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INTRODUCTION

1, Today energy has become a critical elemeént in the African economy for which
there.is a growing demand and an uncertain long-term supply. In Africa, it has
now been recognized and accepted that lomg-term energy supply cannot be based on
low-ctst petroleum. Sevious consideration of other possible sources of eﬂervy
needs to begin, and in thls con51derat10n a wide range of possibilities exists.
Among the most attractive “dre. Sotirces which are w1dcspread renewable and aon-
polluting. On this level, such new and renewable sources of energy as solar, wind,
ocean and biomass are avallable and could maké a valuable contributicn to energy
supply in the future, squlementlng traditional sources and, -in some cases,
replacing them in specific uses. Questions to ‘be dealt W1th before this becouss
practical involve technology, economics and, to some extent, the inertia ¢f the
present system,

2, This study is based on critical review of all available publications on the
possibility of developing ocean energy resources in Africa with pariicular re-
ference to East African coastal member States, and one island country.(Mauritiusj.

3. All the accessible forms of ocean energy resources could be classified accord-
ing to their origin, lifespan and best use and table 1 lines up these -forms of
enérgy. In this paper, five forms of ocean enéigy are. leCUSaed but some resezrch-
ers are inclined to include here wind energy and biomass produceo in the ocezn.

In some other studies, offshore winds and marine biomass are included in a -sepaiate
-group embracing ocean currents, salinity grad;ents and ocean aeoihermal SnETEY

All of these sources of energy are in the early stage of Pon51derat10n and their
dev“lopment can not be expccted in the near future,

Table 1: Ocean energy resources

Origin Form/source Lifespan Realm - Best use
Earth/moon Tides ,Oua51 renewable 8ea water . .Kinetic, electrical
" rotation’ ) - ’ o D :
Waves ‘Renéwable Sea water ‘Kinetic, eiectiical
Temperature Renewable Sea water Thermal, slectrical
Salinity Renewable Salt deposits Chemical, electrical
‘ o : L Sea water o R
Thermo-nuclear. Cureents . Renewable Ses water Kinétiq, electrical
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bourcs: Harvesting ocean energy, The UNESCO Press, 1981, p, 19
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I. TIDAL ENERGY

4, The utilization of tidal energy is a special case of hydroelectrlc energy
development confined t6 locations having favourable con$xguratlons of coastal
lines and large tidal variations, The power is obtained from the filling and
emptyﬂng of an estuary or a bay which is closed by a dam. The enclosed, estuary
"or bay is filled and eémptied only durlng brief periods (at high and low tides)
‘in order to develop as much power as possible,

5. Thus, a tidal plant works an average of 2 000 hours per year, against
"5,700-6,000 hours which is the annual worklng tlme of a hydropower piant

6. The efficiency of a tidal plant depends on three major factors

“"(a) Large tidal. amplitude (over 10 m);
(B) Interconnection with an elecffieel grid (as the plant gives discontinuous
electric power);

o ‘(c) A location with suitable depth for building a dam in order to not
diminish the tidal amplitude.

7;}’ Tldbs, a phenomenon whlch can be..observed on almost all the earth's coasts,
. are the regular and perlodlc movement of sea water by..virtue of which the water
level ‘rises ‘and falls every day in.a glven place. Tides are the result of the
combined attraction of the sun and the moon which is felt most on the water-

covered segments of the earth's crust (ocean tidgs)..

8. In Africa, the phenomenon is best observed in Levrier Bay, near Nouadhibou
in- Mauritania.  Among 34 potential world sites for tidal development, Porto Gole
in' Guinea-Bissau is considered promising with a mean tidal’ range here of about

5,5 m. Other African regions such as the Atlantic and Indian Ocean coasts may be
promising. In Eastern Africa, it would be interesting to install tide measurement
instruments at certain points to have a better understanding of the phenomenon and
evaluate the most promising areas for exploiting tidal energy.

