
OVERVIEW OF OCEAN THERMAL ENERGY CONVERSATION CAPABILITIES, 
USING MERCATOR GLORYS2V1 REANALYSIS 

Fabrice Hernandez(1), Edmée Durand(2), Nicolas Ferry(2), and Aude Chayriguet(2) 

(1)IRD/Mercator Océan. 8-10 rue Hermès – Parc Technologique du Canal – 31520 Ramonville St Agne. 
Fabrice.Hernandez@mercator-ocean.fr 

(2)Mercator Océan. 8-10 rue Hermès – Parc Technologique du Canal – 31520 Ramonville St Agne 

ABSTRACT 

Oceanography can provide “efficiency” maps for Ocean 
Thermal Energy Conversion (OTEC) implantation. 
OTEC industry is constrained by: vertical temperature 
gradient ; collecting system depth ; vicinity to energy 
users and distribution area ; coastal, hydrodynamical 
constraints (currents, vertical shear, sea state, tides…). 
The Mercator Océan GLORYS2V1 (G2V1) global 
reanalysis is used to provide a realistic description of 
the ocean thermodynamics over the 1992-2009 period. 
G2V1 is eddy-permitting, based on the NEMO OGCM, 
at ¼° global resolution, and assimilates satellite 
altimetry, ARGO and other in-situ and remote sensing 
observations. Using thermal content criteria, G2V1 
allows characterising OTEC potential areas worldwide. 
The thermal content at interannual, seasonal and 
intraseasonal time scale is assessed in every basin to 
map the OTEC usefulness from surface to 2000-m-
depth. Most potential OTEC areas are located in the 
tropical region. Due to ocean heat transport and content 
variability, some tropical areas can be excluded. Once 
identified, potential areas should be subject to 
subsequent studies, to fully address technical issues 
prior any OTEC power plant installation. 

1. INTRODUCTION 

Ocean Thermal Energy Conversion (OTEC) principle is 
based on the sea water temperature difference from 
surface (warm) to depth (cooler), from which energy 
can be extracted. Feasibility was proved during the 30’s 
[1] and engineering difficulties were overcome in the 
80’s. The power plant needs a 20°C temperature vertical 
difference, and pumping cold water below 1000m-deep 
is hardly possible. However, the efficiency is low, and 
depending on this temperature vertical gradient. The 
concept was not cost effective with low petrol prices 
during the 80’s and 90’s, but it could be now, due to the 
energy crisis, as well as the political concern to use 
more renewable energy production. 

Tropical oceans, with warm surface waters and shallow 
thermoclines are typical areas of interest. Many criteria 
drive possible implantation of an OTEC power plant: 
vicinity to coast where energy can be consumed ; local 
dynamics of the ocean (currents, waves, tides etc….) for 
safe installation; water column temperature vertical 
gradients ; maximum technical depth where cold water 
can be pumped-up, and many others.  

This study proposes to provide a global mapping of 
possible areas for OTEC implantation, and characterise 
the impact and sensibility to ocean seasonal to 
interannual variability. The approach proposed here is to 
use a description of the ocean dynamics at global scale 
for the past years, and concentrate on the thermal 
content criteria: vertical temperature gradients, and 
maximum depth. Such approach have been already 
carried out at regional scale, at the vicinity of Hawaii 
[2]. At Mercator Océan, a global scale study was first 
started in order to target La Réunion, La Martinique  
islands and Tahiti areas, using the GLORYS1V1 global 
ocean reanalysis over the 2002-2008 period [3]. In order 
to take into account the ocean temperature interannual 
variability, the present study is based on the more recent 
GLORYS2V1 (G2V1) global ocean reanalysis, from 
1992 to 2009. This reanalysis is eddy-permitting, and 
offers a fine description of ocean surface layers. It 
allows inferring the impact of long-term ocean thermal 
content changes, and the importance of surface layers 
for OTEC efficiency. G2V1 reanalysis is described in 
section 2, thermal content variability in section 3, 
potential areas for OTEC are given in section 4. 

