Title of invention: Collector for solar radiation. Technical field: The
present invention relates to the tracking, cooling and protection of 5

sol ar energy collectors and the |ike. Background art: There is a need to
econom cally collect solar energy in concentrated form prior to direct use
or conversion to electricity or other useable fornms of energy. Solar energy
has a nobdest intensity at the earth's surface of 10 about 1000 Watts per

square netre. i Hq;% i.ghly desirable to concentrate the energy to
hi gher intensiﬁ)}léﬁusua t{/l'hg'xpressed in Watts per square netre, or WnR)

bef ore use. ThCsllector forrdolarnadidtionso where solar cells are used to convert
the solar energy into electrical energy. The photovoltaic cells that are
used to convert the, 15 solar energy into electrical energy are relatively
expensi ve. ContesRpigaldields t he incident solar energy into a smaller area

allows the wus f | er.. % i i | ower
resul ting cos?gggé%%ﬂséygét@ r%i?tﬁ%tgﬁég’ég@ﬂgegé@h%rﬁqewoﬁegm& centrating
col lector is asdRpBhefdy SIS aHEtHeIfkeeNer gy as nuch as possible with 20 a
systemwhich is very |Iowin cost per unit area and which can track the sun
by rotation about one or two axes. In the past, various fornms of
concentrat or hBackgeeundsstt. These have included refractive concentrators
(l enses) and, ﬁgre conmon curved l’Eyeflectors mrraqrs). The cor}centrators
I

|
are general |y hBER B Bredio scpuerisally GoUREt sAIRLSNEIGYdRSRNCERIrAten loMor
k h H . .
e s ey o BRig g tuse e dii/erSiBh 3o ickhfiaRPor difief ¥eafEToffY of 0!

econony the syStem use npl'e "and r obust as

possi bl e. Presenérgyet SoKae enefgyt has kimedestaneinsie at iy eansh’ssdirfiaesros, or
sliding hydraulic actuators, both of which add considerable cost. The need

for trackiHy nakeut 10Q0 Watts per square metre.

It is thus highly desirable to concentrate the energy to higher intensity
(usually expressed in Watts per square metre, or W/m?) before use. This
is particularly so where solar cells are used to convert the solar energy
into electrical energy. The photovoltaic cells that are used to convert the

15  solar energy into electrical energy are relatively expensive.
Concentration of the incident solar energy into a smaller area allows the
use of a smaller area of energy conversion cells, with lower resulting
costs of conversion cells. The key requirement in a concentrating
collector is a means to concentrate the energy as much as possible with

20 asystem which is very low in cost per unit area and which can track the

sun by rotation about one or two axes.

In the past, various forms of concentrator have been used. These have
included refractive concentrators (lenses) and, more commonly, curved
reflectors (mirrors). The concentrators are generally mounted on

25 structures that allow movement to follow or track the movement of the
sun accurately across the sky each day. For economy the system used to
track the sun must be as simple and robust as possible. Present methods
of tracking use either motors and gears, or sliding hydraulic actuators,
both of which add considerable cost. The need for tracking makes the
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-1 concentrator structures heavier and nore conplex than static non-
concentrating solar energy collectors, because the tracking novenents
usually require that all support be provided through rotary joints which are
subject to very high forces during extrene winds. 5 Any structures used for
concentration nust be well protected fromhigh wnds, hail and other
aspects of extrene weather conditions. It is also nost commonly desirable

to provide songohsritaddr StAMtuRE Kavidrearftbitiore Toniple tHensaftic nbhe _
concentrated solar energy to electricity. Silicon photovoltaic cells, which

are the nost ecomnegnteding\eolareenergy coheciorsi esauae thertracking repeemesnts ess
efficiently as thejr te rature increases.. If a chanismfor, cpoling the
cel 15 1o not ausy reatrBahalall Syt PEREP uaes dhoudhsofty ihtsuniEBiare 'Y
operate at hi 08ahebCEARIT HiliPforeBE HARRY BRtrepftPhnggrer 9y conversion .
efficiency. Mdst ‘concentfators designed so far enploy very substanti al
mechani cal 15 structures to resist novenent and danage fromthe wind. In
addi tion theyAnysiiuciuresuisey fhreeconcemradtiohrmust eatvell ipadtectadtiomshighass wit h

metal backing for the reflective elenent to protect the device from damage
by wind, ice WAl and pthes asprats ob sxteme weathes senditiops: ide aleq y

beon used t o pPEbePREp Ty sEBR o MBI ER B B erditg BRI e use
of an inflatablyt c&hvéhﬂhéeSncéﬁtﬁatbal_@lé?léﬁérbgto BRigkicHye as a concentrating
reflector. The shape of the nenbrane is naintalned by an air pressure

difference fromone side to the ot hgr. Such refl ectors can be def.l at ed
during severe Giliwongrhotavaltaicicells?svhieh aré the nosheapnomical waretytatithissubj ect

d f hi gh W nd d . i ol i.ght. diti
Fequi 10" cubby appiriin Uiney Sparle es SUiFIBHY s helriSMPRerHES Ierarsinal ahi gh
wi nds. - Anot her ik Rt cdtfgiERelS Rnb LU RS LisG B EBREERHAIBRs 1 S the use

of
tends to cause the cells to operate at higher temperature, decreasing

their energy conversion efficiency.

Most concentrators designed so far employ very substantial mechanical
15  structures to resist movement and damage from the wind. In addition
they usually employ heavy and strong materials such as glass with metal
backing for the reflective element to protect the device from damage by
wind, ice and hail. Such structures are, at present, either very expensive

or too fragile for continuous outdoor use.

20 One method that has been used to protect the reflective concentrator
surface has been the use of an inflatable, aluminised, flexible plastic
membrane as a concentrating reflector. The shape of the membrane is
maintained by an air pressure difference from one side to the other.
Such reflectors can be deflated during severe weather. They are

25 relatively cheap, but are still subject to damage from high winds and by
ultraviolet light. In addition they require substantial structures to support
the moving parts against high winds.

Another method that has been used to protect concentrators is the use of

a transparent dome or building to cover and protect the whole solar
-2.



a transparent done or building to cover and protect the whole solar -2
concentrator. This does allow sone sinplification of the structural design
of the nmoving concentrator. However, this method has little or no overal
cost advantage due to the added cost of the protective structure. The
Yeomans patents W93/ 09390 and US6, 220, 241 Bl use tenporary 5 immersion in
water to protect a reflective concentrator. It consists of a reflective

concentrator fdopebhtréita Tié abeviallbwasdree sirfpliflcatibalof #e btractupd desigoi nt i n
the air above. The concentrator can be subnerged using Eglrrps for 'rmted
e Qf

periods to avdfdheanerjag concentratonc Eawemes; thig meghodibas deewralleat her
conditions. This,is achi eved fl oodi i,ts', buoyangc 0 t.anks with water,
a change in tl?@%ﬁ??ﬂﬁﬂ{qa@ebqeﬂﬁlﬁw %é)éjqcﬂgoﬁﬁzzm%f)ﬂé?cﬁ"%’eS'”éCtHEﬂ' able to

operate as a solar concentrator or energy collector while submerged. The

concent at or i Shbiarieyal8RONbSAINad0 WPRl LAlo 440 24P BIESORBBGRI | S O

| oses power at a critical tinme I's not passive robu stem
al so achi e%es immeisiorgimwaterdotproiecha refiectiviencdricedtratart It@onéists et a on about
the vertical axis only), using novement within the water. Tracking about a

hori zontal axif€fiegtive Roaceniralolioating en water with aheatGaliestor ot thatocAy al | t he

exi sting concent.ratli i I Vv a

speci al prot egé@’:]‘a‘bo@?ﬁqgﬁiﬁéngeo{"g@‘t%f?té\gg?’ﬂ@é@%ﬁ%ﬁé@&%'ﬁ@? maki ng
them parti cul & imitelNssragtlsttol v i BRERgE®thE toneehar niRBRE0HAG! OF

el ectrical breakdown. Russian patent nunber SU1430-927-A to Novorossii sk
Naval descri beadverse weathentonditicrentThi$ i aclieved by fibbdinghts? buogarsgyar ent sack
in water to create a lens, but no details are Siven of the material to fill

this sack,10or t@nksavitihyalafennangeiie e Absplute AURYaNGYPIdBeAPRAIASJE { he
scale of the Ge\4ianId S op8rdis 38 881aPBbAGShttaoPbPBRSHY coieBir while

submerged. The concentrator may still be damaged in bad weather if the
mechanism fails or loses power at a critical time (it is not passively
robust). This system also achieves tracking movement in an azimuth

15 direction (rotation about the vertical axis only), using movement within the
water. Tracking about a horizontal axis is achieved via motors, gears and

levers.

Virtually all the existing concentrating collectors require the mechanism to
move to a special protected position for protection against adverse
20 weather, making them particularly vulnerable to damage when there is a

mechanical or electrical breakdown.

Russian patent number SU1430-927-A to Novorossiisk Naval describes

the general concept of floating a flexible transparent sack in water to

create a lens, but no details are given of the material to fill this sack, or of
25 any energy collector or conversion device, or of the scale of the device

and no tracking method is proposed.
Aims

The present invention accordingly aims to provide protection against high

winds and ultraviolet radiation for solar concentrators and collectors.
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The present invention accordingly ainms to provide protection against high

wi nds and ultraviolet radiation for solar concentrators and collectors. -3
Subsi diary ainms of the present invention are, to provide a sinple neans for
tracking solar concentrators to follow the sun and to provide cooling for
solar collectors, and to provide nore |ightweight structures than was

previ ously possible. The invention addresses these ains, at least in part, 5

i, “such Al Eme BEis bteSRf AR e 1 PRovinS B shiel ey o
quid, “such _  PIEar. A ror
or ovi des & col onearPard RrcBlPRIGr R felsw (SRR and B ARAAE CA6HRT 0,9 ¥

col | ector i nclfodsslar goliectois, radrte previde more lightweight stratiuees tharpwast i ng at
the sun; and at | east one energy conversion device for the conversion of
el ect r omagnet i Rreiguslyypossitie o hedpvention addrgsses thepe @ims; igéigasiin pas, ener gy;

and at | east i i rh.th [ on el ectromagneti c
ener gy and%t h%gﬁﬁgﬁﬁgﬁﬁkhﬁ@?’q}%ﬁhﬁgg%@c?'*%%&éﬁ@?&éé@ﬁﬁ%ﬁ o(gft he ener gy
conver si on deviififid, duthvd & Taddbh, PORENarkO KR! SaRTo g Ike dfSwatebprantial Iy
imersed 20 during its operation, and the concentration device is at |east
partially i matheeliquidri ng part of the daily operation cycle while

coll ecting solar energy and both devices being within the sane body of
liquid. It is preferred that the liquid is water. In one preferred form of
the col | ect or , SUMIMALQELhE Byedignie i ncl udes a 25 photovoltaic cell. In

this enbodi mengy, of LG iERRbh Ycotdifigh R4S 2 Silectdt tbr the ESIRREEH of " 2

hernetic seal.
10 solar radiation, which collector includes:

a tracking mechanism to keep the collector pointing at the sun;
and -
at least one energy conversion device for the conversion of
electromagnetic energy into either electrical energy or chemical
15 energy; and
at least one concentration device for the reception of
electromagnetic energy and the concentration of the
electromagnetic energy onto the energy conversion device,
in which the energy conversion device is substantially immersed
20 during its operation, and the concentration device is at least partially
immersed during part of the daily operation cycle while collecting solar
energy and both devices being within the same body of liquid.

