
Keywords: Sea Water Air Conditioning (SWAC) technology is a highly efficient alternative to conventional air conditioning
Sea Water Air Conditioning (SWAC) system using renewable marine energy to provide cooling to buildings. However, its implementation requires

Deep Ocean Water (DOW)

access to Deep Ocean Water (DOW) at 4-5 °C, thus SWAC is only viable in coastal regions. Furthermore, one of
Resource assessment

the major obstacles to its global development is the investment cost that remains high. This cost is strongly linked
to the bathymetry of the installation location as it determines the length of the drawing pipeline, which accounts
for the largest share of the investment cost. Knowing the temperature and bathymetry profiles will enable the
establishment of the financial viability of SWAC technology in a specific location. This paper presents an analysis
identifying areas of feasibility on a worldwide scale for standard SWAC implementation first. Then, it explores an
alternative design with a higher drawing point for seawater at 12 °C (coupled with a High Temperature District
Cooling), which reduces the cost by shortening the drawing pipeline and allows for more locations to be suitable
for this technology. Additionally, the impact of the El Nino/Southern Oscillation (ENSO) is also considered since
a shallower drawing point makes it more sensitive to temperature variations.

makes the environmental impact of AC significant [4]. This impact can
be reduced by improving the Coefficient of Performance (COP) of
existing systems and by developing higher-performing alternatives like
Sea Water Air Conditioning (SWAC) for coastal areas with access to cold
deep ocean water.

The principle of Sea Water Air Conditioning (SWAC) is quite
straightforward: Deep Ocean Water (DOW) is drawn through a pipeline,
and its cooling energy is transferred to a District Cooling (DC) through
heat exchangers. The warmed-up seawater is released back into the
shallow sea. Fluids in the installation are moved by circulator pumps.

For the classic operating process of SWAC system, seawater at
approximately 4 to 5 °C is drawn from a depth of 960 m in the ocean and
discharged at —30 m. It enters the heat exchanger at 6 °C and leaves at
11 °C. The District Cooling system generally operates with a 7/12 °C
temperature regime. The characteristics of SWAC technology makes it
particularly suitable for insular territories that have a favorable

Introduction

Climate change effects already have a noticeable impact on the
environment. The risks are multiple, from rising sea levels, to extreme
weather events [1]. The increase in cooling needs is, therefore, one of
the unavoidable consequences of global warming. The energy con-
sumption induced by building cooling needs has tripled between 1990
and 2016, this tendency is expected to continue until 2050 involving
major impact on the electricity system with air conditioning (AC)
responsible for ~ 70 % of building’s peak power demand [2] in tropical
regions. The International Energy Agency (IEA) expects the energy de-
mand induced by AC to multiply by 1.3 for Organization for Economic
Co-operation and Development countries and by 4.5 for others [3]. This
increase in energy leads to an increase in carbon dioxide emissions,
along with the use of refrigerants which are potent greenhouse gases, it
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Nomenclature

AC Air Conditioning
ASHRAE American Society of Heating, Refrigerating and Air-
Conditioning Engineers

cor Coefficient of Performance

DC District Cooling

Dow Deep Ocean Water

ENSO  El Nino/Southern Oscillation

GEBCO General Bathymetric Chart of the Oceans

GLORYS Global Ocean Physics Reanalysis
HTDC  High Temperature District Cooling
ORC Organic Rankine Cycle

OTEC  Ocean Thermal Energy Conversion
SWAC  Sea Water Air Conditioning
TC;PC;FC Total Cost; Pipeline Cost; Fixed Cost
Ty Seawater temperature source

UrcCI Universal Thermal Climate Index

bathymetry, that is, with great depths near the coast. That is the case for
French Polynesia which has three SWAC installations operating for
cooling production in real conditions.

