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WD 2004/ 106817 PCT/ AU2004/ 000699 Title of invention:
Col l ector for solar radiation. Technical field: The
w@e@3ansii nventi on rel ates to the tracki ng andPCT/AU2004/000699
protection of solar energy 5 collectors and the |ike.
Background art: There is a need to econom cally
collect solar energy in concentrated formprior to
r L conversion to electricity or other
T@%@@ﬁhggﬁgpﬁk of energy. Solar energy has a nodest
Cbdoisior okdr rabiatiearth' s surface of about 1000 Watts
per 10 square netre. It is thus highly desirable to
concentrate the energy to higher intensit usual
Teshnigakfigld:n watts per square netre, or Vyné) befoye

Tﬁé g(rjest-gﬁt TentiBR (Y & fhe tréc‘kirg/‘ﬁfu@ tp?é’cle@fioﬁ of lséllaﬁéﬁergy

0 convert the sol ar ener nto electrica

calleetayy .andthe ligkot ovol taic cells that are used to
convert the solar energy into electrical 15 energy are
re ativeh expensive. Concentration of the incident

Bagkgro % into a smaller area allows the use of a

TRER! i ndd @b 8éorRiifiically eoMR sditerRedy M condentratedirm prior to
resulting costs of conversion cells. The k

direcfuisesvregunviersian to alestigitytariheceseaiie &rrrfsgofaem@’g»is Solar
¢ ) . .
oS SRR ML M GOPEH e Focti Syttt A0 et per

Sq‘dfér@h\né’@@_ track the sun by 20 rotati on about one or

two axes. In the past, various fornms of concentrator
have been used. These have included refractive .

ltdv Hesrighlslesirablenigaonceniatefieereimniainjghet intgagity (usually
I ] 1

<6 v Skl AR B TR leny

sOwHherasbldrivellsave teed totohveart thensalac enatgyl intcaeleosicat arergy.

Thi enaios i ol 0BErs G B Nestii S S5ty i Fetvas
eﬁérg;&eé}b r%ﬁ?@ée)ﬁfen%f\%‘?% Sart@itidhidithe UGS st energy into a
gears, or slirding i ch

ydraulic actuators, both of wh
satllecares allovedbthe usesof a Shnallaeacks of emaygy coonpision célks with

i stati tracki ; S
Iqyverirgsyiiing cos%s <|)1n cgonr\T/%lr(selgn tcg s.cl%%cl?en); Feac{u?rremc’etr{tlfr? tzsauc:ro%sc’:en’tratlng
collector is a means to concentrate the energy as much as possible with a
system 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 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 concentrator structures heavier and more complex than static

non-concentrating solar energy collectors, because the tracking movements
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non-concentrating sol ar energy collectors, because the
tracki ng novenents -1 WD 2004/ 106817

wEQDAAMBOD4/ 000699 wusually require that all sSPEPAD200BE00699
provi ded through rotary joints which are subject to
very high forces during extreme winds. Any structures
used for concentration nust be well protected from

us(g@ﬂ)ﬂlreqtg%thqt%ﬂ!slg aﬁgga%l%{vi Qtﬁ%lfg/l’ﬁqg@g[) g)lﬁg&{%\%rsubject

toR/ePy hidh oRES dgring extrémelwingsof the devices that
convert the concentrated sol ar energy to electricity.

Silicon photovoltaic cells,
A oIt Used fcgtopngentrm@ it Bowel pioisied Bgmhigh winds,

[ y [
i Gl BB slofien, ek oRitiohs; 1SS Fost bomonly
de¥irapiefeprioviteossmedods of ooolmgsef theedesddssthabcavert the
operate at higher tenperature, decreasing their energy
cqnentiatgdrelar eneraydoelect Nﬁ& concentrators designed so
far enpl oy very subst antl al mechanical structures to

Sﬂlﬁéh %ﬁof&%ﬁ?ﬁ%ell@ﬂrhﬂﬂ‘f@f@%érrﬁ&ttét%n\di‘rﬂéal \ﬂalﬂleﬁﬂﬂ’d ﬂwie%bmt in

usua enpl oy heavy and strong material’s such
tirae, gpemsbe lﬂssleﬁmeatly badieintemperaturgdnerepses:t ifi;mechanism for

oI e B4 e ¥R oG ABE R HaDls ot

sid Bkir gy BoguETsiont afficienc
O‘y&ralle S,m@ﬁrét mﬁ‘térl’?gl?% ggé%gen g;seg to %¥ ot ect St he y

refI ective concentrator surface has been the use of

~ Mast concenteatiors, degignedhse &y, empleyiveng spbatantial meahaniad

oGBS A 4 lge POy PR Aition ey
uguélfyaérﬂﬁré? Haawyp diitesteoritpmiateddis sathes. gl&s:\hlth efi¢tatbacisng for
can | ated duri ng sever.e at her

theewﬁlﬁp’v\e& glegmrnifo p@g’f@c the dgvige T Ub?%@?g?(?))é’&wgg@e and hail.
P on
SHB S Pefles SR i oett PGV EEphsiS or o gy for

cORinutusPRtt Soragss. nst h| gh wi nds. Anot her nethod that

has been used to protect concentrators is the use of a

25trans rept done or huild r and ec
c@%gg Fﬁ? @3Hé§ﬁpqgtpdp{ec9 %e?l ﬁ\ée gon %éurface has

bébﬁ%é U553k 'aﬂrinﬂ’étabiée aﬁ}rﬁles‘e'dlr ﬂéxﬁ%splgﬁtl@f'nérﬁl@raﬁ@\dsm

concentrator. However, this nmethod has little or no
coneeratratlngdefleaidwaﬂ'ha@lapa@fttbe membrane is maintained by an air
pressure difference from one side to the other. Such reflectors can be deflated
during severe weather. They are relatively cheap, but are still subject to damage
from high winds and by ultreviolet'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 concentrator.
This does allow some simplification of the structural design of the moving
concentrator. However, this method has little or no overall cost advantage due to

the added cost of the protective structure.
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the added cost of the protective structure. -2 WO
2004/ 106817 PCT/ AU2004/ 000699 The Yeomans patents
woe®3108800 and US 6, 220, 241 Bl use tenporary PCT/AU2004/000699
imrersion in water to protect a reflective
concentrator. It consists of a reflective
concentrator floating on water with a heat coll ector
B80S 24N B
TG YRinfEAefi Wios 106360 ahH S 220 228 B LR ERhEdefy
m@mersiomi anwatertto proiect aneiedtivetcancantrator. Weonsigisadf/e refective
weat her condj tions.  Thi iis achjeved b oodi n
BN HGHIRG O WRSIHNE 2 NeoL RAIRRLSH ot PrdogaGls i the air
&%@é%ﬁbm’eﬁ' &$ uSiRh FlthSs t& Im% &riods to
agg\ﬂ% aéﬁ coﬂ?éntrator or e%ergy go e@? or 0%
asuummgb torthe mueehatmtmwrmwprmguadvem Waaﬁmd:qndltlons This

R SieVSEhr RoolibotY olETHRY Bk AibyStes' € Bndd e dpsolute

B8 SIt id ASKANE toepermetasi dsdlar asheatithat
bgéjféerg({?%ﬁr;tﬁg a?gt ation about the v]éértl caIS a>s(| s only), oror

energyg:oﬂemmmIamtrmergteldeThamncerrlir@f@kmﬂy stilber: tlamaged in bad

RSP Bt AR bR e Y iR, 1€ ot passively
Ut CT19E SysRAt blsd éd‘lﬁe\v&?ﬂﬁééklﬁg’fmwdﬂmﬂ ina@ azlmnﬂﬁdméctlon
protected position for protection against_ advers

(nadaticmeaboutdire Mgrtlcasaxlﬁ@ﬂhﬁausnngunavweobwﬁbmatbeélvat@r Tracking

BPUER RoliRSNal 4835 Fnu BifHelfs Lhad AR RR

Novor ossii sk Naval describes the general concept of

Viidt@ifyi dlitha é)dléthghbcmdelh&mpgn:ehéctsm:liequlre\mbeened:hanlsm to move
create a lens, but_no details are

tCPrﬁtSé’lePb':l' prefeeted) pasitian s proteghion,pog awr&? weAthes rapking
tan c%lﬂé(@{ﬁulﬂ@réiﬁ% k& aam%rge%héﬁ‘ ﬁé% 8 rﬁécﬁaﬂﬁcé*edf'éf&tncal

