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"Any plan for the. utilization ‘of an uqdef—
developed area must first ensure an adequate'
supply of power. An under-planning of the ﬁouet
reﬁuifeménts must be avoided in any case, siﬁce
thig would. result inm a-throttiiné of the entire
industrial development. It is pfeferable‘to err
on the side of an over production of electrical
‘power 8ince the capital investment  in’ plants
for ﬁroducing'powerAis usually small ~ compared
with the capital investment in . industries

needed to consume the same amount of power."

"Any country which- does not wish to depend
wholly upon outside aid must have its own
research and developwent organization, -  not
only for investigating the many possibilities
which remain unexplored, but‘; also  because,
“even.in the fields where general knowledge is
available, practical experience and detailed

know héw have to be obtained."

Dr HOMI J. BHABHA, the late Indian Scientist, in his invited
address to the Ceylon Association for . the Advancement of
Science (presently SLAAS) at its 13th session in December 1957

at Colombo,
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The Aztaep wcxw.azse in the price 06 ol sdnce
1973 has compeLEed every coun,vLy to evolve its
own enexrgy Aﬂr.a,tegy Sowmu _of enengy
alternative 2o oil a/ce ‘being caneﬁw&ﬂy evalu-
ated and explored. In  Sal La.nka the

'ava,(,(labx,&/ty 04 hydrno resources has to a Large

extent Anhibited the immediate exptox/ta/twn 04
Zhe othen alternatives. Nevertheless, electri-

city generation §rom non-hydro sowices would be
 needed by the Late 1980's o meet the emenging

gap between decﬂu.u,ty demand and supply. 1t
44 therefone necessary to examine the alter-
natives that may be relevdnt 2o Sni - Lanka -
/such as guel wood, coaz peat, ag/u.cw(’,tmaﬁ An-

_ dwst/ua,ﬂ and mumupai’_ wasites, wind, Aoka/a and ..

ocean ene/gy §rom waves and tides, OTEC,NuclLear
enULgy: e/tc ’

This pou: 45 Ain response to a )Lequ,e/s/t made by

His Excellency the President 05 AL Lanka,
. J.R. Jaymaﬂ.dene, to the Na,tconwe ‘S:c,éence ,
Councik to examine and repont - on the

50605&4/&,@1 04 an OTEC powe/L station  4An
Sni Lanka. '
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In the case of OTEC this natural limit is about 6.7% when T

A PRELIMINARY STUDY ON THE® FEASIBILITY OF
OCEAN THERMAL ENERGY CONVERSION (OTEC) POWER FOR SRI LANKA

The OLEC Concept

In the troplcal seas, the. temperature at the surface is around
20°C more than that at a depth of about one kilometer. Tt is
p0551b1e in principle, to make a heat englne operate between
these two temperatures and convert heat to work.

Nature haslimposed an upper limit to the efffciency ﬁith
which USeful‘energy can be extracted from any energy source via
« heat engine, This'ie expressed by 'the Seeond_Lew ofuThetmo—"’
dynamics, one of the baSic laws of nature, first enunciated'by
Sadi Carnot as far back as 1824 No v1olat10n of this Law has
been observed up to date and it 1is con31dered as a sacrosanct'

law of nature by scientists and engineers. By this law ‘the upper

1imit to the eff1c1ency with which useful energy may be extractedA:,

by a. heat englne working between temperatures 7.°Cc and T.°%C

1 2
(where T, is greater than T2) is

X 1007

T. + 273
9

11

the temperature at the surface, is 25°Cvahd T the temperature

2’
at the depth of about 1 kilometer, is 5%¢. Thermal, mechanical

- and other losses reduce the efficiency to about half of this

value in actual practice. Although this efficiency is small, it

is still. p0551b1e to extract useful quantltles of energy because

a large source of heat 1is avallable in the ocean.
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'Sltes for OTEC

vOTEC ‘Plants can be 1nsta11ed only 1n the troplcal seas A mini-

- mum depth of about 600 m or 2000 ft ls requlred Problems in

. mﬂorlng systems 11m1t the max1mum depth to about 900 moor. 3000

- fe, The waters at this depth should have . access to the deep sea

floor. As ‘submarine electr1c1ty transmission cables are very
expens1ve, these plants cannot be located too far away from the S
coast Ow1ng to these constraints, there are only a few places

in the world sultable for the 1nsta11at10n of OTEC plants.