According to the energy performance assessment of Tetiaroa instal-
lation [5], the SWAC’s global Coefficient of Performance (COP), which
includes the electricity consumption of the district cooling system, is in
the 15-20 range. This makes the technology a highly efficient alterna-
tive to conventional air conditioning systems, considering that the COP
of a large split system doesn’t exceed 5 [2]. The primary circuit of SWAC
can also be compared to other traditional centralized systems. For
instance, while the best COP available for chillers is around 12 [2], the
COP of the SWAC primary circuit can reach approximately 140 to 150
[5].

The three SWAC installations in French Polynesia are for air condi-
tioning purpose only and they operate with the regular settings pre-
sented above. Two installations with a similar principle to SWAC using a
lake (deep lake water cooling) exist in Canada and the Netherlands,
despite much lower air conditioning requirements than in tropical cli-
mates [6]. Other related systems exist in France, like the “Fraicheur de
Paris” system [7] which draws chilled water from the river Seine in
Paris, and the marine geothermal plant Thassalia producing both heat
and cold in Marseille [8]. The temperature difference between deep and
shallow seawater can also be utilized to produce electricity through a
thermodynamic cycle, such as the Organic Rankine Cycle (ORC). In this
type of installation, called Ocean Thermal Energy Conversion (OTEC),
the warm surface ocean water serves as the hot source, while the deep
ocean water acts as the cold source [9]. Currently, three installations of
this type are operational. They are located in Hawaii [10,11], Japan
[12,13], and South Korea [14,15], with electric powers of 100 kW for
the first two and 20 kW for the third one.

While the investment cost of this technology is very high, it remains
interesting in French Polynesia due to the high cost of electricity caused
by insularity and the significant cooling needs of the tropical climate.
The major cost of an SWAC installation is due to the drawing pipeline,
which can get unreasonably expensive depending on the bathymetry
down to the 5 °C isotherm. This strong link between bathymetry and cost
of SWAC systems is one of the reasons why this technology remains
scarce outside of French Polynesia. The 5 °C drawing point was initially
selected to match the common temperature regime of District Cooling,
which is 7 °C inlet and 12 °C outlet. However, this standard regime is not
necessarily well adapted for deep-water-based cooling systems given the
zone temperature required for thermal comfort.

Guidelines for thermal comfort in buildings are provided by the
American Society of Heating, Refrigerating and Air-Conditioning
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Engineers (ASHRAE), which aim to satisfy the vast majority of building
occupants. These guidelines recommend a temperature between 20 °C
and 23 °C during winter and between 22 °C and 27 °C for summer. The
relative humidity inside the building should be between 30 % and 60 %
[16]. According to these recommendations, air conditioning system in
tropical climate shall generally target an interior temperature of 26 °C
with a relative humidity of 60 % in order to limit energy consumption
while ensuring thermal comfort.

Framed within this context, this work analyzes the possibility of
raising the drawing point up to 12 °C and adjusting the temperature
range of the District Cooling to a 14/22 °C regime, also known as High
Temperature District Cooling (HTDC) [17]. This alternative could be a
solution to greatly reduce the cost of SWAC installation by shortening
the drawing pipeline to a reasonable length, while also expanding the
application of SWAC technology to previously unsuitable locations. Both
objectives contribute to a greater adoption of the technology worldwide.
The increase in the temperature of the district cooling loop must
nevertheless allow the dehumidification of the fresh air in order to
maintain an acceptable indoor relative humidity, in particular for
tropical climates. Note that a 14/22 °C regime can very often ensure
dehumidification when necessary. Indeed, for example, for the climate
of Polynesia, the outdoor air dewpoint temperature is higher than 22 °C
more than 78 % of the time, thus allowing the condensation of water
vapor. If necessary, additional dehumidification of the fresh air could be
ensured by an additional desiccant device.