.9. The most notable tidal development to date is the Rance Tidal.Power Project
in France. Leaving aside the technical details of a 2,240-MW instdlled capacity
project, one thing should be emphasized, that tidal power is a renewable source of
energy that could be easily -exploited with-technology existing “today. i

10, But one has to bear in mind the fadt that although it is a technical success,
it is still disappointing from the economic standpoirt because of the very high
cost of the electricity produced, Also, the work required to develop potential
promising sites would require heavy investments., That may be the reason why
little use has yet been made of tidal emergy world wide,
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IT, 'WAVE. ENERGY

11+ As wavesmove towards:the shore, they carry towards it the energy that they
have acquired:from the. w‘"d . The ‘power reaching the-coast per metre:of, shore is
low (of the order of.; low,gLfor waves 1 m in height arriving at 10-second intervals),
This power, which. is proportisnal to the square of the wave.height and directly
proportional to the interval between waves, varies markedly with time., If an.
appreciable amount of power is to be collected, a considerable length of coast would
‘have to be provided with.extremely robust equipment which :should be capable of.
withstanding theieffects of storms.

12. . The .study of :the :possiblie use of wave enérgy was carried.out at €asablanca;
where the average wave height is large. This study showed that.even under these
very favourable conditions, the cost of the energy obtained in this way would be
very,hlgh*'fThe estimate-made it the time was that it would.cost about 10 times as
much as:enexgy from low-fall; hydraullc installations, and would clearly be much
higher: 1f the systew: had: 0 be installed on a ¢oast without an already.existing
jetty. Tbe .enengy: Aavailabl® at the outlet to the ‘plant, for this particular.site,
.would.beof thesorder of-12;000-17,000 kWh per year and:per metre of coast,::About
100 km-cf coast woqultherefdreineed to be fitted with.the devices in'erder to obtain
an output squivalent to that of a 250-IW (1,35 TWh' per 'year on the average) thermal
power station.

13, It is thus difficult: to envisage the industrial use of wave energy because of
its vamxablilty over :time and the fact that.it is:dependent on chance, -its low-
concentration:and thg cost of constructing the equipment needed ‘to collect it; this
<equ1pmenu would have.to be:installed -out at sea, and prec1se1y at those places where
the sea .is roughest.: - - : ,

14.. This wouldabezlusfified only in very special cases, namely where the following
conditions are simultanegysly satisfied:  the.use of other energy sources . is.
extremely difficult; requirements are very small; and the lecation is-particularly
suitable in that there is little vavriation im wave height and construction :0f the
devices on the coast would not pose any problems,

lunJ Lo SLPEG TOIULV VLY nGye L& DUullit o Poinie Peseade and Siddi Ferrach .ing”
A}ggrla@ - Thelr, construction was followed-by»extensivevlabaratonyrtesQSiundertaken
at the Laboratoire danphirois d“hydrauliqup in France between 1944 and 1950+to:.
develop designs for the converging channels that maximize the run-up of the waves,

16, Considerable funding and resources are being provided for ithe reséarch and-
development of wave ‘power as a major CcommeT wial - source. of 'power. ‘The International
« Atomic Energy Agency (IAEA). Committee on Research- and Development established a
Worklng Group on Wave Power in 1976, The interest of many countries in wave power
is also evident from a review of the technical literature.
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17. Mauritius wave energy project. Historically, the work on the Mauritius wave
energy project began over 25 i yddrs ago. It was first proposed by Mr. A.N, Bott,
the. then.General Manager of the Central Electricity Board of Mauritius. In Lhe
19605 considerable -effort was.made to investigate wave characterlstlcs and ‘to
determine wave run-up rates along inclined walls, Wave run-up tests were carrled
out at the Hydraulic Research Station, Wallingford using a narrow wave tank and
regular wave -generator,

18, Based on these results a feasibility study report was prepared by Sir Alexander
Gibb and Partners in 1966 which demonstrated the technical viability of ‘the scheme.
However, at that time the cost of generating electricity from a wave power scheme
was at. .least four times more. expen51ve than the cost of generatlng electr1c1ty
from 1mported oil.- : A :

19,A In the wave of 011 prlce shock in the 1970s, interest in the Maur1t1us wave’
power scheme was revived and Alexander Gibb and Partners submitted a revised 7
feasibility report in 1976 to the Government of Mauritius.. In 1979, two wave'
riders .were acqu1red and a two-year programme of wave recording Was initiated.