It is preferred that the liquid is water.

In one preferred form of the collector, the conversion device includes a
25 photovoltaic cell. In this embodiment of the invention, the photovoltaic

cell is encased in a hermetic seal.

In an alternative preferred form of the invention, the energy conversion
device includes a component that converts incident electromagnetic

energy into stored chemical energy via a photochemical reactor using
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In an alternative preferred formof the invention, the energy conversion
devi ce includes a conponent that converts incident el ectromagnetic energy
into stored chemical energy via a photochenical reactor using -4 Titani um
Di oxi de or other photo-catalyst which may split water into hydrogen and
oxygen or enhance ot her useful chem cal processes. One preferred form of
the concentration device includes a mrror. An alternative preferred form

of concentrati nﬂﬁﬁimﬁxibacdr%ﬁ r @%@'Q[%et%@?ﬂ \}i/p]fcféarﬁ%ﬁtsﬁﬁtr \ﬁgteﬁ"ﬂ'ﬂ the

concentration device 1S Tabricate rom pl astics material .

I't is preferréydrdgsn ah@o&y?énotenhbﬁc@bmérdséfuvidhbnﬂéallmaeéséeso
i nterconnected and vertically extended | ateral buoyancy tanks on opposite

sides with the total buoyancy being set constant and sufficient to 10 keep
t he whol e uni tORe pEefafreddeIn of the gonerntratioardericd nclydasa mifroh Apositi ve

buoyancy so that the unit floats just below the surface It is preferred
that the Tl adteaaie Beterred fain bt Songsiealiob foviia Whiesatend: i by
i nterchange of liquid and air between themto cause the collector to rotate

about the BorigRniraterfed thal ¥ 8BHESH dtlon deVidPid faBRicafedPAlIBESIn ey t WO tanks

to provide sinple tracking of the direction o incomng solar radiation.
These two i nt drammphasticsdnaterighncy t anks can be inplenented in the formof a
curved tube whose seal ed ends are below the water surface with the curve of

t he tube risi ng_ abogﬁe thg1 surface. Usin t_hié net hod the net or total
buoyancy of t HEISHyEterERd thadhe galiectar be Rievided with atdeast W@oyancy is kept

constant, wit ' ' r.. but the
relative buoygﬂte;ag%ér?#ﬁgd sﬁlﬂs}e‘?ﬁ%éllg(ﬁ%@cg%q %*g’%hg{’h}’%?‘g’%hgﬁé‘m t he
concentrator igpprosneeideIwitAdRE totahBudErYy Béiﬁg%{ e6hstant andSuflicidrités. SO
that there is no need for a substantial Suppoft structure nmounted at the
bot t om of 10he kempdtheamloleairitsutestantially betow dhe wetedsynrfacey out ndthwat er
preci sely, and ng need for any . . .
positive buoyancy so that the unit floats just below the surface. It is
preferred that the relative buoyancy of these two tanks should be
adjusted by interchange of liquid and air between them to cause the
collector to rotate about the horizontal axis perpendicular to the line
15  between the two tanks to provide simple tracking of the direction of
incoming solar radiation. These two interconnected buoyancy tanks can
be implemented in the form of a curved tube whose sealed ends are
below the water surface with the curve of the tube rising above the
surface. Using this method the net or total buoyancy of the apparatus
20 does not change. The total buoyancy is kept constant, with the tanks
sealed to the outside air and water, but the relative buoyancy of the pair
is adjustable. In this embodiment the concentrator is suspended under
the water from floats at the surface, so that there is no need for a
substantial SUpport structure mounted at the bottom of the pond, and no
25 need to control the depth of the water precisely, and no need for any

bearings or rotating joints.

It is preferred that the collector includes means to inhibit the formation of

waves at the interface between the body of liquid and the air. ltis



bearings or rotating joints. It is preferred that the collector includes
nmeans to inhibit the formation of waves at the interface between the body
of liquid and the air. It is -5 especially preferred that the nmeans for
inhibiting the formation of waves 1is substantially transparent to the sol ar
radiation. It is preferred that the liquid includes a conponent or additive
to suppress the growh of algae and bacterial sline. 5 The invention

accordingly adgy by usin
01t R BB ating sk 460k Mg BATHDA o s 519

t he prot ectlve n |qU| su as the
sea, a pond, tiamskbstimtially aasparenhto theksolaf ragidtion.or t he like. There are
two principal varieties of the invention, the first being that where both
concentrator and energy. converter are pernanently 10 i mersed, as

i Ilustrated inlt S prefereed that dhe liguid inclugas |acamponent e @AAiVEHei SHIPIesS | et v,
| | ustrat wh th t
cubstantiar 1y pbRtbEfaRe 3y BactbRal e 1P C 00 T H or e onty

partially inmersed for part of the operating day, and nay be fully i mrersed

by rotating thené ivepfibAfacbyrdifgly adareddes theagnsia téirkntien) atdegsma t he
concentrator elenent into the I1quid. The advantages of the first principal

variety are tHaart,tb}eusungttlnenpmtectlvemdéauoyamty praperiieseha bady of figdidi vel y
protects it against at her at tiimes, that i rsion all t he use of
a sinple | at er $HCHR® 9%1%?/3 $HBP ct@nkod%’@hlaé\?é)rtthﬁﬂgr?z,"V%Wdorttig‘ﬁt ikey cell's
are naturally cooled by 20 imrersion in a body of water. The advantages of

the second pri bRAre i SfiWcfial vafibliesdha enoh! e gbigthan of the

concentrat or en requir I on trackin and t hat
full or parti a»bvhemmomlcum@htram adueem@?yc&on&ertérmlgeﬂméﬁmly buoyancy
t

bal ance to achi eve tracki ng of a shor ocal 25 length system (which is the
| i ghtest alftl nisemeeseshias ilysitaied in higuresatare\3 and 4, while the second
~ principal variety, as illustrated in Figures 5 and 6, is that where the
energy converter is substantially immersed during operation, but the
concentrator is only partially immersed for part of the operating day, and
may be fully immersed by rotating the collector by means of the tracking

15 system to move the concentrator element into the liquid.

The advantages of the first principal variety are that the continuous
immersion of the concentrator passively protects it against weather at all
times, that immersion allows the use of a simple lateral buoyancy
balance to achieve tracking, and that PV cells are naturally cooled by

20 immersion in a body of water.

The advantages of the second principal variety are that immersion
allows protection of the concentrator when required by rotation of the
tracking system, and that full or partial immersion allows the use of a
simple lateral buoyancy balance to achieve tracking of a short focal

25 length system (which is the lightest and most stable system), and that PV
cells are naturally cooled by immersion in a body of water. In addition, the
second variety has little or no water in the optical path so that it produces

more energy per unit area.



cells are naturally cooled by imersion in a body of water. In addition, the
second variety has little or no water in the optical path so that it
produces nore energy per unit area. -6 Brief description of the draw ngs:
Figure 1 is a perspective view of a portion of apparatus according to one
enbodi nent of the present invention; and Figure 2 is a chart illustrating
the efficiency of light utilisation of one 5 enbodinent of the present

i nvention; an e QLI i L Vview of a portion of apparatus
according to g&ﬁé%&%’@@h%ﬂﬂﬁ% ag&tﬁs'pr esent invention, simlar to that
of Figure 1. FyifleRiigy Berspettive VI%WBPQPbHR)d’b% rafi3CAdtdrdinglteGngent of
the present 10 invention, using a point focus concentrator; and Figures 5
and 6 are el eeathodimentofthefpreseet ineebtich;rat s of the present invention,

wherein the concentrator is _substantially above the water |level during part
of the oper at FHEE 2is@ eharh diustraling the efficienay ofdight utiisationgfpne converter

erbodi ments o sEmtnk AFsFeREIE RIS EAME: cmbod: ment of the present
invention which is illustrated by reference to Figure 1, a plurality of

assenbl i es, oFgyE 3R grhelevation VRIvitbt ¥ portiore bEdpparatef accotamgteneral 1, are
imersed in a pond or other body of transparent liquid 2. It is preferred

t hat the pondanpther@mbodimerd oftheprasent inventionpsiatilar torthat of figwe *;he
assenbly 1 in the liquid serves to sinultaneously protect and cool the
appar atus whi B8 al |l owi ng easy rotation about any axis through the center
of gravity of the collector. The assenbly is given slight positive buoyancy

to keep it subfBld R4 PeReeRdie idw? Bt SHoHRF SmbtdimbAt6MiHRdeaEnE U f ace.

10 invention, using a point focus concentrator; and

Figures 5 and 6 are elevation views of other embodiments of the present
invention, wherein the concentrator is substantially above the water level
during part of the operational cycle each day, but in all cases the energy

converter remains substantially immersed when operating.

15 Description of preferred embodiments of the invention:
According to the embodiment of the present invention which is illustrated
by reference to Figure 1, a plurality of assemblies, one of which is
generally indicted by reference numeral 1, are immersed in a pond or
other body of transparent liquid 2. It is preferred that the pond of liquid 2
20 be water.

The complete immersion of the assembly 1 in the liquid serves to

simultaneously protect and cool the apparatus whilst allowing easy

rotation about any axis through the center of gravity of the collector. The

assembly is given slight positive buoyancy to keep it substantially below
25 the surface, but touching the surface.