An 1nspect10n of Ocean Topographlc charts suggests that
'Sr1 Lanka may be favourably located for OTEC
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The ocean floor around the coast of Sri Lankakdrops

sharply to about 4000 m (I3,000 ft) below sea level
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-2, OTEC Plants

2.1 Schematic for OTEC Plants
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Schematic of closed-cycle Rankine engine shows typical OTEC parameters

Source: Chemical Engineering
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An>0TEC turbine may be driven by water vapour in an open~"h'

cycle. Warm water .at the surface 1s made to evaporate under
low pressure. The vapour _ drlves a turbine and is condensed by

cold water at a sultable depth

. Alternatively, a turbine may be driven by a substance such .

‘as ammonia or'freon—iz'inva closed cycle. Warm water vaporises

the worklng £luid -and the vapour drives a turbine. The vapour

is then condensed by cold water and returned to the evaporator.

‘The first attempt

though the concept was first proposed by the French phys1c1st
Arsone D'Arsonval* in 1881, the first successful plant u31ng 1ow,

pressure vapour ln an open cycle was demonstrated by Georges

Clude who in 1930 succeeded 1n produclng 22 kW of electrical

v power in a plant situated. off the Cuban coast. However, a greater

amount of power was ‘consumed by the vacuum pump in the plant and

. the result was -a nett loss of power.

vThe second attempt v
A second OTEC plant. was attempted in ‘the 1950's by a a French Corp-

oration off the Ivory coast near Abldjan. The 7 MW’plant based on

che . open cycle concept was abandoned because of d1ff1cu1ties 1n

N malntalnlng the cold ‘water plpe.

%

-

* D! Arsonval is best known for the 1nventlon of ‘the movlng c011"

galvanometer which is w1de1y used even today in the measurement -

of- electrlcal quantltles.



Mini-OTEC |
Sinée the escalation of oil prices in 19]3,'the concept of
OTEC has been revived mainly in France, Japan, and:the United
\ Statcs. There hds been much dlscu3510n on thls toplc since
1973 and the flrst working model to successfully generate net
'electr1c power us1ng “the OTEC concept was operated at Keahole

-

Point, Hawaiian Islands, in August 1979.

The Mini OTEC plant, as it is called, is an old service

vessel



of the United States Navy, subsequently acquired and modified

by a consortlum of the State of Hawa11, Lockheed Missile and
Space Company, and Dillingham Corporatlon. Alfa-Laval of Sweden-
pzov*eed the heat exchangers, The plant was ldcated 7600 ft ‘
(2316 m) off ‘the coast of Keahole Point, Hawa11en Islands where
-the ocean 1s 3000 fr . (914 'm) deep, The barge, measuring 10 m

by 35 m and we1gh1ng 268 tonnes, housed a 50 kw plant con51st1ng
of heat exchangers and a turbine generatlng system. “The - worklng
fluld was ‘Aammonia operat1ng in a closed cycle. The.plant used
warm water at 27.2° C and cold water at 6 c, and operated for 620
hours from 3 August 1979 to 16 November 1979 generatlng 50 kW of
power (nett 12 kW (e) after meetlng aux111ary requlrements)

During deployment, on March 19, 1980, owing to yet unexplalned“.
causes, the " 2150 ft (656 m) long cold water pipe and the: moorlng
_Bystem were lost at sea. Nevertheless the Mini-OTEC plant demons-‘

trated conc1u31ve1y that OTEC power is prodUc1b1e on a small saale.