I'S ~propose he present
blr@a»lemwmn accordl ngly ains to provide prot ectl on
agai nst weather conditions and ultraviolet radiation

r.sol ar conc o/, colJ ectors. Sub ar
U PN B EE S0 140 e IO NS es sk VR CREHRRs the
gERans ¢ gﬁbepitdfef@é'tlﬂg asﬂ’éﬂblec’cﬁéﬁ‘s‘béﬁférﬁts%bﬁ ifh vt ’JoQWeéféea lens,
sun and to provide cooling for solar collectors,
anrdatau&eamrgneem ofjthewmiatgrial $o fillthis saek toraf am[senergy CO"eC’[OF
oIO rc(EEJ\r/ﬂlc(a)r%Tc’ony device, or of the scale of the device and no tracking method is

proposed.
Aims

The present invention accordingly aims to provide protection against weather
conditions énd ultraviolet radiation for solar concentrators and collectors.
Subsidiary aims of the present invention are, to provide a simple means for
tracking solar concentrators to follow the sun and to provide cooling for solar .
collectors, and to provide more lightweight structures than was previously

possible. The invention addresses these aims, at least in part, by using the
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possi bl e. The invention addresses these ains, at |east
in part, by using the -3 WO 2004/ 106817

WODDAAMBO0D4/ 000699 protective, cooling and buPyEAT004/000699

properties of a body of liquid, such as a | agoon,
pond, tank, |ake, damor the |ike of water or other

liquid. . Summary of the invention: The present
oA, EBoEF S0k SpERROPOAL Rl s a fagoon

port; [tanle dakeytddre as thefike ehwatgr arather liuith devi ce for
the conversion of electronagnetic energy into another

f orm of Fﬂ%re . ahd at |east one concentration device
Sygymary.o &{"l 1YY el ectromagnetic energy and the

' fad 9 grB%ides &f ileBRIPSY TicCiblidelbs f solar
Tﬁ%B@mﬂvﬁgﬁﬁdgg{ﬁggg rgr e at | easet partially 50

radiations ahichucolteptapeckidesh within the sane body of
liquid 1t is preferred t.hat th L qui L S.water. In
one. B I@f"%ﬁ' ?%%958'}% %qnvteﬁ%oﬁgﬁ%g; tf18|: thét goem)cei%'%rog i on
devi gRcirBRladHBEC 2neRf\Pinky Bhbite? feren bf ehérgyhand .
enbodi ment of the invention, the photovoltaic cell is

15 eatleastione caneritratiancderdeg for|the seceptioarefflegteomagnetic

preferred fo of .t j ' '

v Ea6rE aril feordehirpliE s o bRERGEE) BoryErkian HdRe
inrBlvBichNIRdeeices £ &t Wast Pattidligdinmersad duhinglopesation within the

encl osed by a vacuum chanber. In an alternative

sameftadyeef gt of the invention, the energy conversion
devi ce 20 includes a conponent which converts incident

ﬁ% EF%&%EQ?@%%&@%{%&@PO stored chenical energy

em cal reactor using Titani um D oxide or
other photo-catal yst which may split water into
Iy pgeferrad doom i e oollexntdra thue conversionudsyice inchsieiscal

oRapvEBaR il B s G pedmerRaT e b aidt 4fe BhofioMdic qat s
eﬁeé%‘gcpfn & ABRARBH¢E abyon device includes a lens. It is

preferred that the concentration device is fabricated

at least in part from plastics material. ) )
In an alternative preferred form of the invention, the energy conversion device

includes a component that converts incident electromagnetic energy into heat;
and which is enclosed by a vacuum chamber.

In an alternative preferred form of the invention, the energy conversion device
includes a component which converts incident electromagnetic energy into stored
chemical energy via a photochemical reactor using Titanium Dioxide or other
photo-catalyst which may split water into hydrogen and oxygen or enhance other

useful chemical processes.

One preferred form of the concentration device includes a mirror. An alternative

preferred form of concentration device includes a lens.

It is preferred that the concentration device is fabricated at least in part from

plastics material.
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-4 WD 2004/ 106817 PCT/ AU2004/ 000699 It is preferred
that the collector be provided with at |east two
w0 nioenesnnect ed and vertically extended | at erBCT/AU2004/000699
buoyancy tanks on opposite sides with the total
buoyancy being set constant and sufficient to keep the
whol e unit substantially below the water surface, but
1t B e T YN bg Prividia Wi dtiedst B W rédtilectad and
varicaiinsytended fatemrl buoyﬂam;h&ankh oul applositadjidest with tiye total
etvveen themto ca

h fol
buayancy B sekcans s aneLsuitet PreeRo e S g Lrig bstantially
b&S\mﬁg@vﬁ& QIIJrféchér uEV\}Ifhrﬁ‘? A a‘é'l'g?sotﬂ‘\ﬁtir@“ﬁﬁn fi6ats just

rovi ion of 1 ncomng
b@lowahersaldﬁaatal kbiis pre'femeda th:amihe nelative hooyarey oitbpae dyo tanks

il brsdestea syoneiriras o S ahd ol GimBendnsilioihuse the
ccmsetc'fbrtt!a SoHE \éBoet‘ thbhﬁ)nz"drhlﬁ’él iSpEPepiRURIEES Uné deBween the

his method the net or total buoyancy of the

tmnkattuqmzl\ade sitopledraaiing ofrthe diescsipn i dyeoneingisolarerpgliation.

THGRE bt bitertnnerd BV APey FERsG 5 YiPfi e B fom of a

c@YEH LB \Aﬁ}osb%éaiécﬁemafﬁ HE6 thbewélt@ﬂ S&ﬁédﬁ@Wfth the curve of the
suspended under the water 15 fromfloats at th

 tuberrising abeve theasuifaes. 4)sing His method dhe aekeib@ﬁ%irhuoylancy of the

agpl%oag ﬂg%%ﬁ?ﬁél‘ﬂ%ﬁ}engﬂgttﬁgal gégﬁﬁ (}pgtl{ [91085 ttalﬂ? Wiithe tanks

s©418ait6 BheY ousiit 8P andathtbprbuatiye belativen baoyunoy%f&he mair is
joints. It is preferred that the col I ector i ncl

adyyatabk@ dn.thqs.qgnlt)odlm@nft theseneantionis\aaispeqde H@Her ﬁ"ue water
{
B BEARSF LTS, S8 00Rer s by Al 304 oL b s

strobiubé tricugntédat ther vattono of te pand:sandsns nkest dotcoatrbithe depth of
transparent to the sol ar radiati.on. referred

thenwetansopPeli and ROINKREGIoA 20 saHERE ob oBlRBIF0B. { o
suppress the growh of algae and bacterial slinme. The

It' |§\6?é‘ffe|'r88 tﬁ&%é@&@&?{)ﬁ Wu&e%sl%%ahg% MHIBit ﬂfe fdﬂﬁ\atlon of waves

nventi by 25 usin
apthﬁ mb&rfaoe betWeleudtzanboylym‘f djguldtaru:lstr@f aip @jysmmally preferred

| i . tank, d .

e s P b 80 S5 oA e B LB Bfparent o
tP(é‘é%l%H’é‘cﬁaﬁ’én.t he invention, the first being that where

bot concentrator and energy converter are

permanentIK imrersed, as illustrated in
It is preferred that the liquid includes a component or additive to suppress the

growth of algae and bacterial slime.

The invention accordingly addresses the aims of the invention, at least in part, by
using the protective and buoyancy properties of a body of liquid, such as the sea,
a pond, tank, dam, lake or the like of water or the like.

There are two principal varieties of the invention, the first being that where both
concentrator and energy converter are permanently immersed, as illustrated in

Figures 1 and 3 and 4, while the second principal variety, as illustrated in Figures
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Figures 1 and 3 and 4, while the second princi pal

variety, as illustrated in Figures -5 WO 2004/ 106817
WOEDDAAMBO0D4/ 000699 5 and 6, is that where theP@napg4/000699

converter is substantially inmersed during operation,

but the concentrator is only partially inmersed for

part of the operating day, -and nay be fully imersed

5 B¥d 62 IhaP el tid éﬁ%@%@éhémst &H&@éman&pmmersed during

concentrat or downwar The advantages of the firs )
op@ration, falt thacoatgnteater ishenly padiatlyrimnmersead foil pank 0§ thenoperating

dee @RS EPogHY st By etin@ it frahRing sy &M A boing the
co?’nfceﬂf(r%{dmcﬁvr{ ,ggal buoyancy bal ance to achi eve
trac

Ing, and that PV cells are naturally cool ed- by
i mrersion in a'body of water. The advantages of the
Theadvdntagesofthe fitsti principakvariaty armihal thmcantinigisio

. protecti of th . ' ' .