An ana1y51s of these record1ngs has been ¢arried out. by the University of Mauritius
and the. results 1nd1cate that wave power potential off the Rimabel Coast stands’
at 20 kW/m length of the wave .front, ‘ :

20, The idea involved in Bott's project is rather simple although it calls for

a great.deal of.challenging civil engineering. It would. consist of bulldlng a-
long (about 5 km) wave-wall of suitable crest height and suitable inclination '_
{both;wquld: be determlned from careful wave.tank :study) and two cross bunds at
Tight. angle to--the outer-wall, thus turning the shote into an ‘énclosed’ power- lagoon,
The sea waves approaching the reef, instead of breaking and thus dissipating “their
energy, would roll up the inclined wall and fill up the lagoon behind the‘well and
thus raise the water level in the lagoon.: Once the water level is raised to about
2.5 -3, 0 m- above the mean sea level, this water head will drive a set of’ spec1a11y
deslgned low~head turbines coupled in turn to electrical generators, thus convert-
Ang ‘the wave power intp usable electric power.

21, Extensive studies have been undertaken and it has recently been concluded that
the resulting wave pcwor will be competitive with citornative_power from diesel -
motors or hydroelectric.schemes., Designs rated at 5,000 and 20,000 kW have been" j
proposed

22.' Development of wave energy converters is still in the early stages. There

are several technological schemes adopted in the United Kingdom, and Japan;

, however, at present.it is not possible to decide: which technology of using ‘wave '

- energy- is more,approprlateg Moreover the existing equipment 1s not yet economlcally
viable;

23, To date no activities have been undertaken in Africa for the development of
this source of energy. However, good possibilities for its utilization are known
off the western coast and in the offshore areas of island countries in the east,
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ITE., OCEAN THERMAL ENERGY

24, Ocean thermal. energy conversion (OTEC) exp101ts the differences in temnperature
between warm: surface water and cold deep water in thé tropical and subtroplcal
oceans of :the world. The' thermal energy is transformed into electrlcity by a
thermal engine. A minimun temperature®difference of 20~ C is ‘required.

25. The OTEC concépt takes advantage of the role of the ocean as an enormous solar
collector and energy storage medium. A working fluid such asoammonla is used to
transfer heat from the warmer ocean surface water (up to 27.5 ' C) vaporizing in

the process and driving a turbine. Cold water (near 4.5  C) which must be brought
to the surface from a depth of-about 1 km, condenses the worklng fluid to a liquid
form in whlch it refurns to the evaporator, thus completlng the cycle.

-26.' In Afrlca the first experlment carried out in the waters off Abldjan for the’
production of electricity was not successful. In the first stage the equipment
was to include a 3,500-kW unit. Industrial 1mp1omentat;o1 studiés showed that the
process was. appllcable in principle;ihowever, the test was abandoned in 1956,

27, :Thetwaters off Abidjan‘are - among the most favourablé points for the success
thsuch ‘an- experiment in Africid. On the one hand, the existence of the "bottom-'
less pit" is an undoubted advantage. On the other hand, ‘thermal energy ‘From ‘the
ocean is in fact limited to an area between the 1sotherms of 25~ at the surface
which-roughly:follow the lines of the Tropics,’ The process requires wirm surface
water throughout the year and depends on the shape of the coast allowing water to
be transported from the deep through a pipe of a-reasonable length. At Abfdjan o
the region is very shallow, and it is the submarine trench known as the 'Bottom-
less Pit"which makes it possible to reach a dépth of 430 m by means of a plpe

ontly 5 “km ;long,

Table 2: East African coastal member States with adoquate ocean thermal resources
;Delta T( C) Distance
o W . . . hetween:r i _ from resource
Country "7 Latitude Longitude 0-1,000 m to shore (km)
Kenya : 2°s . 34%E - 41°E 20-21 25
Madagascar =~ . . 10 s - 25%  45°E - 50°E . 18:21. .1 65
Mozamb1que-/ 10%5 = 25 s 35°E . 40°E 18-21 25
- e ) e P poivn
Somalia " 10%% =296 419 - 50°F 16-20 - 25
United Repuk ic o o .
of Tanzania® . 59.- 10% 35°B - 40 - 20-22 s

r L Y

Source: Report of the Technical Panel. on Ocean Energy on.its second sessiomjc
A/CONF,100/PC/25, 1981,

x/ Countries selected for this study.
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28. On the globe, the only area which has ocean surface waters of a nearly constant
temperature of 25-28 C is the one located between the Tropics. It also has deep
cold water (between 5-8 C). at anm acceptable depth (between 500 and 800 m), a
condition required by a thermal: ocean plant to be economically. compet1t1veo . These
figures are to be found at latitudes close to.the Equator, malnly on the occmdental
coasts of the continents, 1i. €y close to the. upwelllng zones,