OTEC T

The next phase of dévelopment was the launchlng of OTEC ‘I. A World
| War II Ndvy Reserve Fleet T2 oil tanker the USNS CHEPACHET was,

‘ substant1a11y renovated and modlfled Test heat exchangers, pumps,

" piping, controls and other systems were installed. The vessel was
| enamed SS OCEAN ENERGY CONVERTER .and dedlcated in Hawaii on July 5,
1980 The project obJectlves 1nc1ude ocean testlng of tomponents,
sub-syetems, equlpment, and the conduct of self contained experiments,
‘A full assessment will be made of heat exchanger technology, long .
term’ blofoullng and corrosion effects, technlques of cleaning and -

testing, power cycle" performance and env1ronmental issues.
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Durlng these tests ,data W111 be collected for further develop-~

‘ment of OTEC platforms, cold water plpes and stat1on—keep1ng :
,Vsub—systems. The 1 MW(e) Zgb MW(ThE] plant 1s large enough in -

scale to provide the needed data and- englneerlng experlence ‘but

still much smaller than the systems wh1ch would eventually be

used in full scale commerc1al plants. Slnce the empha51s durlng

the first test will be on the central heat transfer eff1c1ency

and the effects and elimination of biofouling, the conventlonal'

turblne—generator is not needed Hence there w1ll be no electrlcal

'output durlng this phase.

Other. developments

Investigations have also been made-lnto the possibilities of
siting’ OTEC plants off the East Coast of Florida, Western Gulf

of Mex1co West Africa and Puerto Rico but they have not proceeded

' as far as. ‘the Hawaiian experlence. In Japan, OTEC has been used

_to produce fresh water. Japan has also tested a 1. 2 kW(e) plant

very recently. France is 1nvest1gat1ng the building of a SMW(e)'

bplant in Tahiti by 1985, Eurocean, a research combine formed by

‘Western European countrles, estimates that work1ng OTEC plants will-

be technlcally fea31b1e by 1990 with a suggested 1ntroduct10n date

_ of 2010 - : ‘ , . J

Future Plans of the Us GOVT

In 1980 the Department of Energy of . the us Government w111 call

. for proposals from firms 1nterested in des1gn1ng the first OTEC

plant of commerc1al1y 1nterest1ng size. The’ Hawallan OTEC community
expects that a 40 to 50 Mw(e) OTEC plant w111 be built to feed the
island of OAHU's electricity gmld before 1985 Preliminary estimates
are that fhe cost of this flrst plant will be in the reglon of US $

‘250 m11110n O more,
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In the 1990's the goal is to 1mp1ement the island commerc1a1-'

- dization strategy of the US Dept of Energy of d1sp1ac1ng con-
‘vent1onally produced electr1c1ty w1th OTEC power 1n US 1slands.
The United States fundlng of OTEC" development since 1972 is

'shown below.

1972 1973 1974 1975 1976 1977 1978 Total

[SIEN

(US § Million 0.1 0.2 0.7 3.0 8.6 14.5 36.0 63

The indiqations are that in futnre years there will be a

substant1a1 increase in fundlng for OTEC development In the

- United States, two bills supportlng OTEC have been passed

The two bills env1sage that upto 10,000 Mw(e) of. OTEC capac1ty
should be bullt by the end of the century. The bills prov1de
up to $ 2 billion in loan guarantees for construction.

'(Ref 4)
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. OBSERVATiONS '

OTEC plants are still in an experlmental stage. The f1rst
commerc1a1 plants are expected 1n "the 1990' s These targets

are very optlmlstlc. (Ref. 9)

OTEC 1is technlcally feasible w1th the 1nvestment of. consxder-

able flnanclal and technlcal resources._The cost. estlmates

for OTEC appear to be based on 1ncomplete data and are con-.

e'sldered very OptlmlstIC. (Ref 9)

The use of hlgher temperature dlfferences available on land
like the reJected heat from central statlon power plants, ’
should be the first step for long- term evaluatlon of OTEC

components and subsystems.

