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Energy Density Closed Cycle OTEC

- OTEC is the abbreviation for

» Kinetic < Potential < Thermal Ocean Thermal Ensray
+ 1 m/s current=0. 05 meter head “5“.T;f:gsfnﬂ}mztf;;fff:f:ft H
. transfer medium within a
+ 1 gram water exits one cal. heat as closed laop. 1 i
it decreases 1 degree Celsius. This e N 14 fT:
heat can raise itself 420 meters o
height! &=

Ocean Current Open Cycle OTEC

» The energy density of ocean current
is very low. It is similar to wind
energy.

» The issue is how to install and
maintain the big sea water turbine at
deep ocean.

Tidal Power

- The tidal power plant
is like the dam power
plant.

» The technology is
already
commercial ized.

i
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OTEC

+ Because the cold water flow rate is very
large, the cold water pipe diameter should
be very large, say 10 meters.

OTEC

Avery § Wu(1994) estimated that about 3 CMS
cold and warm sea water can generate | MW
net power,

The sea surface temperature in the tropical
and sub-tropical region i i ihle day
and night, v
surf is

ing 10 million MW without
a surface temperature.

Shelf-mounted OTEC

+  For shelf-mounted OTEC the only problem is
the bottom cold water pipe. Because of the
sediment slumping, the bottom cold water pipe
safety becomes unpredictable.

OTEC

Copy from the book  “Renswable goean energy from
the ocean — A guide to OTEC™

usefal tropicaf ocean anea, the total power generated om board woukl exceed 10
thilion MWe: f each plant generated 200 YW of net pver, the piznts wauld e
spced 325 {20 mies)apant, Forcampirison heotal U . electricty-seecrating
capicity in 1987 was 163 thowsand MWe,

Floating OTEC

+ The moored floating OTEC plant is a good
concept. The CWP'is much easier than that of
shelf-mounted OTEC. If the electric power is to
It:_:e %ransmitted to shore, there is a distance
imit.

Another option is to electrolyze water to
become hydrogen and oxygen then
synthesize them with coal to produce the
methanol and ammonia as fuel, which can be
transported everywhere.

- Adrifting grazing OTEC plantship is another
choice.
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Profile of 1750-mt/day OTEC
160MWe methanol plantship

P88, Pl of DT rashand plrauh i BARIL 194

Fuc, 9-1. Dischecge ow febd for an OTEC plant (Jirka et al., 1975,

Profile of 17560-mt/day OTEC
160MWe methanol plantship
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Cost Estimate for Grazing OTEC
First 200-MWe Methanol Plantship
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Open Cycle OTEC

+ The open cycle OTEC has the shortcoming that
the water vapor pressure is low. Therefore, the
turbine should be very large. Hence it is not
suitable for a plantship.

« If instead of plantship an artificial island, which
can be built by the light reinforced concrete, is
used, the open cycle OTEC may be feasible
because the heat exchanger and ammonia are
not necessary. The plant capacity can be
several GW.

OTEC Methanol Financing

WMossman [1232) propased & financizl svaluation for 3 200MWe OTEC methano
|:la'|1£n . TWa ¥=ars of financed consirucion “oilowed by an opedar ng ¥°E of 25 years
The analysls calculates & Dql.ar v lemed “ihe adjusted presant vaue”
MESELES Ire profitability of @ poeantlal venturs,
Some assumplions are the following

1. Permanent financing Interest rate 15 13%.

2. An Interest rabe of construction financing 1s 12%.

3. The debt Is 50%

4. The desion methansl pracuction rate per OTEC plantsrip I 193 Nlllor&dlons per
year. The snnual coal costls 2 ‘_ 3 mitlon galars | 70,000 tonsiyear & SE0vion). Codl
nd menang s'll|:p ng cosls 3re 520100

5. Operating and malnienance oosl.s are assmeﬂ to be S50 SMiyear.

5. The cost of e second vessel 1s 0.8 imes that of e first and an experiance facior
of 033 "or each 0OLBING of Ne NUMber produsen

7 Tnelg..ve nment provides an Incentive commizmant for the proguction of low-

ing venlcle fuels.
8. Pﬂ Imeestment tax credit (ITC]

0% has been used

Mote: The cruge oil price In 1390 was $20obd
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Profit to investor with OTEC

me t h ano | (mlEcount rate=13% constructon Inerest=12%: ITC=10% ARY=0)