Currently, the majority of designers set the chilled water temperature
regime at 7/12 °C. Embracing an energy efficiency approach, the
building’s air temperature is set at a minimum of 26 °C and can go up to
28 °C by using a ceiling fan [18]. It appears interesting to reconsider this
7/12 °C chilled water temperature regime and increase it: For conven-
tional mechanical vapor compression chillers, raising the chilled water
temperature regime would lead to energy savings, as the chiller would
be more efficient with a higher evaporation temperature, reducing
thermal losses. A preliminary study in temperate climates estimated a
26 % reduction in electrical consumption for a conventional system
operating on the 12 °C/16 °C regime compared to the 6 °C/12 °C regime
[19]. For Sea Water Air Conditioning (SWAC), this increase would
significantly reduce both investment and operating costs since the
length of the seawater pipeline would decrease significantly. It would
also extend SWAC applications to regions where water depths were not
conducive to producing chilled water at 7 °C. However, when increasing
chilled water temperatures, the dehumidification of the building’s air
becomes less effective. Therefore, it is necessary to find an optimum
balance between the chilled water regime and the building’s comfort
conditions. This issue is even more critical in humid tropical regions
such as Tahiti or La Réunion. In 2008, the PIMENT laboratory installed a
solar absorption cooling system capable of cooling multiple classrooms
at the University of La Réunion [20,21]. The sizing of this installation is
based on a chilled water regime of 11 °C/17 °C (corresponding to an
average cold battery temperature of 14 °C) and allows cooling the rooms
to a minimum temperature of 24 °C at 60 % relative humidity. There-
fore, with the 11/17 °C regime, this installation easily achieves air
temperature setpoints between 26 °C and 28 °C.

However, raising the drawing point could result in seasonal or inter-
annual temperature variation, including phenomena like El Nino/
Southern Oscillation (ENSO) [22-25]. For this reason, the impact of
ENSO will be taken into account in this work for this raised drawing
point. An assessment of the technical potential of SWAC with cost esti-
mates was already made by Hunt [26]. Data on ocean temperature,
bathymetry and surface air temperature were analyzed on a global scale.
The study estimated the pipeline length required to access seawater at
5 °C or lower from the coastline. This estimation was combined with a
projected demand for air conditioning, considering a predefined SWAC
design for air cooling from 30 °C to 20 °C. The resulting pipeline length
and capacity factor were then used to approximate costs associated with
SWAC projects worldwide. The study concluded that there is a high
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potential for SWAC implementation in intertropical islands like the
Caribbean, and some continental locations like the west coast of Mexico,
Colombia, and northeast of Brazil.

This study introduces various innovations. Firstly, it explores the
potential of an alternative SWAC design with a targeted drawing tem-
perature of 12 °C, comparing it to the traditional design which uses a
5 °C temperature source. The seawater temperature dataset is also
enhanced, offering a higher precision of 1/12° resolution, in contrast to
the previous 1° resolution. This enhanced precision is crucial for accu-
rately calculating changes in the drawing point temperature. Consid-
ering the technical limitations encountered in the Tahiti SWAC project, a
maximum viable distance of 15 km is set. This distance constraint pro-
vides a more realistic estimation of SWAC potential. Moreover, instead
of solely relying on ambient air temperature, the study employs the
thermal comfort index to identify suitable areas for SWAC imple-
mentation based on air conditioning requirements. Finally, the cost data
used in this study are derived from the actual expenses of the last SWAC
installation in Tahiti, rather than relying on cost estimates from a pre-
feasibility study, as seen in the existing state of the art.

Data and methods

Input datasets: Bathymetry; seawater temperatures and thermal climate
index

In this study, the three following datasets will be used to identify
SWAC feasibility areas: General Bathymetric Chart of the Oceans
(GEBCO), Global Ocean Physics Reanalysis (GLORYS), and ERA5-Heat.
They all provide regular latitude-longitude gridded data with horizontal
global coverage.

The GEBCO 2021 dataset [27] gives worldwide elevation informa-
tion in meters on a 30 arc-second grid, equivalent to 930 m (near the
equator), therefore very localized specificities will not be considered.
The bathymetry profile is extracted perpendicular to the coastline, based
on the simplifying assumption that the SWAC pipeline will be laid
normal to the coast. However, this may not always be the case, as the
actual alignment of the pipeline can vary because of technical or envi-
ronmental constraints.