B B BB BB AR At s,

thBRIrhindlsibAaRows ARe bk @& SifplaiBteral baogamgy Iralantetabchieve
buoyancy bal ance to achieve tracking of a short focal

 tracking randdes RV opliscare; naturadly iqoglacsky immessiaa it adiogly| of water.

systen), and that PV cells are naturally cool ed by
ThARRk R o o 86¥ofh RIS et 8 i et
piidi@dtiont ofithe dopesnimatoe wireer rgyuived bynotatimneaf. the Buiogancy tracking

description of the draw ngs: F'h%lcjre l.is.a 'ogr@pelckt)ive
syaten. and dhapartishmme s Alnws i sk 8f AGIMBleJAlETal buoyancy
oAERESEieTh kB S5 Bhot RABPaRy o9Sy? R et
and indst atalde spteome andtiioati P cells afe naturgiiyeseoied by immersion in

invention; and Figure 3 is an el evati Vi ew of ,.a .

a bodyiasivaer. 4 arktens e seranc ety Bas s watsrly s epfica! path
s&if&étﬂ?pﬂbﬁ%@é‘}ndr@‘(ﬁ@r yPer Ghitated, to that of Figure 1

an lgure 4 1s a perSpective view of another

enbodi nent of the present invention, 25 using a point

f ocus concentrator; and -6 WD 2004/ 106817
PCT/ AU2004/ 000699 Figures 5 and 6 are el evation views

BHefUdie gttt i bralingsle Present

Figure 1 is a perspective view of a portion of apparatus according to one
embodiment of the present invention; and

Figure 2 is a chart illustrating the efficiency of light utilisation of one embodiment
of the present invention; and

Figure 3 is an elevation view of a portion of apparatus according to another
embodiment of the present invention, similar to that of Figure 1; and

Figure 4 is a perspective view of another embodiment of the present invention,

using a point focus concentrator; and
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i nvention, wherein the concentrator is substantially
above the water |evel during part of the operational
weyokaosarh day. Description of preferred enmboRCTBO2®4/000699
of the invention: 5 According to the enbodi nent of the
present invention which is illustrated by reference
to Figure 1, a plurality of assenblies, one of which
. L |
Flofrde B3R 0 bire BENEHEH vichs S REFBRPORMIBRE ofdne Hiésent
inveqtionl herein tie mrm‘eertnatm‘ is Babsﬂanaaﬂr,oahom tHe watet I@valeluring
vvater. The '@EHEL S|on of the assenbly 1 in the
Pait o the eerAtion ‘?rﬁ?? @}SUSIy 10 protect and cool
the apparatus whilst allow ng easy rotation about any

D%é.bﬁgtib‘ir GPﬁFéféhedCérﬁbeﬂuﬁ&nw 8¥ the/ irieritith:col | ector.

The assenb 3I ven slight positive buoyancy to
Alzeeqdrrng tcsrhreseraho lmeryz orﬁéme)was@et inyentiea which ist idustratad by

SR 8 A B G BB I o

zm@fe‘?érfr’éﬁ Alkherdin , iak& wﬁfn%frﬁd Bl behdoroiiger bﬁdye@ﬂt%ns'barent

as a reflecting 15 surface which is substantially
lignaiel & olt iicpiiefiersied thad 4he pond of liguidi hbeyateect or, and
whi ch extends longitudinally to forma general Iy

Tbé()%lé{egiﬂﬁqerrs%r{ ? ; ulgt i5s H{Jlg‘ﬁn thgﬂﬁurdrs%frvgﬁooérgrultaneously

I'S cons

protest ard codltthe iapbardtps efdistdllowiagredsy cotation about any axis

pol ycar bonate) to which is added metallic.reflecti
thraygh the sater of geaity\f the gaectar. tﬁ@rﬁww i gRN sﬁlght positive
I 0
bhbg#cgﬁtovr%b .flsars gﬁgaryg%grrorri tg’éeﬂ;eag, Y& toBEnhBURE surface.
sui table rraterr aI Preferred forms of reflector
Thetserlarmollentdrlaseeaiblyﬁnnludes asidfleetordhat is lgedietally imtlicated at 3

% r b0.| [ 6 (ﬁ @‘)dr i nt i ng&g?rﬁbﬁtet a hi nﬁéa}gas%fr%ﬂﬁfﬁng

saffaéd Qﬁ"ﬁcH F%tsﬂb%f’é?ﬂ%ﬂ? 'p%ﬁaﬁdlrb' in %eéréss':‘-sééf oebfiteiddiectdt, and
the rear of the reflective surface. 25 In one

whichaextenda jongitudinallyde éorv g gsnerallyl inowyhyshapad reflesting surface.
Iong axis of each trough reflector 3 runs in a

SS5R bt DL B A B ottt

(brefsrabl gy &yﬁ@@ﬂpﬂgc@bbﬁate)fto whieh vadded a nesthliis réﬂearve layer.
nounted at the focus of the reflector assenbly

T\!ne refieativeoieyeiston AeptpdArandiaysls Witk @rtmmayent ‘Plastics cover
] ﬁg@é oaﬁtpaényOBgle'ne, BeVRE Ay 2P U Bl REbbR matdtat. Preferred

forms of reflector material include aluminium, silver and rhodium. The parabolic
shape is maintained by attaching a plurality of one dimensional parabolic formers
4 and straight interconnecting stringers 5 perpendicular to the rear of the

reflective surface.

In one arrangement of the assembly shown in Figure 1, the long axis of each
trough reflector 3 runs in a generally North-South direction if the system is using
east-west tracking (horizontal axis tracking). A linearly extending array of

photovoltaic cells 6 is mounted at the focus of the reflector assembly 3,
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30

orientation is best suited to tropical regions wth

hi gh sun angles all year. An alternative arrangenent
WO bat/1e8tt er suits higher latitudes is North- SBCI/AU2004/000699

tracking of trough reflectors with their |ong axes

al i gned East-West. To allow horizontal 5 axis

(azum thal) sun tracking, the reflector assenbly 3 is
aBoRibGE Al Bvfifh Fpa \RL30GH beeto THRENSRAROER
orfgntditivristizest saited $o ﬁ“oprﬁlaéregmyswdta higimkup angles gl yaardAn

alfaratg ST ogaImey ihahRebrteNs GoPHE e ATy Sofifyracking
of"’hl?g@gﬂjgebt;b@ (Wi tH8ir %‘\g"‘ﬁﬁ@éjaWEbst—Mt Ty Qllow honzontal

he assenpl’y 10 can be adj usted fﬁ;
axds tadunaithad) surotratkiog, thet reflecior ashembly Jiisipeayi ohmth a sealed

buRyaBREISTI T Gastiae: a1 irvetl gt &y Whid pfises Aot the reignt of
thQrPHEﬁon]&lé @éalse@' %@Bub%@%ﬁﬂ%aﬁlﬁé’p@@éd tat bﬂe@mve‘ the

wat er whil e keeping the photovoltaic cells
aﬁselrrmlyttmvmmao&mg fugitfeanothen fuoyamey mgrad@ltedetadhe other end of

LRy GRS h ST RET LBoh T8\ bl ey
cérﬂbé %ﬁ,d’ﬁé& by Ri@litlg b lstitalslerdradusd of vatay ot wiHey flumam}imas
ative' |l ateral buozanc W thout alterin

Ethyieme th}O' eaghnof the taekathovedhenyhgle @ﬁﬁ%’@bg’n%llglht positive
oG kb oD e R S48 1 Ly baBend) e above te

wERY IR kédpng tphotobuiaiatells Bkt eslow thedve&er §mreace 2. The

delivery side of each punp is connect a 20 s
rem@adendf each bueyANCyHalk N W@e&t'%ﬂi}ﬂ IS Tlgd i alr 'Under

tq%g%%gﬁfno?\?qhg fastsgtﬁlg‘ﬂféé(ﬁ fe rB’réﬁ d In fﬂg\&ﬁ@r BBUDES ¢ gnter of

wat er e Opposl e en en require
giivitg by, chagigiisihel relgtive lateral- bhcmainayewﬂnwt plieging the total. This

rofaoryrasiaNas BLPLCIRLED 512 AP CAAbShEDahEulaft © left tank
of {q@? Kiehdn ﬁ{sﬁw@‘Uér%Eﬁ{btllrs\% elRétrfedd B e;ﬁfmoun’:ed WIthm each

osensi are nount each
beoyhmoyftaaksinsm 9aflee delmehrg sithe oheagjuphmpds gbnassted bty a
th | bl
303 5B 55 o I B B SRR S e
ty a'ud?/% %H&Yé?n@ﬁtf@f wdtBt fo fHe appesiel efPWRBRMequirsd. A

re ector assenb y 3 about the center of gravity
smfg|a eversitderpbsitiseidisplacemeackpurgpsian be useth as eoralieslative, as

e da Si nce .

