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“Any plan for the utilization of an under-
developed area must first ensure an adequate
supply of power. An under-planning of the power
requirements must be avoided in any case, since
this would result in a throttling of the entire
industrial development, It is preferable to err
on the side of an over production of electrical
power since the capital investment in plants
for producing power is 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 development organization, not
only for investigating the many possibilities
whiéh remain unexplored, but also because,
even in the fields where general kaowledge is
available, practical experiencé and detailed

know how have to pe obraiued.”

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

3. iolombo.



Preamble

The seep incnease in the price of 0dl  since
1973 has competeed every country o evolue {its
own energy Strategy. Sounrces o4 enengy
alternative 2o oil ane being carefully evaly-
ated and exploned, .1Ip SAL - Lanka  the
avallability of hydro nesounces has to a Large
extent inhibited the Ammediate exploitation of
the othen alternatives, Nevertheless, electnri-
Lty generation §rom non-hydro sounces would be
needed by the fate 195074 Lo meet the emenging
gap between electricity demand an Supply, 1t
L8 therefone necessarny o examine  the aften-
natives that may be relevant to  Swi Lanka -
duch as guel wood, coal, peat, agrhicultunal, in-
dustrnial and muinied pal wastes, wind, solan and
ocean‘eneigy grom waves and tides, OTEC{Nuceeam
encngy, ete. |

This nepont is in nesponse to a nequest made by
His Excellency the Presddent of  Sni Lanka,
J.R. Jayewandene, to the Nationar Sedlence
Council to examine and heport on the
feasibility of an OTEC potver station Ain
SiL Lanka,
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A PRELIMINARY STUDY ON THE FEASIBILITY OF . |
OCEAN THERMAL ENERGY CONVERSION (OTEC) POWER FOR SRI LANKA

The UTEC Concept

In the tropical seas, the temperature at the surface is around
20°C more than that at a depth of about one kilometer. It is
possible, in principle, to make a heat engine operate‘between

these two temperatures and convert heat to work.

Nature has’imposed an upper limit to the efficiency with
which useful energy can be extracted from any energy source via‘
a4 heat engine. This is expressed by the Second Law of Thermo-
dynamics, one of the basic laws of nature, first enunciated by
Sadi Carnot as far back as 1824, No violation of this Law has
been observed up to date and it is considered as a sacrosanct
law of nature by scientists and engineers. By this law the upper
limit to the éfficiency with which useful energy may be extracted
by a heat engine working between températures‘Tlgc and T2°C
(where 'I‘l is greater than,Tz) is

X 1007

T, + 273

.n the case of OTEC this natural limit is about 6.7% when Tl’
the tewoerature at the surface, is 25°C and TZ’ the temperaturec
at the depth'of about 1 kilometer, is 5°C, Thermal, medianical
and other losses reduce the efficinncy te about half of this
value in actual practice. Although this efficiency is small, it
is still.possible to extract useful quantities of energy because

a large source of heat is available in the ocean.



Sites for OTEC

OTEC plants can be installed only in the tropical seas. A mini-
mum depth of about 600 m or 2000 ft is required. Problems in
mooring systems limit the maximum depth to about 900 m or 3000
ft. The waters ét this depth should have access to the deep sea
floor. As submarine electricity trénémission cables are very
expensive, these plants éannot be located too far away from the
coast. Owing to these constraincé, there are only a few places

in the worid suitable for the installation of OTEC plants.

An inspection of Ocean Topographic charts suggests that
- 8ri Lanka may be favourably located for OTEC.



S

5 A AL e .
W\OINg, *‘.J" " ]
) e,

n.,,}\' A o |
/Ki’ﬂwmi?&ﬂ hlt A - ‘-':'vs'»ma&'z::%.! a

e L 7 World's highest point ~.
7';": /lhﬂw//ii ' 4 y '.-i A ‘7"' JQOZB.ML Eve(GSt"V‘.

. J’,B/M,J . ; i “'/ 9‘/3':*‘-1'\“. Y,
= -4 - Y. FIU I AT
A ioﬁew elhi : ,;(: f"z"“f%i S

—

4o 3 o ‘-M‘.
ot 1

el 4

.