The GLORYS dataset [28] has a horizontal resolution of 1/12°, cor-
responding to a grid size of approximately 9.3 km (near the equator),
with 50 standard depth levels. For the assessment of SWAC potential, a
climatology spanning from 2000 to 2020 is computed. Moreover, the
influence of ENSO on the temperature source will be estimated by
calculating the DJF mean (December, January, February), separately for
all El Nino and La Nina events during the 20-year period.

The ERA-5 Heat dataset [29] will be used to highlight locations
where there is a need for air conditioning. The data has a horizontal
resolution of 0.25°, approximately 28 km (near the equator), and a
temporal coverage from January 1940 to near real time on an hourly
timestep. It covers all the globe except Antarctica (90N-60S, 180W-
180E) and has two main variables: the Mean Radiant Temperature
(MRT), and the Universal Thermal Climate Index (UTCI). The MRT is
considering direct, diffuse and reflected solar radiation (function of solar
elevation angle), along with downwelling (from atmosphere) and up-
welling (from ground) thermal radiation [29]. The UTCI is a biomete-
orology parameter describing human physiological response to its
thermal environment by combining temperature, humidity, wind speed
and thermal radiation [30].

Heat stress is defined according to the 10 thermal stress categories.
Therefore, an hour featuring with an UTCI superior to 26 will be
considered exposed to heat stress. A heat stress rate will be calculated for
2022, as the ratio between the number of hours of exposure to heat stress
and the total number of hours in the year. Table 1 summarizes the
datasets used, their respective resolutions and purpose.

Table 1
Input datasets for SWAC potential estimation.
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Datasets

Resolution

Purpose

General Bathymetric
Chart of the Ocean
(GEBCO)

Global Ocean Physics

Reanalysis (GLORYS)

ERAS5-HEAT

30 arcsec ~
930 m
Elevation level
1/12° ~9.3km
50 standard
vertical levels
1/4° ~ 28 km
Surface level

Estimate a SWAC pipeline length for
different depths for a coast location

Give a correspondence between
depths and the seawater temperature
source targeted

Highlight areas where air
conditioning is required for thermal

comfort

Pipeline length approximation model

In order to estimate the length of a SWAC drawing pipeline for a
coastal location, the bathymetry and seawater temperatures datasets
presented before will be combined as shown in Fig. 1. Polar regions have
been excluded from the study (beyond +/- 60° latitude). Regarding the
length of the SWAC drawing pipeline, it is possible to install a pipeline
up to a maximum length of 10 km using well-established methodologies
with controlled risks. Beyond that, installation methods would require
significantly more expensive naval resources. The upper limit consid-
ered impossible is 30 km, except for very specific configurations. For
example, 20 out of those 30 km would be located in shallow depths (less
than 50 m), with only the last 10 km descending to greater depths.
However, in such a scenario, there would be a thermal loss issue to
consider. For these reasons, it was decided to limit the drawing point to a
maximum distance of 15 km from the coastline.

After identifying the nearest drawing point within a 15 km radius
around the selected coastline point, their respective depths are
compared to verify the accessibility of this drawing point. If the seawater
temperature point is deeper than the maximum depth in the bathymetry
profile, then a SWAC installation is considered as not feasible for this

I GEBCO I I GLORYS I
Select a Compute
coastline point climatology
between +/- 60° from 2000 to
latitude 2020
Extract normal Identify depth
bathymetry forthetarget |
profile: temperature:
z(L) Z(Tsw)
\
|
| TSW
Identify the Check if Tgy, is
maximum depth in 15 km range
Zmay in profile of coast \
v \
Depth comparison between coastline point and |
closest seawater temperature point ‘ No

zmax > Z(TSW) Zmax < Z(TSW) ““

/
/
l /
SWAC SWAC /
Pipeline length Not

estimation Possible

Fig. 1. Pipeline length approximation diagram.
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location. Otherwise, the pipeline length is estimated based on the depth
and the distance from the coast.

