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Abstract  

Reunion Island (France, Indian ocean) targets the electric 
energy self-sufficiency by the horizon 2030, via an 
energy mix made of renewables including ocean 
energies. This target  is part of an ambitious national 
experimental plan called “Plan Reunion 2030” or 
“GERRI” (Green Energy Revolution, Reunion Island). 

OTEC (Ocean Thermal Energy Conversion) and SWAC 
(Sea Water Air Conditioning) technologies could be part 
of this challenging project, coupled with other DOWA 
(Deep Ocean Water Applications) and sustain the current 
quick development of this Sub-tropical island which will 
reach 1 million inhabitants on 2500 km2 by 2030.  

In April 2008, ARER (Reunion Energy Regional Agency) 
and ARVAM (Agence pour la Recherche et la 
Valorisation Marine) conducted the first characterization 
mission of Deep Ocean Water (DOW)  offshore  ‘Le Port’ 
city coasts.  This mission and study aims at:  

- Determining the local resource in deep ocean 
water (DOW) thanks to in situ measurements and 
0 to 1000 m DOW sampling.  

- Characterizing the access to these depths  

- Assessing the economic development potential of 
the Deep Ocean Water Application (DOWA)  

The temperature of 5,1°C (41,18 Fahrenheit) was 
measured at a 1000 m depth. The complete thermocline 
and water composition were also analyzed and are 
presented in this paper.  

 
We also conducted an analysis of Reunion island sites of 
interest with concerns for OTEC and SWAC applications, 
under the main criteria of bathymetry morphology, water 
temperature and local city planning projects. 

Best sites selection and characteristics shows that SWAC 
(Cities of Saint Denis and Le Port) and OTEC (Cities of 

Le Port, Saint Denis and Sainte Rose) could find interesting 
development in next years in Reunion Island. 

1. INTRODUCTION 

1.1 Réunion Island  situation 
 
Réunion (or formally La Réunion) is an island located in the 
Indian Ocean, east of Madagascar, about 200 km (130 miles) 
south west of Mauritius, the nearest island.  
 
The island is 63 kilometres (39 miles) long; 45 kilometres 
(28 miles) wide; and covers 2512 square kilometres 
(970 square miles).  
 

 
Figure 1 : Reunion Island location 

 
 
Administratively, Réunion is one of the overseas departments 
of France. Like the other overseas departments, Réunion is also 
one of the twenty-six regions of France (being an overseas 
region) and an integral part of the Republic with the same 
status as those situated on the European mainland. Réunion is 
an outermost region of the European Union, and thus the 
currency used is the euro.  
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She is located on perfect latitude to receive consistent 
swells and great tropical weather. It’s a volcanic island 
with 3000 m peaks, an active volcano (latest eruption in 
September 2008) and black or white sand beaches. This 
mountainous countryside has a big influence on weather 
patterns with a rain shadow cast on the leeward West 
coast. As a consequence of lower rainfall, coral reefs have 
developed here and sea beds are less deep than on the 
East coast. The windward East Coast is extremely wet 
with high humidity levels amongst the highest in the 
world, while the west coast is rather dry. On the East 
coast, sea beds reach quickly important depths.  
 

 
 

Figure 2 : Réunion Island map  
 
1.2 Réunion local context 
 
In 1999 at UNESCO, Paul VERGES, current president of 
Réunion Regional council, announced the will for 
Reunion island to reach energy self sufficiency by 2025, 
with a first step via 100% renewable electricity. The 
PRERURE (local Energy Plan) and ARER§  (Regional 
Energy Agency) were therefore created leading in last 10 
years to structural achievements: 40% of households 
equipped with solar thermal water systems and quick 
development of windmill farms and photovoltaic that 
benefit from local tax and electricity purchase incentives. 
Currently, one third of Reunion island network electrons 
are clean, mostly through sugar cane “bagasse” burning 
and huge hydroelectric facilities.  
 
Consequently, the French government decided to target 
Reunion Island as the French laboratory for innovative 
energy with the scope to reach 100% of renewable 

                                                 
§  ARER (Réunion Island Regional Energy Agency) is a 
non profit-making association, as defined by the French 
Associations Act 1901. ARER’s aim is to promote and 
develop energy saving, to use renewable energy and to 
protect energy resources.  
 