29, Some main dlsadvantageswof an ocean thermal plant are:
il SR
(a) =L1m1ted geograph1ca1 locatlon,

(b)- uleflcultles in malntalnlng cold water plpellnes,u

(c) Low efficiency (the eff1c1ency of an ocean thermal plant is estimated
to be only oné:tenth that of modern steam plants) because of auxiliary consumption;

(d) High=cost of installed ocean thermal kW (some experts believe that the.
price of an installed ocean thermal kW may reach US$500-800, their. estlmates for.
an installed nuclear kW are of minimum $400, Other estimates con51der the cost
of ‘an-installed ocean thermal kW between $300-700 against  $300-1,000 for.an
installed .nuclear k¥, It must be stated that the usual cost  for; .an,, 1nstalled gas
thermal plant kW ranges between $300~400)s

“-fCe) For float1ng power statlons dlfflculty in transporting electrical.power,

30. Some advantages of an ocean thermaL.plant are:
R - -
(a) The amount of heat is enormous and contlnuous, being. replenlshed each.
year (since the heat comes from the sun, ocean thermal power may be con51dered ‘as
a form of solar energy);

(b) The water can be utilizéd for mineral ‘extraction and for increasing fish
populations (cold water brought and released atthe. surface is very nutr1ent—rlCh),
or for.productlon of aquatic plants for breeding horned cattle, etc.; : :

(c¢) , Desalination and supply of large areas with. fresh water;

(d) Air conditioning;

(e) The construction uses conventional technology and the servicing is easier
because of the knowledge gained from'off-shore petfbleum technology; ‘

(£ . The constant availability of this energy source as opposed to solar
radlatlon etc,; ’

(g) ‘'Production of drinkable water through distiliation of sez water,

-=-(h) - Because of high fuel costs, an ocean thermal plant may become today .
economically. competltlve., (It is to be mentioned that the cost of an installed
‘ocean thermal kW is subject to considerable changes as techmology advances and
the prices may be significantly lowered).
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31, . As.far as_ocean thermal power use in Africa is concerned, two large experime-
ntal powerplants of 3.5 PW7each were. built off the coast of the Ivory Coast in
1956. D1ff1cu1t1es of transp01t1ng the :cold water. fr omtthe deep by plpellnes prevent
the plant. from operqtlng at full.capacity. The project was finally abandoned also
because .of the prevailing low cost of fuel in 1956, although At was planned for
execution that very year. Desplte this setback and taking. into con31deratlen the
above-mentioned advantages there is ample scope for the development of this form

of energy. in Africa in the light of recent technological developments.

32, Before the. experiment in.the waters off Abidjan, George Claude had tried
several tlmes, between 1928 and 1935, to demonstrate the p0951b111ty of using: this
process. suggested by d'Arsonval around 1900, After operating a 60-KW. turbane in
Belglum, with a heat difference., Qf 20° C, on his t ird attempt in. 1930 he gucceeded
in operating a small coastal power statlon nroduc1ng about 20 K w1th a 14 G heat
difference, His attempt to operate a floating power station in 1934 failed for
mechanical reasons.,

33, The one-MW OTEC pilot plant is under construction in Jamaica; thls is a suitable
size for a p110t plant but too small for a commercial plant, Revenues are con-
sequently estlmated to. ‘bear no more than 50 per cent of.the, costs of. the project,

The OTEC plant will be connected to the Jamaican 24 kv power grld‘ Recently, the
World Energy Conference undertcok a study on the prospects and potential for oeean
thermal energy conversion, It is intended that the study report will be presented

on the occasion of the, thirteenth World Energy Conference Congress in Cannes in

1986,

34, Japan has been making significant efforts in researching.and developing proto-
types. rn,order to be able to exploit heat energy from the sea on large-scale models
at. the ,;yer51ty of. Tokyo. The Japanese are now.at the stage of bu11d1ng an

expe imental power statlon with l—MW capacity, If. the', tests underway, are satis-
factory, a 100-MW commercial float1ng power station w111 be bu11t by . 1985 at the
latest, which will be the first of its kind in the world.