i Sieiecin gUEPs. s BYne AR SFatelBe s il g R0 Sl
t@éﬁﬁ@’@lﬁéult%oﬂﬁblle&bg’%s@@lr bPphbtodensities eck, Qvl’ﬂ@h are mounted on

significant forces acting on the assenbly of
each side of a shadow vane on the north-south focal axis of the system, thus
aligning the whole assembly with the sun’s rays. Such electronic
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 acting on the aesembly of
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the slight drag of the water. The rate of novenent of
w0 bw4406817s 15 per hour, but the increase in PCT/AU2004/000699

refractive index that is encountered by the sunlight

in entering the water reduces the actual angular rate

of novenent required in the collector slightly. If

iqr %

FIORAY | Bept IR I FaT ot Theaate oo yBient tho sun s
1éhgereh;ourobuhmef|ncmasepa|refra¢twetmdex ﬂ’raiosi enemmntermi by the

coI ntra {? i end(ﬁ% unger & na fro({F t
GO pRleTioa e SRR FEcieeB 0s AR Al LR oL bR omep
rddUfireBluh tRE %ollé&toF Ql?dhtfyh fTr8quifed, M carPbe &chieved on two

substantial support structure nounted at the bottom of
am@ bwmuse afia sesondgdin of usyaney tantks aldjgv apglasie the first

oot et the R ougiE ko oo B4R B ater from the

aRsiEQ SBBHGE oﬁfheamoya‘l\fcztttaﬂszg ftibas yat thesuiiaes, so that there is
provi des two-axis trac aIIovvlngrotatlon

namegddonaseibstardial syprort @@@@tnee mguntechat thetbrfiorn jof the pond,

bg?’{f’: @eg%g@? Iéojﬁh%égéﬁl evexy\’%}%ﬁlé}%@zgg: -grsven 15

propellers at a tangent to a circle in the plane of
rotation or through a notor- driven paddl e wheel with
a vertical axis of rotation to provide horizontal
tangential  thrust uch two, axi | ystens can

b et asiof show) IR u R BstrRBS S SHicB e

IiS af _8Lis|

PERBFRAREE LAy KRR, 2l slohn W BRSiAS AL 8kistadidng by
attewingi ratatidnoaround a edrtieal axis togetier witib azimeuthal tilhthorizontal axis

P S B0 S 2L e s b o v

pfr@éé}rewsi X tém@éntwagéﬁclémﬂh@tméﬁé ofrpdtafmabﬁthréugm adfotor-
pllastics for alnost all parts of the collector. In

daisiein paddle wheelswithuatvariigal azEs efgptationi torpgovidadwiizoptal tangential

[ ' I d
Y sendhe e Backipbayeis coh Je8 MoT BREsha Rt
cohesehtbeent y percent hi gher than the surrounding
wat er. Conponents are protected from nost forns of

envi ronnental damage by i mersion in water, including
protection fromhigh winds, hail, -9

When the concentrator system is fully immersed in water it is no longer
necessary to employ strong or heavy materials for the reflector as the
movements and pressures caused by wind and weather reduce very rapidly with
depth in water. This allows the use of 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, 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,
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WO 2004/ 106817 PCT/ AU2004/ 000699 w ndbl own dust and

short wavelength UV light. Utraviolet |ight danages
woraowy/10481ast i cs. However, with the fully i nrerBedAD20m000699

of the present invention, wavel engths bel ow about 250

nanonetres are filtered out by passage of the

sunl i ght through water, so long as the passage through

B R PR DRI bR Games

plEBHCRY | Hd:\ﬁevew\mlﬁhhwwl;dlrmhbﬁed fs;emruftthe @resentarw@qtiom
use when exposed directly to sunlight. A line

wavelengths peiow apoot 260 aegpmeaias-asefiicned pubhy eassage of the

s E{rﬁé’ﬂimﬁv o PaubE: Sssheibris uahdh YRGS faferghén
aBbRH B0 dé‘ ?ﬁé\}\é 'iqr@érfleltrﬁ RsEQff IcRebper ﬁﬁﬁ\%’ﬁi'dalﬁrcsl rhaterials,

s pre erre € 10 energy absorbi ng assenbly
whighrwoult ethémvige aotbaisuithieleffocuse byea axposedidirectly to sunlight.
assenbly 11 (such as of clear plastics material) that

Eﬁégéi srieading, 3y, of ABerEaPb BRI Sa A BBl bhotovoltaic
Igssgpégtlégaéﬁhé‘i‘&&?se&the réfléd‘lbf‘agﬁrﬁﬁﬁ/@ a‘h@lﬁb mounted to

efa a suitably transparent plastic
rrtméem ls;uhchmmslm agthTthelreflector agsergblisk) Itus;p;gfgvge\fthat the

eﬂm%t@ghbégrﬂ@m%g?wg%ﬁ’e% SELRED ot 1o rrEEi7e Jopport
aggeéfﬁblgn A 'u'cﬁ"ést dreciesd plastics Météi*m) et hibmdlrectly on the

surro g water. Any space remaini ng between the
reflectriasgenide8i ahen @hoteyolinis: eslisiare; usedeas erergiAhsgrbing

dgosstheh Ak sidsed AR RRE sEALITela Y e by

traH§pareht plaktie® Pr%téﬁé]bguch abTesitur! ovotiglags)2d pravent water
provi des convective uid cooling of tEe enerrg%
demagertoitoe screvcmdtmt@rce is ﬁnCﬁﬁlegfrB%t%'a powgyer must be of

SRR A BT AR . 1 S50 o unin

Wd‘ﬁerFN\Wspa@)a refrizining Metvwebh e eneadisg oratetial drdthe rahcdovoltalc
unted on a heat-conducting substrat.e.

ot Should ber Blecl With SriRTRPRH TS TRER 108 gV datic gy giicone oil
SR VBB TR A s st fbep A i cnaing
M@ﬁﬁ@ld@stdbrﬁ/ebhv@hqwdmblmg of the emergyiomyersien device placed

material (such as Tedlar) to forma hernetic seal if
at e fcmusrogsmmr:ﬂgwnttﬁjpa 2\§CQ§6H}90@| vah?bPEQf%"@éﬁé@b%{"@ents of

tlgéfrfv'g?\ﬁp% HICEIO#E@Y%}Q?% nfﬁ@?.lltré eﬁﬁgé Ecgvrgltra%éll%eor the like

#6 Phouiled 8h 4 Reacednducting smbs&amrl?rsferred pmterlalslfalr this
installation, further neans ar.e provi
mounting substrate include copper, aluminium and

a?umlna ceramics. ltis
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, 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
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to the liquid. Preferred neans -10 WO 2004/ 106817
wEQDAAMBO04/ 000699 of enhanci ng heat transferPCnal2de/000699

heat sinking fins attached to or integral with the

substrate, and channel s through the substrate which

are in communication wth the surrounding liquid. If

ofp%&@slémgzlf@%ﬁ%%’sférsmb@ ﬁwé”a@%ﬁfklﬂquﬂﬁ’éaﬁéaﬁed) SPFntég%]lﬁl with

em ca ocess, r at
themubstratsl dnol elanials mrwngDqumhsinate wdiich arg insgorimuingcation

preferred that t ransparent cylindrical vacuum
with the, gWrrpungy f‘g\}'qug[i at the reflector focus,

surroundlng the energy converter 6, to prevent water

|f@9@§hﬁ’§ é?fer%){ Pseto%%;@@rbed'a%%é&@r%%etﬂlﬁ bs&luf anangra
ig

ure I's requi red depends on the c osen wid
chemishl prasesscratherttbanisionyeded ipelertriailyl hysphotameléaic cells, it is

ol Bl 2 Vo B PG
réffe@ttﬂ'?o&\dxéjtsrﬂlrro‘elhdﬂ’@oﬂhb dnefy¥ eofivéntdr®, ao We\v&ntwétepco@llng of
mmto 500 nmfora 10 nm wi de focal strip. A

thmbﬂmbelc refl ector concentrator with a flat absorber
generally needs a focal 15 length of approximtely