More precisions are available on our website: 
www.arer.org 
 

energies in 2030 even with electric road transport facilities. 
 
Current modelling of what could be the 2030 energy mix in 
Reunion island (The figures below represent a possible 
ambitious 2030 scenario with 100% ReN) were performed and 
stressed the necessity to develop Ocean energy systems with 
high priority for OTEC energy scaling 100 MW by 2030. 
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Figure 3: Test case scenario of 100% Renewable energy mix 
scenario, 2030. (Including 50% of road electric transport and 
electricity storage losses. Strategic Base load is made of 
Geothermy (60 MW) and OTEC (~ 100 MW), this scenario 
considers 30 MW for Wave energy) 
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Figure 4: Test case scenario of 100% Renewable energy mix 

scenario, 2030. (Same scenario than the figure above) 
 
This scenario includes 50% of road electric transport and 
electricity storage losses. Strategic base-load is made of 
geothermic energy (60 MW) and OTEC (~ 100 MW). It 
considers 30 MW for wave energy. 

 
Through this paper, we wish to present the state of the art 
knowledge on OTEC and SWAC resources in Reunion Island. 
Our will is to encourage technology transfer in Reunion Island 
on these highly strategic fields. 
 

1.3 Sites in Réunion Island for OTEC, SWAC and 
DOWA development 
 
In 2007, ARER identified several potential sites on Réunion 
Island for Deep Ocean Water Applications (DOWA) and 
OTEC development. This study was based on a bathymetric 
analysis around the island and an analysis of land human 
needs. The Figure 5 shows all potentials sites for OTEC and 
SWAC development and the Figure 16 presents several 
bathymetric profiles of La Réunion.  
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Figure 5 : Bathymetric representation of ocean energies 

Réunion Island map  
 
 
The best Réunion Island site for DOWA development is 
settled in the east. The bathymetric profiles of Sainte 
Rose are the steepest of Reunion Island and amongst the 
best in the world (in mauve on Figure 16). They are 
clearly favourable to the implementation of an onshore 
OTEC plant and the location of a 67 MW hydroelectric 
plant, in front of the vertiginous slope to 1500 m depth 
could make easier the grid connexion.  
 
In the South of the island between Saint Joseph and Saint 
Philippe, numerous are the slopes with rapid access to 
important depth. As the zone is not so much urbanized, 
OTEC and DOWA could be developed in few years.  
 
At Saint Denis, administrative centre of Reunion Island, 
with about 160 000 habitants, the seabed appears to be 
favourable to a CWP implementation. The bathymetric 
profile (in grey on Figure 16) presents an interesting 
submarine plateau from 0 to -100 m for a CWP anchorage 
with after a good slope to 500 m and 1000 m depth. A 
real opportunity exists for urban SWAC development 
with an extension to the neighbour city of Sainte Marie, 
where important office spaces are available. SWAC 
solution is already thinking for the air conditioning of 
about 15 000 m² of offices, which should be build in a 
near future. Important office spaces are already built and 
could use SWAC too. Between these two cities is located 
the international airport of La Réunion, which have 
important needs in air conditioning too.  
 
In the city of Saint André, a 100 MW coal plant work 
about 8000 h /year. The cooling water circuit of this plant 
(usually regulated to 60°C) could be used to warm Sea 
Surface Water (SSW) of an OTEC plant. Electricity 
production of an OTEC plant would increase of 15% for 
1°C supplementary of the temperature difference between 
warm SSW and cold DOW. The bathymetric profile (in 
green on Figure 16) of Saint André appears not to be 
favourable to OTEC development because of the Cold 
Water Pipe (CWP) length. But the temperature gain 
obtained by coupling a coal and OTEC power plant could 
improve the return on investment of a project. 
 
On the West Coast at Etang Salé city, a volcanic 
geological band dives quickly to 1000 m and could be 

favourable to a CWP implementation. However today, the 
Marine Natural Reserve could limit the development of 
DOWA project on this site.  

 
Le Port city was targeted as a potential site for OTEC and 
DOWA development. From March to August 2008, ARER led 
an opportunity study [13] for the city council. A DOW analysis 
with samples, an access to DOW note and an opportunity study 
for OTEC and DOWA development on Le Port city territory 
were written.  
 