Cost analysis: Tahiti SWAC case

The total cost of the Tahiti SWAC project was $ 34.7 million
including taxes, and $ 29.7 million excluding taxes. Costs are converted
from euros based on the mean exchange rate for 2022 (EUR 1 = USD
1.12). This cost includes works on the District Cooling, which will not be
considered as a cost for the SWAC installation. Therefore, the total cost
for the SWAC alone is approximately $ 26.9 million, excluding taxes,
with the marine construction works accounting for around 75 % of this
investment, amounting to $ 20.3 million. A simplified cost analysis of
SWAC can be done with the pipeline length as the single independent
variable:

TCswac = PC*L+ FC (€D)

Fixed Costs (FC) include engineering studies, civil and process works,
and other various costs, amounting to $ 6.55 million. The Pipeline Cost
(PC) corresponds to the approximated cost of one meter of installed
pipeline, which is $ 5359/m. This cost estimate is valid for pipeline
lengths not exceeding 10 km due to the mentioned change in installation
methods. However, this linear approach for pipeline cost is limited
because the actual cost of a pipeline per meter tends to increase with
longer pipeline lengths. Moreover, the pipeline diameter is not consid-
ered as a variable, despite its impact on the cost. Therefore, this Total
Cost (TC) estimation becomes less precise with very different pipeline
characteristics compared to the ones installed in Tahiti (3800 m length
and 710 mm diameter). Cost data are summarized in Table 2:

This simplified analysis could serve as a preliminary approximation
of the savings obtained by changing the drawing point temperature from
5°Cto 12 °C.

Results and discussions
Global potential of SWAC systems

To assess the potential of the SWAC system, two world maps are
presented. The first one, shown in Fig. 2a, considers the conventional
SWAC design with a 5 °C temperature intake, while the second map, in
Fig. 2b, depicts the alternative design with the higher temperature
source of 12 °C. Both maps display the estimated lengths of intake
pipelines, based on the five intervals defined as follows: 0 to 2.5 km in
blue; 2.5 to 5 km in green; 5 to 7.5 km in yellow; 7.5 to 10 km in orange;
10 to 15 km in red.

Additionally, the heat stress rate for the year 2022 is depicted on the
maps using a color bar. The heat stress rate corresponds to the propor-
tion of hours throughout the year that exhibit heat stress according to
the UTCI. This metric aims to highlight regions that are more likely to
experience significant cooling needs throughout the year due to their
climatic conditions. However, a lower heat stress rate does not neces-
sarily indicate an irrelevant location for SWAC since, for instance, two
deep-lake water air cooling installations exist in Canada and The
Netherlands to supply the cooling needs during summer.

The dot color indicates the SWAC pipeline length, and the shading

Table 2
Cost data of Tahiti SWAC installation.
Cost Total SWAC Pipeline Pipeline Fixed
only (PC*L) meter (PC) (FC)
(TO)
Taxes $34.7 $30.4 $23.0 $ 6056/m $7.40
included million million million million
Taxes $29.7 $26.9 $20.3 $ 5359/m $6.55
excluded million million million million
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represents the heat stress rate. The world map reveals that the most
promising areas for SWAC technology are located in specific regions,
mainly within the intertropical zone like the west coast of the USA,
Mexico, Central American countries, the Caribbean, Hawaii, and French
Polynesia. The eastern region like Japan, South Korea, Taiwan, and the
Philippines also show potential for SWAC implementation. However, it
is worth noting that there are relatively few highly favorable spots (blue
dots) for the traditional SWAC configuration in those regions, with
pipeline lengths generally around 5 km.