2. GLORYS2V1 REANALYSIS 

The global ocean/ice eddy-permitting GLORYS2V1 
reanalysis [4, 5] is based on the ORCA025-L75 
configuration of the NEMO3.1 OGCM (OPA ocean, 
and LIM2-EVP sea ice models), with ¼° horizontal 
resolution and 75 z-levels refined near the surface, with 
1-m to 100-m layer thickness from surface to bottom 
[6]. Ocean model parametrizations used are: filtered free 
surface; partial steps; energy and enstrophy conserving 
advection scheme; Isopycnal diffusion for tracers, 
biharmonic for momentum; TKE vertical turbulence 
scheme. It is forced with 3-hourly ECMWF ERA-
Interim atmospheric field using CORE bulk formulae 
[7]. Turbulent heat fluxes are corrected a priori using 
GEWEX derived products. The simulation is initialised 
in December 1991 with WOA98 ocean and NSDIC sea-
ice climatologies [8]. 

The SAM2v1 assimilation, based on the SEEK filter 
multivariate formulation [9], is used to assimilate sea 
level anomalies from ERS-1/2, T/P, Jason-1/2, EnviSat, 
and GFO (from AVISO), together with the in-situ 
CORA3.0 database (from MyOcean/CORIOLIS), and 
NOAA/NCEP SST products. The control vector 



comprises the barotropic height, temperature, salinity, 
zonal and meridional velocities. Background error 
covariances are calculated a priori, from an ensemble of 
3D anomalies from a reference simulation, and are 
seasonally varying. An additional 3D-VAR bias 
correction scheme is performed on temperature and 
salinity. Innovations are computed at First Guess at 
Appropriate Time, and corrections applied using 
Incremental Analysis Update scheme. 

In order to use this ocean reanalysis for ocean thermal 
content analysis, a dedicated validation task has been 
performed in the framework of the EC GMES/Marine 
Core Service MyOcean project [10, 11]. G2V1 Sea 
Surface Temperature (SST) validation against Reynolds 
NOAA product [12] shows root-mean- square (rms) 
error levels below 1°C in most areas, but near the 
western boundary current at mid- and high latitudes, and 
eastern Pacific equatorial and Benguela up-welling 
areas (Figure 1). SST error global average witnesses 
some seasonal dependence but do not exceed 0.2°C 
(Erreur ! Source du renvoi introuvable.Figure 2). 

 
Figure 1: RMS differences between daily G2V1 and Reynolds 

SST. 

 
Figure 2: Time series of global daily average of G2V1 (red) 

and Reynolds (blue) SST (top). Global average of SST 
difference between G2V1 and Reynolds (bottom). 

At depth, in situ temperature innovation statistics at 
different layers (Figure 3) show rms error of 1-1.5°C 
near the surface with a seasonality, decreasing to less 
than 0.5°C rms below 800-m. After 2002, ARGO 
profiles allow a better correction, and temperature errors 

are reduced. The 0-700m global heat content is 
matching independent estimates (Figure 4) and shows 
that G2V1 captures the global heating tendency. 

 
Figure 3: From figure 4 of [4]. Time series of in situ 

temperature innovation statistics for 0-100m (white), 100-
300m (cyan), 300-800m (red), and 800-2000m (yellow) layers, 

in °C rms. 
 

 
Figure 4: Time series of G2V1 heat content from 0-700m-

depth (cyan), annually filtered (thin red), with a regression to 
infer the tendency (thick red), and compared to estimates from 

[13] (orange points). 
These rather low error values allow using G2V1 
temperature field for further analysis in this OTEC 
study. 

3. THERMAL CONTENT VARIABILITY FROM 
GLORYS2V1 

The characterisation of the temperature variability is 
based on statistics of G2V1 monthly averages from 
January 1992 to December 2009. Temperature standard 
deviations (STD) at each model level show that most of 
the variability is concentrated in the 0-50 layers at 
medium and high latitudes (Figure 5); between 10-150 
m in the tropical band, particularly in the warm pools 
and up-welling areas (Figure 6); and negligible below 
500m (Figure 7). Moreover, in the tropical band, 
temperature variability can be higher just below the 
surface (Figure 5). Figure 8 confirms that temperature 
variability below 300 meters drastically decreases. 