S S
NG BN Y SR
e Bokia VTS

FIGURE I

Map of the National Geographic Society for the National Geographic
Magazine,October I967. (I974 reprint),

The ocean floor around the coast of Sri Lanka drops

sharply to about 4000 m (13,000 ft) below sea level
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FIGURE 2

Typical temperature profile in the tropical ocean,
Taken from: F,C. Fuglister, Atlantic Ucean Atlas

Woods Hole Oceanographic  Institution. (1960) .

The black dots are readings at 8°22'N, 27027'W, and

the sﬁlid curve is a continuous recording . at 8024'N,
27°27'.



2. OTEC Plants

2.1 Schematic for OTEC Plants
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‘Schematic of ¢losed-cycle Rankine engine shows typical OTEC parameters

Source: Chemical Engineering
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An OTEC turbine may be driven by water vapour in an open
cycle, Warm water at the surface is made to evaporate under
low pressure, The vapour drives a turbine and is condensed by

cold wacer at a suitable depth.

Alternatively, a turbine may be driven by a substance such
as ammonia or freon-12 in a closed cycle. Warm water vaporises
the working fluid and the vapour drives a turbine., The vapour

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

The first attempt

Although the concept was first proposed by the Frénch physicist
Arsone D'Arsonval# in 1881, the first successful plant using low
pressure vapour in an Opeﬁ cycle was demonstrated by Georges
Clude who in 1930 succeeded in producing 22 kW of electrical

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.

The second attempt

A second OTEC plant was éttempted in the 1950's by a French Corp-
oration off the Ivory coast near Abidjan. The 7 MW plant based on
-ne open cycle concepi, was abaudoned because of difficulties in

maintaining the cold water pipe.

* D' Arsonval is best known for the invention ¢f the moving coil
galvanometer which is widely used even today in the measurement

of electrical quantities.



Mini-QTEC

Since the escalation of oil ﬁrices in 1973, the concept of
CTEC has been revived mainly in France Japan and the United
States. There has been much discussion on-: thlS topic since
1973 and the first working model to euccessfully generate net

electric. power using 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 acqﬁired and modified

by a consortium of the State of Hawaii, Lockheed Missile and
Srace Company, and Dillingham Corporation. Alfa~Laval of Syeden
pProvic_d the heat exchangers., The Plant was located 7600 ft

(2316 m) off the coast of Keahole Point, Hawaiian Islands where
the ocean is 3000 f¢ (914 m) deep. The barge, measuring 10 p

by 35 m and weighing 268 tonnes, housed a 50 ky plant consisting
of heat exchangers and a turbine generating system. The working-
fluid was ammonia operating in a closed cycle. The plant used
warm water at 27,2% and cold water at 6°C, and operated for 620
hours from 3 August 1979 to 16 November 1979 generating 50 kW of
power (nettllZ KW (e) after meeting auxiliary requirements) .
During deployment, on March 19, 1980, owing to yet unexplained
causes, the 2150 ft (656 m) long cold water 'pipe and the mooring
System were lost at seg, Nevertheless the Mini-QTEC plant demons-

trated conclusively that OTEC power is producible on a small scale,

OTEC I

The next shase of development was the launching of OTEC 1. 4 Wesld
Wao II Navy Reserve Eleet T2 oil tanker the USNS CHEPACHEL was
substantially renovated and ‘modified, Test heat.exchangers, pumps,
piping, controls and other systems were installed. The vessel was

" -niawed SS OCEAN ENERGY CONVERTER and dedicated in Hawaii ou July 3,
1380. The project objectives include oceén testing of components,
sub-systems, equipment, and the conduct of self contain-d experiments,
4 full asseésnent will be made of heat exchanger technolugy, icng

term biofouling and corrosion effects, techniques of cleaning and

testing, power cycle performance and environmental issues,
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2.7

During these tests,data will be collected for further develop-
ment of OTEC platforms, cold water pipes‘and station-keeping
sub~systems. The 1 MW(e) lgb MW(T?E] plant is large enough in

scale o provide the needed data and engineering experience but

- still much smaller than the systems which would eventually be

used in full scale commercial plants. Since the emphasis during
the first test will be on the central heat transfer efficiency
and the effects and eliminatidn of biofouling, the conventional
turbine~generator is not needed. Hence there will be no electrical

output during this phase.