The solar collector assembly includes a reflector that is generally
indicated at 3 (shaded in the diagram). In its preferred form, the

reflector 3 has a reflecting surface which is substantially parabolic in a
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The sol ar collector assenbly includes a reflector that

indicated at 3 (shaded in the diagram. In its preferre
reflector 3 has a reflecting surface which is substanti
-7 cross-section of the collector, and which extends |o
a generally trough-shaped reflecting surface. Each ref
constructed on a base of thin, rigid plastics materi al

is generally

d form the

ally parabolic in a
ngitudinally to form
| ector assenbly 3 is
(preferably acrylic

or pol ycar bonaérSés-%@c%\ﬁ’H Bf‘tﬂesccﬂlégﬁﬁ AndWihie é&enﬁsg&{ iReidalg th3yha The

reflective layer 1s then sealed fromliquids t
cover |ayer sugdnexallyptroyghn-shaped eeflentinglsucfackyl ar or o
material. Preferred forns of reflector material include

tTansparent plastics

ther suitable
alum nium silver

and rhodium The parabolic shape _i.s maintained b attaching a plurality of
o kY 3 b Hastics

refiestarassg

one di nensi onafF&

ig cangtrugted opa base of thin Jigid

arrangerent. o TP 0 EAPRATHC GrpolbabBRsleT R T adtd AFfetellt °TT o,

reflector ¥ rurslettivellagencTheé reflddivehaysrus theh sesleddror
usi ng east-west tracking (horizontal axis tracking). A

array of phot oWvamsparenicplasécsscover tayertssichaas polypropyleney

fliquiee wityatemis
linearly 15 extending

facrytie, Myédriarct or

mbly 3, di ngl indl.arl ' ' th-Sout.h . djrection. Thi
Nor th-Seut h or vORt Shiahje rudletal Riafeiaet Ffms ofjellarior sanigral Gl i gh sun
I |1 i : e i,gh
"ati tudes 15 rerriTuEl ST ad i TRE Takandl LS E matttafed BT eng 20

axes al i gned Egsdchidg b plUralify dfome\@imersidridl paratsolicoriie
the reflector assenbly 3 is provided with a seal ed buo

F4lahdsstraighitr acki ng,
ancy tank in the

shape of alQurinterconnecting stringersgapependiolar tortbe eayof thefrefleclivephot ovol t ai ¢

cells 6. The bu"(;a(ancy tank can be placed at one end of
avoi d shadi ng, S¥#@9F-anot her buoyancy tank added to the
assenbly to provide bal anced support. The total

In one arrangement of the assembly shown in Figure 1,

each trough reflector 3 runs in a generally North-South

the assenbly to
25 other end of the

the long axis of

direction if the

system is using east-west tracking (horizontal axis tracking). A linearly

15 extending array of photovoltaic cells 6 is mounted at the focus of the

reflector assembly 3, accordingly similarly running in a North-South

direction. This North-South orientation is best suited to

tropical regions

with high sun angles all year. An alternative arrangement that better suits

higher latitudes is North-South tracking of trough reflectors with their long

20 axes aligned East-West. To allow horizontal axis (azumithal) sun

tracking, the reflector assembly 3 is provided with a sealed buoyancy

tank in the shape of a curved tube 7, which passes above the height of

25

30

the photovoltaic cells 6. The buoyancy tank can be placed at one end of
the assembly to avoid shading, with another buoyancy tank added to the
other end of the assembly to provide balanced support. The total
buoyancy of the assembly can be adjusted by adding a suitable amount
of water or other fluid such as Ethylene Glycol to each of the tanks to
give the whole assembly slight positive buoyancy, sufficient to bring the
top edge of the curved buoyancy tube above the water while keeping the

photovoltaic cells 6 just below the water surface 2. The remainder of
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buoyancy of the assenbly can be adjusted by adding a suitable amount of
wat er or other fluid such as Ethylene A ycol to each of the tanks to give
t he whol e assenbly slight positive buoyancy, sufficient to bring the top
edge of the curved buoyancy tube above the water while keeping the 30
photovoltaic cells 6 just below the water surface 2. The renai nder of -8
each buoyancy tank and connecting tube is filled with air. Under these

conditions the assenbly can be rotated.in the water .abaut its'. center of
oravity by charghameomacy sk a0l SoBngFud s BsS Al UderapeRg < he
total. This 8haitiops thé ARSBhNFEaR behoitba n HEWatst Bbt gsqferi(téﬂbﬂ from the
right 5 to left tank or vice-versa using very snmall sealed electrical punps
mount ed wi t hi gravityhby chaagiog themé&lative Sateral Huoyahey wdthoutaljeririgithedabtatach

punp is connected by a smal| tube (which is not shown in the diagranm), to
the opposite dits mtatipn izachieved Hypumpingsraall amongtsehflid fompihedghl o

t he opposite Lr i , V. | bl AR 10

ne orpost ke Saa ik GEHENRRa sl E sl SR bR R BB, o i ur e
3. The punps RGusEUIWINGA eichdbudyaPky tank afBldrdl $Urhd dafienpsidel sf@dch
controlled by a pair of photosensitive cells, which are nounted on each
si de of a shagump éeonmedted bya smad dubé (Whichl is ot showntim thesgdimgeam),t hus

aligning the whole assenbly with the sun's rays. Such el ectronic 15
ser vomechani s B¢ oPResite ﬁﬁg\m the gu @M%@!owmg ;mevenentaiyatehpyenent

o1l one 11 acki 10t OPRESHY enpRieth eqiiel M Ehoft, rVAY I BRIV oo The s at e
of novenenp r efisplacemient puA carebe Usedraslan Rfteriaive) agikistrafR) mssigaR y i s

not exposed to wind, there are no significant forces 20 acting on the
assenbl y of Fidyuihe pumpsare awitchedibyha simplg automatic\sunetrackirgheireuit e of

that 15 encourfOERBeH Y A Ea0 AIRGRSSTtble Gl Lo iG g EBen t ho
actual angul arggabe ,UhJFOWTERY oh &AY Hofth-s8Uth 16k akid STRESERtem, thus
aligning the whole assembly with the sun’s rays. Such electronic
15 servomechanisms are well known and not shown here. This rotational
movement of the reflector assembly 3 about the center of gravity of the
assembly allows tracking of the sun from East to West during the day.
Since the rate of movement required is slow (less than 15° per hour) and
the assembly is not exposed to wind, there are no significant forces
20 acting on the assembly of Figure 1 except the slight drag of the water.
The rate of movement of the sun is 15° per hour, but the increase in
refractive index that is encountered by the sunlight in entering the water
reduces the actual angular rate of movement required in a fully immersed
collector slightly. If required, tracking can be achieved on two axes by the
25 use of a second pair of buoyancy tanks at right angles to the first pair. In
this embodiment the concentrator is suspended under the water from the
air filled section of the buoyancy tracking tubes 7 at the surface, so that
there is no need for a substantial support structure mounted at the
bottom of the pond, and no need to control the depth of the water
30 precisely.



collector slightly. If required, tracking can be achieved on two axes by the
25 use of a second pair of buoyancy tanks at right angles to the first pair.
In this enbodi nent the concentrator is suspended under the water fromthe
air filled section of the buoyancy tracking tubes 7 at the surface, so that
there is no need for a substantial support structure nounted at the bottom
of the pond, and no need to control the depth of the water 30 precisely. -9
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tracking by alrhaxitmgn ipetfarmanceaang latituds,tis @edysternswihion proddesitwd-
azimuthal tilt (horizontal axis tracking). Rotation about the vertical axis
5 can be achi @xisitragkiogdly afiomdng detatien appwiskalverticakaxis togathenwitto a circl e

i h | f. [ . h =dri. | | with
vertical axi s mpBELERgnSzoBCR RS AR A AR e SR RAAEE  Such two
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RAE
the concentrator systemis fully | nmerse ter 1t 1s°no longer 10

necessary to damtheyplate ofvotationerathyough ametos-dtiven ipaddiecvheeltwith as t he
nmovenents and pressures caused by w nd and weat her reduce very rapidly with

depth i In wat eLV.ertFPﬁlls‘iXéﬁ OU%?ti%tQﬁ@Viﬂe T@imméapgemt@iﬁhw:slg [Ruchstwauct ur al

[ [ . . o
i 11 on. tho s iRl YaaTE cAhORE B Ak Rslohal LobeloditerBRdS | T eaucea
15 since the densities of typical plastics enployed in the structure are

only around t%@h%h@%ﬁ?éﬁtrﬁbﬁ??étemﬁﬂ‘u’lliﬁﬁnﬁ@rﬁéﬂ‘Wﬁ%r‘fﬁ%@fc loggPonent s

are protected fromnost forns of  environnental damage by I nmmersion in

wat er, i ndOudinmergssaryeto éroployrsirang ghheavydnatdrials fonthe déflector asithe and  short

wavel ength UV light. Utraviolet |ight damages man | astics. 20 However,
with the ful | ynpPHaesisan PFﬁSﬁUfﬁﬁgwﬁgl@wﬁmi@@ﬁt her (RAUSEHRY hs bel ow

about 250 nanqnBifefift fedth it Watdh. This DoweitiaGSe 8f relatively lightweight

structural materials such as plastics for almost all parts of the collector. In

addition, the structural deflections caused by gravity are greatly reduced,

15  since the densities of typical plastics employed in the structure are only
around twenty percent higher than the surrounding water. Components
are protected from most forms of environmental damage by immersion in
water, including protection from high winds, hail, windblown dust and
short wavelength UV light. Ultraviolet light damages many plastics.

20 However, with the fully immersed form of the present invention,
wavelengths below about 250 nanometres are filtered out by passage of
the sunlight through water, so long as the passage through water is
longer than about 50 cm. This allows longer-term use of cheaper forms
of plastics materials, which would otherwise not be suitable for use when

25 exposed directly to sunlight.

A linearly extending array of energy absorbing devices 6, preferably
photovoltaic (PV) cells, is located at the focus of the reflector assembly 3,
and is mounted to move in synchronism with the reflector assembly 3. It
is preferred that the energy absorbing assembly 6 is mounted in place at

30 the focus by a support assembly 11 (such as of clear plastics material)
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t he sunlight through water, so long as the passage through water is | onger
than about 50 cm This allows |onger-termuse of cheaper forns of plastics
mat eri al s, which would otherwi se not be suitable for use when 25 exposed
directly to sunlight. Alinearly extending array of energy absorbing devices
6, preferably photovoltaic (PV) cells, is located at the focus of the
reflector assenbly 3, and is nounted to nove in synchronismwth the

refl ector_assqighitodnisldedth oY BESERECL Uaerly &1 PROG DR @RgeTDlY ©

is nounted in ace a e focus asse such as of

cl ear plasti careabediadl energy Absbrsingrdevices dihegcireereaseden aghinect or assenbly
3. When photovoltaic cells are used as energy absorbing devices, they are

encased i n a thermetiaseab(nrefesably of grsuitabipirgneparentplasties natedals paetent

pl astics materi such .as Tedlar, or of glass) to,prevent ter damage to
the sem condu@thef‘dlgr'Pﬁioé ggarﬁ?ig‘? REFvieRt water darpaee de t'ﬁ%§?”’%@%° equatg
conducti Vviky He i ; . roundi n
vater anyspanis Bfgasinl At AMONEVEiTnlSt b oP BuEaBHE boduRIANFH ’

phot ovol tai ¢ delat,do allbewthe detisfto Ibeecboled byahé sanspadizit waten- Aoy spacee |iquid
such as Silicone oil or with a transparent flexible solid such as silicone
rubber. The 10eB@nioadkhetwgentheeneasing matedahand the,photoyaltaiceelsi ng of the
energy convergi A he fac of the. t r&it. Accordi ng
fo. furtner peoplRt B8 LS i fAuhalelf pon it ieive My RORR 2 liftna  Tated 1 n
Figure 6), ! iRk 8l thashaféitlexible sBfid SLER 8/<hicBHeupBep TRONeA! -
conducting substrate. Preferred materials tor this nounting substrate 15

i ncl ude coPpersur@unding waterprovidesicoaveetivieiiquid cobling obtheeenergyy preferred

that that this nounting substrate al so be encased with a thin |ayer of
sui t abl e pl astdofyerfeR Aexiceaced atthedgrus pf the eoneanirater re¢ardingslo if t he

sureoundi 9 | g ke GHES BEMHE Bk UTRGAIGH (PP Ryt Tt 9
Figure 6), the photovoltaic cells or the like are mounted on a heat-
conducting substrate. Preferred materials for this mounting substrate