A similar study should be done before the end of 2008, for 
Sainte Rose city, which presents the best opportunities for 
onshore OTEC and others DOWA development.  

2. DOW ANALYSIS AT ‘LE PORT’ CITY 
 

2.1 Sampling 
 
On the 24th April 2008, ARVAM made the first 
characterization mission of DOW on 3 points offshore Le Port 
city coasts. These points are between 5 km (points A and B) 
and 7 km (point C) offshore the nearest coast. Bathymetry is -
1000 for point B, -1100m for point A and -1200m for point C. 
Samples were collected at different depths: 0, -100, -200, -300, 
-400, -500, -700m, and -1000 m only for point C. The water 
composition was analysed by ARVAM and Rouen Laboratory. 
 

 
 

Figure 6: Sample points offshore Le Port City coast 
 

2.2 DOW analysis 
 
Temperature and pressure were measured by data logger 
(Aanderaa RCM 9).  
 
For others physical and chemical parameters, measurement 
was made from “Niskin” bottle samples. Measures were made 
at ARVAM laboratory or at Rouen Laboratory (only for 
nitrate/nitrite and silicate). The measured parameters were:  

- Salinity (PSU) 
- pH 
- Ammonium (µM) 
- Nitrate, nitrite and silicate (µM) 
- Phosphate (µM) 
- Total suspended solids (mg/L) 
- Turbidity (FSU)  
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Figure 7: Photograph of the data logger deployment on 
the 24 April 2008 

 

2.3  Water masses description 
A temperature/salinity diagram allows defining water 
masses sampling during this campaign (Figure 8). 
 
In agreement with the literature for this region of Indian 
Ocean [4], this diagram shows typical temperature and 
salinity of the following water masses: 
 
Surface water: Depth range: 0-300m. Temperature from 
27.6°C (surface) to 17.1°C (-300m). Salinity increases 
with depth to reach 35.5 PSU in 300m depth. 
 
Indian central water (ICW):  Depth range: -300m to -
1000/-1500. Temperature from 17.1°C (-300m) to 5.1°C 
(-1000m). ICW is a subtropical water mass formed and 
subducted in the Subtropical Convergence (STC). In 
hydrological properties, ICW is identical to South 
Atlantic and Western South Pacific Central Water [3]. 
 
The deepest sampler (-1000m) is probably the transition 
between ICW down layer and Antartic Intermediate 
Water (AAIW) up layer. The AAIW is described below. 
 
Antarctic Intermediate Water (AAIW) : Depth range: 
c.a -1500m. Temperature of 3-4°C and 34,3 salinity. 
South of 10°S a conspicuous salinity minimum near 1000 
m indicates the presence of Antarctic Intermediate Water 
(AAIW). Although the minimum can be followed to the 
surface in the Polar Front (Antarctic Convergence), this 
may not indicate formation in the Indian Ocean sector but 
be the result of advection from the Atlantic Ocean. The 
distribution of AAIW is limited to the region south of 
10°S [3]. 
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Figure 8: Diagram T(°C)/S(PSU) between surface and -1000m 

samplers (station C) 
 

2.4 Nutrient concentration 
 
Nitrogen and phosphate nutrient concentration: 
 
Low nitrogen and phosphate surface concentration are 
characteristics of oligotrophic water. Nutrient concentration 
increases with depth (due to mineralization of organic matter) 
to reach 35.5 µM for nitrogen and 2.38 µM for phosphate, both 
at 1000 m depth (Figure 9 and Figure 10). This concentration 
is the maximum found in column water [1]. 
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Figure 9: Nitrogen nutrient concentration (µM) of station C 

 
 

-1100

-900

-700

-500

-300

-100

0,0 0,5 1,0 1,5 2,0 2,5

Phosphate (µM)

D
ep

th
 (

m
)

 
Figure 10: Phosphate nutrient concentration (µM) of station C 
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Silicate nutrient concentration: 
 
Low silicate nutrient surface concentration is 
characteristic of oligotrophic water. Silicate nutrient 
concentration increases with depth (due to mineralization 
of organic matter) to reach 52.8 µM at 1000m (Figure 
11). Due to different mineralization process, the 
maximum column water silicate concentration is not 
reach at -1000 m but at -3000m (130 µM; [1]).  
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Figure 11: Silicate nutrient concentration (µM) of station 

C. 
 