Other developments

Investigations have also been made ‘into the possibilities of
siting OTEC plants off the East Coast of Florida, Western Gulf

of Mexico, West Africa and Puerto Rico but they have not proceeded
as far as the Hawaiian experience. In Japan, OTEC has been used

to produce fresh water. Japan has also‘tested a 1.2 kiW(e) plant
very recently. France is investigating the building of a 5Mi(e)
plant in Tahiti by 1985. Eurocean, a research combine formed by
Wescaern Eurcpean countries, estimates that workiung CTol planis wel)
pe techuiically feasible by 1990 with « suggested introductivin date
of 2010.

Future Pléns of the US GOVT,

In 1930, the Department of Energy of the US Cowernment will call

" for proposals from firms interested in designing the first OTEC

plant of commercially interesting size. The Hawaiia~ OTEC communi.y
expects that a 40 to 50 MW(e) OTEC plant will be built to feed the
islard of OAHU's electricity pgrid before 1985. Preliminary estimate
are that the cost of this first plan. wil? bz in the refion of Us ¢

250 million or more.
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In the 1990'5 the goal is to implement the islapd commercial-

{
ization strategy of the US Dept. of Energy of dlsplaCLng con-
vantionally produced electricity with OTEC power in US islands.

“he "mited States funding of OTEC developm;nt since 1972 ig
shown below:

1972 1973 1974‘1975 1976 1977 1978  Tocral

US § Million 0.1 0.2 0.7 3.0 8.6 14.5 36.0

Hon
o
i

The indications are that in future years there will be a
substantial increase in funding ror OTEC development. In the
United States, two bills Supportlng OTEC have been passed,

The two bills envisage that upto 10 ,000 MW(e) of OTEC capacicty
should be built by the end of the century, The bills prov1d;

up to $ 2 billion in loan guarantees for Lonstructlon
(Ref. 4)
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OBSERVATIONS

OTEC plants are still in an experimental stage. The first
commercial plants are expected in the 1990's. These targets
are very optimistic, (Ref, 9)

OTEC is technically feasible with the investment of consider-
able financial and technical resources. The cost estimates
for OTEC appear to be based on incomplete data and are con-

sidered very optimistic. (Ref. 9)

The use of higher temperature differences available on land,
like the rejected heat from central station power plants,

snould be the first step for long term evaluation of OTEC
components and ' subsystems.

The existing temperature difference which leads to an actual
efficiency of around 2 - 3% may not be maintained. If the cold
water were to be welled up to the surface in order to extract
the nutrients from the deep, the cold water will diffuse into
the warm water avea of the plant and result in a reduction in
thc temperature difference, and to a consequent reduction in
the efficiency to below 2%. On the other hand it is possible
to discharge the cold water at an adequate depth but without

ti2 benefit of extracting the nutrients.

Tltanlum requirewents for the heat exchangers are very large,
and therefore the cost is prohibitive. The feasibility of
using aluminium instead, is being lnvestlgated

-
The cold water pipe technology i: not well established. The
pipe, over 2,000 ft 1longz, is subject to large stresses.and

may need to be replaced from time to time.

The problems associated with marine biofouling are not yet

adequately understood.



8. Elecericity transmission from sea to shore is very expensive.

Hence, these plants cannoc be located too far away from the

shore,

Cqmpa;ative‘Costs of OTEC Plants with Conventional Plants

In the United States, a coal fired plant costs US § 425 per installed

kW(e) while the first OTEC planEé are expected to cost around US $ 3500

pPer installed kW

(e) for plants of the size of aboutr 250 MW(e),

For 100 MW(e) plant generating 400 Cwh enerzy pér annum
ia the Uniced Staces.

1,

Coal OTEC

Installed Cuscs

(s M) [ a 30
Annual inteéresc of

inszalled coscy gt

(W03 of 1) v5 5 4 4.25 ‘ IEY
Fudl sosty et

“in oin o8 0.02 -

Annual gust of

Fuel in § M 8 0
Annual Maintenanc: not

costy avallible ?

(2) = (& 12,25 ¥5

Tauie indicares that a Coal Plant iy ¢heaper than an OTEC plaac.