Tﬁgf%% F’Eﬁ'&t Ikﬂﬁ% aﬁﬁ IrFtl & Pthakid l;eh%kgd'ﬂér %ndg%gttﬂé cfjosen width

e range o
of the fatal a’béﬁrmg@trud‘élpvfbe\ﬂs),l |V\d1IC|blS tlypicaﬁyzn 02fith torsGmin 3 The
typically 1 m Thus the fI egbo % g ically. one
r & agngentiation aatg)lsrmpl\gp apd | I?jsr QUiEESy ,grlngh width
t f f
ofebdit 810 BT Rifin. S0 e F‘&me TR L7300 R oGAND g wide
fdl}alsmp.ZO wat er. Experinments at one netre of optical

path in clear water have determned that this results
in a redu n of ou t f.rom.t sent silico
A0t edlecter songShtrBtes vl e RuBaEEEns el BRRds a focal
Idrigfth Yf BEPRMRAalRY Bhe haTEQ)f HRTBBEH eSO #litlefThbressbané focal
IS necessary to use larger reflector areas,
Ietr‘rgtls islinetherangg o 460ynmorkase Thes the aisimurg aomteadepth would

sin the refl,ector.can.b
of Jietwael 29" & 278 Spical a8, TREF 1 warletiird iHitaty one
nétfe ARld With SERAirhalidé Esc_E®D, vk ddpeh of Waesveftabout one metre.
application, these |osses may be reduced. A SUI tabl e
form of PV cell is that made from | ndi um G‘@
Tihess isnsigeificaipl alfenuatipa gf the janges wavelengies ¢ ﬁ\%t@"ght 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 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 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
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addition, a shorter optical -11 WO 2004/ 106817
wEQDAAMBOD4/ 000699 path length in the water wWdT/AU2004/000699

reduce | osses, so the assenbly should be kept as near

the surface as possible. The cost of the pond required

for imersion of the collector assenblies 1 is not a

I . C it L ,

Pt MG ¢ BaterdliliEnico Igegs Mg Ml AdheThbly SHOUR! bélept as
nawtibe surfpoadsqossidle. | ake or a saltwater inlet or

| agoon connected to the sea. Large arrays of

col | ector assenblies can be enployed in a single pond

covering many thousands of square netres. It is

preferred that the pond. of water is provided with
TQ@@HétadeMe peRagdqhiré forlilinaadion of theajolisetdpaissembiied @ is not a

whi ch are preferably transparent when they intercept
largeyfactar; sineelii isgimiat estasiwedolaw sios) wafer refaining dams, or

B Bl it 1S o B e

O mnimse

tothesRabardryeafrays®f doflectoe dssembliesiean belemployéddreaainle
operate to reduce waves that nmay otherwi se disturb

pentbcaverig meay daousatdssefiiaugre Mefréd- ndy condi tions, At
| east one such 15 barrier 10 is placed between

' | . - N
bGPy PR Sonk e GRS B s
ahdvor fleatind bhirighs 40gwiich atd preferablydransparéet whemiteysintercept

ightgraveling tedne sonpHalRGR - K1 DisTeHRR ERiONe retagiy idex of the
bgﬂg%g%ggt%ﬁ’ﬁ%tthhhsf fRAGLRY, BehIMAARC BESEs. CTRSS: bEAISS are

ree to st x netres. 20 Alternatively, or in
lozdtbd owor neat thensurfgeer and opéersde torrediicsl waves that sadyeetherwise

dihebiibe girest presaocort suniobl ANEREY GBhaltiRi. AiER de qush
b%ﬁ@t“?@ ik ?ﬁ‘atc%ﬂ bétwenddjsedritdranayews ofcbaeamtiatoehysemblies 1

I'n ad lon, a thin'transparent nmenbrane or _
withred typiaahspading of 153 mucCross-wavs olbasrigs (rdtich are netillustrated

.on the surface to reduc il d- .

et awitgs) Fis A eiERl vost o fedlieCniepisfifiohtngles to
1Y BN 6f SoHtcARaRRBlS Bis praféirédthatibe Epacing Bdiweentiesse cross-
of the pond preferably contains a suitable conponent

rows issalputithese to sixppetiess growth of algae. It is

preferred that this conponent or

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

Alternatively, or in addition, a thin transpérent 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
surfaces, the water of the pond preferably contains a suitabie component or

additive to suppress growth of algae. It is preferred that this component or
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-12 WO 2004/ 106817 PCT/ AU2004/ 000699 additive be
common sodium chloride (at "Dead Sea' |evels), other

W@ 200t/1@i81Dt her transparent chenical additive BIi/a12004/000699
kills al gae used al one or in conbination. Certain
such additives, including sodiumchloride, can
additionally aid against freezing of the water. O her

ad(%tg{gagt!rié ggg@g&lg %éariﬁﬁ gggﬁag K«Tste%aalw %% BtHPEaidR cther

gaecl ori nati on, ozone oOr .
traﬂstpaaamairmmtalmtdum whichtKilés algaearsedAlore patri eahbination.

e S s FBAE o DBy ponn
fré’éaﬂlrgq: Rf Hhe'RhfRt. J('ﬁf*nér;]%l‘é'f%rrédiJ abafles ‘[@Eﬁﬁpr%@@'dléae ficwith include

er organi sns e enp oye to eat
CW basedlaigaecidesAlchmrmatlon edind ozonrmer al’hr@valeitteeatmem@f the

B ARBLBHTSH B RARIE b0 BRI Bt bon B8
e@sm{egl \ﬁ/ﬁ|dhyremWe5a|Q'§é! 2Rl baRETiEWRHE Hiyh VBB City Geitérets, or

r radiati on al one when a transparent surface
Sui'ialbtﬂ wat:ensnaﬂa;pﬁsdw@dother otganisme anay/be eaplpyrdiperidhe
gure serves toillustrate the relative power
® froma silicon 15 photovoltaic cell after
surface reflections at the upper surface of the water

Al@é}ﬂatlﬁé’ls"séﬂggefﬁnd%ddtétwbah beaigprésyediny raisngfthawémperature of
to the cel This is an overall throug£r LH%
thscmnﬁwahaé seiffidienglythigh &o kil SushitgaRIsaIS R is may be

4
HHEE Bt S T P o
mepasahe ¥s Smployiddctocmvee neardy the Wabkepondadi | y.
conpensates 20 for the loss of efficiency caused by
f th ht th h wat t h t of
s 335w by AL Sk el it R R o

pllugopéllf/‘% o8] a%??fn‘f&éé Llﬂ"e%ﬂBﬁé aftHeOup Pt tRflcedf the water and

taIC ce S 1s not a significant cost.
pé’sk&w mumghbﬂmmwotwwmetml dfsvaterto thedcellor This ég greverall

e pSShe bt Sn00t AL YR ST ' 8P e o
tHé\ﬁéﬁé’i‘%\ﬁﬂcH flodld NEridlly25e hisiablet hSidrerVicil. a

nornmal concentrating collector in the air. According
to the alternative enbodi ment of the present invention
Makingnthesrefletton essembly B of therf eanoeplrats langgi readily: ggimpensates

R8T R AN Bl BB BV, s e

cd&teof 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 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 2. The

reference numbers used here and in subsequent Figures match those of Figure 1
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ref erence nunbers used here and i n subsequent Figures
mat ch those of Figure 1 -13 WO 2004/ 106817

wEQDAAMBOD4/ 000699 for correspondi ng el ement SPCT/AULMM/B00699
enbodi ment 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 fromrising above the

fo?“@é sep‘o‘de];ggcgle%eﬁtmnfm@ erﬁbbﬂi@r‘i@htftﬁé phiofiltar¢klis® are kept

s ng I's enplo In this enbodi nent a seal ed

cldss toomemw;]mrmfyoetpna&an@ tankse] Erandﬁ& e ureddoypreyent the
oot et Reiaiigte e e MRl e froeL EXFhilpBrions, anc

CaLul ploQ&e. wm ehﬂiddrmeﬁtaeetarea 8bllovpbabyac
aélhﬁlf thg@ti}éare&ﬁl rc])9 t ube |s 7. The preferred 1iq y y