15 include copper, aluminium and alumina ceramics. It is especially
preferred that that this mounting substrate also be encased with a thin
layer of suitable plastics material (such as Tedlar) to form a hermetic seal
if the surrounding liquid is corrosive to the substrate. Portions of the
mounting substrate remote from the cells are in contact with the liquid,

20 enhancing cooling of the cells. If necessary in a particular installation,
further means are provided for enhancing transfer of heat from the
substrate to the liquid. Preferred means of enhancing heat transfer
include heat sinking fins attached to or integral with the substrate, and
channels through the substrate which are in communication with the

25  surrounding liquid.

If the sun’s energy is to be absorbed as heat or for the purpose of driving
a chemical process, rather than converted to electricity by photovoltaic
cells, it is preferred that a transparent cylindrical vacuum chamber is
provided at the reflector focus, surrounding the energy converter 6, to

30 prevent water cooling of the absorber.
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20 enhancing cooling of the cells. If necessary in a particular
installation, further neans are provided for enhancing transfer of heat
fromthe substrate to the liquid. Preferred neans of enhanci ng heat
transfer include heat sinking fins attached to or integral with the
substrate, and channels through the substrate which are in conmuni cation
with the 25 surrounding liquid. If the sun's energy is to be absorbed as

Converted to aNESHmBHd o144 BXkofr d HAGR redif B8oed 8FInd "That o
transparent cyhoseh wadih M&ﬁéumafwébming%mp)(wbewg, dhidhie g}'f@&hw:t or focus,

surroundi ng the energy converter 6, to 30 prevent water cooling of the
absorber. -11 Thamitpdd mm. tThe taflgatar concantratipn matid ishypically 2@tp60ed depends

on the chosen wdth of .the focal absorbing strip (PY cells), which is

Dyl cal 1y 10 8 s oGRS SrRugT MDA A000RLEHE SImAnr & 20D SNBYR cal 1y 20
to 50, and thy | 1 I mto5 mfor a 50 mm
strip, or g 2 n'ﬁqnﬁﬁ)a §§%nﬁ1nntf§§#qla6 W%ﬂae\?\n{oggpﬁbal strip. A parabolic
reflector concentrator with a flat absorber generally needs a focal |ength

of approxi nat eA pariilibaéflectbr tbscemratdwizh erflat dbsbibe? gemetallysteedd® f ocal
length is in the range of 150 nmto 2.5 m Thus the mninmum water depth

woul d be bet wdeealdengthrafappraximately ineahalf;ofithe apeitwre o lithe mareese or i s

typi cal | i de. with, a 20 ide f trig, i . depth of wat

of Pabout " one. 16 faca it S In'uié AeR B st imntites bn Busthe gl ©' "'
| hs of i ' : f

wavel engt hs 0.wét@fdépfﬂ walid bfég@&%ﬁ%@hm?ﬁ%bﬂ?ﬂ@@aﬂh?ﬁerﬁ@{hg 0

optical path in cleal water eterm ne results 1n

reducti on10f aeflector fy ypically opeanetre wide with & 20 mholvidledfotal stripginlss t o ar ound
45% to 50% of their fully exposed |evels. To conpensate for this effect it
i s necessary tdepiBof watefof abautiopetrvetrar eas, but this does not greatly

i ncrease the overall capital cost

There is significant attenuation of the longer wavelengths of the sunlight
by the water. Experiments at one metre of optical path in clear water
have determined that this results in a reduction of output from the present
15 silicon photovoltaic cells to around 45% to 50% of their fully exposed
levels. To compensate for this effect it is necessary to use larger
reflector areas, but this does not greatly increase the overall capital cost
since the reflector can be made of lightweight, low cost materials. If the
PV cells are designed for optimal spectral response for the underwater
20 application, these losses may be reduced. A suitable form of PV cell is
that made from Indium Gallium Phosphide, which is very efficient in the
visible light range using wavelengths from 400 to 700 nm. In addition, a
shorter optical path length in the water will reduce losses, so the

assembly should be kept as near the surface as possible.

25 The cost of the pond required for immersion of the collector assemblies 1
is not a large factor, since it is similar in structure to low cost water
retaining dams, or may even be a natural pond or salt lake or a saltwater
inlet or lagoon connected to the sea. Large arrays of collector
assemblies can be employed in a single pond covering many thousands

30 of square metres.
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since the reflector can be nade of |ightweight, |ow cost materials. If the
PV cells are designed for optinal spectral response for the underwater 20
application, these | osses my be reduced. A suitable formof PV cell is

that made from I ndi um Gal I i um Phosphi de, which is very efficient in the
visible |ight range using wavel engths from400 to 700 nm In addition, a
shorter optical path length in the water will reduce | osses, so the assenbly

Cooui red tor NS BraBRRAgRE: t nafF ofiahtis bnfued with YaoiRRly Hackll 1o T act or
since it is sfixgd ahdidp fﬁ)talihgltbﬁrﬁeﬁsqd QVhieR Hre \éRably Yatsparshtd@ign or nay

even be a natural pond or salt lake or a saltwater inlet or |agoon

connect ed to they intaxrcephligit teavelling tofthe @oneentratorss dteisiprefesreddhabtheenpl oyed
in a single pond covering many thpusang;i(p 30 of square nmetres, -12 It is
preferred t hateffagdivedndexot the barriess peiosaete thiat At theywatan 1o RYEESE i xed

Mter copt 11 oRESEPo ISR BtiEtY R oSk b o B thet sHFRAT AT bpPBE 910 e
ref racti ve i nesycel whbes BRitithay StRSWHORRII the dreet phSeagebRsunlight il ni m se

5 losses. These barriers are |located on or near the surface and operate to
reduce waves windy aepditioner Wit easlionewsucht barridr 1 @ds plassidogiwetnsunl i ght i n

wi ndy conditions. At le one such barrier 10 | | aced hetween adjacent
paral ol rows S81CEBhBRTAIEL IS S SaeRHIER0f agsambiies y 3t Fhp Nee) GO 1 5 m
Cross-rows of g Ler Ny hWhHRT o : rawi ngs) are
al so preferabptqﬁgﬁegr(géf@}rog\b&u aga?%@'%mg' @Jg?%??gl#tgg@ (F:fgthtgo the rows of
concent r a{@r s diawinigs) are aRogpriefstabliaplaté@ a PEfUlAgIinESVAREA rigHiePgleytess- r ows
is about three to six netres. Alternatively, or in addition, a thin |layer of
cl ear mniner al thg rows obcoeeentsatorsabl dt isipgefeviescibat the spacingdetmeen i qui d can

be provided tg float on the 5 ?ﬂ['fa(ie of a . lower liquid to reduce the
bui | d-up of Sﬁpqs&gqﬁévggv_s Is about three 1o six metres.

Alternatively, or in addition, a thin layer of clear mineral oil or other
suitable high viscosity transparent liquid can be provided to float on the

15 surface of a lower liquid to reduce the build-up of surface waves.

Alternatively, or in addition, a thin transparent membrane or small-scale
cell structure can be provided to float on the surface to reduce the build-

up of surface waves.

To avoid the build up of algae and other organic contaminants on critical
20 surfaces, the water of the pond preferably contains a suitable component
or additive to suppress growth of algae. It is preferred that this
component or additive be common sodium chloride (at ‘Dead Sea’
levels), other salt or other transparent chemical additive which kills algae
used alone or in combination. Certain such additives, including sodium
25 chloride, can additionally aid against freezing of the water. Other
preferred additives to suppress algae growth include copper based
algaecides, chlorination, and ozone or ultraviolet treatment of the water.
Alternatively, or in addition, moving mechanical cleaners can be

employed, which remove algae and bacteria with high velocity water jets,
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Alternatively, or in addition, a thin transparent nenbrane or small-scale
cell structure can be provided to float on the surface to reduce the build-
up of surface waves. To avoid the build up of al gae and ot her organic
contam nants on critical 20 surfaces, the water of the pond preferably
contains a suitable conponent or additive to suppress growh of algae. It
is preferred that this conponent or additive be comon sodi um chl oride (at

Dead Sea | eyalshlg uieiBhicdrgf! orclibid hARHAREAS kG iyhe} addi tive which

kills al gae use one or in ¢ I nation. rtarn such additives, including
sodi um 25 chl argdrismsamagda émploykedyto @iat trrgeomtamirardszi ng of the water.
QO her preferred additives to suppress al gae grow h include copper based

al gaeci des, chlorination, and ozone or ultraviolet treatnent of the water.
Al ternati vel y, Allarnativelusigae andhagterin aar hesuppresseddniieisioaihee  enpl oyed,

whi ch renove al er | ] ' .t ' -13 or using
ul trasonic engﬁgﬁ%rgﬁ%gf‘wéﬁ%\yﬁg} %?@W ﬁ@bﬁxw %"ﬁk‘e#'%tamség isms may be
enpl oyed t & eaberidificl9NTRIS Mapbe achiéved BptHeinkymiry S6%8r Pallatisi BRNea can be
suppressed by raising'the tenperature of’ the pond Wwater sufficiently high
to kill such owbemadranspapent sutiacel membianesisremployeddbicovernésriy the i ncomi ng
sol ar radi ation al one . when a transparent surface nenbrane is enployed to
cover nearly tWBOl&RRNd pond. Figure 2 serves to illustrate the relative
power available froma silicon photovoltaic cell after surface reflections

at the upper s ; | ; ough two
nmetres of wat eﬁbpg&?ﬁg\é—%}@ I"%Fésteiﬂi@zriﬁag\’/é;pgﬁ’?g? H@Iﬁ%ﬁﬂiﬁ’w g%ﬂ[{%@ut 50% of
the sunlight epstevoltdic icel attepsuitface rafleeBons df frRCEppdr sutceasfahe Waaér woul d
normal Iy be available to a Silicon PV cell. Making the reflector assenbly 3
of the coridentand passageyef sundight through two metres of water to the cell. This is

an overall throughput of about 50% of the sunlight energy incident on the

upper surface of the water that would normally be available to a Silicon

PV cell.

