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“Document E/CN,14/EPf10 gives +h. findings of. the United Nations
“Confarsnce on Néw Sources of Enerpy, held in August 1961; r.garding o
thrie of. thoke new seurces: solar cnergy,. wind power. and natural stcam -

and hot water from-.underground sourcos.,

Sonle brief noteés on other néw sourcos of cnurgy arc given below.

The Soarécé”of'ﬁﬁérgy generally rogarded as'new arc (besides-golar
energy, wind powdr and natural steal and hot watcr from unacrground
sourcas): artificial'rain, ocean swelly differences of temperature .

between the lower layers and thé surface of the seas, and. tides,

le Artificiel rain

The principle underlying mrtlflclal rain con81gts of causins

- atmospheric procipitation by sceding certain klndb of clouds, usually
with silver dodide or dry ice. This is in faqt iny_an indirect source
- of encrgy, generatcd only where precipitations Qn_ahétachment aréa

increasc the volume:of water stered in rescrvoirs.

S0 much is 2t stake for the hydroelectric industry and fof crdps
threatensd with drought or needing protection';gainst hail thnt affbrts

-arc immedi-tely mads to. exploit any vaourubl prospbct% Opunud up by

wi~this new discovary.

N



E/CN,14/EP/11
pago 2

The question has still to be answorod, however, whother it can bc applicd on an
industrial scalo, Socding from tho ground with eilvoer iodidc, cithor by simply
burning imprognatcd charcoal or by using morc sophisticated clectric ovens, may
probably be carr1od by upward air curronts to considorable hoights and may gpread
quite far, but tho actual paths followed have not yot been determined., Thorc can,
thereforc, be no certainty about tho oxtent to which the substancc in fact roeachos
clouds with temperaturcs lower than 4°c  which arc apparently the only oncs on
which silver iodide can act - or whother it is do-azctivatcd before reaching thaom,
Metcorologlcal sciencec is apparcntly not yct in a position to draw conclusions &as
to the efficacity of the method Irom dircet observation of the effects on clouds.

Hydro-power plant operators and somo pranches of agriculture take such an
interest in the method that they are carrying out silver jodide seeding to try to
discover statistically whother therc arc any cffocts on precipitation and the rate
of flow of Tivers. To this end, they arc trying to compare procipitation and rate
of flow in a target basin at which the scoding is aimed with those in adjacent
control basins which arc unaffected by the silver iodide (owing, for gxample, to
the dircetion of the wind) ané in which the rateg of flow before secding: wero
approximatcely idontical with thoso of the target basin. These cxpoeriments have
boeoen hard to 1ntorpret as havo oxperimonts with pulged scoding, in whieh periods
of emission of the silver jodide wore intorspaced with equal periods of non-~emisalion
in tho hope that the intermittonce of the secding would show up on the rain gaugoss

Statigtical analyuls now socems to indicatle that the netural irregularity of
rainfall is such that even if the silver iodide inereased 1t over all by 5 per cent -
and even this increase would be very valuable from an sconomic point of view - it
would takc morc ithan flfteen yoars for the change to be detectolb.

The troplcal zones may perhaps be better suitcd than the temperate for such
attempts to induco rainfall by seceding eclouds with silver iodide from the ground,
gs the air mosses are mors gharply profilcd and ore less contaminated by industrial
cffiuvia, In addition, the raing in tho tropical zones &arse mostly connscted with
local phcnomend.

Another method is now emerging as a pesult of observations ol the formation of
rain or thunderstorms above fires., The principle 1s that the combination of eir
and water vapour abovo the carth cortaing a considerable amount of energy dorived
from the solar cnorsgy which brought about svaporation., When the vapour rcaches

saturation point and condenses, this encxgy is freed and causes disturbanccs.
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This mothod has been tried out in sguatorial Africa, where clouds have been
formed and rainfall induced ovor bush Tires lighted at favourable pericds. Tho
experlments poerformed by Belglan and French physicists using an apparatus con51st1ng
of 100 fuel-oil burncrs, with a thermal output of the order of one million kKW, have
given conclusive results.

2. Oceen swell

The cnorgy of the ocean swell is the hydraulic energy of waves caused by tho
action of the wind on a 1arge sea ared,

The amount of energy generated is somethlng likxe 100,000 KWh per running metro
and Pper year in thoroughly exposecd places.

Tho output is, of course, oxtremely irregular, and at cortein times the swoll
is likely to damage or destroy tho installations, so that most of the systems dovised
by various inventors are not practicable.