I d
traaking tubeef, @mmn‘@t@lyaalf&"eﬂgm& ligyig 48sds e@,m;mdn\glth

t he.t
SRRl hehvbichootbh oeh s T ol i ko as
orid QAR ABoliethe dedtriel @fiTbtatiohotybf theetraeking fubeoibop 7. The preferred
vi sa-versa, to change the left-right, bal ance of

howgtmmw@ytam gleeqliariwafes ANd the FEMARING SRR mzféaﬁégque filled
1
wﬁlﬂ ajr’ :IJ’Qe (rgt%{ Bﬁ@gﬁeét%d tg/ é@@n%\ﬁa Iﬁfié% I@r(ﬁ leﬁcl%%@ Rwithin 7 from

leftlt6 ¢ighefHreugie theo pumpre rorsuisd-eersay to ehanmther Ieﬁmghhbglance of

sensors aligned with the vertical axis t stem
therystera N%W@cwmt@ﬁssrﬁfﬁ i the lPUCPM%\Rﬁoaﬁ% "éf@ 'Be %fPP 8is

drﬂmﬁiéﬁ ?@c‘tﬁ@ F‘r‘?otf)rr ﬁ'%[lff]s &(?ntﬂﬂ%dlrg s?e%dsﬁ'ﬁ*@ijeérﬂgﬁ yan

elébir6hicaiedvd histhanishefedbyl &t ialhdedgrmt lightveseneorst @Irg:nedomth the

VNGRS B 1hE S5 @Te SHEh SR A b BEial Sy i s0 are

the surface. As 16 breaks the surface the
ng‘fﬂlust%@%rzeg? contained in 20 16 tends to prevent the

corresponding refl ector edge fromris out of
Tenke15 andita amlseeﬂed hires Idingo et i enia ey arlges of the

rellclarann bt B el i it ety B Rl Ao fpetely neutra

Bﬁfﬁt!gth%%%er%w IA&SexMem@um tHenleft (@Guﬁt@%lq&kwse) tank 16
co on fromt whol e surface of the reflector

will lsssertd the surtacenAscléubreaks the selare &wﬁéﬁa{w%eﬁontamed in

ri ses t
135k B8 EFen el AARpi bR TR but of e weter
IMEARER rePhaIRgEr bthblssemidipodl trivve desped inid hiee waster dussthe
possi bl e, thus reducing the |osses due to t

th
smtenh@t@tpmfuﬁherp@qmem%kg\me rellopdng fracking of t hhe sun o 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, 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 aiternative embodiment of the present invention which is

illustrated in perspective by reference to Figure 4, the apparatus uses a point
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medi um According to the alternative enbodi nent of the
present invention which is 30 illustrated in

wpergpesti ve by reference to Figure 4, the appBCEAU004/000699
uses a point -14 WO 2004/106817 PCT/ AU2004/ 000699
focus or two di nensional parabolic concentrator 3 with
a pair of near circular buoyancy tracking tube I oops

foZué‘%ﬁjt\ﬂﬁ dm%éﬁ‘él@ﬁal\’;%rbbéﬁé bdn@h‘ﬂra@ér 3 wgthta QQE loﬁﬁehpcwcular

er to provide full tracking of the sun in two
bubyamy ﬂmklngmubarlqa@@s Bfandp%mmtq vertigally ang at gght angles to

ed. near f.oc e, Su b
tﬁwg&q P! Cﬁ%ﬁﬂ'éfﬁ%@& % ﬁLﬁ‘e'P'ctE@ponentsio ﬂ & H")FOf
Waavélﬁéic beusne\i@ rRSUrBE@nBAF the fothe oa&@@mtbstamﬁauqurabonc

subst antially underwater by adding sufficient liqu

reflecting cercgritatended he cafaparents pee mmmt%mowa@wpﬁ pnit.

TRESSA4RH 5 SEB LB A e, S8 il 10t

s&léE tubel B andoVk siie palanice &f tieaappef séctiwsofkmduﬂaé’ being filled
contains a positive dlsplacenent pu 8 10

with @i @1 iner @ago ¥ Beprefeped liapd 48 RSN %C&Em/élvater The

AR oo B A e oo o

orgg ¢ontroling ;m@/erﬁem?@‘lt Ilﬁmludt Bglweaﬂﬁerle\Wet seetidnstafrezich of the
uoyancy of _each o e

PR 8 et e e o S SRS Pl e an 17

.aﬁd' e%a@ﬁ ?%bé‘g%]galéﬂ‘ %&h@%@@/g' I&fé'ré\rqqog/ghgﬁ oPLERE onhe tubes

ese punps are contro a pair of

czgﬂﬂ btecad;g;.llsge? bypurep ‘8camt9|dxm rotatd eactetube iaxekatioaghe water surface
escribed for e g2 er enbo

abpcan ﬁgsg%mé] w'rar G iheRIanR 0 ?ﬁaPﬁﬁ%SfdPSFr%‘mps are

c?ﬁﬁ@ll@@ l¥y Slpai st fHotSEEIREndPSeribmiedhbARN$ter echalxis, as

I'S not necessary to orient the syst em t 6]
demntke/dsmuthe eddiek empadireentss Sintste,thiertragking systemi will raaigtain

SB35 1 BELrbf e ShE B g YA ACHEELH o

nk88s Ed’mlé‘ﬁt thBesyRRiA to NoritPS6ath. Tokeebdhe tddgembuintone

parabolic reflector 3 in this system.is about one
lavatipn anidprovide.a path forthaipawat Wyingait is desirabipdo hanga flexible

dvant h
<BSHRE B e FEBR BRAPREYY Biehondt /A Wl B or e
r@\kﬁcpwérdb@w@ refldcers i this steinds abolt 6A6 metre dihtsten

given | evel of concentration. Thus it is 25 nore

tol erant of waves .and ripples and | ess (J,r e%l .
Thgmmlag@mqrﬁ@hﬁwm@gggwgﬁ has advantages over the method of Figure 1

in that this embodiment uses two dimensional concentration which allows lower
focussing accuracy on each axis for a given level of concentration. Thus 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 immersed, but moves
partially into the water during tracking rotations and fully into the water when
rotated 180 degrees from the zenith.
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be required for the reflector 3. Figures 5 and 6 are

preferred enbodi nents of the second principal variety
wW@R004t166817 nvent i on where the concentrator i s nPCT/AU2004/000699

permanent|y i mersed, but noves partially into the’

wat er during tracking rotations and fully into the

wat er when 30 rotated 180 degrees fromthe zenith. -15

A<y¥3t %%]tﬂé%ité églvnent RARROGHE®Y the Mﬁﬂlrﬂ@nﬁ@nwmch |s

ative of the present invention which
illiistrated lim ptaravied bmrqfémmcelte\ﬁ ipyre &f f@ﬁeﬁﬂmrawsﬂlmrab regractive
t he

FiasorLRRBI, Praiaidy niadsat BetReran(iLERAE mefilip)jpined as shown
ooty o1 4, Sl st s
tweb ciiemanisiored| ttackinigi cancestiatatt sistitar to ghatiin Zigure 4)rea1d in

Pap VP lniclos b caRtere o, T B fdef BRESSH BrBrevioue

erfBBdMERS! STHesmEmBBiCiisddwtctpihaseatippensols Figures for
correspondi ng conponents. In this enbodi nent the

cepespading tempangnisain this pibosiipast iferrraiatystis gnly partially

le t PV r
o3yl S B A, B 58 BAPLRIE R R it 8 lesnc
lePk 3 Readovaakieventetberface Rifat aloout haﬁ @‘lihe t&ckmgvislber?erotation.
apparatus oriented to point about die:?éees above th

Figeire Bamhowsstherannasaiisyorienied foeaint ?heu droreesihpyerthe

I AR R EBEDSSATRRS i B
dIsEtadéﬂ‘tﬁerEtlpmm ? vtd:]jou Tgﬁvesdlwd 182vitnid the IcMercSecpomotf itulye 7 to
e rotation
o, B L2 SOLL S SIS DSt
chi é&aéy%‘?elﬂ%tt%k%é%wgle WHe%rP%H 'W\/Hi@fléﬁ@r along the axis
rotection can

condrti’ons extra e ‘provi ded
indlicated bydhe afrmov)h @urmgsextrmnedlveqthabmtlommmgtr@ protection can

t hi be 7 bl
g reviReH Bvirauiing sy dherasiB bidPudhy BIRLY Wiy ube 7 at
ast dfaﬁfét |963| irTEB SRbAs tbhﬂloﬁpﬂh%ecfé dg?éys’!éﬁ'\ tbfwmo@t RAidvert the