2.5 Total suspended solids and turbidity 
 
Total suspended solids and turbidity are both very low at 
each sampling depth (see table below). For surface water, 
this low level is due to offshore position of the station and 
low influence of terrestrial runoff. 
 

Table 1: Total suspended solids (mg/L) and turbidity 
(FSU) for each depth (mean of three stations) 
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3. REUNION ISLAND THERMAL 
GRADIENT 

3.1. Deep Ocean Water offshore Le Port City 
coasts 
 
During this mission, the temperature profile was 
determined and the following graph presents Le Port 
temperature profile. The water temperature decreases 
quasi linearly from the surface to 1000 m depth, where 
the temperature reached 5.1°C (41.18°F).  
 
On this graph appears the Tahiti profile temperature [1], 
which is more pronounced than Reunion Island 
temperature profile. In pink, the theoretical Indian Ocean 
temperature profile (see Figure 12) lets think that the both 
profiles could have an equal temperature to depth of 

1200-1300m. In a next future to complete the ARER 
knowledge of the Reunion Island DOW, other samples from 
1000 m to 1500 m depth would certainly be implemented in 
other locations such as Sainte Rose (the best Reunion site in 
term of rapid access to important depths).  
 

Le Port and Tahiti temperature profiles  
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 Figure 12 : Temperature profile offshore Le Port city (source: 

ARVAM and [1])  
 
 
3.2. Warm Sea Water offshore Le Port City coasts 
 
In relationship with the present study, a study leaded by the 
Marine Ecology laboratory of the “Reunion University” and 
the IRD (Development Research Institute) [5] measured during 
a decade the sea surface water temperature at Le Port. The data 
logger was installed on a beacon located at the (“Port Est”) 
harbour entrance exposed to the open sea.  
 
The monthly average temperatures were calculated on the 
entire decade. From July 1993 to April 2004, the lowest 
recorded temperature was of 22.3°C on the 23 July 1993, and 
the highest with 29.1°C was measured on the 18 February 
1998, and 3 and 4 March 2004. The annual average sea surface 
temperature on the ten years was of 25.7°C. The Sea Surface 
Water (SSW) seasonal temperature average was of 27°C for 
the southern hemisphere summer (November to April) and of 
24.4°C for the winter (May to October).  
 

Monthly average temperature of sea surface water (f rom 1993 to 2004)  in 
Le Port
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Figure 13 : Monthly average temperature from July 1993 to 

April 2004. (Source [2]) 
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3.3 Temperature difference between deep and 
surface waters 
 
The knowledge of both temperatures sources, DOW and 
SSW, gives the Temperature Difference (DT) on Le Port 
coasts. The following table presents in its second column 
the sea surface water temperature average from 1993 to 
2004.  
 
The third column gives the temperature difference 
between the measured sea surface water temperature and 
the measured temperature at 1 000 m depth.  
 
In its fourth column, a first hypothesis is made, based on 
a DOW warming of 0.9°C during her transport in the 
CWP. On the table’s fifth column, a second hypothesis 
established that the SSW pumping at 20 to 40 m depth 
entails a loss of 1°C of the sea surface water temperature. 
The last column resumes both precedents hypothesis and 
represents the realistic difference temperature in Le Port 
for an OTEC plant working.  
 
 
Table 2: Monthly average temperature from July 1993 to 

April 2004 
 

Sea Surface Water 
temperature 

(average from 
1993 to 2004)

DT
 (en°C) 

DT (1)

 (en°C) 
DT (2)

 (en°C) 
DT (3)

 (en°C) 

January 27,5 22,4 21,5 21,4 20,5
February 28 22,9 22 21,9 21
March 28 22,9 22 21,9 21
April 27,4 22,3 21,4 21,3 20,4
May 26,4 21,3 20,4 20,3 19,4
June 25,1 20 19,1 19 18,1
July 24 18,9 18 17,9 17
August 23,5 18,4 17,5 17,4 16,5
September 23,4 18,3 17,4 17,3 16,4
October 24 18,9 18 17,9 17
November 24,8 19,7 18,8 18,7 17,8
December 26,3 21,2 20,3 20,2 19,3