. . The ex1st1ng temperature dlfference whlch leads to-an actual
~eff1c1ency of around 2 - 37 may not be malntalned If the cold

vwater were to be welled up to the surface in order to extract

the nutrlents from the deep, the cold water w111 dlffuse into
the warm water area of the plant and result in a reductlon 1n
th* temperature dlfference, and to a consequent reduction in .

the eff1c1ency to. below 2%. On the other hand it is poss1b1e

3..to dlseharge the cold water at an adequate depth but w1thout

may need to be replaced from time to tlme.

‘-ne beneflt of extractlng the nutrlents.

Tltanlum requlrements for the heat exchangers are very large,

vyand therefore the cost is proh1b1t1ve. The feas1b111ty of

us1ng alumlnlum 1nstead, is be1ng 1nvest1gated

'The cold water pipe technology is not well establlshed The_'

pipe, over 2 OOO ft- long, is subject to large stresses and

Lt

v‘The _problems assoclated W1th marlne blofoullng are not yet

’adequately understood.
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8. Electr1c1ty transmission from sea to shore is very expen81ve.

Hence, these plants canhot be located too far _away from the

shore.

Comparatlve Costs of OTEC Plants with Convent10na1 .Plants

In the Unlted States, a coal flred plant costs 'US $ 425 per installed
‘kW(e) while the first OTEC plants are expected to cost ‘around US.$ 3500 '
per 1nstalled kW(e) for plants of the size of abouthSO’MW(e). A

TABLE I

For 100 MW(e) plant gemerating 400 GWh energy per annum
in the’ Unxged States.

. B
Coal "OTEC
1. . Installed Costs
Cosw 42,5 . 3%
- {
"2, Annual interest'ef
inschlleq costs at .
(l0Z of 1) US $ M 4.25 : 35
3. Fuel costs per -
kWh in § . o.02 - -
4. Annual cost of
"Fuel in $ M 8- e .0 ‘
o 5. Annual Maintehance not
costs = available ?
6. (@) + (® oo 12.25 _ 35 :

Table indicates‘that & Coal Plant is cheaper than an OTEC plant.

; Besides Coal is a Proven Technology while OTEC is‘not..Studies )
indicate that in the US, Coal would cost 36 mils per kWh while ‘
OTEC is expected to ost anywhere between 39 and 3 mils per kWwh.
fef. 14 .,

t

Assumlng that in Sri Lanka a coal flred plant costs US $ 1 mllllon
per MW to 1nsta11 and coal costs US $ 0 05 per kWh (thls estlmate is on
'the high. 31de) the 1nsta11at1on and annual costs of a 100 MW plant
generatlng 400 Gwh per annum are US- $ 100 mllllon and US $ 20 mllllon,

respectlvely.
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To- 1nstall an OTEC plant of the same size it would cost Us
$ 350 mllllon ‘as the lower estimate. Although there are no fuel
costs there would be an unknown malntenance cost. A cold Water
b,plpe costs US § 200 000 to replace 1n the case of a plant gener-
'atlng 0.012 MW nett. The pipe for a 100 - Mw plant ‘would cost very
.much more. The annual interest on the dlfference between the
installed costs of proposed OTEC. and proven coal’ f1red 100 Mw i
plants (us $ 250 m1111on) at a modest ‘interest rate of 10 per

© anpum (US $ 25 ‘million) is more than the annual fuel costs for

the coal fired plant. There are no worklng OTEC plants to’ support
‘these estimates and consequently there cannot be any guarantees
A cap1ta1 cost of over US §$ 5000 per kW of capac1ty is belng
talked of for OTEC plants. e - K e

This ‘indicates that OTEC plants are not economlcally v1ab1e :

‘~ at present although OTEC is from a renewable source of energy.

v Sr1 Lanka cannot therefore give prlorlty to the development of
OTEC power plants. However, she could advantageously use the

developments taklng place elsewhere in thls field ‘and engage in

- limited fam1113r1zatlon programmes. The prlces of coal and oil

are’ bound to increase in the future. They may also become increa~

' 51ng1y difficult to obtaln. However, the cost of 1ndustr1a1 o
materials (L1tan1um, alumlnrum, steel and plastlcs) also- escalate
' w1th escalatlng fuel costs. It is therefore not poss1b1e to predlct:

L when OTEC would become economlcally v1ab1e.

