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Summary

Ocean thermal energy conversion (OTEC) is the process in which the solar thermal
energy accumulated in the water of the surface layer of the tropical ocean is used to
produce useful energy. Warm surface water and cold water pumped from the ocean
depth are, respectively, the hot and cold sources of this thermodynamic process. The
OTEC principle was described more than a century ago, and several experiments have
since demonstrated its feasibility. OTEC is a recruit to the panel of clean and renewable
energy resources that are needed to supply the future world demand in primary energy.
Results of research on OTEC have revealed that the characteristics of deep ocean water
make it an interesting resource not only for energy production but also for producing
freshwater, seafood, and other valuable products. This opens new opportunities for
OTEC commercial developments and other deep ocean water applications, but implies
careful assessment of their environmental issues.

1. Introduction

In the depths of the ocean there exists a huge reservoir of cold water formed by the
geography of submerged relief and the natural circulation of water masses. In the
tropical region of our planet where this deep ocean water (DOW) is available, just a few
hundred meters below the surface, it offers numerous useful applications, especially for
production or saving of energy, and the production of freshwater and food. Deep ocean
water should be considered a natural resource, still untapped, that could contribute
significantly to humanity’s sustainable development.
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2. Deep Ocean Water (DOW)

The ocean is both a large receiver and a huge reservoir of solar energy. A large share of
this energy is stored in the form of heat in the layer of surface water of the oceans and
seas in the tropical region. Winds, changes of water density, and rotation of our planet
induce forces that generate a general transport of this warm surface ocean water from
low to high latitudes. In polar region the warm water transported from tropical regions
cools and sinks in the deep oceanic basins. After a long trip in the ocean depths, DOW
is slowly forced back to the surface in upwelling regions.

This natural water circulation, which exports heat from tropical regions to the Poles,
contributes, as does the circulation of air in the atmosphere, to the thermal regulation of
the biosphere. Average vertical profiles of water temperature in tropical regions are
shown in Table 1. The value of 4°C at 1000 m depth is typical for DOW temperature
profiles.

Depth (m) Temperature (°C)

20 27.2
100 25.3
200 21.4
300 16.1
400 11.1
500 8.0
600 6.5
800 4.9
1000 3.9
1200 3.3

Table 1: Typical average water temperature profile in tropical oceans

During its lengthy voyage in the depths, far from the reach of solar radiation and the
influence of photosynthesis, the DOW is enriched with nutrients formed by the
transformation into minerals of organic debris falling from upper layers. An example of
the vertical distribution of nutrient contents is shown in Table 2.

Depth
Parameters Surface |700m 1000 m
Density o= 1000(d-1) at atmospheric pressure |23 27.2 27.4
Nitrate (mmol m™) 0.1-1 12-18 25
Phosphate (mmol m™) 04-05 [0.7-25 |3

Table 2: Typical nutrient contents profile

This description of the ocean circulation that considers only two layers, that is, the
surface and the DOW, is oversimplified. Oceanographers consider usually a four-layer
transport pattern better to describe thermohaline circulation. A typical water mass
stratification in a tropical ocean comprises abyssal water (from ocean floor to 4000 m),
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deep water (4000 to 1500 m), intermediate water (1500 to 800 m), and upper layer
(800 m to surface). Oceanographers identify and track water masses by measuring
specific combinations of basic parameters like temperature, salinity, density, oxygen
content, and concentration of nutrients and chemicals (greenhouse gases and chemicals
like freon, tritium, carbon-14, etc.). Processes described in this article use cold deep
ocean water at temperatures ranging from 8-10 °C (for DOWA, e.g. in marine culture)
to 6-4 °C (for OTEC).
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