Cl ng t e area of the 20 exposed section and
coltetor, mymraletba@@ncmmeatpu apd fBU%lEﬁ@y&ﬂeéU@'ﬁQdBG area of the

ro t el 20 de [ees S

eﬁﬁ@?ﬁ%&%@n&éﬂé @5@ Ehyﬁgn?&hg gﬁgor i sggasﬁed

E)Brd)é‘ iRately HQO%é@réé@épéﬁ‘t Wethshe b&%;ﬂﬁ@hwposmoned as shown in

orresponding to 8 hours of the sun's novene

Figured themplleetordegblede 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 inner surface is highly reflective
(Aluminised), channeling light from lens 3 to the PV cells 6 and acting as a
secondary concentrator which further focuses the light. Tube 19 can also act to
even out the variations in the focussed light by multiple reflections, allowing more
efficient operation of the PV cells 6. The walls of 19, together with transparent
window 20 and enclosure of PV cells 6, make a sealed enclosure which prevents

dirt or water contamination of the PV cells. The walls of 19 may be a conductive
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away from8 and 9 can be optionally enployed to

provide full rotational capability. 25 Conponent 19 is
w@2@iilgistty coni cal tube whose inner surface iBCTAURI0Y/000699

reflective (A umnised), channeling light fromlens 3

to the PV cells 6 and acting as a secondary

concentrat or which further focuses the light.: Tube 19

f’aﬂ AR %ﬁaﬁﬁﬁe‘? to %§§ %q ﬁéb?ﬁbﬁ’ﬂﬁe' F“V £Bfs 6 to the

ocusse ections, | oW ng nore
sw’rcﬁuur(dnegnwmeleam aaneta‘lllct h@t Bvremiers'ZEGmayme attadheddb the rear of

ey seliscTr adolaare B chtihey RediRdHR 2 Bparaptighic sueh
a#ﬁi&%%f%org?ﬂ iorodeﬂ’@tc%bln‘@ ”FfﬁéTFféﬁn'ePD?ﬁé sidRulVhadd Its-

may be a Tonducti ve
g1200¢d EUBRLCE f@ﬂmgmwmlsd@ggmmmmsamnmam ddve rear

s@iaee e o vialie Bhglstte Qi ¢qiaftiufiP e witerdo bBSyids cooling
TRE t@hd 49h§§ttbehédnfb frafadking tdbé PYndeéhs 3 bihdtauts 21 so that the

enclosure nmay optionally be filled with a transparent
wholguassesokly maveshgs ooeainBohheiassembibshewd peefierably be retained

The F I sh
oy AANG FeD Jspredt ot e, 7 Beh T 1rm 1 BAREY o Wb o
weRfHt at B befemodf the ol I5ied Fspeeorctiastic eofd, I\nmlchﬂ may also carry
contact with the water to provide cooling.

thegpeweneutRuhuireso ONBeOTtMaEKYaNtps: By be @Fﬁﬁheér@dtﬂ"wumard

30 8 2 88,0080y LR R SR aTBH S 1 ey cppse by

wird 6 Waves. "Suifaspeavetneaking baeristswio should bbuirmplloyed as
attached to a fixture or 10 weight at the bottom

refReenserdn hygurer bpﬁ%wa@ra&th% PeBH @r resATuAIT REGAAI0S e kept clean
ﬁl‘iér\é é%‘? diorﬁééﬁ H%ﬁ/ﬂé’rh} %ﬁtgét \?Iﬂi‘)mét’[a%ﬁ@%u\ﬁe $ of8%nd 20

aMd ¢iomvﬁt;er @fntmrthe &ptloalrpa'lh delrmg co;ielraliomexccffpttdmang yestreme {ilt.

caused by wn vVes. wayv e br

IS PEIBPOImCa T lsaseh AeaTEn SURGSRion S PEpad L fhe system

Eéﬁﬁ%f firkd oTQ@s?’gé a?f) F@%ré’qr%ooﬁ BRIRENOK I%?@éjré&ktlon in
ept L1eass as it is not in lohg term

energydotsaes nk thére ispoi pasisagea of hgb’sthmugh waterdo thiaetnbagiment,

shdhat e BT AvapDR bunEaed ot olftebRtTighpE da §HERRN this
sJSBhHEGeRéraRELhRIFE 'c@ﬂsﬂstéri@?@We@'%l@lnhQ ddef d%y%@mthat of Flgure 1

gal nSt wind forces than that of Figure 1 and
siricertbeiesisand wdy@tloamu@preadmgwof @n@nggw nﬁ@@aoaéhrpngh @nd

BRI 5ol S TS8R0 5r bl faptegiop area wher
1178 88n&dntFRbF 884SS ehter ihdater, bat B@dbss @ont thiscause is a small
percentage of the daily total energy production. When using a two-dimensional
concentrator this embodiment is more tolerant of waves and ripples and less
precise manufacturing methods may be required for the lens 3 than when

implemented with a one dimensional concentrating lens.

According to the aiternative embodiment of the present invention which is
illustrated in plan view by reference to Figure 6, the apparatus uses a reflective
concave parabolic concentrator 3 combined with a smaller reflective convex
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system generates nore consi stent power during each day

than that of Figure 1 since there is no reduction or
wa@proeaadismy of energy by refraction through andPCT/AU2004/000699

reflection froma water surface. There is sone | oss of

useful collection area when the concentrator edges

enter the water, but the loss fromthis cause is a

seigﬂéérfég%(%\/\%ﬁhﬁgge@f)n bR \Ag@’[ ingidettha! fo§G§ b8¥ition of reflector 3.

- di mensi onal concentrat or
Sédmmlae;n‘mﬂrbctmrﬂs has atﬁoealtlethgthathat divergesdtbeanianrappisuficiently
and | ess

toyhigithah 1o faavs in dRe Visar RS SPasNesEr githrough a
w@P?m@d@ﬂﬁfe%%re%’ﬂ%ﬁ@&tb?B‘ The! BN Sell$6 &R thoehtta i Bgosition

ernative enpodi nent of present invention which
stich tRat helyereraways subsibatially ngrgedf kelevdbe pondi waiee level

wigam i IR E Siun BERufd At el g erfirAlr T BBREHG: tonly
Seclg;ﬁéubmy 0o 2 i cbRESHFatBED/ rAkiN 4DORS B surface at most

dary reflector 23 placed on axis just inside the
arigiesmf ppenaaupnnConucaéwb@c19)hnI@ PVaalls fiang wirdow20de forn a
ocal

h th
164 Bor@i 0 ARE el il pERriBRIGT bEing BY3rell T
er?éloédne Yy ©pasSal fyo&égﬂliﬁd Rith& hon-cogbsive trarspavertiqaid to

he centre of re tor 3. The PV . cells 6 are unte%
lmmoue best t&m@vq{ freoma the aelts € %W%Iﬁﬂ'cdlqﬁéﬁ“eader may be

o AL 3 R AR 008 S e T

inHer iaflglof 1§haﬁfe Pipgrar Ay fighty | mﬂectlve dnterradllyytoSuttiner gartentrate
so that concentrator 3 remain above the urface
,Aymensmnal

theoays. Anfprdsgdre Sbesystam n?%p@@e
c@\rﬁf#eléﬁragofagg |t%£\a,a§' BY £fd @ip{éﬁsrgr?al c%ﬁg%ﬁﬁ%l%'ﬂ &he 57dﬁéa"cﬁmg system

févent s €r contam nati on e PV cel
sifitlie td thagniflstatedimBigunpd ivdthetheyadudition bf ageabnth tackmg tube at

rigBhAnairs 12 brinthe e napsionaléese tihe 18He3Respugh
e@ph‘@ o@hcg\fhg ?r i J[thé di rrPfTth éébé}ﬁfdseﬂosﬁ@ Mueﬂbond

Su ng ma er i nner wal
camtalrpmgsf/\mvetﬂlwpms;lmlrg/, asefor EagureéS .Tmaelﬂngltm@es @nd pumpér8 and 9