The best way to recover tho cnergy 1ls probably to construct, along a shoreline
with deop wator, a sct of dihedra in which the weve rises to a storage reservoir at
the poak, whenee the water flows back into the sea through a turbine. Hxperiments
with scalc models have shown that cutput can be high if the dimonsions of the
dihedra arc corrséctly chosen.

Another method proposed consisgts of using various forms of resonator in order
to raise the water level in much the samc way, but the installations fom veritable
breakwatcrs and, even on shorelines wherc the natural depth of the weter in tideoless
seas is grcat, the investment outlay scoms prohibitive in comparison with the
amountt ol energy that can be recovered.

3. Differonce of temperature between the lower laveru and the
gurface of the sea

The first ottempts to exploit the thermal energy of the sca go back about
thirty yoers, whcn it was shown in France that energy could be producéd from a
slight difference of temporaturc between two masses of water; similer experiments
wero carrioed out off Cuba some years latcr,

The collection and conversion into useful cnergy of the hoat stored in sea water
are an ingenucus application of thoe principle by which heat can be converted into
mechanical work, given two heat reservoirs et different temperaturss, The soa
provides cnormous roservoirs of this kind; the surface of the water is heated by
the sun and, in certain areas, the temperature is high cnough in relation to that of

the deep wator for the temperaturce gradiont to be utilizeod,
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- The basic cquipicnt consists of an evaporator, a turbine generator set and a
condenser. Whet happené ie ag followa: the warm salt water on the surfacc flows
into a loﬁuprgssuré container, wihich has been partially ovacﬁated, and some of it
veporizes. :The vepour thus produced is "sucked in" by a condensér cooled by water
of lower tanperature pumped Zrom a deep layer. In passiﬁg ffom the egvaporator to
the condenser the vapour turns a very low pressure turbine, which in turn operates
an electric gencrator. The entirs conversion process depends on the temperature
gradient. In order to generate eloctricity, the difference of temperature between
the surface wator and the cold water must be about EOOG,; a large volume of water
must thoreforc be pumped from a greﬁt depth if a reasonablec amount of snergy is to
bo obtained. _

The sdhcmo ié‘of little concorn to Zurope, since the energy in question can in
fact be.oxploited only within an-are& of the globo boﬁnded by the 25°0 surface
isothorms, which largely coinecide with the tropics. It may, however, be
exbtromely valuabio for the countrics situated within that ared.

The successive sotbacks experienced by Georges Claude wers all due po the _
difficuity of piping the cold water up from the great depths. To give an ideca. of
the scale, the first 3,500 kW unit planned for the Abidjan power station requires
5 m3/scc of watcr for condensation, which has to be drawn from a depth of 430 m
through o pipe 5 km long. It.is noteworthy that thig flow rate is tho same as
thet which a hydro-nmowor station with o hoad ol about 80 m would need for the same
output. Thig shows that the cost of a pipéline of this xind is not in itself
prohibitivoe. _

Tho problem of laying a pipc in the sea, however, nroved vory cifficult.
Georges Claudc lost & pipe on two successive occasions while cndeavouring to lay it.
At the third attempt the pipe was laid, bul waes vory badly damaged and oniy a few
tests of the low-pressure turbine could be carried out, as the cold water flow was
inadequate. In ancther astempt bo supply an experimental unit mounted on a
freighter by means of a vertical pips going down to 400 m, ho again lost the pipe
owing to thoe swell,

Any practical use of this now form of cnergy secmed excluded until a reoliable
method was Tound to place ths decp water foecd pipec. Nizery solved the problcem by

using a pipe rondered less rigid by vory strongly relnforced flexible rubber joints,

and by employing anti-swell Tloots which cerry the pipe on cables slung from winches,

-
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so that the effects of the swell are mltlgated. " The first experiment, carrisd out
off Brest in 1947, was hlghly satlsfactory a pipb 150 m long was successfully tried
out in a fairly rough sea with waves up to 2 m high, ‘

The probiaom of. how to guide tho plpo and lower and raise it in shallow water-
scemed to have been solved by the antl—swell float, but it remained to be seen _
whother the apparatus thus developed could be used to place a pipe in position abt a .
considerablo doptﬁ. Two experlments wore carried out et Abidjan, The first was
a failurc owing 1to. altr1v1a1 1n01dent caused by a defect in the cquipment. The
second trial, hoWever, carried out in sprlng 1959, ‘was & success; & 100 m long
gection of a pipe.nearly 2 m in dlameter was placed in position at a dopth of about .
300 m, and the oporatlon was carrled out during a heavy swell, the trough sometimos
reaching 3 m. Before that, no great dlfflculty had been experienced in joining two
lengths of pipc in some 15 m of water w1th a swell of about 1.5 m. It was thus |
shown that i} was possible, desplte quite heavy SWOllS, to place the pipe in position
in several sections, connected up in tho water. It was also proved experimentally
that, by means of hooks attﬂched to it at suitable ‘points, the pipe could be dredged
up and moved, if necessary, egpecially if a mistake occurred in the laying.