 
Figure 5: Monthly temperature STD at 5-m-depth (°C). Thin 
black contour where STD at that level is larger than surface 

STD. Red/blue isolines define the larger/smaller area of 
interest as computed in section 4. 

 
Figure 6: STD at 100-m-depth. See Figure 5 caption. Thick 
black isoline where STD at that level is 5 times larger than 

surface STD. 

 
Figure 7: STD at 1050-m-depth. See Figure 6 caption. 

The ocean thermal content changes are thus essentially 
expected in the ocean upper layers. In the tropical band, 
near the surface, the area of largest variability is located 
where mixed layer depth is shallower (Figure 9). In 
these areas, surface layers temperature are subject to 
more important changes associated with up-welling 
dynamics. 

As shown in Figure 4, the ocean thermal content is 

subject to interannual changes, related to global 
warming. For each G2V1 vertical level, the temperature 
long-term changes have been computed applying linear 
regression for each time series at each grid point. Major 
changes are observed in the surface layers, and the 
northern hemisphere, up to 0.25°C/year (Figure 10). 
However, Pacific eastern up-welling areas exhibits 
slight cooling tendency. In the tropical band, major 
long-term trends are evidenced in the Pacific warm pool 
(100-200m-depth, Figure 11) and are related to ENSO 
variability, while cooling appears at same areas than on 
surface layers. At 1000m-depth, long term changes are 
negligible (Figure 12). 

 
Figure 8: G2V1 temperature variance over 92-2009 (°C2). 
And only in the “max” area of interest (red, see section 4) 

 
Figure 9: G2V1 Mixed Layer Depth (SST-0.02°C criterion) 
mean value over 1992-2009 (meters). Red/black isocontours 
define the larger/the median area of interest as computed in 

section 4. 

 
Figure 10: G2V1 temperature tendency (°C/year) at 5-m-

depth. See Figure 5 for blue/red isolines description. 



 
Figure 11: Same as Figure 10 at 100-m-depth. 

 
Figure 12: Same as Figure 10 at 1050-m-depth. 

4. MAPPING THE OTEC POTENTIAL AREAS 

Using G2V1 temperature monthly averages over the 
1992-2009 period, two linked criteria have been 
selected. First, the depth at which a temperature 
difference of 20°C is observed from the surface, and 
second, the value of the temperature difference at the 
depth of 1000-m. 
What is chosen as “surface” is questionable. References 
of 5 and 20-m-depth were respectively chosen by [3] 
and [2]. The temperature climatology from G2V1 is 
used to infer the mean differences between the surface 
level, and 5-m-depth (figure not shown); and the surface 
and 20-m-depth (Figure 13). In the first case, 
differences do not exceed 0.3°C. With 20-m-depth, 
differences are noticeable, in particular at ocean eastern 
boundaries (more than 1°C in average), and in a lesser 
extent in the western boundary currents. This is the 
reason why the 5-m-depth is chosen as “surface” 
reference. 
However, this surface temperature gradient analysis 
shows that the choice of the surface warm water 
collecting device depth should be carefully taken into 
account. If strong dependence on depth is observed in 
the ocean reanalysis climatology, larger discrepancies 
could be expected if high frequency atmospheric flux 
forcing, and vertical mixing (tides, inertial oscillations 
etc…) are considered. 

 
Figure 13: Temperature difference between 0 and 20-m-depth 

from G2V1 climatology. The black isocontour defines the 
“median” area of interest, as defined below. 

4.1. Statistical analysis of the 5-m to 1000-m 
temperature difference 

At each grid point, the time series of temperature 
difference from 5 to 1000-m-depth is computed. Then 
statistics are computed: minimum, maximum, mean, 
median, standard deviation, and 25th-, 68th-, 75th- and 
90th-percentiles of the distribution of the 216 monthly 
samples. A map summarizes the main statistics (Figure 
14). The shaded field is the median value of each time 
series. i.e., region “1” corresponds to a region of the 
ocean where half of the time the 5-1000m vertical 
differences are larger 22°C over 1992-2009. The cyan 
contour corresponds to the 20°C value of this median 
field. The black contour corresponds to the 20°C isoline 
of the distribution of the time mean value. These two 
contours are matching, meaning that distributions seem 
to be symetrical. The blue contour corresponds to the 
20°C isoline of the distribution of the minimum value. 
In other words, near area “2”, all the monthly 
occurrences of the 5-1000m depth temperature vertical 
differences are larger than 20°C. While the red contour 
corresponds to the 20°C isoline of the distribution of the 
maximum value of the time series. ie, on area point “3” 
at least one monthly occurrence of the 5-1000m depth 
temperature vertical differences is larger than 20°C. 