The areas favorable to SWAC have been intentionally represented
independently of their current climate conditions. In a context of climate
change, it is possible that some regions currently not experiencing
thermal stress may face some in the future. By considering all areas, we
acknowledge the potential shifts in climatic patterns and ensure that
future possibilities are accounted for.

The new 12 °C temperature source for SWAC systems opens up op-
portunities to expand the technology to several new regions. These
include countries such as Chile and Argentina in South America,
Southern Africa, Oman in the Middle East, as well as some locations in
Europe, such as Portugal, and the UK. Additionally, New Zealand also
becomes a potential candidate for SWAC implementation. The two
major regions of interest, North America, and Eastern Asia, that were
previously identified for the 5 °C temperature source, remain significant.
However, there is a noticeable difference in the estimated pipeline
lengths, which are now shorter overall. It is worth highlighting that
there are many spots with lengths in the range of 0 to 2.5 km, which
were largely absent with the typical SWAC design. According to the two
maps, the elevation of the drawing point significantly increases the
number of eligible coastal points for SWAC (from 41,622 to 145,802)
along the west and north-east coast of the United States and Mexico. The
Caribbean region is eligible in both cases but experiences a significant
reduction in pipeline length for the 12 °C case. In Eastern Asia, the maps
demonstrates that a 12 °C intake temperature increases the number of
coastal points available for SWAC (from 144,591 to 350,876), in
southern Japan, western South Korea, Malaysia, Indonesia, and the
Philippines. The 5 °C drawing point map shows almost no potential for
the typical SWAC design in Europe except Finland and Sweden, whereas
the 12 °C design expands the technology to south of UK, Ireland,
Romania, Bulgaria, and few locations in North of Spain. The number of
available locations in Europe changes from 14,995 to 56,819. The three
areas of interest are detailed in individual maps available in Supple-
mentary materials.

The number of locations with the 5 °C and 12 °C source for each
defined areas following the five intervals of Fig. 2a and Fig. 2b are
summarized in Table 3.

Besides the number of locations categorized by pipeline length for
each selected areas and temperature, two additional indicators will be
calculated to quantify the impact of this change of temperature source.
The first indicator is the coastline point increase rate, which represents
the proportion of additional points obtained with the drawing point
change. This indicator measures the expansion of the eligible coastline
for SWAC installations with the alternative design. The second indicator
is the average length reduction, which quantifies the difference in
pipeline length between the two SWAC configurations for the coastal
points eligible in both cases. This indicator highlights the potential cost
savings achieved by adopting the alternative design.

The region depicted on the map demonstrates an expansion of the
number of coastal locations suitable for SWAC deployment by 350.3 %.
Furthermore, the available coastal points, in either scenario, benefit
from a significant reduction in pipeline length, with an average decrease
of 4.0 km. This reduction translates into substantial cost savings,
amounting to no less than $ 21 million. The light green-colored points
are expected to have installation costs similar to those of the Tahiti
SWAC system.

In the same manner as done for the US region, the increase rate in
favorable spots and the average reduction in length are calculated for
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Table 3

Number of locations categorized by areas and length for 5 °C and 12 °C water

temperature source.

For 5°C/12 °C North America Eastern Asia Europe

source

0-2.5km 418 / 38,884 13,319 / 94,489 5,627 / 37,729

2.5 -5km 2,354 / 27,967 17,926 / 105,945 2,976 / 8,411

5-7.5km 9,830 / 30,676 40,951 / 56,688 2,914 / 5,583

7.5-10 km 11,160 / 21,215 33,499 / 47,649 1,498 / 2,222

10 - 15 km 17,860 / 27,060 38,896 / 46,105 1,980 / 2,874

Total 41,622 / 144,591 / 14,995 /
145,802 350,876 56,819

the Asian zone, which experiences a 242.7 % increase in the number of
eligible coastal points for SWAC installations. Moreover, the available
coastal points in either scenario show an average reduction of 4.4 km for
the pipeline length. This reduction translates to cost savings of at least $
24 million.