Annual DT 
average 25,7 20,6 19,7 19,6 18,7

DOW 
temperature at 
1000m depth  

5,1°C

Hypothesis 
(3) Temperature difference with hypothesis 1&2

(2) Sea Surface Water pumping at 30m depth--> -1°C
(1) DOW warming of 0,9°C 

 
 
 

4. DOW ACCESS IN LE PORT 
CITYAND IN OTHER SITES 
 

4.1 Geological constraints for DOW access at Le 
Port city  

Le Port city is based on the old alluvial fan of the 
“Rivière des Galets” and her coasts are principally 
composed of alluvial materials. Several academic 
geological studies [6] and [7] points a strong influence of 
the actual alluvial fan of “Rivière des Galets” on a part of 
her coasts and distinguishes Le Port ocean floor in two 
zones.  

 

 
Figure 14 : Le Port city situation (source Google Earth) 

On  

Figure 15, the first zone (zone 1) from the “Rivière des Galets” 
actual alluvial fan to the ‘Pointe des Galets” is defined as 
proven source of instability with submarine avalanche risks. 
The second zone (zone 2) from the “Pointe des Galets” to the 
interior of the “La Possession bay” presents several signs of 
stabilization and is defined as supposed source of instability. 
Indeed, the submarines canyons are being filled by sediments, 
which traduce a poor land sediment transfer so a stabilization 
of the ocean floor.  

 

 
 

Figure 15 : Le Port city bathymetry 
 
Moreover, the particular shape of the “Pointe des Galets” lets 
supposed that bedrock is present under a small sediment 
stratum. To 40 m depth, bedrock has been observed in the 
interior of La Possession bay. This bedrock could be a good 
anchor point for the Cold Water Pipe (CWP) of an onshore 
OTEC plant.  
 
Moreover, settled on the leeward West coast of Reunion 
Island, Le Port is protected from the trade wind and streams, 
the CWP shouldn’t be affected by these natural constraints.  
 
Figure 16 shows these two zones and the different potential 
profile for the CWP implementation (in black).  
 
The best profile for the CWP implementation at Le Port city is 
the profile 2 (Att2) at “Pointe des Galets”, without excluding 
the interesting profile 3 (Att3). The profile 1 (Att1) was not 
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considered because of the instability risks of the seabed 
and the profile 4 (Att4) for the too long access to 1 000 m 
depth.   
 
In a first time, the opportunity study concludes that a 
geotechnical study has to be done in order to evaluate the 
stability of the seabed for the CWP implementation. A 
precise geotechnical study on ‘La Pointe Des Galets’ 
(Att2) would determine the stability of this precise zone. 
It could certainly be applied to the all CWP profile as the 
seabed seems to be homogeneous (composed of the same 
materials) from the coast to 1000m depth. 
 
4.2 DOW access comparison 
 
The following figure represents the bathymetric profile of 
different potential sites at Reunion Island for the 
development of an onshore OTEC and DOWA and the 
Hawaiian bathymetric profile of NELHA [8].   
 
The bathymetric profile of ‘La Pointe des Galets’ (Att2, 
in yellow) reach the 1000 m depth faster than the two 
others profiles on Le Port city (Att1, in orange; Att4, in 
red). 
 

“La Pointe des Galets” bathymetric profile (Att2, on  
Figure 15) conserves the same inclination on the all 
profile. Below 500 m depth, the bathymetric profile can 
be considered as good for the development of OTEC or 
DOWA, but it wouldn’t be among the worlds’ best ones.  
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Figure 16 : Bathymetric profile comparison of several 

potentials sites on Réunion Island and Hawaiian NELHA 
(Sources [8], [11] and [12]) 

To reach 1000 m depth, the CWP would measure about 
3800 m. Although, the CWP would be long, the 
development of others DOWA in Le Port city could give 
a real interest for using DOW in Le Port city.  

Figure 14 points up the very interesting bathymetric 
profile of “Sainte Rose” city, whom the slope is among 
the world fastest access to 1000 m depth. Another 
advantage for this site is the location of a 67 MW 
hydroelectric plant, just in front of the vertiginous slope.  

At Sainte Rose to reach the 1000 m depth, the CWP 
would measure about 2300m.  