Making the reflector assembly 3 of the concentrator larger readily

15 compensates for the loss of efficiency caused by passage of the light
through water. Since the cost of the reflector per unit area is very low
(being made of lightweight plastics) compared to the cost of photovoltaic
cells, this is not a significant cost. The area of photovoltaic cells required
for a given power output is not changed by losses in transmission

20 through water, but the reflector area must be increased relative to the

area required for a normal concentrating collector in the air.

According to the alternative embodiment of the present invention, which
is illustrated by reference to Figure 3, an assembly similar to Figure 1 is
show in elevation, or end view, substantially immersed in a body of water
25 2. The reference numbers used here and in subsequent Figures match
those of Figure 1 for corresponding elements. In this embodiment the
photovoltaic cells 6 are kept close to the centre of rotation 17 and tanks
15 and 16 are used to prevent the reflector 3 from rising above the water

surface at the most extreme rotations, and a single pump 8 is employed.
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15 conpensates for the |loss of efficiency caused by passage of the |ight
through water. Since the cost of the reflector per unit area is very |ow
(being nade of |ightweight plastics) conpared to the cost of photovoltaic
cells, this is not a significant cost. The area of photovoltaic cells
required for a given power output is not changed by | osses in transm ssion
20 through water, but the reflector area nust be increased relative to the

area required, f C rat,i I t jo ir. According to
the alternati (pet?lLshtgrg&Shﬁﬁ%ntofgéﬁ@%d@@@ﬂpﬁ%ﬁ:&ﬁ%ﬁﬁw& is illustrated
by reference agploxiHatelyPhafilléd $8tMalduid 18] isssmpRyEt WitterebersibleShow i n

el evation, or end view,” substantially imersed in a body of water 25 2. The
r ef er ence nunbidirectioral positiveadidpliacesent pgoy8, tei miatedthemssemblyhas enef Fi gure

1 for correspondi el ements. ] n this enmbodi nent, the hotgvoltaic cells 6
are kept cl osB"‘F@BgHEth@e‘?ﬁﬂt@ Bérort%tﬂ%ﬂi%@ ihe Hﬁﬂk‘l‘grﬂége?@ &nth86 are used to

Extrome ot ai pengrequgdid BT eh BRI dr i aRl g inarindbed?, T

extrene r ons, "and a sing I's enpl oy enbodi ment

a seal ed hol | pvtheuapenssiliéd acthi dlg THeotdtion Rrsevteddyehovdrabht bfitheed with
liquid 18, is enployed with reversible, bidirectional positive displacenent

punp 8, to roligid engloseskwithing tronvled touight thievigh thaguemBr er viter ot ati on 17
f the t Ki t | . The. f | iquid.i i hy| | |
of water and Vesa Bhahdge b Eeichibainitd Gl Sasmida g fastiiia SHF.S'
tati i t t i | ] ; : i g 7 f | ef t
Lo rignt t r ol el tiioyaht ZBHESTR adtl 157 Fhe bLftH 8 iEARLETEY A qigetic”, (1oM ' ©

bal ance of0 t hinctysthanis/contrdifed ibssgdednand diréttiori by aheeldeteriiosernes 12 and
13. The punp 8 is driven by an electric 10 notor that is controlled in speed

and di r ect i onmeghanisen éed by left apdiright lightsensasmaligaed withdhe venticaliagia 1 ght
sensors ali gnep with. the vebti cal ax h servomechani sns

is . of th S
are wel | knowR H}?Osgs&ergr §ur? tserYQqnggb?@?E@ %@?‘@éw%gwn anu SO are not

illustrated here.

Tanks 15 and 16 are sealed tubes running the full length of the edges of

15  the reflector which are thin walled and filled with water to be of
approximately neutral buoyancy when submerged. At extreme tilt to the
left (counterclockwise), tank 16 will rise to the surface. As 16 breaks the
surface the mass of water contained in 16 tends to prevent the
corresponding reflector edge from rising out of the water. Instead the

20 remainder of the assembly will move deeper into the water as the system
rotates further counterclockwise, allowing tracking of the sun to more
extreme angles while maintaining energy collection from the whole
surface of the reflector 3. A similar action occurs on clockwise movement
when tank 15 rises to the surface. This embodiment, using 15 and 16,

25 allows the reflector to be kept, on average, closer to the surface than
would otherwise be possible, thus reducing the losses due to the length
of the optical path through the water medium.

According to the alternative embodiment of the present invention which is
illustrated in perspective by reference to Figure 4, the apparatus uses a

30 point focus or two dimensional parabolic concentrator 3 with a pair of
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Tanks 15 and 16 are sealed tubes running the full length of the edges of 15
the reflector which are thin walled and filled with water to be of

approxi mately neutral buoyancy when subnmerged. At extrenme tilt to the |left
(countercl ockwi se), tank 16 will rise to the surface. As 16 breaks the
surface the mass of water contained in 16 tends to prevent the

corresponding reflector edge fromrising out of the water. Instead the 20

remai nder of trie@yr are6IEP blioyahty frAMENEG ¢EHRE lodpRtPahd 4 7\RbEHtedVeriiGallgy St em
rotates further counterclockwi'se, alTow ng tracking of the sun to nore

extreme angl esangnatirightwingles o eacheoibegjo provide: fulldradkingrof the sumoindwosur f ace
of the reflectpr 3.. A sim|ar ti

. .Cl ockw t t ank
15 rises to tKUmelsicRseANAITSY hplaitnaliaic cals Ris mounted hear e facus el the

reflector to r{ a

ot herwi se be g@%ls%lﬁg%tea,nﬂta H’ﬁgglr:e ulgir%g&fslﬁfg #@Séggga%}eitﬁﬁ?ﬁgﬁ'{bgﬁgéﬁ% Qroef t he
optical pabh trhoonted tbmoverasoneadiit) The/assenthip s keptisubstdritialipat i ve

enbodi ment of the present invention which is 1llustrated in perspective by
reference to RINg@rwaier byhaddipg sufficientliguid 18 teseaertubes & @ndot7,ithe

di nrensi | bol i 3. W i f -15 i |
‘ bluoyzr;?]lcyc/m'zle r a(F:) a?rai%'?(feluﬁfeﬁ\%glg&]etr%aetgﬁén % \émﬁ'téﬂ ﬁ%%@gﬁl"@gl W';‘}‘nggh& (':'Iloﬁr'%aﬁth
yanes L . . ! Cons.
anles Lo eachn ffitBIRGO 1 hVishEAR Ao et etRBucRt i o o ons

substanti al | y gehedfdubes 7ednd:¢7 icogtains agusitveadisplacdimentpopp®ot 9 are 5
nounted to nove as one unit. The assenbly is kept substanti al I% under wat er

by addi ng 18uf fGaftling mguemers of bauidhesweenbee lowerrrections oheachaf Hitce of the
upper Sectt O oS dhd 172 BHR 0 bt Aidh Ot Rt BESeT T WG cac
et Fort ng T EERSEn BORGESEeke frERS OB ERIBUIORYS |, |
tubes 7 and 17eachhefrtheitabes canibewadjusteddy plmpidiand Stte trotate eable tubbdes 7
relation the water surface about an axis perpendicular to the plane of
15 'each tube. These pumps are controlled by a pair of photocells and a
servomechanism for each axis, as described for the earlier embodiments.
Since the tracking system will maintain pointing of the assembly at the
brightest point in the sky at all times, it is not necessary to orient the
system to North/South. To keep the assembly in one location and provide
20 a path for the power wiring, it is desirable to have a flexible anchor rope
and anchorage 22 to the bottom of the pond. A typical size for the round

parabolic reflector 3 in this system is about one metre diameter.

The embodiment shown in Figure 4 has advantages over the method of

Figure 1 in that this embodiment uses two dimensional concentration
25 which allows lower focusing accuracy on each axis for a given level of

concentration. Thug it is more tolerant of waves and ripples and less

precise manufacturing methods may be required for the reflector 3.

Figures 5 and 6 are preferred embodiments of the second principal

variety of the invention where the concentrator is not permanently
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and 17 and each tube is sealed. Thus the relative |ateral buoyancy of each
of the tubes can be adjusted by punp 8 and 9 to rotate each tube in

rel ation the water surface about an axis perpendicular to the plane of 15
each tube. These punps are controlled by a pair of photocells and a
servonmechani sm for each axis, as described for the earlier enbodi nents.
Since the tracking systemw || nmaintain pointing of the assenbly at the

bri ghtest poi mhnié?sé@,eo%ﬁﬁ@és Bhdtially RS thé Watsr aeﬁn@%eﬁiﬁgrr&étfgnerdrﬁ“ the

systemto North/ Sout eep the assenbly 1n one Tocation and provide 20 a
path for the pfaieintothe wgteriwhersratatedr t80 degredsdramahé lzerithl e anchor rope
and anchorage 22 to the bottom of the pond. A typical size for the round

par abolic reflector, St(i@a?t hjs system.is _about one netre diameter. The

enbodi nent  shéWeordingitg e aliernztive @nbrdimest 6f e pirseptinysation Whithyli e 1 in
that this embagidieity irbRn"wEw By TeRtehLst ﬁgg@g%{ ! baratis el 2} 1 Ovs

| ower focusing accuracy-on each or a concentr ati on.