The results of the aforementioned indicators, computed for the re-
gions of North America, Eastern Asia and Europe are summarized in
Table 4.

The viability of the SWAC project is strongly dependent on the
cooling demand of the targeted location and its distance from the
coastline. As the length of the pipeline approaches 10 km, equivalent to
an estimated cost of around $ 60.1 million, tax excluded, the cooling
demand needs to be substantial (10 MW,,,) in order to justify the high
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Table 4
Temperature source variation impact on SWAC potential based on coastline
point increase rate and average length reduction.

Areas Coastline Average length reduction
point (Standard Deviation)
increase rate

Drawing
pipeline
cost savings

North 350.3 % 4.0 km (6 = 2.3 km) $ 21 million
America
Eastern Asia 242.7 % 4.4 km (6 = 2.2 km) $ 24 million
Europe 378.9 % No shared locations No shared
locations

investment cost. For pipelines ranging from 10 to 15 km, the cost in-
formation from the Tahiti installation is insufficient to provide a satis-
fying approximation of the installation cost.

60°N

30°N

180° as5°w 0°

180° as°w 0°

World Map of Nifio Temperature Anomaly for 12°C drawing point
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Impact of ENSO on the higher temperature source.

The impact of El Nino-Southern Oscillation (ENSO), first for E1 Nino
and then for La Nina, are considered for the selected drawing point at
12 °C. According to Roemmich [22], significant temperature fluctua-
tions within individual layers can obscure the smaller vertically aver-
aged temperature change, where the ocean loses heat during periods of
anomalously warm surface layers and gains heat when the surface layer
is cool. While this effect is negligible for the deep depths of the typical
SWAC system at a depth of 1000 m, it must be taken into consideration
for the drawing point at 12 °C to ensure the reliability and performance
of the system.

The temperature anomaly depicted represents the difference be-
tween the climatology and the DJF (December-January-February)
average of El Nino or La Nina events during the climatology period. By
analyzing the temperature anomalies, we can assess the deviation from
the normal climate conditions during ENSO events and evaluate the
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Fig. 3. El Nino (a) and La Nina (b) temperature anomaly for 12 °C isotherm.
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potential effects on the selected drawing point.

The temperature source of 12 °C was chosen to match the tempera-
ture regime of HTDC (High Temperature District Cooling), which can
operate with a temperature regime of 14/22 °C. According to the mea-
surements on the Tetiaroa SWAC installation, heat loss along the pri-
mary pipeline results in an increase of approximately 1 °C at the heat
exchanger inlet, added to 1 °C increase at the secondary outlet after the
heat exchanger. Moreover, Jangsten [17] indicates that the supply
temperature of the District Cooling can reach 16 °C or higher when
dehumidification is managed by a separate ventilation system. Conse-
quently, considering the impact of ENSO, the maximum allowable
temperature anomaly tolerance for the drawing source during ENSO
events is fixed between + 1.5 °C and + 2 °C.

The temperature anomalies at the depths of the previously selected
drawing points are represented in Fig. 3a and Fig. 3b.

According to the map, the temperature variations generally remain
within the range of half a degree Celsius (positive or negative), which is
acceptable for SWAC operation. Only the west coast of North America
(USA and Mexico) exhibits temperature variations of around 1 to 1.5 °C,
and also a small area of islands in the south of Japan. The worldwide
temperature variation extremes are —1.39 °C and + 1.63 °C, which fall
within the tolerable limits previously discussed and ensure the proper
operation of the SWAC system during El Nino events.

Regarding La Nina events, the temperature variations extremes are of
the same magnitude as El Nino, ranging from —1.41 °C to + 1.72 °C.
Additionally, the impact on temperature source variation on the selected
spots remains acceptable, with deviations of 0.5 °C to 1 °C. The only
exceptions concern a relatively small area in the south of Philippines and
the east of Papua New Guinea, which experience temperature variations
of about 1.5 °C. Overall, the effects of La Nina on the selected drawing
point are within tolerable limits, ensuring the suitability and operational
effectiveness of the SWAC system during La Nina events too.