Plantn®plant  Total prod.
No. s, (M) (Sgaily)

nc. mport
carben tax §igal sarpa
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Kot In automobie milezigal, 1.8 galons =10 galon gasaine.
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Saffir-Simpson Scale

TD-—--< 34 (jigfknots)
Tropical StormTS-—-34-63
Hurricane1-—-64-82
Hurricane2----—--83-95
Hurricane3-—-96-112
Hurricane4-——-113-134

Hurricaned-——-—-->134
+ (1knot=1.15mph = 1.852 km/h )
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Conclusion
a4 ] B a ] E] 0 # e « The key technologics can be studied

ed separately.

« Once all technologies
omplished, a swall scale pilot

I t, say 3 MV, may be built.

* An international ¢ ration is

d. Due to the Tavorable

nvironment, Indonesian may be

rest site to test the pilot
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The Energy from Taiwan Current

Cho-Teng Liu
Institute of Oceanography
National Taiwan University

 Potential power generation (PPG)
The Energy From Taiwan Current = (available ocean energy)
*(extractable fraction)

*(power generation efficiency)

Cho-Teng Liu ] _
Institute of Oceanography * Profits = PPG * (Benefits/kW - cost/kW)
. . . . benefits = selling price, enhanced
National Taiwan University fishing, ...

ctliu@ntu.edu.tw cost in the sense of dollar value,

environmental impact, ...

Why it is not commercialized yet?

Comparison of ocean energy No guaranteed profits!

Ocean Total Amount | availability | technology
energy | amount | afapoint « Technological barrier
Ocean wave | medium low coastal Low (scale of the system is beyond any
OTEC high high | openocean |  High existing ocean engineering system)
Tidal height small high Bay, estuary Low . Uncertainty on the investment
Ocean Medium | High Along medium (no experience on system of similar
current current principle, nor scale)
Salinity - Initial investment is too large
(US$9B for a commercial OTEC)

What can we do now?

Collect and analyze data to find the best
site for testing

Develop prototype systems
Integration of international efforts

e i E o pr
Taiwan Current and Kuroshio
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Efforts made in Chinese Taipei

 Find potential sites

« Survey the available KE for power
generation

Collect available technology:
designs and field tests

« Long term plan

Find a place that . .
has high current e
speed and is
close to Taiwan,
and shallow.

£4-A5A0-ER AT §4.4-43-46-28 58 543

-ED1E-1414-12-1008 05604 02 00 0F 04 0S OF 10 15 20 25 A0 40

3D bathymetry (NTUIO)

Power transport in a current

« Power transported by ocean current (J/s/m/m) :
¢« P=05 {pvddzdx

* p is water density, about 1024 kg/m3

¢ v iscurrent speed, m/s

¢ dz dxis asmall cross section of current

« Finding location of high speed current is the
most important task

One section of current speed NE of Taiwan
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Mean Current Speed at 50 m depth (from NTUIO)

One section of power flux NE of Taiwan
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" Power generating
system is simpler
*  at shallower depth,
and closer to

- shore

Bathymetry (from NTU)

Total power from 1-section across
the Taiwan Current

+ 1.35 GW off Suao (at NE of Taiwan Island)

+ It is a conservative estimate because
most of the ocean current energy is
contained in the form of potential energy;
once the K E. is extracted from Taiwan
Current, some PE will be converted to KE.
+ Total available PE for the subtropical
North Pacific is 40 peta Joule
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Propeller type
similar to wind power turbine

Hydraulc power
sustaining bearngs
I =

Axial turbine
proposed in the
Coriolis Project

Transpart slecfic
power to Cagst

4 ot redor Diviag trp

Underwater Savonius Wheeler type

Darrieuns turbine and platform
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e

Helical
Turbine
(stable
rotation and
power
generation)

What happened to the earlier studies

« in Japan:
the result is discouraging
— too little power was generated by tidal current with axial
turbine
== no participation by oceanographers, nor ocean
enginsers
==the design may be wrong

in USA:
huge turhine was built to extract KE from Gulf Stream.
no report on the result of the field study
== it is likely that there was loss of eﬁ;uipment
== real ocaan currant is really powerful,
safety measures should be scaled up with the system

in ather placas: .
no known field experiment of a large system was successful
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