Thus it i s5norefracivey Prdsnef lewe\a prefedably PRAGS offrdnkparent plaRtics €
manuf acturi ng nmet hods nay be required for the reflector 3. Figures 5 and 6

are pref erred neatesidl, jeined asfshaven taea buoyancytriapking loap tuhe 7 ¢or atpairiofvent i on
wh th I t tly, -16 i d, but tiall
'nto the vat ercdntings at BoRt srdlesiois bre imansiDAl Gockies coneeteater, when
rotated 180 degnggsidf ﬁ%ﬂﬁmﬁl‘ﬁgﬁ&ﬂ%d P?Fo?t?\?éitd?&eh@r rﬁ}éifefré‘gt hNﬁ}a?”bOd' ment

of the present invention I''ustrated 1 nlan view by reference to

Figure 5, the tapheseatioscritrifor previelis apibodiments nThe hentbeds ugedieatehl y made
of transparent plastics_ material, joined as shown to a buoyancy tracking

| oop tubel® (dhose phprevious Eigeres s eoresponding comgpesentsr Insthisvo di mensi onal
tracki ng concentr
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water surface 2 for about half of the tracking tube 7 rotation. Figure 5
shows the apparatus oriented to point about 30 degrees above the

15 horizbn. As previously described, the tracking tube 7 contains a positive
displacement pump 8 which moves fluid 18 within the lower section of
tube 7 to set the position of buoyant zones 12 and 13 which position the
rotation of the collector system to track the angle of the sun’s rays (which
enter along the axis indicated by the arrow). During extreme weather

20 conditions extra protection can be provided by providing a further positive
displacement pump 9 within tube 7 at a suitable position as shown to
allow the tracking system to almost fully invert the collector, immersing
the concentrator and thus greatly reducing the area of the exposed
section and reducing wind loads. The pumps 8 and 9 are spaced

25 approximately 120 degrees apart. With the components positioned as
shown in Figure 5 the collector is able to track the sun over at least 120
degrees, corresponding to 8 hours of the sun’s movement. A third pump
120 degrees away from 8 and 9 can be optionally employed to provide
full rotational capability. Component 19 is a slightly conical tube whose

30 inner surface is highly reflective (Aluminised), channeling light from lens 3
to the PV cells 6 and acting as a secondary concentrator which further
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enbodi nent the apparatus is only partially subnerged, such that, while the
PV cells 6 are al ways subnerged, the Fresnel lens 3 is above the water
surface 2 for about half of the tracking tube 7 rotation. Figure 5 shows
the apparatus oriented to point about 30 degrees above the 15 horizon. As
previ ously described, the tracking tube 7 contains a positive displacenent
punp 8 which noves fluid 18 within the | ower section of tube 7 to set the

Pl ey or syolERRS e hgRt Rl fen Al A8 Beh e Y valiflas 8The! &l'ong
the axi s i ndi feHuddlight b kBl reflBLToRS i ToreaioRin Bpersis of ons extra

protection can be provided by providing a fu r positive displacenent
punp 9 wi t hi ntheuBY cellst6.ar uwalid bt 18 ptogethenr with taosparent windown2® hadt r acki ng

systemto al nost fullxth&vert the collector, imersi n_gh t he concentrator and

thus greatly €BEIOSHFR cgllsD: srakea segieckenclosewiyeh prevanisiglT A wind
| oads. Theg pu%?eﬁcﬁrﬂgnﬁrﬂ@ 35 %@V%@Ilépﬁ{eo%lbggbﬁlé g g})%?bg%g&fo% ng€ret : OWt h

t he conponénts positione own i Fi gur e ector I's

track the sunnetars@h &8 @dppdi2td askistiin @emovPIgr sl frdh fite PY celig®BHos of the
sun's nmovenent. A third punp 120 degrees away from 8 and 9 can be

opt : pnﬁ![ : y enﬂpe)yluﬂ?ugdipghowatee and mettaiﬁcah?@trsprgad@rg% mayybe laﬁ&?gﬂcbnt 19 is
a Sl conl ga U ner urrace 1S | r C ve
(Aurini ey, e g Pihesls. Y endoairifay petipdallbe Bl i ot ng as
2 o act 1 coansparetToullcdch ashdficad of £ teRr kBGmg.HMtie FietRE °

reflectiong, akehed sigouldhavefifs’ gicoviedauefaeeifasingfthe Fecéllé wahinimise The wal |'s
of 19, together with transparent w ndow 20 and enclosure of PV cells 6,

make a seal ed dshacesmulation, onbgrlaminated withta flat sheeioétrapsparent plastisn of t he
P e T o St TRy S e Ve e e AR 88! o o
metal lic heat 3RERAVWRh the WEEr S pPovidé B88ling. The tube 19 is attached to the
tracking tube 7 and lens 3 by struts 21 so that the whole assembly moves
15 as one unit. The assembly should preferably be retained by a sliding ring
looped around tube 7 which in turn is attached to a fixture or weight at the
bottom of the pond by a rope or elastic cord, which may also carry the
power output wires. One or more vanes may be attached @radially outward
from tube 7 in the vicinity of pump 8 to reduce oscillation of the system
20 caused by wind or waves. Surface wave-breaking barriers 10 should be
employed as referenced in Figure 1. The water of the pond or reservoir
need not be kept clean or filtered as it is not in long term contact with the
optical surfaces of 3 and 20 and no water enters the optical path during
operation except during extreme tilt. In this embodiment a lesser degree
25 of protection is provided to the system against wind forces than that of
Figure 1 and 3, but there is a large reduction in energy losses as there is
no passage of light through water in this embodiment, so that the power
available per unit area of collector is higher. In addition this system
generates more consistent power during each day than that of Figure 1
30 since there is no reduction or spreading of energy by refraction through

and reflection from a water surface. There is some loss of useful
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to the rear of the PV cells. This enclosure nmay optionally be filled with a
transparent liquid such as hydrocarbon oil for better cooling. The Fresnel
10 Lens 3 should have its' grooved surface facing the PV cells to mnimse
dirt accunul ation, or be lamnated with a flat sheet of transparent plastic
on its grooved side. The rear surface of the PV cells enclosure 6 is in
contact with the water to provide cooling. The tube 19 is attached to the

tracki ng tube I ves 15
as one unit. gl' Ig&ggge%?ﬁﬁhﬁédﬁc}@% gg‘??/d e ?@@E}%?agey@gag@#ﬁgori ng
| ooped ar oundfronbthis’casecis a smallrperceniageasfiiee dady dotal @hemgy produetiatht at t he

bottom of the pond by a rope or elastic cord, which nay alsq carry the
power out put YYhessusioga Wo-gisensianakcansgnbatalithiscerabodiseentis 'S8t war d £ rom

tube 7 in the, vigciai : i i : em 20
caused by w nEo\{%ﬁ'ﬁ/g%’g%g%%@@lé\i\?@ﬂ#ﬁi?&?@%h‘%@é@agﬂé Erﬁe&ﬁ%‘@é be

enpl oyed & rﬂ"fé%ﬂ@é‘?ét?‘;iﬂéa for e fenk: 3 T WAkAImPlerhB8RtddPRiRh @rorfeeser voi r - need
not be kept clean or tiltered as it is not in long termcontact with the
optical surf adisenrsiogalaanceotratiog tenswat er enters the optical path during
operation except during extreme tilt. In this enbodinent a | esser degree 25

f tecti i ovided to th t em.agaj i nd f than.that of

Figure 1 and 4oopfing hefe alernafive BOHiGENt 6hep@serhiveaiQR WhSh Bher e | s
ey _ L { . ! | 5

val Tan o per isttdted BALENiebiiroldlehts fo HIEWII SRk atarbfigi dds®a POVET

gener at es nor eeflaplive ToRthve pakdbdlicr dottepaford®goinbited With 20éméilgure 1 30

since there is no reduction or spreading of energy by refraction through
and ref| et@i orefleative Lonsex isesandanyd eflgator £3; placedonl axis just ingidg the - 18

From Chi s cauleepasiioltof FlERtn 4 rodsiar oirtor 23 Bedia Bhal BIOM oquct i on.

O hees"nd ALGHATBES P 3o oagS SRy iR I Rlotds v ol erant
vicinity of the PV energy converter 6 through a window 20 at the centre of
reflector 3. The PV cells 6 are mounted in a position such that they are

15  always substantially submerged below the pond water level when the
system is within about 60 degrees of vertical. The apparatus is only
partially submerged so that concentrator 3 remains above the surface at
most angles of operation. Conical tube 19 links PV cells 6 and window 20
to form a sealed enclosure which prevents water contamination of the PV

20 cells. This enclosure may optionally be filled with a non-corrosive
transparent liquid to improve heat removal from the cells 6. A metallic
heat spreader 25 may be provided at the rear of 6 to better conduct heat
to the surrounding water. The inner walls of 19 are preferably highly
reflective internally to further concentrate the rays. As for Figure 5, the

25 system as shown may be a linear, one dimensional concentrator, or it
may be a two dimensional concentrator and tracking system similar to
that illustrated in Figure 4 with the addition of a second tacking tube at
right angles to 7. In the one dimensional case tube 19 becomes a trough
extending out of the plane of the diagram. The apparatus floats on a

30 pond containing wave suppressors, as for Figure 5. Tracking tubes and
pumps 8 and 9 operate as for Figure 5, allowing sun tracking and full
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5 may be required for the lens 3 than when inplenented with a one

di mensi onal concentrating |lens. According to the alternative enbodi nent of
the present invention which is illustrated in plan view by reference to
Figure 6, the apparatus uses a reflective concave parabolic concentrator 3
conbined with a smaller 10 reflective convex secondary reflector 23 placed
on axis just inside the focus position of reflector 3. Secondary reflector
23 has a focal; j %5@8 i g a . bring
themto a focdgblgﬂr%q%ﬂ%f ﬁefégdrﬁrgﬁfsgﬁ %tupe gﬁ%’r%@%%%%‘?"t%?&gs r%) Kerégga h a

wi ndow 20 at tiheseverd winds A feed smalldrolés arehsrofideddh [3snéaraaetoallow ed in a
position such that they are 15 al vvagﬁs substantial |y submer_ﬂeq bel ow t he pond
wat er | evel wh¥ainage. Asyaneeadis pravidedhfosieach axis @Jgduee oseillaion duato The
apparatus is anl i.al bggr .S0 .that concentrator_3 renplins above
Che surf ace. arwayes ARG WiRLL0rGRE TEhERH 53 e haBRO ERRLoRb3 artadsbBRLS, 7o
and wi ndows20 siide-bekifehifgad aeits 1 tBTHICoUMYT e RARY #ABR it8tIE GncoNt ani nat i on
of the PV 20 cells. Tﬁps encl osurefblnay opt | ongﬁy bewpi I Itgg with a

non- corr osi ve expasesiposition (invgried)t Allicomponentseate rigidiyvabuhiedrtogethecel | s 6.

A netallic heat spreader 25, nK be provided at the rear of 6 to better
conduct heat ofate asEnLURE NG arge epmpprents e Pratarablygnade ohthinpr ef er abl y

d 04
5 “the 25 syst RRvies BRBHA The sbeatit B i8R0k APl bekBnan: rator , Jor
it my be a twanAeFBiRgiH 6 thaBTFGure?d. orherady dritagésd Bﬂtrﬁé’gysﬁéhﬁé\féﬂ ar to
that illustrated in Figure 4 with The addition of”a second tacking tube at

ri ght angl¥s tthatof Figuréé aredhdt arlysmoath sudaces abe reduiteecioitke a t r ough
extendi ng out of the plane of the diagrgm The apparatus floats on_a 30 pond
Cont ai ni ng waVRORSEIARIEH hat s repreriBadiiiclsaned BYRvalgT SiSaNg thal fifps 5

and 9 oper at & aebff: e fohe fohBMiGAly s WA staflafitile 1o A9 1 nver si on

of the apparatus tO subnerge arge orp ction
parabolic shape. In other respects the system of Figure 6 is similar in

performance to that of Figure 5. The water of the pond or reservoir need
15 not be kept clean or filtered as it is not in long term contact with the
optical surfaces of 3 and 23 and no water enters the optical path during
operation except briefly during extreme tilt, so dirt in the water is of little
consequence. The embodiments of Figures 5 and 6 both require that the
mass of the apparatus be balanced approximately around the centre of
20 rotation 17. For ease of balance and a low wind profile it is necessary
that the lens of Figure 5 and the reflector of Figure 6 be kept as close as
feasible to the water surface. This requirement causes the edges of the
concentrator devices 3 of Figures 5 and 6 to become patrtially immersed
at the ends of the daily tracking cycle when the pointing direction is close
25 to the horizon. Windbreaks may be employed above the water surface to

reduce oscillation of these systems.