The . problom,which had led fo Georges Claude's ropsated failures would seem,
thereforo;. to hﬂve been solvod by the numerous inveatigsations end experiments carried
out in tho‘past ten years. it is notew0rthy too, thaet technical prograssg is
contributing more and more to the solutlon. Frogmen can be of groat assistance in
manipulating the pipe down fc g depth of about 50 m. Undersea television will
help considercbly in operatlons at greut depths.

(a) The preroqulsltes arc therefore fulflllod for taking the further step of

congtructing ologtric power statlons of this klnd.

- From the economic p01nt of v1ew tho energy gonerated constitutes a permanent
supply, not only by . dey ond by night but also throughout the seasens,. since the
temperature of the cold waters at greﬂt depth is constant and the temperature of tho
surface of tho seQ OT lagoons in the equatorlal ‘and troplcal zones does not vary
greatly, The inivial outlay for the Abidjan project - tho only one which has been
fully invostigated - is about the same asg that for a waterfall producing regulated
power. _ .

This mothod will thereforé ﬁndoubtedly lead to a new source of energy, but it,

“ too, 18 subject. to geographlcal llmltatlons, first, it requires warm surface wabor

all tho year round, and that is availgble only in the areas near the equator; and,
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gecondly, it rogquires a shoréline wherc the pipe te bring up the doep weter will

not have to be too long. This ¢alls for either a steeply shelving coast or aﬁ

anderwatcor estuary of the type whichfhydrographic_research has showﬁ fo exist in

considerablc nunbers along many coasts. At Abidjan, for example, 1t is tho

presence of on underseq ‘volley known as "tho bottomless hole”_which enables o pipo
5 km 1ong to tap the water at o depbh of 430 m..

Therc is, it is true, another means of bringing up cold water into the condensér
nameiy meoring of the power station cither on the surfacs. or undef water ~.on a" |
kind of boat or submarine . The pipc then goes straight down and its length is
roduced to'tho minimhm. Tnder this system, the power generated is taken to the
shore by submarine cablb. It has alse beon -suggosted that artificial islands
mlght be constructod porhﬁps on submarine rock poaks. The iglands mlght be used '
for cher_purposos ag wWell as powWor production; in any case tho cold water could :
be drawn up through a relatlvely short pipc owing to the steopncss of the art1f1C1al
slopes and the prox1m1ty of decp wators. These two latter muthods WOuld extcnd ;
the geographlcal 8€Opo of this source of cnergy somewhat, as they would not requlre
a steocp shore or an undsrsed gstuary. - : :

(b) “As hos been soen, tho primary purposc of using the thermal energy of tho
seas has ‘beon to generate electric power. The mothod has, however, yeb another
advantago which mlght in many cases prove much more 1mportant. Fregh water can
be obtqlncd by meroly substituting o surface condenser for a jet condanser. '

" The Quantltles involved ave as follows: given @ flow—rate of 1 m /sec of cold
wator drown from the dcep layers of the sea, & flow of wamm woter about three times
as great, and © tamperature gradiont of chout 20 y & powser output of 700 ¥ is '
obtalned end obout 1,500 ms of fresh watcer ore produced dally. It is worth noting
thut the rotio betwesen these figurcs is the same o8 that between o city's B
consumptlon of drinking weter and ius cleetric power requlrements. Thus, from the
p01nt of vicw of usc to men, the two products — water and electrlc power - obtalned
1ﬁ an lnstallﬁtlon of this kind nre of comparable importance. The shortage of
wqter in many tropical regions icads to the conclusion thet thls typo of plant mwy
well be constructed to meot tho necd for wobor, voth in the. first 1nstance and in
:most instencos therenfter.