 

5. DEVELOPMENT OPPORTUNITIES  
The opportunity study led by the ARER for Le Port City 
consisted to evaluate the development opportunities related to 
the utilization and the valorisation of Deep Ocean Water on the 
city territory. 

5.1. OTEC onshore  
 
At “Le Port”, the OTEC development opportunity study was 
based, as a test case, on an open cycle OTEC plant with a net 
power of 2.5 MW. About 30% of the power is lost in the 
pumping of DOW, and the gross power plant was of 3.5 MW. 
With a cost of 14 000€ per installed kW, the investment would 
be about 60 M€, with a factor of 1.2 due to the Reunion Island 
insularity.  
 
As fresh water is a strategic issue on the dry Réunion Island 
west coast, the open cycle OTEC was preferred to a close cycle 
as fresh water is directly produced during the electricity 
production process.  
 
Usually, an OTEC power plant is designed for a Difference 
Temperature (DTdesign) of 20°C. According to several studies 
[9] & [10], 1°C variation of the DT affects the electricity 
production of about 15%, either +15% if the DT gains 1°C or -
15% if the DT loose 1°C. In this case, the electricity 
production would be directly dependent of water temperature 
difference, as shown in the following picture by the DT curve 
and the “non optimized OTEC” plant curve. Nevertheless, the 
electricity production of an OTEC plant could be optimized in 
playing on the water flow, heat exchanger or on the turbine 
design This solution is presented by the curve Optimized 
OTEC and could permit to produce more electricity when the 
DT<DTdesign.  
 
The following graph shows the electricity production between 
a non optimized OTEC plant and another optimized. The 
electricity production of the optimized OTEC plant of 2.5 MW 
net power is of 16 300 MWh/year for 90% of utilization, 
although the non optimized OTEC plant produces 15 650 
MWh/year, either 4.2% less.  
 

OTEC power production in function of the temperature difference       
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Figure 17 : Electricity production of a 2.5MW OTEC net 
power plant 

 
For the 2,5MW OTEC plant, the corresponding flows are about 
3.8m3/s of DOW and about 7.6 m3/s of warm sea surface 
water.  
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The electricity production of this OTEC plant is equal to 
the production of a 12 MWc photovoltaic (PV) plant in 
Reunion Island. With a sunshine of 1350 h/year and 
spread on 96 500 m² (~9.5 ha), the investment for the 
implementation of this PV plant will be approximately of 
58 M€ (for an actual installation cost of 600 €/m² of PV 
panel). The installation of these two technologies would 
require practically the same investment.  
 
On an OTEC plant, the maintenance would be more 
important and her shelf life would be twice as much 
longer than the PV plant.  
 
The main advantage of the OTEC is to develop others 
DOWA after the electricity production.  
 

5.2. OTEC Offshore 
 
The ambitious objectives of the energetic plans, GERRI 
and PRERURE, to reach the electric self sufficiency of 
Reunion Island, without coal and petrol in 2030, will 
require the construction of powerful offshore OTEC 
plants. The first step will be to experiment the 
thermodynamic process of an onshore OTEC plant before 
testing an offshore one.  
 
Prospect studies conducted by the ARER show the 
necessity to develop renewable base load energy systems 
with high priority for OTEC energy scaling 100 MW by 
2030 (see Figure 3 and Figure 4). The implementation of 
offshore OTEC plant is intended to be part of the Reunion 
Island future. 
 
Moreover, offshore OTEC plant could revitalize the 
Reunion Island fishing sector in creating an artificial up-
welling.   
 

5.3 OTEC and fuel power plant coupling 
 
Using the cooling water of a fuel or coal power plant 
could be a solution to increase the temperature difference 
necessary to OTEC process. The simple process would 
consist in mixing the cooling water of the fuel or coal 
plant, usually regulated to 60°C or 80°C, with the warm 
sea surface water. The temperature difference would be 
more important, that would permit for each 
supplementary degree Celsius, a gain of 15% for the 
OTEC electricity production.   
 