The bi-directional positive displacement pumps 8 and 9 shown in Figures
3, 4, 5 and 6 include an electric motor drive and either gear or vane or
peristaltic pump, or they may be implemented in the form of pulsed
30 pumps using solenoids to compress flexible chambers. Such pumps are
well known so are not detailed here. These pumps need only be of very
-20 -



in severe winds. A few small holes are provided in 3 near 20 to allow

drai nage. A vane 24 is provided for each axis to reduce oscillation due to
waves and wind forces. Vane 24 is a fan-shaped concertina arranged on 5
slide-locking hinges at its' tip to fold out of the wind when it is in an
exposed position (inverted). Al conponents are rigidly nounted together to
rotate as one unit. Al |arge conponents are preferably nmade of thin

plastics mte%hﬁdu-siigz L éc?tyees;[dmgdgwtnﬁ%eo&rmc%hﬁmér g manner

simlar to that of ure 4. The advantage is systemover 10 that of
Fi gure 5 are sketndrhyaltenmativie preféraed: embodiments ofdteiimveartion thahamnhotat or so
that it is nore readj]ly cleaned by water spray and that the  reflector can

be nore econofiustipled indhe diawings, ire appaialus udes sinapleireechanicalilives shape.

In other resp : : [ ' | 1 ' nce to that
of Figure 5. %ﬁrﬁeﬁ QA)ZIIB grei%"ﬁh?ﬁlé&é%é;é}%ﬁe%r ggéfsv%:@bkfe@éé %Sa‘%ﬁ%{lgiﬁeept cl ean or
filtered ag iinecessury trdtkirgovenment® st asemiisubniéreed Wliectar aftdthéges of 3
and 23 and no water enters the optical path during operation except briefly

during extremtogifloatinggallirt in the water is of little consequence. The
enbodi nents of Figures 5 and 6 both require that the nass of the apparatus

be bal anced apycoringt® bitemiative prefetrete@inbedihente ofah@invntibA.thadreease of
bal ance and a Iowvmndcgroflle it is necessary that the lens of Figure 5

and the refl ecobillusirafeqinrtbedirawings, theigpparatus tses tiodervwatert o t he wat er
surface. This requifrenen auses. .t he edqges,of .th conceptratar devices 3 of
E quces 5 and GNCBMGROEIN A6 TS 1T @ SHACHVE aNseSeRIOMAV e dai |y

t racki ng cl %Qﬁé] LAid ir i i JhZon.

W ndbr eakgéma?/:r e eh%{]g%@@bﬁﬁégc@’ﬂeﬁﬁéﬁeg@eﬁﬁf’bﬁ@% ﬁén%gﬁgpﬁﬁl ation of

these syst ens mdietials whichegeiloteted prsir the watérssUirtaemeformonesoBmansl 9 shown
in Figures 3, 4, 5 and 6 include an electric notor drive and either gear or

vane or peri @idilledvqidepnder thenwatardg focus lightcant asenergy kenvertingof pul sed
30 punps usi n%e%?cleesnuocihdgs 1éostr(ﬁg g%ﬁg?ovfohgfg c%lllg wct?lgﬂ?se fosc'atesdu Bgloevutrl%s are

lens at the focal point. These embodiments have the advantage that no

15 metallic reflective layer is required, thus extending the potential lifetime of

the device. In such embodiments the concentrator may be suspended

under the water attached to a floating buoyancy tracking system as

described for Figure 3, so that there is no need for a substantial support

structure mounted at the bottom of the pond, and no need to control the

20 depth of the water precisely.

Yet further preferred embodiments of the invention which are not

illustrated use holographic concentrators.

in any of the preferred embodiments described, the photovoltaic cell
energy converter 6 can be replaced either by a chemical reaction
25 chamber optionally containing a catalyst, or by a thermoelectric energy

converter

The present invention allows the use of very low-cost materials for the
reflector assemblies 3 of Figures 1 and 3 and 4 and 5 and 6. Any
apparent loss in overall efficiency due to transmission losses through the

30 water or other liquid is counterbalanced by providing larger reflector
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wel | known so are not detailed here. These punps need only be of very -20
smal | size, power and capacity, typically noving one cubic centineter per
second. In alternative preferred enbodi nents of the invention that are not
illustrated in the draw ngs, the apparatus uses sinple mechanical drives
enpl oying electric notors, cables, gears and pulleys to achieve the 5
necessary tracking novenents of a sem -subnersed collector attached to a

nvent i on ¢ hat 2SSO rah BpbEf BEUSKS 08 cBlle HnGtUBRAETRIS Were. "Cces
underwat er  copseNin @iPicsbadirt cAllettomagdeeniblg! Mhid incRédskCihisige benses,

optionally in 10 Fresnel, or segnmented form These preferably use
t ranspar ent pl@flectos assambly Girdengassembly) resultsdo anbighet neidentdightur f ace to

f iy fill i d d h ter. to f | ght d
ener gy conver (#R/ey densits o the SRyl GsIS; eRBingIing IASRRM SRRy Ch i o
I ted bel i ; ; ' j

advant age  Chat e[y SrEpiiob el WRAIE porhaf BerBaEREeE MR L g

the potential {hefedlispwhith istureledirableefor amuatibér efvieadbnenOnel dftheseient r at or
may be suspended under the water attached to a floating buoyancy tracking

system as desthat Hwieffigiency niienesgy senversion efephotovoltaic aelksidiops aff as

bstanti al t struct t t the bot f. the. d
need 1o cont r oeEmPRSAHER T RoRTc it Ayt K PRolghORIB RIS prcf orr ed

oo IR ol oot I B A

phot ovol t i ceglls ateF®tigmesarnmord of the intensity of epiraaksurdighbadthipnlypacheni cal
reaction 25 chanber optional|y containing a catalyst, or by a thernoelectric
energy conver S@allteapgrayenincrerasen dhe aellsus addiionsthe sivaperstivieow- cost

materials for E:ggling that is inherently experienced by any exposed body of water can

allow the photovoltaic cells to operate at a temperature at or below the

ambient air temperature on very hot days.

15 Placing the apparatus underwater also provides some protection against
ultraviolet light, because wavelengths below 250nanometres are filtered
out of the light by passage through water (if over about 500mm path).
This protection from ultraviolet light allows relatively long term use of
cheaper forms of plastics materials, which would otherwise not be

20 suitable when exposed to the sun.

The apparatus is placed in this situation underwater, or partially

underwater, to achieve five main objectives, which are:

1. Underwater placement reduces the disturbing effects of wind on the
focusing collector. These effects include distortion of the structure by
25 wind forces, which reduces the degree of concentration possible.
These effects also include disturbances to the rotary tracking

movements caused by wind forces.

2. Underwater and semi-submersed placement greatly simplifies the

requirements for a tracking mechanism to keep the concentrator
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reflector assenblies 3 of Figures 1 and 3 and 4 and 5 and 6. Any apparent

|l oss in overall efficiency due to transm ssion | osses through the 30 water
or other liquid is counterbal anced by providing |larger reflector -21
assenblies 3 than would be used if the sane photovoltaic cells were wused in
a | and-based coll ector assenbly. This increase in size of reflector
assenbly (or lens assenbly) results in a higher incident |light energy

density at the phAdeBREEtt focki8bl Bn th@%ééﬁir{@?réd"éildrf‘lﬁ'tﬁﬁf‘én@%ﬁa&éé
intensity on photovoltaic cells would norna l'ead to increased heating of

the cells, whi chin relativécanguiai (@rflateral) buojomcyoarerrequmed to Createfpretisse i s

that the effi ci ency of ener conver si on hotovol taj c .cells drops off as
their tenperatur@n §@tﬂ§§%@%%l\/@9¥?meﬁ§/0|tﬁ§8'ﬂﬂg %@ﬁ%b%%%te | 2§ CaN Wi t hin

vater provides nabUchloved Wbl HP iRl Binadd bPUERS RRRTADARBIPTIEAS 10

cells at 50 tines or nore Ity nor mal ‘only a

snmal |t enpgr at ur getticallye egendedtbiRpyafty $ank Bn @i Sidéto hmlae\taﬂ%ﬁtthée
cooling that is inherently experienced by any exposed body of water can

al | ow t he phot ovoppasite sidel(shangingéharelative dubganey ux aclosed aystem) ow t he

anbient air te ature n er da 15 Pl ac the a tu

Sndervat er al so preRkibED %ﬁ%%ﬁ@@Léﬁ%ﬁ raAToh AN i RAGEYPRIIN SRAl because
I t hs bel t

o cben s or - (  BroReter BTen s pldcddtafigen@élly &1 thkkd éS?é*gn?ﬁl travi ol et

i ght allows rel abhe@htyatbeng term use of cheaper forns of plastics
materials, which would ot herwi se not be 20 suitable when exposed to the sun.
The apparatus is placed in this situation underwater, or partially

under wat el0 t i3.adedlacemeat effem:a emrgmcowgrtemmn@r\wg algo prpvddesat er

pl acement reduces_t he .di stur eff.ect f ocusi ﬁ&acol | ector.

These effects i n@ﬁlﬁﬁ%ﬁtcﬁ% \V c%?'"?ﬂ@ gﬂ? gémgr@ryéccﬂg?cnag %VW& W whi ch
reduces the degr ggqfed YapBRANIFWHIh RRSEbdor is a set of PV cells or

thermoelectric converters (whose rear, cold junction requires cooling).
Both these energy collectors /converters operate with greater

15 efficiency when cooled, especially if cooled below daytime ambient
temperature, which is generally the case when the cells are in a large

body of open water.

4. The underwater situation provides structural components with
support via their buoyancy in water and reduces deflections caused
20 by wind so that components of much lower mass, strength and cost
may be utilized relative to such a concentrator used in an exposed

position.

5. A permanent underwater location during operation greatly reduces
all weather-related damage risk, including that from hail and wind at
25 all times with no active control or power required. Such a system is

passively robust.