IV. SALINITY ENERGY

35. A large source of energy exists at the interface between fresh and salt water.
So. far, few serious attempts have. .been made to explore the. p0551b1e potent1a1 of
the - sallnlty-gradqent power which occurs where rivers. flow into the .0cean, For

example, potentlal pover . fue to _salinity gradient of the Congo rrver LCongo/Angola)
as estlmated ‘at l 3 x 10 watts.

36, This' power, is represented. by the osmotic pressure difference between two
solutions of dl ferent salt concentration separated by a membrane that allows
passage of water, but not salt (a seml-permeable membrane) The water w1ll flow
from the less concentrated side (fresh water) to the more concentrated side (salt
water). The surface level of the soncentrated, solution will be raised by this flow
until the’ pressure due to its. elevat”on is equal to the osmotlc presstre - dlfferencé
Then the flow w‘"L cease. The elevated” salt r can then be discharge ”through

a turbine to separate power, Sa11n1ty DOM; 5 attractlve because it is large and
untapped Its use could have little envir nmental impact, . It is. renewable due to
sea evaporation and subsequent precipitation over land,
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37, Experlments indicate that the equivalent pressure head between sea water and
fresh water is approx1mat1vely 24" cm or 24 atmospheres for the €olumbia river,
one,of the most highly developéd rivers in the world, The dams along its 1ength
are a comparable height. Thus an amount of energy equal to the total*amouhit “of
energy extracted from: Lhe river is be1ng lost by the uncontrolled mixing of -it§
fresh water w1ta sea woter at the rlver mouth

38, Today, ‘the technologles to harrness sallnlty energy potential are known, but
many technical problems must be overcome, including civil-engineering problems ‘of
construction, desilting of the Tiver water, ;prevention or accommodation Of -
biological fouling and minimization of concentration, polarization.- Also to be -
considered are the effects on aguatic 1ife and, other ecological’and aesthetic '
factors, For these reasons, it is unlikely that. there will be-dams at the ends’
of Afrlca S0 r1vers 1n the near futureo

39. Solar salt-gradlent pond energy: The solar salt-gradient pond is a still body
of water that collects solar radiation and stores.it in the watér ds- thermal enérgy,
When high sa11n1ty is maintalned in the bottom layers of the pond and low salinity
is maintained in the.upper laYers - with a tadlatlon absorbing surface lécated in
‘the lower more concentrated layers - solar radlatlon will heat the hlgh-sallnlty
water near the bottom, Temperature” of theé order: of . 60 80°  C can be obtained"

in this’fashionp

'46. The solar—heated water can be used to supply industrial process heat, or to
operate heat engines using low-boiling-point fluids which flow into turb1nes to
generate electrical power. Despite the .low, efficiencies of solar-pond $ystems;
although higher than OTEC energy, and because, of the low temperatures involved;
these,systems have the advantage of being able .to’ operate year—round on' cloudy

or sunny day, and even at night,  They also are relatlvely inexpensive ta. construeto
Natyrally occluding salt=water bodies can be used ;to create salt solar’ ponds, or

a sglar pond may ;bevar t1f1c1a11y heated,

41, In 1979 one solar pond coverlng 0,73 ha was developed in Israel to produce
150 kW, Now a project of 5 MN is underway coverlng 25 ha of the Dead Sea,

42, 'The Israelis have been woaxlng on lowAtemperaeuLe heat englues for the last
quarter of a century, A clear theoretical analysis of the problem, completed in’ “the
late 1950s, was followed by ex perlmenial work and. by the industrial production of
turbougenerators. The basic principlé is that the two- temperature turbine power
system is similar to a conventional power plant in that it comprises the same
elements: evaporator (or boiler) where heat is supplied to-waporize:’ “the” motlve ﬂ
fluid; turbine where the: vapour’ expends and. produces the useful mechanical power,_
a condenser where the' 'vapour is’ condensed by rejecting heat to the :cgoling media; -
and..a feedpump*whlch returns the condensate to the evaporatorc

43. The d1fference between the systems is the motive fluid, which.in our case 1s
';notsteam but an organic fluid selectéd so as to. optlmlze the efficiency and® other

practical . features at‘the low heat—lnpuu temperature. ' In low—temperature vapour °
turbine. technology, the' fluid is a free design parameter which is changed accordlng
toqthe power. and temperature levels,
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44, In Saudi Arabia there have been plans since 1980 for use_of ponds by utilization
of natural site w1th1n the Arabian Gulf area known as "Sabkhas" which may be a
favourable ‘sité for solar .pond establlshnent level surface,_avallablllty of

salts and/or saline water, limited subsurface permeability, and limited alternative
uses for the 51te.