In conclusion, ENSO has a relatively small influence on the tem-
perature source selected for SWAC which does not prevent a proper
operation of the SWAC system, despite the increase of the drawing point
temperature. The impact of ENSO on the shallower drawing point of
SWAC are summarized in the Table 5.

The stability of this temperature source, with its minimal variability
and intermittency compared to other renewable energy sources, remains
a strong advantage of the SWAC technology. Although, as mentioned in
the introduction, dehumidification is most of the time ensured by the
SWAC system alone. This could be, in certain cases, necessary to resort
to an auxiliary device to reduce the relative humidity of the air.
Consequently, with proper consideration and implementation of a
suitable dehumidification solution, the SWAC system can continue to
operate effectively, providing cooling efficiently and sustainably.

Conclusions

The study analyzes the potential of a Sea Water Air Conditioning
(SWACQC) system with two different drawing temperatures: 5 °C and
12 °C. The study assesses the global potential of SWAC by estimating
pipeline lengths required to access the selected drawing point from
coastlines worldwide. The results are depicted on world maps, showing
the estimated pipeline lengths for different regions.

The favorable areas for SWAC with a 5 °C drawing temperature are
mainly within the intertropical zone, such as the west coast of the USA,
Mexico, Central American countries, the Caribbean, Hawaii, Taiwan,
French Polynesia, Malaysia, Indonesia, and the Philippines. Japan and
South Korea also show great potential. With the alternative 12 °C
drawing temperature, the potential for SWAC expands to new regions,
including Chile, Argentina, south of Africa, Oman, Portugal, the UK, and
New Zealand.

Three main areas of interest are selected: North America, Eastern
Asia, and Europe. The total number of eligible locations increases with
the new drawing temperature, changing respectively from 41,622 to
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Table 5
ENSO impact on SWAC temperature source.

ENSO Minimum Maximum Zone

El Nino
La Nina

-1.39°C
—1.41°C

1.63°C
1.72°C

West coast of North America (USA, Mexico)
East of Papua New Guinea, South of
Philippines

145,802, 144,591 to 350,876, and from 14,995 to 56,819. The study
quantifies the impact of the temperature source change by calculating
two indicators: the coastline point increase rate and the average length
reduction. These indicators demonstrate the expansion of eligible
coastal points for SWAC, and the cost savings achieved by adopting the
alternative design. The North American zone demonstrates a coastline
point increase rate of 350.3 %, with an average length reduction of 4.0
km and therefore a cost savings of $ 21 million. The Eastern Asia area
experiences a coastline point increase rate of 242.7 %, with an average
length reduction of 4.4 km and therefore a cost savings of $ 24 million.
Europe has an increase rate of 378.9 % and, length reduction cannot be
computed for this zone because of the absence of shared points.

The influence of El Nino-Southern Oscillation (ENSO) events is
considered for the 12 °C drawing point. The results show that the tem-
perature variations during ENSO events generally remain within
acceptable limits for SWAC operation, with extremes temperature var-
iations of 1.63 °C for El Nino and 1.72 for La Nina, both falling within
tolerable ranges.

Overall, the study highlights the potential of SWAC technology in
various regions worldwide, with the alternative 12 °C temperature
source opening up opportunities in new areas. The shorter pipeline
lengths associated with the 12 °C temperature source can lead to sig-
nificant cost savings. Furthermore, the great stability of the temperature
source remains a key advantage of SWAC technology, even with a higher
drawing point. It is important to point out that the presented work only
considers the current climate conditions. However, further work should
explore the impact of future climate on the SWAC potential for two as-
pects. Firstly, in a context of climate change, certain regions are ex-
pected to be more exposed to thermal stress compared to the present
climate, allowing SWAC technology to be relevant in more areas. Sec-
ondly, the intensifying ENSO events may have a more significant impact
on the chosen drawing temperature.
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