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0 NE obvious problem of depending
on energy directly from the Sun is
that it is only available during the

day.
However, the solar energy has been stored

in the ocean, since its creation, over some
3.3 billion years ago.

The ocean covering 363 million square
km or some 72 per cent of the earth's sur-
face, contains 1.37 billion cubic km of water,
at the present sea-level, which has stabilized
only in the last 11,500 years ago.

The above Figure, from The World
Energy Council 2007 Survey of World En-
ergy Resources, shows that most of the areas
with the largest thermal differentials, over
20 °C occur in the tropical seas, where tem-
perature differentials of 20 °C or more are
necessary for efficient power generation
based on the standard technology based on
the Rankine Cycle.

On an average day, 60 million square
kilometers (23 million square miles) oftrop-
ical seas absorb an amount of solar radiation
equal in heat content to about 250 billion
barrels of oil.

If less than one-tenth of one percent of
this stored solar energy could be converted
into electric power, it would supply more
than 20 times the total amount of electricity
consumed in the United States on any given
day.

Malaysia is not yet on any global map
showing the areas with the potential of
generating ocean-thermal energy.
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However, with the completion of a recent
marine survey in the South China Sea dur-
ing the period 2006-08 (MyMRS), it has been
confirmed that indeed the temperature at
the bottom of the North-Borneo Trough
(and also known as Sabah Tough) at a water
depth of 2900 metres (m) is about 3 degree
Celsius, compared to that of the surface at
about 29 °C.

According to the popular scientific
literature, any area with such a temperature-
differential of over 22 °C has the potential
generating not only renewable energy but
also freshwater.

Ocean thermal energy conversion
(OTEC) is essentially hydro-energy con-
version system which uses the tempera-
ture difference that exists between deep
and shallow waters to run a heat engine.

As with any heat engine, the greatest ef-
ficiency and power is produced with the
largest temperature difference. This tem-
perature difference generally increases with
decreasing latitude, i.e. near the equator, in
the tropics.

Historically, the main technical chal-
lenge of OTEC was to generate significant
amounts of power, efficiently, from this very
small temperature ratio.

Changes in efficiency of heat exchange
in modern designs allow performance ap-
proaching the theoretical maximum effi-
ciency.

The concept of a heat engine is very com-
mon in thermodynamics engineering, and
much of the energy used by humans passes
through a heat engine.

A heat engine is a thermodynamic device

placed between a high temperature reser-
voir and a low temperature reservoir. As
heat flows from one to the other, the engine
converts some of the heat energy to work
energy.

This principle is used in steam turbines
and internal combustion engines, while
refrigerators reverse the direction of flow of
both the heat and work energy.

Rather than using heat energy from the
burning of fuel, OTEC power draws on
temperature differences caused by the sun's
warming of the ocean surface.

The latest technology using a highly effi-
cient cycle called "Uehara Cycle" which has
been developed by Dr Haruo Uehara, a for-
mer President of Saga University, can gene-
rate electricity with temperature difference
of only 15 °C and also desalinate seawater
with 5 °C temperature difference.

As long as there is temperature difference,
power generation and desalination are pos-
sible regardless whether or not the site is
within tropical or subtropical region.

That also implies that "waste heat" from
industries can be recovered as energy
source.

This technology is called Discharged
Thermal Energy Conversion (DTEC). DTEC
system has been under operation at oil re-
fineries in Chiba Prefecture.

Ocean thermal energy conversion relies
on the fact that water near the surface is
heated by sunlight while seawater deep in
the dark is much colder.

OTEC plants use warm surface water to
heat ammonia or some other fluid that boils
at a low temperature.
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THE area available for OTEC and temperature difference.

The resulting gas is used to drive turbines
that produce electricity. The gas is then
cooled by cold water pumped up from the
ocean depths and the resulting fluid is re-
cycled to help generate power.

In other words, OTEC is a power plant
to use warm surface seawater to evaporate
working fluid of ammonia-water, and then
the ammonia vapour drives turbines to ge-
nerate electricity.

The ammonia vapour is cooled by cold
deep seawater to be condensed and the re-
liquefied ammonia-water is recycled as the
working fluid.

Among many events in the short history
of the technology development is the exper-
imental 1MW project by National Institute
of Ocean Technology (NIOT), Chennnai, In-
dia, that is worthy of special mention from
the point of view of its output capacity.

The plant, which has been put into op-
eration since mid-2001, has been a stepping
stone for a commercial use of OTEC: Prior
to this, Saga University succeeded with 1
kW experimental plant in 1977; The Mini-
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SCHEMATIC of OTEC system.

OTEC project by USA was a success with
50 kW gross power in 1979; Tokyo Electric
Co., and its subsidiary undertook successful
experiment of a 120 kW OTEC in the Re-
public of Nauru 1981; Kyushu Electric Co.,
of Japan succeeded with their 50 kW OTEC
in Tokunoshima island in 1982; A 75 kW ex-
perimental OTEC plant was installed at Saga
University in 1985; USA completed their
210 kW open cycle OTEC plant off coast of
Kona,Hawaii, in 1993; and Saga University
built another experimental 4.5 kW OTEC
plant with a newly invented cycle in 1994.
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UEHARA Cycle.

Further development in Japan since
2001 has been the completion in 2002 of
Enzan Facility at Enzan City, Yamanashi
Prefecture which is equipped with fully
automated pressing and welding lines for
the production of heat plate exchangers,
the key device for the OTEC, thermal en-
ergy, and seawater desalination systems;
the establishment in 2003 of the Institute
of Ocean Energy, Saga University (IOES)
with the following activities: basic experi-
ment facility for 30 kW OTEC power plant
utilizing "Uehara Cycle"; basic experiment
facility for seawater desalination system
utilizing spray-flash evaporation method

(10 tonne/day); basic experiment facility
for production and storage of hydrogen;
basic experiment facility for extraction of
lithium from deep seawater; and simula-
tion experiment facility for environmental
impact study of deep seawater; and in 2004,
the completion of the basic design of power
generation system for DTEC to 4,000 kW
in winter, (and 3,300 kW in summer).

What's the potential in Malaysia, off the
Sabah Trough? Based more on the ad-
vanced "Uehara Cycle", than on the classic
Rankine Cycle, 1 MW of power could be

generated by "pump-
ing" 1.5 cubic metre of
"cold water" from a cer-
tain depth per second.

The size of the Trough
is estimated to be about
60 kin in width and 100
km in length with the
depth of 2500 metres
on average.

Thus, the amount
of energy that could be
generated until eternity
is well above 50,000
MW, that is about 25
times the size of the
2100 MW of the coal-
fired power plant of
TNB Janamanjung,
in Lumut, Perak, or a
challenging alternative

nuclear power plant of similar size.
OTEC will be worth over USD 50 billion,

in terms of the size of the capital required,
for its total energy development alone.

What will it take for Malaysia to move
forward toward such a sustainable energy
future? It would not be any difference
from a standard approach that ought to be
in place: legal and policy framework with
strong political commitment, the necessary
institutional arrangement and alignment,
and of course, finance.
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