45, “In India 'since February 1980, a 100-m2 experlmental solar. pond has been in
'operatlon. ThlS pond has.a’ depth of 2m; The experiments have denonstrated that
‘a solar pond ¢in be operated and malntalned to-collect and store solar enquy
“effectively dnd’ cheaply even in hot, humid. climates. The future of solar pond
for appl ién in’'remote or rural areas 1ooks véry promising because of the-
“ava11ab111ﬁy of skllls for construction and malntenance, the use of low-energy
natural materlals, the low éosts, and. the beneflts of heat storage.

"V, OCEAN CURRENT ENERGY

46, It is well known that Lne oceans are dlsturbed by currents, particularly the
Atlahtic Ocedh with a major ocean current such. as the Gulf Stream off eastern
North- Amerlca, the Kuroshio off eastern Japan or. the Agulhas Current off. southern
Africa,’ } o .-
47. . The technologlcal problem G- harnes<1ng this energy source can. undoubtediy
be" solved “Because the resource 15 extremelylllmlted geographlcally, there are
relatively few areas where the investigation of ocean currents as a possible new
energy source should even be considered.

48, The four main currents of interest in Africa as possible sources of energy are:

(a) The Canary North Equator1al off Morocco up to Senegal

(b) The Benguela South Equatorial, .off Angola, Zaire, the.Congo; Gabon,-
‘Sao Tomé and Pr1nc1pe, Equatorial Guinea, Cameroon, Nigeria, Benin, Togo; Ghana,
the Ivory Coast ‘Liberia, Sierra Leone, Gu1nea, up to Guinea- Blssau,

(c) * The South Equatorial Angulhas, Comoros, off Mozamblque Madagascar,

(d) The North Equatorlal, off the United Republic of Tanzania, Kenya, Somalia.

49, The Somall—Agulhas current system off eastern Africa is the Indian 0cean
‘counterpart of the North Atlantic's Gulf’ Stream, but with a major difference..
The northern half of the system, the Somali Current, responds to the changing
monsoon wind conditions and changes direction twice each year. In response to
the November-to-April north-east monsoon, the North Equatorial Current flows
towards the African coast and turns south as the Somali Current. In-April, the
north-east monsoon is replaced by the south-west monsoon, and the winds. along the
Somali’ coast are the first to change d1rect10n._ The ocean quickly follows: suit,
and’ the'‘Sofiali Current switches from a south- to a north-flowing current,



E/ECA/CM,11/24
Page 10

50. Any device to capture the energy from the Somali'Current would. therefore

have to have the added capability of changing its orieéntation twice a year," In
all probability, this would rule out the northern portion of the Indian Ocean's
western boundary current. However, the same situation does-not hold for the .
southern part of this current system ~ the Agulhas Current., - South of the -Equator,
the 51*uatlon is somewhat more conventional, = The Trade Winds and the Prevailing
Westerlles drlve a counter-clockwise gyre (c1rcu1ar ‘current) , -and'its’ northern
1imit, the South.Equator1a1 Current, carries. large volumes of water towards the
Afrlcan coast where the part of it not involved in the monsoon system-turns south
‘past Madagascar and’ becomes part of the south~flow1ng Agulhas Currert -that- runs
some 300 km off the African coast.. This is the strongest western boundary current
in the southern hemisphere and reaches speeds of nearly 200 :km/day. However, the
strong flow is at the edge. of a broad continental shelf 300 km from the shore
where any generated power or products could be utilized.

51, In theory, the energy from ocean currents could be captured in the same way
as wind in windmills,  Hence experience gained from wind power could contr1bute to
an -assessment of the process involved, Conditiofs however differ greatly ‘in ‘the
two instances. The power which a blade can capture in acurrent -is proportlonal
to the density of the fluid and the cube of the discharge speed. Water is:-around
750 times as dense as air but ocean currents flow much more slowly than winds.

On ‘the other hand, the speed of currents fluctuates much less in general than: wind
speeds. However, to exp101t th1s energy would entall'

(a) Finding 51tes where the current is, strong and Tegular: and :$heltered: from
waves;

(b) Designing equipment that can run properly in the sea at an acceptable
cost price (the revolution speed will be low) and that' are’ exceptionally resilient.