Electrlcal Energy Requirements. of Sri Lanka

The total installed hydropower generatlon capacity of the Ceylon
' Electr1c1ty Board (CEB) is at present 330 MW, Thls reduces to an
effectlve reliable capacity of 263 MW. | ' '

The firm energy capablllty of - these hydro plants is 1400 GWh
per year. The total thermal plant capac1ty in the _system at present
is 50 MW wh1ch reduces to an effective rellable capacity of 30 MW.
| The, energy capablllty of these thermal plants at present 1s about
200 GWh per. year. “ '
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Rydropower additions expected in the short and medium term
are Bowatenha (40 MW) in 1981, Canyon (30 MW) in-1982, Kotmale .
(134 M) and Victoria (210 MW) in 1984, Randenigala (122 1) in
1986 and Rantembe (49 MW) in 1987. Expected addltlonal thermal
.-jplant is in the form. of gas turblnes, spec1f1ca11y 60 MW at the
end of 1980 and a further 60 MW by late 1981 The CEB generatlon
system.lf augmented in this manner can even under certaln adverse
’ cond1t10ns meet the electrlcal power and energy requlrements up
.fto about 1988, at which tlme they are expected to be around 785 MW-
and 3855 GWh respectively. The generat1on requ1rements ant1c1pated
for 1995 are about 1450 MW and 7100 GWh. These requlrements are'
expected to increase to around 2200 MW and 11,000 GWh by the year'
2000. Hydropower would continue to be the maJor source of elect-
r1c1ty until the late 1990's with the development of the Samanala—e‘
wewa prOJect (240 MW 400 GWh) by 1989/90 followed by prOJects in
the Upper Kotmale Oya, (100 MW, 300 GWh) ‘around 1991 Uma Oya
(100 MW 375 .GWh) around 1992 Kalu Ganga (150 MW 450 GWh) around

1993 and other relatlvely less attractive . prOJects.
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!

In order to derive the maxinum benefit and rellablllty

from a hydropower system, it is necessary to have a source of

- bulk energy generatlon 1ndependent of the vagarles of weather.i

Thereforé a bulk. non—hydropower plant 1nstallat10n program

" should also commence around 1990.

F1nanc1al resources for the plannlng, 1nvest1gat10n ‘and
development of the hydro resources out51de the Accelerated

Mahawell Programme have yeét to be found.

. The " Relevance of OTEC Development to Sr1 Lanka

The Tmap of the Indian Ocean Floor (F1g 1) and the Admlralty
Charts. (Ref. 15) 1nd1cate that the sea floor drops sharply off

‘the Eastern and - Southern coasts of Sri Lanka, to about 13 OOO

ft or 4000 m below sea level. The belt where the sea floor -

'is between 2000 - 3000'ft or. 600 - 900 m below sea level comes

. elose to the coast (at some places even less than three mlles)

around . Trlncomalee, Batticaloa. and Dondra. This belt may provide
sites for OTEC plants. A speculatlve geophysical survey conducted
by_the Western Geophy31cal Gompany of America in May 1976 for

'the-Ceylon'Petroledm Corporation indicates that on a line running .

. about 10 m1res or 16 km away from the coast, the sea floor dropa
‘to about 3000 ft ~or 900 m below sea level, at around six locations
abetween Dondra and Trlncomalee. Lines would have to be run towards

. the coast to determine how close the profile approaches the coast,

The Cey10n Petroleum‘Corporation has instruments to measure -
temperature profiles. These 1nstruments may- be modified. to suit

this purpose.