Table 3: Figures of an OTEC and fuel power plant 
coupling 

 
1 Calorie (in J) 4,18

Power of the thermic fuel plant   (in MW)
160

Plant working time (h/year) 4500

Energy  production of the plant   (in MWh)
720 000               

Hypothesis of rejected heat 54%
Rejected heat of the plant (MWh_ch) 845 217               
Hypothesis on heat recuperation 20%
Energy recuperated from fuel plant 
(MWh_ch) 169 043               
Energy recuperated from fuel plant (J/s) 19 297 201          

Energy recuperated from fuel plant (cal/s)
4 616 555            

OTEC plant power (MW)
(Open cycle) 2,5

OTEC plant power (MW)
(Open cycle) 1

DOW flow (m3/s) 3,8 DOW flow (m3/s) 1,52

Sea Surface Water flow at 25°C (m3/s)
7,6

Sea Surface Water flow at 25°C (m3/s)
3,04

Potential Temperature difference due to 
energy recuperation of the fuel plant  (°K) 0,6

Potential Temperature difference due to 
energy recuperation of the fuel plant  (°K) 1,52

Power gain of the OTEC plant 9,1% Power gain of the OTEC plant 22,8%  

 
For the city of Le Port, this opportunity was analysed for the 
future 160 MW fuel power plant. Theoretically, the fuel power 
pant will loose 54% of its energy in heat. Recuperate 20% of 
this energy would represent an energy of 4 616 555 calorie per 
second, that permits to warm the 7.6 m3/s SSW flow of 0.6°K 
for a 2,5MW OTEC plant and of 1.52°K for a 1MW OTEC 
plant with a SSW flow of 3m3/s.  
 
This could generate a supplementary electricity production of 9 
% for the 2.5MW OTEC plant. For a 1 MW OTEC plant, this 
gain could be of 22% with a 3 m3/s sea surface water flow.  

 

5.4Urban and Industrial SWAC (Sea Water Air 
Conditioning) 
 
Settled on the Reunion Island west coasts, Le Port city is one 
of the most sunny and hottest cities of the island. Industrialized 
since the eighties due to its two ports and recently urbanized 
with the demographic explosion, the needs in air conditioning 
are important. The use of SWAC (Sea Water Air Conditioning) 
could be a sustainable development solution for this city. Two 
solutions could be assessed for the chilled water circuit, either 
one short for the air conditioning of a part of the city or one 
long for the entire city.  
 

 
Figure 18 : SWAC and irrigation circuit in Le Port 

 
In a light blue, the short circuit would deserve the industrial 
zone of “Port Ouest” and the future tourist development project 
of the zone. The circuit would measure approximately about 3 
km.  
 
The dark blue represents the long circuit of approximately 5 
km, which could deserve these previous areas, the city centre, 
3 hospitals, an exposition centre and 3 industrials zones.  
 
According to our economic and financial study, the investment 
in these chilled circuit would reach approximately 6M€ for the 
short one and 10 M€ for the long circuit (~2M€/km). To secure 
a return on investment the cold installed power would be at 
least of 5 MWf for the short circuit and 7 MWf for the long 
one, corresponding respectively to office surface of 50 000 m² 
and 70 000 m². The 50 000 m² of office surface are not 
available in the surroundings areas of the short circuit,  
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contrary to the long circuit, which could dispose of the 
70 000 m² of office surface.  
 
The long circuit could be profitable and would present a 
real opportunity for the sustainable development of the 
city. The difficulty would be to adapt sea water air 
conditioning to existing buildings.  
 

5.5 Fresh water production 
 
At each austral winter, the Reunion Island West Coast is 
subjected to drought period. While fresh water resources 
are overexploited, the demographic explosion of about 
200 000 habitants in 2030 will increase the fresh water 
consumption. 
 
The vaporisation process of sea salt water in OTEC 
electricity production appears as a real opportunity to 
solve this problem on the west coast of the island. This 
“ecological” desalinisation process would be favourable 
to the implementation of an OTEC plant, as the cubic 
meter of fresh water is sold at about 2.8 €/m3.  
 
If 0.5% of the warm sea water were vaporized, the 2.5 
MW OTEC power plant, with a flow of sea surface water 
of 7.6 m3/s, would produce 2950 m3/day of fresh water 
and would supplied 11 800 persons, having a daily fresh 
water consumption of 250 l/day (local water consumption 
per day per habitant). 
 