52," At the present stage, it is practlcally 1mp0551b1e to evaluate the cost price
‘per ‘kWh installed, but it would probably be higher: than that of wind power,
primarily because of the cost of the equipment and its installation and--it would
also depend on quality of the site (speed and regularity of the current,
topography, etc.).’

53, Inm practice, only a few sites would be' suitable for individually designed
appllcatlons and even then, a tremendous effort, probably out of all proportion
to the results“EXpected would be’ requ1red ‘to develop the’ equipment. and’ identify
the sites.

VI, ENERGY FROM.BARS

54, The energy avallable from the.bars along many parts of the African coast
and around the islands which are noted for the regularity and frequency.of their
waves could profitably be exp101ted because of the, amount of movement - involved.
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55, A bar is an area formed by breakers unfurling on certain coasts. A shoal
may be formed at the mouth of an estuary when the current from the river comes
1nto contact with the waves from Lhe sea.

56, Generally.speakimg; a-bar is a sandy strip which is formed alang certain

flat coasts and which can emerge as an.offshore bank. The shoals present problems
for shipping. The Senegalese bar leaves hardly 2 m of water at nlgh tlde and a
few cm at low tide, whilst the estuary rearhes depth of* 10 t6 15 m,’

57, Bars are built up by the offshore drlft'at;tlmes when the dlscharge of the
river is insufficient to carry away the material it bears into the sea, They may
emerge completely when the sand is porous enough that it absorbs the water at low
tide, as is the case on the shore of the westerg part of the Ivory Coast.

53, Bars usually arise on coasts that ave fairly smooth, aandy and subject to
rough seas, for these are the conditions which are propicious Tor off-shore
drifts,- This is why the bars.are particularly well defined on the .coasts of
Mauritania, Senegal, the Ivory Coast, Togoc and Benin in West Africa,

59, This form of energy has: -not yet been exploited industrially and Has been
studied only in a rather cursory way, It would obviously be 1nterest1ng to make
more detailed studies and tests on the potential of this form of energy in terms
of helping to satisfy Africa's future energy needs.

"VII. CONCLUSICN

60. Unfortunately, none of the renewable ocean energy sources look strictly
competitive as yet (table 3), .But throughout this paper, the emphasis was placed
on two things. One is that the cost of conventional sourcés of energy 1s rlslng
rapidly,..and. looks as though it will centinue to do so. -The-second .is that in

an energy-hungry world, cost is not the only consideration in the future. The
important criterion ‘may be energy balance - how_long does it take to pay off the
energy invested in & néw power plant? In this" regard ocean energy gystems look
more promising, .
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Table 3 : Economic projections

Source

Capifal cost
(US$ per kW)

a/

Home=delivered cost—~

-+ {cents. per kWh)

Utiiity plani, exigfiﬁg

0il fired 1,
nuclear S

* Current
'CORIOLIS
; ?§¢§¢$a€ure'
" OTEC
Tide
Raﬁge;“:
Maiﬂeff”
Salinity
100 MW range
Wave . . . o
. "100'MW array

000 MW

100 ‘MY
80 M
- 250 M ..

© 240" MW
500 MW

“1,000¢

500

. 1,000

1,300

" 2,400%/

“t

T

' 'Source: Harvesting ocean energy.’ The UNESCO Press, 1981.

a/ Generally 2 cents per kith over at-plant costs

b/ Includes plant.-factor limitation

¢/ 1968 cost, adjusted for inflation

d/ Denotes very uncertain estimates or averages.



E/ECA/CM,11/24
‘Page 13

BIBLIOGRAPHY

 Harvesting Ocean Energy, The UNESCO Press, 1981,

Marine Science and Technology in Africa: present state and future development.
Synthesis of UNESCO/ECA survey missions to African coastal States, ‘Project
RAF/78/024 UNESCO reports in marine science, No. 14, UNESCO, :1981,

David Ross, Ene;gy from the Waves, Pergamon Press, 1979,

T.. Berndt ‘and T. Hogbom, The one Mi OTEC Pilot Plant in Jamaica,
Swedish Energy, 1983,

UNECA, Energy from the sea, document ROS/AIGUNCLOS/7, Addis Ababa, 1984,