_ If the temperature of the surface waters around the coast is
above 27° C, we may not have to go as deep as 2000 ft- or 600 m to
extract the cold water. In order to 1nvest1gate factors 11ke these

direct measurements are needed
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' The Nat10na1 Sclence Counc1l should set up the mechanlsm
to coordlnate these 1uvest1gat10ns and to look lnto problems
such 28 pollutlon, 1nterference w1th\ex1st1ng flshlng practices,
threats to natlonal securlty,retc Concurrence of the Mlnlstry

of Defence and Mlnlstry of Flsherles 1s necessary.

We understand that the US has a fund to promote OTEC
4evelopmeht in suitable gites in the developing countries. The
" use of such a fund may be investigafed as long as such funding

does not effect the regular USAID programme for Sri Lanka,

If an OTEC plant at. some stage becomes economlcally feagible
in Sri Lanka, such a plant could be accommodated 1n the electri-
city grid. However plans to meet the power requlrements beyond
the 1990's should, as at present be based on reliable power
sources u51ng proven technology Such plans at Eresen should not
include OTEC.
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'.Conclusions :
| The techn1ca1 fe331b111ty of OTEC has been establlshed with
12 kW(e) nett. pilot plant in Hawall. In Sr1 Lanka, at present
larger OTEC plant could.be conS1dered sc1ent1f1ca11y feas1b1e,
but not ‘economically viable. However, it is poss1b1e that OTEC
may become a viable source .of power in the future. Bearlng these

in m1nd we make the follow1ng recommendatlons'-

1. Since OTEC is'still in the-very initidl stages of Research'
and Development even in the most developed countrles, Sri

Lanka should, as a first step, carry out a systematlc 1nvest—

'1gatlon around the coastal regions to map out temperature

and depth proflles. This would verlfy some speculatlons that

Vcertaln reglons 1n the Eastern Coast have uniquely favourable
basic requlrements for settlng up of OTEC plants. No rellable~
1nformat10n was available to us in the literature, The known

- depth contour charts 1nd1cate that the Eastern coast in
particular around Trincomalee, Battlcaloa and Dondra . could

have sultable sites. (Fig. 1)

2. - The interest taken by the United States, Japan and France
indicates that OTEC is receiving serious consideration as an
jalternatlve energy source for the future. Sri Lanka should

;therefore maintain an interest in the development of OTEC

3. A large'scaie OTEC project for Sri Lanka cannot be'recommended
"at the present stage However, there may be modest fundlng for
B any research 1nst1tutes, unlversltles, corporatlons or. depart-

ments that wish to galn famxllarlzatlon with OTEC

4. sri Lankan scientists and engineers should be exppsed to
development work on OTEC in other parts of the. world This

Vstrategy would prepare Sri Lanka for OTEC 1f and when it

becomes a v1ab1e propos1t10n.,
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. The inveétigations xregarding OTEC require multl—dlsc1pl1nary

skills available under different. Minlatrles. The Mlnlstrles
11ke1y to be 1nvolved are Defence, Power and Energy, Indus-
tries and. Sc1ent1flc Affalrs, Figheries and Higher Education,
In addltlon, the organlzatlons llkely to be ‘involved are the:
prOposed Central Env1ronmenta1 Authorlty, the Navy, the Ceylon
Petroleum Corporatlon, the Unlver31t1es and the Regearch
Institutes. A few individuals may also be 1nterested "As a
co-ordinating mechanism is necessary, the Natlonal Sc1ence

Council could 1n1t1a11y undertake thls task

If these investigations reveal that Sri Lanka poSsesses
features espec1ally favourable for research & development on
OTEC power plants, sites could be offered for forelgn colla-

boration with part1c1pat10n by local personnel at all levels.

The major fundlng should come from foreign collaborators. _
Concurrence of "the Mlnlstry of Flsherles and the ‘Ministry of
Defence is an essgential prerequ151te for the locatlon of ‘any

OTEC plants in Sri Lanka,

Plans'to-meet the power requirements beYond the 1990's should,

as at present, be based on reliable power sources using proven

technology. Such plans at Eresent should not include OTEC.

A

Further Reading

The references glven below are avallable at the Natlonal Science

Counc1l



‘ COHEN Enbert
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See also

Admiralty charts - South Codast, East Coast.
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