It is believed that the use of lightweight materials will, in turn, reduce the
costs of transport of materials to their site of installation and the handling

costs associated with installation.
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These effects also include disturbances to the rotary tracking novenents
caused by wind forces. 2. Underwater and sem -subnersed placenent greatly
sinplifies the requirenents for a tracking nmechanismto keep the
concentrator -22 and collector focused on the incom ng radiation in that
only changes in relative angular (or lateral) buoyancy are required to
create precise and stable rotational novenents. Tracking on any horizontal
axis can be athis§ Mgl itEVi i i i tially
T ed 5 vert R R I B e UL ' Tk on
the opposite stodagd system candisting ef two damb ab differgnt aititudes oithia syatoen) .
Tracki ng about a vertical axis, if requiryed, can be achieved_wth small
propel | er dri vgﬁnQrI@FQTle&Pg tBIaaté’étan?drr‘ngéHE’P tween the,we.dgms- Ewet he

concentrator. r er r al so
provi des effi fi(?%tn J %@ﬁ(/g%t%ﬁgd;& Co%rﬁlfor{ér&%p e#ﬁ@%%’ﬁ@ﬁéﬁfﬁl%@??ﬁé%\% ce when
requi red, g pelwidaniithe ppercaimemian sirdight fbvalanibAreel dering the
thernoel ectric converters (whose rear, cold junction requires cooling).
Bot h t hese eneeggrgyol Thaetloating salav eoliaatersggasy ecnver maest of tkedam gwpfade i ci ency
when cool ed, especially if cooled bel ow dayti i ent rature, which
IT?] gengr al I%/ tﬁgs&%&%ﬁ@ﬂngﬁl% gy%ngrcgnaﬁté(vﬁhtﬁgg)o%g}g}? den waE er. 4
e underwat er 1 it : ort via
hei r buoyancy B RNRER fehERs 3hg i finccdBBINANLW dhartatic REOL, 11,2,
conponent s of Wid‘élyk/avy@ﬁdgmIeSéFs.eTlfﬂéms@rﬁf_esmhgrﬁambandtrééémﬁslf@ ative to
such a concentrator used in an exposed position. 5. A permanent underwater
| ocat i on dl@ i ngolapenergyeolipcian] ylilisng thespresent invantien, -alisiinales all@igge ri sk,

including that  from hajl and w.nd
' et uding frac’fl)on 0 {he usual VsVllte an%t set-up costs of a solar power plant.
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25 all times with no active control or power required. Such a systemis
passively robust. It is believed that the use of |ightweight materials wll,
in turn, reduce the costs of transport of materials to their site of
installation and the handling costs associated with installation. -23 This
invention is well suited to application in a hydroel ectric punped- storage
system consisting of two dans at different altitudes with a notor- generator
linked to a thFhﬁg_in a tube between the two dans. The floating solar

el ectric gener ‘can supply energy to lift water fromthe 5 | ower damto
t he upper dam when sunlight is available thus storing the energy. The
floating sol ar{ col |gebectocki tiPEeedtdntof Foldradiitns WHid Eolledtst can be
arranged to have no contact with the bottom of the dam using above-water
tethers and wiringin¢ludesded to all ow adaptation to widely varying water

| evel s. The use of existi dans and reservyoirs, for 10 sol ar, ener

col l ection, utilising t%G%Fﬂggmeqmﬁﬁkeeathﬁi%ﬁ@@rQofrg\r'@ea tﬁéacti on of
t he usual §ite and set-ug,+ s of a solar power plant. -24 Cains: 1. A
collector for the collectidn of solar radiation, which collector includes:

a tracking mechani smto ddeastidire 6mergyopversiondenitedfor tHeecoversion oind at
| east one energy conversion device for the conversion of electromagnetic

energy into either el ecteleetiomageetiseoergydhimeither elaetrignl eaergyar | east one
concentration device for ,the reception of 10 electromagnetic energy and the
concentration of the el GG %?%cha'é ergy onto the energy conversion

devi ce, at least one concentration device for the reception of
10 electromagnetic energy and the concentration of the
electromagnetic energy onto the energy conversion device,

in which the energy conversion device is substantially immersed
during its operation, and the concentration device is at least
partially immersed during part of the daily operation cycle while

15 collecting solar energy and both devices being within the same
body of liquid.

2. A collector as claimed in claim 1, in which the liquid is substantially

transparent to visible light.

3. A collector as claimed in claim 1 or claim 2, in which the liquid is
20 water.
4, A collector as claimed in claim 1 or claim 2, in which the liquid is a
hydrocarbon.
5. A collector as claimed in any one of the preceding claims, in which

the conversion device includes a photovoltaic cell.

25 6. A collector as claimed in any one of claims 1 to 4, in which the
energy conversion device includes a chemical reaction chamber

exposed to the concentrated electromagnetic energy.
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in which the energy conversion device is substantially inmrersed during its
operation, and the concentration device is at least partially imersed
during part of the daily operation cycle while 15 collecting solar energy
and both devices being within the sane body of liquid. 2. A collector as
claimed in claiml, in which the liquid is substantially transparent to
visible light. 3. Acollector as clainmed in claiml or claim2, in which the

liquid is 20 yater, 4 A collector .as claimed in claiml or.claim?2, in
which the Iiqui-d i sh&OIGGIQF 88 aiged 'Q.a"A(QﬂﬁP&EI?@PS é§°é‘l’!ﬂWbH’%i €any one of

t he preceding cl ai I LSk ! j Ll
phot ovol taic cell. %rgg} Cﬁﬂ(\:’g I%'?:tag\r/ﬁgge@Pgéla%g(}ﬂ%gﬁgb@%g%?égﬁéi ns 1 to 4,
in which the energy conversion device includes a chem cal reaction chanber

exposed to theg.concRiolietted aslctaitrieaningrst drte ehelans 518, Th whichotheect or  as
claimed in any one of claims 1 to 4, in which the energy conversion device
i ncl udes a t her noel @RErgY otyaReR device. is angased it aherveli¢ sealed i n any one of
claime 5to 7, in which the energy conversion device is encased in a

hermetic sgal .5 9. ,A | ol_.as ¢l ai i n.any one of the pre Lng
clains, i n?{;\lhi %‘h tﬁézogght@g%%r%?'ﬁ@ﬁf'&%nrﬁgn‘? Rfcﬁ%%rgcgdwprqtlﬂﬁjé?irb%\gzh

col l ector as cl ai meghel dbriientrafien devidedhBRidés=Pomitror. N Whi ch the
concentration device includes a refractive lens. 11. A collector as clained
in any one of the preceding clains in which 10 sun tracking rotations are

achi eved by not@r dAicolector@saiaiomd inl amkae of claims A tod, limwthich e cl ai med in
any one of clainms 1 to 10 in vg]i

! ch sup .
concentration device includes a refractive lens.
11. A collector as claimed in any one of the preceding claims in which
10 sun tracking rotations are achieved by motor driven mechanical
linkages.

12. A collector as claimed in any one of claims 1 to 10 in which sun
tracking rotations are achieved by alterations in the relative

buoyancy of lateral buoyancy tanks.

15 13. A collector as claimed in claim 12 wherein each of the lateral
buoyancy tanks extend vertically above the water surface and are

interconnected at their highest portion by a passage.

14. A collector as claimed in either of claims 12 or 13 wherein the
lateral buoyancy tanks are interconnected at their lowest portion
20 by a passage, with a reversible positive displacement pump
positioned in said passage to transfer liquid from one tank to the
other to thereby alter the balance and thus tilt the collector in the

desired direction.

25 15. A collector as defined in either of claims 11 or 14 wherein the
operation of the pump or tracking mechanism is controlled by a

servo mechanism fed by right and left light sensors mounted either
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tracking rotations are achieved by alterations in the relative buoyancy of

| at eral buoyancy tanks. 15 13. A collector as clainmed in claim 12 wherein
each of the l|ateral buoyancy tanks extend vertically above the water
surface and are interconnected at their highest portion by a passage. 14. A
collector as clainmed in either of clains 12 or 13 wherein the |ateral
buoyancy tanks are interconnected at their |owest portion 20 by a passage,

h bl
Uransror 11 qui o frBACH [oRar T o plghel wRRihe VeREal el e Do 200 ana

thus tilt the coll gygtgmin the desired direction. 25 15 A col l ector as
defined in either of clains 11 or 14 wherein the operation of the punp or
tracki ng mechanismis controlled by a servo nechanismfed by right and |eft

the vertical 18rs Grealietordnsiained BroRimd oreld of P1.of Seims 'ﬁ'eiirﬁ&if’mv“gt or
10 or 11 g5 clai M e chicdttaton deVidisIBBREAENY IS8R Vit flagidscat ed at

| east in part fromplastics nmateri or 'as ai ne |n any one
of the preceding chatedal.further including nmeans to inhibit the formation
of waves at the interface 10 between the body of liquid and the air. 18. A
collector as clained in claim17 in which the nmeans for inhibiting t he

f ti f t ant II t t iati . 15
|grmation, of 49725 4 oyl AL SADBREI M bibddbing e, (PR 1" o
inhibiting the for fRyi@AgHhedRy Binhit MeT8rRafidiP8t Wadebat e htditade

10 between the body of liquid and the air.

18. A collector as claimed in claim 17 in which the means for inhibiting
the formation of waves is substantially transparent to the solar
radiation.

15

19.  Acollector as claimed in claim 17 or claim 18 in which the means

for inhibiting the formation of waves includes a floating barrier or a

floating membrane.

20 20. A collector as defined in any one of claims 17 to 19 in which the
means for inhibiting the formation of waves includes a fixed

barrier.

21. A collector as defined in any one of claims 17 t020, in which there
25 a plurality of such means for inhibiting the formation of waves,

each of which is regularly spaced.

22. A collector as claimed in any one of the preceding claims, in which
the liquid includes a component to suppress the growth of algae.
30
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floating menbrane. 20 20. A collector as defined in any one of clains 17 to
19 in which the neans for inhibiting the formation of waves includes a
fixed barrier. 21. A collector as defined in any one of clains 17 to020, in
which there 25 a plurality of such means for inhibiting the formation of
waves, each of which is regularly spaced. 22. A collector as clained in any
one of the preceding clains, in which the liquid includes a conponent to

suppress the gbpWM hAgollgéﬁgggsq%ﬁﬁdﬁpra@Son dggﬂel @g&gé\}ngsclgi jmed in any one

of the preceding clairrs, y ‘as h™rereérence to the

drawi ngs. 24. A col §@sstantisliysd assdridddywils réfersrigebef theaird@dys. bed with
reference 5 to and as illustrated in the acconpanyi ng draw ngs. -28

24. A collector substantially as hereinbefore described with reference

5 to and as illustrated in the accompanying drawings.
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