Considering only this criterion, being restrictive, the 
area inside the blue contour is where the OTEC will be 
effective all the time of the year (statistically verified 
over 1992-2009). And not being restrictive, the area 
inside the red contours gives the regions where OTEC 
will be effective at least once over 17 years. 
Alternatively the engineering point of view could 
consider the percentile 25 and 68 (not shown here). The 
20°C contour of the first provides the areas where 
temperature vertical differences are larger 75% of the 
time than 20°C. While the second only one third of the 
time. Table 1 quantifies the surface on the global ocean 
occupied by the corresponding areas (eg, 5.86 107 km2 
corresponds to the surface contained inside the blue 
“min” contour). 



 
Figure 14: Statistics from G2V1 temperature 5 to 1000-m 

differences. Map of the time series median values at each grid 
point (°C).  See text for colour isocontour description 

 
Max P90 P75 P68 Moy Med P25 Min 
18.14 15.94 14.54 13.69 12.07 11.95 9.63 5.86 

Table 1: Surface (in 107 km2) occupied by area of interest 
considering the different statistical distribution of the criterion 
 
From these statistics, La Réunion Island cannot be 
considered as an optimal area, not being into the 
“minimum” criteria (blue contour). But the island is 
close to the percentile-25 20°C contour (not shown), 
meaning that ~75% of the water vertical distribution in 
time is compliant with the 20°C difference constraint. 
These results is in agreement with [3]. 

Back to temperature variability presented in section 3, 
where limits of the not restrictive area is plotted in the 
figures (red isoline), one can see that surface 
temperature variability do not exceed 2-3 cm rms, and 
the highest values are associated with eastern basin 
upwelling areas and shallow mixed layers. 

4.2. Statistical analysis of a depth corresponding to a 
20°C vertical difference 

The 216 G2V1 monthly averages from 1992 to 2009 are 
then used to compute for each grid point at which depth 
a 20°C vertical difference is observed. The following 
statistics are then computed: minimum/maximum, 
mean, median values, and 25th-, 68th-, 75th- and 90th-
percentiles of each distribution. Bathymetry is a limiting 
factor. Variations in time of the water masses also limit 
the number of occurrence of possible depth values 
corresponding to this 20°C vertical difference. 

Figure 15 summarizes the main results. The median 
value presents similar pattern than for the former 
criterion (Figure 14). The cyan dashed contour 

corresponds to 1000-m depth isoline of the median. The 
black, blue and red dashed contours correspond 
respectively to the 1000-m depth contours of the mean, 
minimum, and maximum values of the distribution. 
Therefore, “normal” or “Gaussian” distribution of depth 
values is not expected. Areas inside the “min” contour 
(blue) correspond to places where at least once in the 
time series, a 20°C vertical difference is observed at 
1000-m depth. One the other hand, the smaller limits of 
the area of interest is provided by the “max” contour 
(red).  Locations inside it correspond to places where all 
the time a 20°C or higher temperature difference is 
observed at 1000-m depth. 

 
Figure 15: Statistics from G2V1 temperature, depth at which a 

20°C vertical difference is obtained. Map of the time series 
median values at each grid point (m).  See text for colour 

dashed contours description. 
The engineering point of view could consider the 75th 
and 25th percentile. The 75th percentile indicates the 
threshold value of the last quarter of the distribution. 
Thus, the 1000-m depth contour of the 75th percentile 
(not shown) indicates  areas where 75% of the time 
depth is shallower than 1000-m for a 20°C vertical 
difference. This distribution is rather consistent with the 
25th percentileof the 5-m to 1000-m temperature 
difference distribution (not shown). Alternatively, the 
25th percentile indicates that locations inside the 1000-
m depth contour exhibit depth value for a 20°C vertical 
difference only one fourth of the time, which is a less 
restrictive criterion. 