Besides Coal is a Proven Technology while OTEC is not. Studies
indiczate that {a the LS, Coal would cost 36 milg per kWwh while
OTEC is eéxpectus r» AL Anywhere Setwesa 19 gpg «3 mils per WWh.
taf, L1+

Assuming that in Sri Lanka a coal fired plant costs US § 1 million

per MW to install and coal costs US $ 0.05 per kWh (this estimate is on

_the high side) the inétallaticn and annual costs of a 100 MW plant

generating 400 Gwh per annum are US $ 100 million and US § 20 million,

respectively.,
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To install an OTEC plant of the same size it would cost ys
$ 350 million as the lower estimate. Although there are no fuel
costs there would be an unknown maintenance cost. A cold water
Difpe costs US § 200,000 to replace in the case of a plant gener-~
ating 0.012 My nett. The pipe for a 100 My plant would cost very
much more. The annual interest on the difference between the
installed costs of Proposed OTEC and proven coal fired 100 Mﬁ
plants (US § 250 million) at a modest interest rate of 10% per
annum (US $ 25 million) ig more than the annual fuel costs for
the coal fired plant. There are no working OTEC plants to support
these estimates and consequently there cannot be any guarantees,
A capital cost of over US $ 5000 per kW of capacity is being
talkgd of for OTEC plants. .

This indicates that OTEC plants are not economically viable
at present although OTEC is from a renewable source of energy.
Sri Lanka cannot therefore give priority to the development of
OTEC power plants. However, she could advantageously use the
developmants taking place elsewhere in this field and engage in
iiwiced fawi'iarization programmes. The prices of cozl and 01
are bound to increase in tle ‘uture, They may aise bLecome incre.-
singly difficult to obtain. However, the cost of industrial
materials (titznium, aluminiﬁm, éteel and plastics) also escalate
with escalating fuel costs. It is therefore not possible to predice

when OTL< would become econvomicatly viable.

Electrical Energy Requirements of Sri Lanka

The total installed hydropower generation capacity of the Ceylon
Elcerricity Board (CEB) is at present 330 MW. This reduccs to an

effeccive reliable capacity of 263 M.

The firm energy capability of these hydro plants is 1400 GWh
per year. The COEal‘thermal plant capacity in the system at present
is 50 MW which reduces to an effective reliable capacity of 30 M.
The energy capability of these thermal plants at present is abour
200 GWh per year, '
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Hydropower additions expected in the short and medium term
are Bowatenna (40 MW) in 1981, Canyon (30 MW) in-1982, Kotmale
{134 MW) and Victoria (210 MW) in 1984, Randenigala (122 MW) in
1986 and Rantembe (49 MW) in 1987. Expected additional thermal
plant is in the form of gas turbines, specifically 60 MW at the
end of 1980 and a further 60 MW by'late 1981, The CEB generation
system if augmented in this manner can éven under certain adverse
conditions meet the electrical power and energy requirements up
to about 1988, at which time they are expected to be around 785 MW
and 3855 GWh respectively. The generation requirements anticipated
for 1995 are about 1450 MW and 7100 GWh. These requirements are
expected to increase to around 2200 MW and 11,000 GWh by ﬁhe year
2000. Hydropower would continue to be the major source of elect-
ricity until the laté 1990's with the development of the Samanala-
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 relatively less attractive projects.
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In order to derive the maximum benefit and reliability
from a hydropower system, it is necessary to have a source of
bulk energy generation independent of the vagaries of weather,
Therefore a bulk non-hydropower plant installation program

should also commence around 1990.
Financial resources for the planning, investigation and
development of the hydro resources outside the Accelerated

Mahaweli Programme have yet to be found.

