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Ocean Thermal Energy Conversion 
Development Center in Okinawa

Japan is an archipelagic country surrounded by oceans. This 
means that the good use of sea would provide great advantages 
to Japan. One possible candidate for this is the ocean thermal 
energy conversion (OTEC). About half of the energy reaching 
the earth from the sun is absorbed by the surface of the earth 
or its ocean and land. Because of that, the yearly average tem-
perature of seawater in the shallow surface mixed layer (water 
depth: 30 to 100 m) in the tropical and subtropical areas reaches 
26 to 29°C. In contrast, the temperature of seawater at a much 
deeper position, around 1000 m deep, is nearly constant at 4 to 
6°C throughout the entire globe, as shown in Figure 1.

Therefore, if we can generate electric power using this dif-
ference in seawater temperature between the shallow sea and 
the deep sea, we can gain a tremendous amount of energy. 
This idea became well-known by Jules Gabriel Verne’s famous 
scientific fiction, “Vingt mille lieues sous les mers – Twenty 
thousand leagues under the sea”. That is, the Captain Nemo of 
Submarine Nautilus in that scientific fiction suggested the pos-
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Figure 1. Annual average temperature profiles of seawater as a 
function of depth under the sea, measured at Kumejima, Japan 
and Hawaii, USA.

Figure 2. Yearly change of the number of patent applications on OTEC technologies in major coun-
tries.
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sibility of generation of electricity by the use of the temperature 
difference between two electrodes sunk at different depths un-
der the sea [1]. The idea has now developed to OTEC. 

For OTEC, it is desirable that the seawater temperature in 
the surface mixed layer is high. Regarding this, major OTEC 
research facilities in Japan are in Okinawa Islands, which are in 

Figure 3. Outline of a closed cycle system of OTEC.

Figure 4. 100-kW-class OTEC demonstration facility in Kumejima, Japan.
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the southernmost region of Japan. In this short article, the status 
quo of one of these facilities is briefly introduced.

If we consider the meaning of OTEC widely, the idea of Jules 
Gabriel Verne that used the Seebeck effect, would be a part of 
OTEC. However, presently, a thermal engine is used in OTEC 

to generate the electricity. This concept of OTEC has already a 
long history. As shown in Figure 2 [2], the first boom of OTEC 
came in the second half of the 1970s, since the oil crisis hap-
pened in 1973 and 1979. Then, in accord with the subsequent 
decrease in oil price, research activities on OTEC became inac-
tive. However, with the recent re-boost of oil prices, OTEC is 
now in its second boom. This second boom is supported mainly 
by the recent progress of the following two technologies. First, 
the technology to retrieve thermal energy effectively from two 
thermal sources with a small temperature difference has been 
advanced significantly. That is, technologies related to the geo-
thermal power generation that uses low-temperature steam or 
low-temperature hot water have actively been developed. In 
other words, the use of low-temperature thermal waste has be-
come active in many industrial plants. Secondly, technologies 
for the building, construction, and installation in deep sea have 
been developed significantly in relation to the undersea oil field 
mining.

In OTEC, the price of fuel, which is seawater, is free. In 
contrast, the construction and installation costs of a thermal 
cycle system are very high. Therefore, a small system would 
not be economically adequate. For systems of less than several 
hundred kW, the complex utilization of deep seawater is rec-
ommended. For much bigger systems with an output power of 
100 MW or more, the energy harvesting cost would be around 
10 US cents per kWh, which is cost-competitive with other re-
newables.

The electric power generation system that has been re-
searched actively is a closed cycle system. Its principle of the 

Figure 5. Location of Kumejima Island and the average seawater 
temperature difference between the sea surface and the deep sea 
around the periphery of Japan (5-year average up to 2011).

Figure 6. Breakdown of the total sales relating to the industrial utilization of deep seawater in Kumejima 
from April 2016 to March 2017.
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power generation is shown in Figure 3. It is essentially the same 
as the principle used in a thermal power plant or a pressurized 
water reactor (PWR) in a nuclear power plant. That is, the sys-
tem is composed of an evaporator, a turbine, a condenser, two 
water inlets and outlets for cold and warm water, pipelines that 
connect these devices, and several pumps. A generator is di-
rectly connected to the turbine. While the operating fluid is a 
water in a PWR, fluids with low boiling points such as ammo-
nia and fluorine-based refrigerants such as HFCs or HFOs are 
used for OTEC. 

Both an onshore plant and an offshore floating plant have 
been proposed for OTEC. Although the onshore type has vari-
ous advantages such as the easy maintenance, its inlet pipeline 
for the cool water becomes inevitably very long. Therefore, due 
to the weight limit, we cannot use pipelines with large inner 
areas. For this reason, the onshore type is suitable to compara-
tively small generating plants with an output power less than 
1 MW. In contrast, the offshore floating type is believed to be 
adequate to large plants above 1 MW.

In Japan, a 100-kW-class demonstration facility shown in 
Figure 4 was built in Kumejima Island, Okinawa. This island is 
located in the southernmost part in Japan as shown in Figure 5, 
which means that the island’s climate is subtropical and that the 
temperature difference between the shallow and the deep seas 
is suitable for OTEC [3]. This facility can pump up 1.3×107 kg 
of deep seawater daily from a point of 612 m deep and 2,300 m 

offshore. The temperature of the pumped water is 9°C through-
out a year.

One important thing of this facility is that the ocean’s ther-
mal energy and the nature of deep seawater are comprehen-
sively utilized not only for the energy conversion but also for 
other various purposes. Namely, in this “Kumejima model”, 
the abundance in nutrition and the cleanliness of deep seawater 
play a very important role. The sunlight cannot reach the deep 
sea. Therefore, the deep seawater does not contain phytoplank-
ton, but contains abundant inorganic minerals. This clean and 
nutritious water is used for cultivation of prawn and sea grapes. 
As shown in Figure 6, the yearly financial total of products re-
lating to this deep seawater project reached nearly 2.5 × 109 
Japanese Yen, which is more than 22 million US dollars, and is 
almost the same as the total of agricultural products or that of 
fishery products in this island with a population of about 8,000.

This article was completed with the cooperation of Mr. Shin 
Okamura and Mr. Ben Martin of Xenesys Inc.
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