. The cost eaotimated ot less than Usé 1,5 per m3 at the Abidjan plant, 1y vory
, low for thct proaect ag it covors only the spocial oqui pment requlred for producing
fresh wator, for two other projects it heg boeel calculated thﬂt pa” would be nenrly

$6, but in all cases the cost is largely covered by garnings from the sale of



E/CN, 14-/.11.1?/11
peze 1

olectric powok. = Thus, it’would' appenr ‘that fresh water can be. produced by this |
mothod more cheaply than by any other at present in use, p;ovidedlthatladequate
outlets cro found for the electric power generated a$¢the”same‘timq,;“'Since
electricity rates are high in most areas where there is a water shoftage, all ths
sconomic prercquisites for setting up a complete plant of this kind Wlll often be
present. Where the temperaturc differencc between the surface and the deep water
18 more than about 14 C, but is not enough for generating electricity - i.04
throughout a much broader climatic zone ~ the method may be used to produce fresh
water alonc, However, no attempt has epparcntly yet. boen made to compute the cost
of fresh water produced in this way.. A separate source of power would in any case
be requlrod to pump galt water and .creato a vacuum. .

(c) Thirdly, the leyout onables the:considerable volumo of cold water pumped
from tha occan depths to bo usod at-the outlet of tho plant for refrigeratlon.
Large qpantities of fish and plankton for food may also be pumpod up with the cold
water,  TFurthermors, after:soms.of the surface .water has been evaporatod in the
power sthtlon, ‘thoe remainder may be divertod into adgacent sol&r stllls, in which
the salt, magnesium and other substanccs contained in sea. water aro rocovered.

These socoudary uses should not, however, divert attentlon from the two
aésential products obtainable by harncssing the thermal encrgy of tho secas: fresh
water ond ‘elcctric powor, - |
5. Tides ' S
_ The very origin of tidal cnergy has o speclal cheracter. Wheroés river.

) hydraullcs, w1nd “coal and potroloum all derive from solar radlation, ‘the tides

draw their onorgy from the earth's rotation within tho lunar~solar field of ‘A
‘grav1tatlon. “The Kinetic pncrgy thus available is. so. great thwt enormous quantitlos
of powcr may be wastcd by friction on the sse. coasts or recoverod in turbines over
long poriods (by human standards} without any appreciable longthening cf the day N
duo to rotardatlon of the rate of the earth's rotation. ‘ _

Thoe tldos ‘dan be cconomically utilizod, however, only where there is o blg rise

and fall. 'Tho rise and fall depends on local resonance phenomena whore the
'cbﬁfiguration of ‘thi cohst is suitable. Whereas the tides in mid—ocean rise
substantlally lcas than' 1'm, spring tides rise some lO m at a few places where thoir

6NeTey may o profltably harnessed.
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From the point of view only of generating power, and leaving aside the quostion
whether it can be marketed, the bost places for tidal power plants ars epparently:
the Bay of Fundy in Canada, S . N
the south-east coast of Patagonis,
the Severn estuary in England,
Mont St. Michel Bay:in France,
Baffin Island, K
part of the ‘horth coast of Australia,. -
" Korea,
tho Qulf of Gembay in India,
tho mouth of the Rio ‘Colorado in Mexico. _ ,

Not all thcse pleces ars situated in areas where thore is at present any greot
need for power; somc of thom, such as the Severn,_are\no&n\large coal-fields,.the
output of whlch however, is bocoming inadegquate for the energy reqoirements of the ,
countrles concorned.  Others, such as the Bay of Fundy, are close to rivers which
can be econonicelly harnéssed, and which will be fuily exploited sooner or leter. o
In any case, these bides in certain areas add yet another element to the variety of
anergy resources at ments disposel. . |

Thcy could be harnessed without awaiting the. development of a 59901ol technlque
if they were high encugh to make the operation readily competitive with conventional
means of power generation. Unfortunately, the mean amplitude is very low. The
flgures trwdltlonolly given to denote the tidal amplitude are those for the mean
equlnoctial springs. o mean emplitude for all tides is only 70 per cent of the’
squinoctial springlomﬁlitUde,land*the mean necp amplitude is no more than 45 per cent.
In addition, the difforence in lovel between the besin and the sea when the turbines
are working is ofily & fraction of theo difference: in level, between hlgh and low wator.
For both theso roasons, thé turbines would usually be st work with only between '
one—quorter'ond'one-half ‘of the total cmplitude of the mean equinoct1e1 sprlng tldo.
At tho most suiteble places, where tho tidal amplitude .roeaches 12 m, the head '
ranges from 3 to 6 m during most of the. operetbing period. Henca, tidel plant units
are usually slow nd ‘axpensivo. e ‘ |

Moreover, tho englnoering operatiorns arg rendered difficult by the need'to work
in sstuarics where the tide brings-in large volumes of wator every 12 hours, the .
amount of which at each spring tide is comparcble to the diseharge of 1arge rivéfs

in spate.
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- Lastly, tho energy is generated 1n o linar-solar cycle ill-suited to -human
working condltions. The energy recovered i's this very much less valueble than that
from a water;all W1th a seasonal reSOrve chd is more like that of a fall on a river
with an irregulﬂr flow. o ' '

7 . For oll these reasons, it was cons1dered until recently, that the installetion
of tidal plants was unduly dlfflcult and expensive.,

- However, two new developments have now emergod.

