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Abstract

Global warming means the observed century-scale rise in the average temperature of the Earth’s climate 
system. However, most of the increased heat is stored in the ocean. This causes the sea surface temperature 
to rise, producing extreme weather. Ocean Thermal Energy Conversion (OTEC) utilizes the temperature 
difference between the sea surface water and deep seawater to generate electricity. OTEC requires pumping 
a large amount of deep seawater, which is clean, cold and rich in nutrients. If the used OTEC seawater, i.e. 
a mixture of warm and cold seawater, is released to the sea surface, an artificial upwelling is then created. 
The natural upwelling regions result in high levels of primary productivity and thus fishery production. The 
upwelling area will also present low sea surface temperature. Hence, large enough artificial upwelling may 
mitigate global warming. This process takes advantage of ocean thermal energy to generate clean energy, to 
create fishery grounds and improve climate change. An interdisciplinary research program promoted by the 
UN will be necessary to achieve this goal.
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fish catch is distributed in coastal waters, because coastal waters 
receive nutrients from the land. High productivity upwelling areas 
and coastal waters, in contrast to the low productivity of the open sea, 
is not due only to greater mineral enrichment. In upwelling areas the 
phytoplankton at the bottom of the food chain are usually aggregates 
of colonial diatoms that are large enough to feed fish of exploitable 
size. As a result the food chain is very short, with an average of 1.5 
steps. The food chain in coastal waters is longer, averaging 3.5 steps. 
In the open sea, where phytoplankton at the bottom of the chain 
are widely scattered, single-celled diatoms, five steps are needed to 
produce exploitable fish and the energy transfer at each step is low in 
efficiency. The length of the chain was calculated by J.H. Ryther of the 
Woods Oceanographic Institution [6].

The major natural upwelling is due to wind-driven currents, which 
are diverted to the right of the winds in the Northern Hemisphere and 
to the left in the Southern Hemisphere due to the Coriolis Effect [7]. 
The result is a net movement of surface water at right angles to the 
direction of the wind, known as the Ekman transport. When Ekman 
transport is occurring away from the coast, surface waters moving 
away are replaced by deeper, colder and denser water. Normally, this 
upwelling process occurs at a rate of about 5-10 meters per day [8,9]. 
Such upwelling areas are along coasts, such as the Peru upwelling. The 
deep seawater is upwelled from the continental shelf boundary, of 
which the water depth is about 250 meters. 

Surface discharge of cold and warm seawater mixture

A mixture of warm and cold seawater, is released to the sea surface, 
an artificial upwelling is then created. In the OTEC process cold 
water not less than 850 meters deep is pumped up. Referring to the 
Oceanographic Data of the South China Sea [10], the ratio between 
the mean nutrient concentrations, i.e. nitrate, phosphate and silicate, 
at 850 m and 250 m depth is about 7,89. The nutrients are negative 

Introduction

Global warming induces the global change, resulting in sea level rise 
and extreme climate.Thermal energy is much denser than the kinetic 
energy. One kilogram of seawater rising 1 degree Celsius reserves 
about 4000 joule. However, one kilogram of seawater moving 1 meter 
per second contains only 0.5 joule and the seawater density is 800 
times larger than that of air. This is why typhoons become stronger, as 
the sea surface temperature increases by only 0.5 degree Celsius. Since 
1979 ocean temperatures have increased by 0.13°C per decade [1].

In order to reduce fossil fuels, the renewable energy has been 
paid attention. Ocean Thermal Energy Conversion (OTEC) utilizes 
the temperature difference between the sea surface water and deep 
seawater to generate electricity. About 3 cubic meters per second 
(cms) flowrate of warm seawater and 2 cms flowrate of cold seawater 
can produce 1 MW power. Nowadays two land-based OTEC pilot 
power plants still exist, one in Okinawa and another in Hawaii. The 
land-based plant size is limited due to the cold water pipe, because the 
maximum pipe diameter for land-based OTEC plant is about 3 meters 
at present. Another type OTEC plant is floating, which is moored and 
the power is transmitted to shore. The floating plant should be located 
within a distance from shore, because a long power transmission cable 
results to much power loss. The floating plant has another problem, 
i. e., typhoon or hurricane.Therefore, sites for both land-based and 
floating OTEC plants are not so many as we expect. However, an 
OTEC plant ship may cruise in the tropical sea where water depth 
is larger than 1000 meter. The electricity power is not transmitted to 
shore, but can electrolysis water to produce hydrogen and oxygen. 
This is the grazing OTEC. In 1994 Avery and Wu advocated that 
ten 160 MW OTEC plant ships producing methanol or ammonia in 
USA are profitable [2]. The grazing OTEC size can be large enough 
to change electricity to hydrogen economically. However for ocean 
renewable energies, such as offshore wind, wave and current power, it 
is not economical to convert electricity into hydrogen. 

Upwelling

In Ocean, the seawater temperature decreases as depth increasing. 
On the contrary, nutrients, i.e. nitrate, phosphate and silicate, which 
are essential to phytoplankton growth. It is a well-known fact that the 
natural upwelling area in the ocean is generally a high productivity 
area [3-5]. The nutrient in the photosynthesis zone, i.e. surface layer, 
is raised and the surface sea water temperature is decreased. The good
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in proportion to the seawater temperature. It is generally known 
that the cadmium concentration in the open ocean is closely related 
to biological activities, and that its distribution is similar to that of 
nitrate and phosphate [11]. The ratio between the mean nitrate, 
phosphate and cadmium concentrations at 800 m and 250 m depth 
for all data is about 8, 3 (Figure 1 and Figure 2). If we take an average

upwelling speed as 7.5 meters per day, then a 100 MW 
OTEC plant ship can create 18 square kilometers of upwelling area. 
One hundred OTEC plant ships can then generate 1800 square 
kilometers of upwelling area and low temperature sea areas. This may 
mitigate global warming. Of course, any environmental impact, such 
as albino, algal toxicity etc., should be studied carefully.

Figure 1: Location of sampling stations [11].

Figure 2: Hydrographic, nutrient and cadmium profiles for stations [11].
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Conclusions

The grazing OTEC process may not only produce clean energy but 
also mitigate global warming and create new fishery grounds. This 
topic is comprised of various disciplines: engineering, oceanography, 
atmospheric sciences, economics, law of the sea, etc. The United 
Nations should promote the study of this interesting topic right now.
The following research needs are urgent:

1.	 Hydrogen energy storage technology
2.	 What is the influence to the ocean circulation as large amount of 

cold and warm seawater mixture is discharged to the seasurface?
3.	 How large area of artificial upwelling can mitigate global 

warming?
4.	 How and how much cold and warm seawater mixture discharge 

can create a fishery ground? Is there any environmental impact?
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