4.3. Synthesis of the two statistics 

In order to draw a picture of potential areas for OTEC 
using the 216 samples of G2V1 monthly averaged 
temperature, four cases are proposed (Table ), and then 
are illustrated in Figure 16. 

 



Most restrictive criteria: the distribution of minimum 5- 
to 1000-m temperature difference (blue contour, Figure 
14), associated with the distribution of the maximum 
depth limits (red dashed contour, Figure 15) 

Low acceptance case: the distribution of 68th percentileof 5- 
to 1000-m temperature difference, associated with the 
distribution of the -25th percentiledepth limits. 

Highly acceptable case: the distribution of 25th percentile  of 
5- to 1000-m temperature difference, associated with the 
distribution of the percentile-75 depth limits. 

Less restrictive criteria: the distribution of maximum 5- to 
1000-m temperature difference (red contour, Figure 14), 
associated with the distribution of the minimum depth limits 
(dashed blue contour, Figure 15) 

Table 2 
 

  

  
Figure 16: four proposed cases (see text). Shaded field corresponds the distribution of the mean value of the 5-m to 1000-m 

temperature difference. Red, black and blue contours correspond to the 20°C isoline presented in Figure 14. 
 
4.4. Long-term trends influence on OTEC potential 

areas 

From time series of 5 to 1000-m-depth temperature 
differences, linear regression are performed in order to 
map the trends associated with long-term changes of the 
thermal content (Figure 17). It exhibits same patterns as 
the temperature at 5-m-depth trends (Figure 10). This is 
an expected result, because variability at depth is 
negligible. The tropical Pacific tendency is thus 
impacted by ENSO low frequency signature. The 
eastern side, subject to cooling tendency, is already 
excluded by the potential area analysis above. The 
western side-warming trend is here a beneficial 
tendency. It’s persistency for the future decades is 
questionable., and need further analysis  

 

 
Figure 17: Temperature 5 to 1000-m differences tendencies 
(°C/year). Red/blue isolines for min/max area of interest as 

defined in Figure 14. 
 



5. CONCLUSIONS 

Reanalysis like GLORYS2V1 allow addressing OTEC 
potential areas issues at global scale. The fine 
discretisation near the surface, and the horizontal 
resolution offer adequate representation of the 
temperature field and its variability. This variability is 
concentrated on the top 300-m, where long-term trends 
can be evidenced. 

Using the two criteria based on the ocean thermal 
content, the surface to 1000-m depth temperature 
difference, and the depth where 20°C difference is 
observed, a global map of potential areas for OTEC 
implantation is proposed. As already known, the 
tropical band is where OTEC can be efficiently applied. 
Limitation appears in eastern side of the tropical ocean, 
due to equatorial and coastal up-wellings. Due to 
seasonal and intereannual variability, these tropical 
areas can also be reduced. Several cases have been 
studied, depending on the level of efficiency requested: 
from total to partial. The most restrictive case exhibits 
possibilities only on “warm pool” sectors of the tropical 
oceans, while most ectensive considerations include the 
full tropical band. 

Such study aims to provide a first proposition on 
potential areas. In practice, OTEC power plant 
implantation depends on many other criteria that should 
carefully be taken into account in dedicated local 
studies. The G2V1 reanalysis is only eddy-permitting, 
do not represent the tides and other highly variables 
processes. Most of OTEC power plant should be 
installed close to the coast, in order to supply energy 
where it can be used easily. Coastal dynamics, 
depending on bathymetry, wind, river discharge etc…. 
atmospheric conditions (occurrence of cyclones) should 
be taken with care. And these dynamical impacts, like 
current vertical shear on the pipe and structures of the 
platform should also be studied. Using the adequate 
biogeochemical modelling, coupled with the ocean 
dynamics description, impact on ecosystems, and issues 
on carbon release could also be inferred. Some of these 
issues, like the enhancement of the biological pump, 
might also offer some beneficial aspects that need to be 
studied. 
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