First, grid systems have becoms increasingly powerful, so that larger and lorger
quantitios of intermittent power can be integrated in them. In France, for example,
the tidal plant now ﬁnder conetructien en the Rance will have en installed capaciiy
of 340,000 X, whxch can now be readlly 1ntegrated into the grid system. . The . . .
Chausey Islands prOJect will be much 1arger, with a capa01ty ¢f nearly 10 million kW,
but will not bo oporational for_some twonty years, when the 380,000V grid will be
adoquate to integrate 10 million K into the roughly 50 million kW which France will
then roquifq. ;fﬁighnpower tidel plents can, thereforc, now be planned; and sizo is
one of tho prefe@tisites for Qfofitable eporetion of this type of installation.

For purposes of random powor output, small tidal plants with an instolled capacity

_of from 1,000 to 10 OOO i) are not out of tho question with a small basin and strong
enough tides., Such plgnts woula be of value for the developing regions, but much
‘remains to be done before thay become prectlcable.- . _

Conventional turblnes aré ill-suited to reversal of the.direction of water flow.
The planning of a tidol plant equlppod with conventional turbines brought: about a
dilemma: one could either use tho simplest form of plant with-a.barrage ecross the
.estuary or bay, cs with a river plent and rodover only the energy from tho outflow
from the basin, but not that from ‘the inflow; or one could construct the plant in
such a way thgt both the 1ncoming sea and the estuary outflow would feed the turbines -

- and thereby raise the cost considerably. The cases studied have shown that roeversible
turbines clowrly supply the best solutlon. '

Socondly, the Rance prOJect at ence dlsClOSGd the need for somg kind of punp
apparatus, The turblne would preferably be not only réversible as regards:the.
dircctlon of the flow but also capable of opercting as a pump sc as to bring qbout
over-filling of the estuary, or ovor—drﬁlning by lowering theo.level of the ba31n
below that of low tide, in order to incrcase tho rocoverable: encrgy. as. the water

came back in.
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The best system appesred to be an axial~flow turbine with a Keplan wheel, oub
‘the fact that the axis wes horizontal meant that the wator entorlng of leaviné the
turbine would have to Flow round the elternator, or that the alternator would have'
to bg sunk in o shaft, or enclosed in a bulb completely gurrounded by the current.: b
After mamerous. trials. and after soms axlal units had been built in IOWhhead river i
plants, it was found that the last-mentloned ﬂrrangement wag the host. Furthor work
on these bulb units has, MOTCOveTr, Jlcd to the construction of singlc~-block anits
combining alternator and turbine, the block heing placed 1n position ox withdrqwn by
travelling Crancs. . o _
Thus o system has boon devised which 1is considerably superibr te that.involving
conventional units, having the advantages that:' o ' ‘ '
_ tho turbines cen work in both dircctions apnd & dowblc nction thus obbeined
without constructing addltlonul barragcs and sleieee;' B \
-~ .thc ogtuary can. be ovor—fllled or over~dreined by pumplng,
.~ instelled capacity per motre of plant measurcd qlong tho estuary barrags is
jnercascd, since the axial units neod lcss width perpendlculurly to tho
- dircetion of the water flow.
If tho plont is cquipped with the now type of Bulb unit by which the turbincs
¢an work -in both directions and cen act as o pump, o tide can bo nornogsed by single
or by doublc action as dcsired, so that powor caln be generated moerae ofteﬁ at pock
hours. Furtlcrmore, tho pumps which can be uscd or not used at cach tido, ot will,
by providing & good head of woter will froguently enSure thu avallwbillty of powor
at pedk poriods - although they wilk of course have tekon current from the grid for
" pumping at othor hours. Theoretically,. the plant could cvon be operated by reforence
‘to its safoguord valuc and always provideo power at the pook hour, evel though a groob
" denl of onorgy would have to be expended on pumpling and there would be less fucl’
GeOonOoMY« ) _ S
In foct, those turbines are S0 flexible_that the optimum output can be selocted
at cach tidc, allowing both a considerable soving of fuel and the'provisiéﬂjo?"
considerablc power at peak times, when this is regwrded as Justified. The safeguord
“yalue of tho plant is thercdy enhanccd, i.¢. the possibility, thanks t6 its presonco,
of making o given reduction in installod thermal capaclty in the face of a particulor

risk of load-shodding.:

o’