Table 4: Figures for fresh water production 
 
Power of the open cycle OTEC plant (MW) 2,5
Deep Ocean Water flow (m3/s) 3,8
Sea Surface Water flow at 25°C (m3/s) 7,6
 Vaporisation percentage of SSW 0,50%
Working time of OTEC plant 90%
Fresh water production (m3/year) 1 078 531          
Fresh water production (l/day) 2 954 880          
Daily fresh water cunsumption per habitant (l/day) 250
Numbers of supplied habitants in fresh water 11 820                
 
According to the prediction, the population in Le Port 
will growth from 38 000 to 60 000 habitants in 2025-
2030. This small OTEC plant will be a part of the 
solution for the fresh water alimentation for Le Port city 
and the neighbouring cities.  

5.6 Mineral water production  
 
In Hawaii, several companies export mineral water 
produced from Deep Ocean Water. This mineral water 
production would be favourable for the OTEC 
development. The selling of this water on the Japanese 
market could generate an important turnover and could 
finance a part of the investment for the CWP 
implementation of an OTEC plant. The DOW of Hawaii 
and La Réunion have a quasi similar composition.  
 

5.7 Irrigation 
 
Irrigation by the Ambient Humidity Condensation on 
Deep Cold Water pipe could replace green spaces 
watering in Le Port city in consequence fresh water 
would be economized for the human consumption.  

 
According to the experiences of the Common Heritage 
Corporation (tenant of the NELHA), the difference of 
temperature between leaves and roots of plants would 
stimulate spring conditions that accelerates the plant growth. 
On the Figure 18, the irrigation circuit of green spaces in Le 
Port city is represented.  

5.8 Aquaculture and seaweed culture 
 
As the DOW is very pure and very rich in minerals, 
aquaculture and seaweed aquaculture would have a better 
productivity with the utilization of this water. The important 
land demand of these activities restrains their development as 
the west coast is subjected to a land crisis. At Le Port, three 
zones were targeted for this activity but the proximity of the 
industrial and urban zone will certainly create conflicts. The 
figure below presents the three potentials zone for aquaculture 
and seaweeds culture at Le Port.  
 

 
Figure 19 : Potential zones for aquaculture and seaweed culture 
 
At Le Port city, the expensive land price associated to the 
globalization phenomenon wouldn’t permit to these activities 
to produce at competitive prices. Others sites on Réunion 
Island could permit the development of such activities.  
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6. CONCLUSION  
 
In 2008, ARER led an opportunity study for OTEC and 
DOW utilization on Le Port city territory. According to 
this study, implement OTEC technology in Réunion 
Island is not utopian. Certainly, the temperature profile 
and the sea surface water temperature are not ideal but it’s 
possible to optimize the OTEC process or to pump deeper 
the DOW in order to have a sufficient temperature 
difference. Coupling a fuel or coal power plant with an 
OTEC plant could be a solution to improve the return on 
investment of a first experimental OTEC plant 
implementation.  
 
Some sites around Réunion Island, with their steep 
slopes, like: Sainte Rose, Etang Salé or from Saint Joseph 
to Saint Philippe (in the south) could permit the pumping 
of DOW deeper than 1200 m depth. They could be good 
experimental sites for the installation of a small onshore 
OTEC plant.  

Depending on the site, different DOWA are able to be 
developed in Réunion Island and could bring dynamism 
to the local economy. SWAC could interest urban zones 
like Le Port and Saint Denis/Sainte Marie. In less 
urbanized zone, aquaculture and seaweed culture could 
replace some hectares of sugar cane culture.  

Besides, fresh water production could be interesting on 
the dry west coast and mineral water exportation for each 
potential site for CWP implementation.  

Before the end of 2008, a similar opportunity study to Le 
Port’s one should be made for the city of Sainte Rose 
with samples until 1500 m depth. These city seabeds 
present the best bathymetry in Réunion Island for onshore 
OTEC implementation.  

 
The political context, with the energy strategy of GERRI, 
could be a good catalyst for the implementation of an 
experimental OTEC plant in Réunion Island. Later, the 
development of offshore OTEC plant will be necessary to 
reach the electric self sufficiency of Réunion Island. But a 
first step for the French estate should be to define the 
purchase rate of the kWh produced by an OTEC plant.  
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