The Relevance of OTEC Development to Sri Lanka

The map of the Indian Ocean Floor (Fig.l) and the Admiralcy
Charts (Ref.l5) indicate that the sea floor drops sharply off
the Eastern and Southern coasts of Sri Lanka, to about 13,000
fr  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
" close to the coast (at some places even less than three miles)
around Trincomalee, Batticaloa and Dondra. This belt may provide
siies for OIRC plants. A speculative geophysical survey sonduticd
by che Western Geophysical Company of America in May 1976 fo.
the Ceylon Petroleum Corporation indicates that on a line running
about 10 miles or 1A km away from the coast. the sea floor drops
to about 3000 ft or 900 m below sea level, at around six locations
pe:ween Dondra and Trincomalee. Lines would have to be run towards
the coast to determine how close the profile approaches the coast.
The Ceylon Petroleum Corporation has instruments to measure
temperature profiles. These insctruments may be modified tao sult

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 £t or 600 m to
extract the cold water. In order to investigate factors like these

direct measurements are needed..
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The National Science Council should set up the mechanism
to coordinate these investigations and to look into problems
such cs pollution, interference with exi#ting fishing practices,
threats to national security, etc. Concurrence of the Ministry

of Defence and Ministry of Fisheries is necessary.

We understand that the US has a fund to promote OTEC
development in suitable sites in the developing countries. The
use of such a fund may be investigated as long as such funding

does not effect the regular USAID programme for Sri Lanka.

If an OTEC plant at some stage bécomes economically feasible
in Sri Lanka, such a plant could be accommodated in the electri-
city grid. However 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 present should not
include OTEC, |
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Conclusions

The technical feasibility of OTEC has been established with

a 12 kW(e) nett pilot-plant in Hawaii, In Sri Lanka, at present,
& larger OTEC plant could be considered scientifically feasible,
but not economically viable, However, it is possible that OTECV‘
‘may becdme a viable source of power in the future. Bearing these

in mind we make the following recommendations:-

1. Since OTEC is still in the very initial stages of Research
and Development even in the most developedvcountries, Sri

Lanka should, as a first step, carry out a systematic invest~

igation around the coastal regions to map out temperature

-and depth profiles. This would verify some speculations thaﬁ

certain regions in the Eastern Coast have uniquely favourable
basic requirements for secring up of OTEC plants. No reliable
information was available to us in the literature. The known
depth contour charts indicate that the Eastern coast in
particular around Trincomalee, Batticaloa and Dondra could
have suitable siteg, (Fig. '1) ' o

2.  The interest taken by the United States, Japan and France
indicatcs thar OTEC ie receiving serinne eonsideration as an
alternative energy source for the future. Sri Lanka should

therefore maintain an interest in the development of QTEC.

3. A large‘scaie OTEC prcject for Sri Lanka cannot be recommended
at the present stage. However, there may be modest funding for
any research institutes, universities, corporations or depart-
ments that wish to.gain familiarization with OTEC,

4. Sri Lankan scientists and engineers should be exposed - to
development work on OTEC in other parts of the world., This
strategy would prepare Sri Lanka for OTEC if and when it
becomes a viable Proposition,
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The 1nvest1gat1ons regarding OTEC require multl*dlsc1p11nary
skllls available under different Miuistries. The Ministries

Tikely to be anolved are Defence, Power and Energy, Indus-
‘tries and Scientific Affairs, Fisheries and Higher Education,
~ In addition, the organizations likely to be involved are the
. proposed Central Environmehtal Authority, the Navy, the Ceylon

Petroleum Corporation, the Universities and the Research
Institutes. A few individuals may also be interested. As a
o—ordznatlng mechanism is necegsary, the Natlonal Science.
Council could imitially undertake thls task. | '

If these investigations reveal that Sri Lanka possesses

features especially favourable for research & development on

OTEC power plants, sites could be offered for foreign colla-

boration with participation by local personnel at all levels.
The major funding should come from foreign collaborators.»
Concurrence of the Mlnzstry of Fisherles and the Ministry of
Defence 1; an essential prerequisite for the location of any
OTEC plants in Sri Lanka.

Plans to meet the power requirements beyond the 1990's should,

D S, 1.
as at HLCQG&&t’, uc,uancu Oil L:;Laua.ﬁ yuwc;. puu&uca ua;ua y&uvcu

-technology. Such plans at present should not include OTEC.

Further Reading

The references given below are available at ihe National Science

Council.
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OTEC thermal resourcz weport for Sri Lanka. Washington: U.S.
Dapartment. of Energy, I97% 17.357 (HiP-T 2898-01/2).

See also.

Admiralty charts - South Coast, East Coast.
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