SRS Euh, g S Bl g9 RSN 6 Bperte

td?Qu%ﬁqu |a5g€ reflectBRS Of protbblorlim&ssdreMdhds. A few small
concentt at or d tracking system simlar to that

holelstarermoﬂdedm B|rgaar@040\ﬂllpw disénaged i’ vane 8t ispEwddadfor each
t ub h
oA 618 PR, 3o, GO Bpl St DR aRE24 i a fan-shaped

concertina arranged on slide-locking hinges at its’ tip to fold out of the wind when

itis in an éxposed position (inverted). All components are rigidly mounted

together to rotate as one unit. All large components are preferably made of thin

plastics material. The apparatus is tethered to the pond bottom in a manner
similar to that of Figure 4. The advantages of this system over that of Figure 5
are that only smooth surfaces are required in the concentrator so that it is more
readily cleaned by water spray and that the reflector can be more economically

made with high strength due to its’ parabolic shape. In other respects the system
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extendi ng out of the plane of the diagram The
apparatus floats on a pond containing wave

waoppnessors, as for Figure 5. Tracking tubes BCApPROOWS00699

8 and 9 20 operate as for Figure 5, allow ng sun
tracking and full inversion of the apparatus to
subnmerge the large reflector 3 for protection in

oﬁlﬁié?ﬁ%gvl‘% gﬁﬁﬁrph fp%WoﬁﬂBhEe t@ﬂ%aq%f %r@ r@Wh@%dﬂeP of the pond or

ral nage
rezaeVoir ased nbdbedapt eleaacnrlfiltetedaas itie nbblndangsemm domiaw with

f Vane 24 h it
therORHGAIBUB6RS A AAGELaRd NoVEAter PRaF RGPl duRg

o%ﬂé‘ﬁoﬂ‘@&eéﬁ?@éﬂ r@ﬁggggy@%@%%g% i tr@wétewsebf fRfle-

y mounted together to rotate
cassezuencei tThefémbbdingents miﬁagwas§ andk6 ho#lf eaqubiteythahithe mass

Pl By T2 Sy B L 1
FEF gysé oﬁbaféﬂ%e%\élaé‘b%@ﬁﬁnd)brdfﬂ‘é fi$ Méé@é@a@y ﬁ{atttlﬁ@ler%f of Figure

ure 5 are that onl Yy snoot h surfaces are reqwre
5|amdt the refiectenof Rigure 6da kept as close ms feasiblertodbie water surface.

d b d h f

Thiss Boptsan Eaibes Tleddih of R cohBEntaior FEV Rhs o Pifures 5
R Pd ongd aﬁ;aubrmﬁiérgéd BegRechds bhmeSdqurackwﬂchyws when

2004/ 106817 2004/ 000699 of Fi %ur e is simlar

thenppisting direatien isoclosato e p@aate WEind F@Kﬁdﬂ@y bgferppleyed

B3V 1% wale kel aSTed ShaliEut Bl ERE DB el

surfaces of 3 and 23 and no water enters the optical

ThatHi-ditectiogal pusitival digplacsmept pbipsfd sind rshogvrext Figuees 3, 4, 5
tilt, so dirt inthe water is of little 5 conse uenﬁ
ang$ webisiei aralestris meiqfirive andaithes 4R IeT VaRGIAr POrFERItIC pump,

of FE) s g peR R o8 of DLRBATLARGLSRY TRlFIalds o

centpress Mlbjeml'lamlméml 8uch pumpsaessalt knowatsotare rotdetailed

of Figure and the reflector of Fjgure 6 be kept as .
heredkibse ntgaE$ Beed sy e o NeRs sl sizeePower, Aad capacity, typically

f
B AU e A B o
embuimedtsaof thedneentiondhat ake NG |l|lysttatadm the dw\nmsmba
th t t |
PR ARe® paflehiater SpayinifGiivat i b P B reffactivg
l rf‘é@él 8pf?§ﬁél|¥ iAtFre8ndf of chiR . THeRe prgferably use

rectio positive di spl acenment punps
trinsparant plasgnas esnatsrlalas wisich and lacated ngaethenwates stirfage to form

oagtrf%rmgrre 3iF fifid chS‘IdtshuendegJ Y witert816c Ilé]rﬁr éﬁ'& ghtén%rgy
converting device such as a strip of photovoltaic cells which is located below the
lens at the focal point. These embodiments have the advantage that no 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 depth of the water precisely.
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15 or they may be inplenented in the formof pul sed

punps using sol enoids to conpress flexible chanbers.
wEeoh/1mseps are wel | known so are not det ai | edPCTI8aD2004/000699

These punps need only be of very snmall size, power and

capacity, typically noving one cubic centineter per

second. According to alternative preferred

Yémﬂﬁlel‘rg%férr%l difesid bPheliRdéntisrewRRh drk! AbtliNaiieted use
In the

raw ngs, the 20 apparatus uses underwat er
halographic edncenttdtats. are in the formof refractive
| enses, optionally in Fresnel, or segnented form :

Inginc Spore b aredroRE RRRIP hP TR b P bigroy
cOiverir & @il bé irkpladed eitHer bydashehiiealwvebetion eh&mbies optionally
[ight, and an energy converting device such as a

centaininga qaitalystv of briadtheenpeleghiccengrgy cop¥eder bel ow t he
25 lens at the focal point. These enbodi nents have the

ralli ; .
AR ) B e B for et
agaé{hb‘lﬁds % of F%}mbs grdmblB medtsandé arehée Mﬁppargn&lobs in overall
suspended under the water attached to a ating. .
oBigien i todATS RSP desmar bR Msatieies or eRTBT sy
o556y pRAASTS o NHOSI St st oy s
theesame photovaitalic ¢diis wiemt iiserf intd landab asedoeatsickar gssemldy. This

. WD 2004/ 106817 PCT/ AU2004/ 000699 Yet th . .

INGFRASE P AR S SBMA (T 17U AFSTRO A Fesiis i 2Bigher
TSP S ey 98 PNSSORBE LRS! ceabingap e
eneldy intemsily onquhotevaltaic 6elisawoblsd napallyddad e mreasedheating of

e

eRIcRIRY of dhERaY b@rﬁ‘veﬁbio;w@f 5H&o¢tﬂ@i@éensedm§b@# 89 Heir

materials for the reflector assenblies of Fiqures 1

tempetunedndreasas 5 Hovever, haning B pbatovpliais aells avthvinwater

eff.iciency due to.tr ] Ssion. | 0 g hr e :
P SR Bald A50a"BhEre BRARHRREP U gb e s s or
mMcted thé Ritbesityost mstARINBLNRghtvithenlywosindil empeestuid intfease on
t he sane photovoltaic cells were used in a | and-based

thertelsct or assenbly. This increase in size of
refl ector assenbly (or |ens assenbly) results in a

808 s bEFaCEE paddflisSeObrbHes s proféetion 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 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 wind
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energy intensity on photovoltaic cells would normally

lead to increased heating of the cells, which is
wanwesodasabl e for a nunber of reasons. One of tPEFAURE4/000699

that the 15 efficiency of energy conversion of

photovoltaic cells drops off as their tenperature

i ncreases. However, having the photovoltaic cells

Wiffﬁa'e%, WRICH redRiEY itrs’é%aeg@e%ﬁ&orfé@ﬁwsﬁéﬁ YBsSiBR. Mhse effects
alowi ng operation of the cells at 50 tinmes or nore

ofalsthincluteedisturpandesior thelrotany ltiagkingwnovemenis caused by wind
t erature increase on the cells. 20 Placing the

aSB St us underwater al so provi des sone protection
against ultraviolet |light, because wavel engths bel ow

2 290mastERar macamnent idatly eimplifiesdthe rebgiremehts R a tracking

passage through water (if over about 500mm path). This |
5  prioeebanism to keep the cansanteator anghcoliggteniocrsed onthe jncoming

OBy GPAROSE lBe ah enl 0loe
t heqaied t@brekie pegiss ahd stalsle potatiodal movdments. fTuatking on any

underwater, or partially underwater, to achieve five
neiafizepfal @xisea)l bemchievedsimply by, moving 8 masseiamalst from a

r e . . &
[ JtRER hilke VoRlcalyeRibridetficy iy thiiofionkide to similar tank

10 ofor} ﬂ'@z%%;zc;sétbbsé?é (rgl}amgmg the2:@3Wh _|amﬁ>e2@myd ah@@&%é c(ljosed syst?m).
PCT AU_ . orce C reduces. t he eqr ee
HEERDOARCN A JaRtisa) A, TireaUireq: it BS Sehisyer yarLgBal

O o B MRS Bt

simplifies the requirenents for a tracking 5 nmechani sm
3t ol kee placehrent of ttenenengyrcoandrienihdenwater alsagravidas effisient
i ncom ncq. radilﬁ\ti o? H n_t hat or|1|I ¥.chan es i,n relative il
arRIPvaCtivs: coaling of fhe,gRerayesPligrting 8%&?#&6'1 gauired gspecially
15  PrRRés thidkelisdaPisan sot atPYiells BPHsiRitciectdt a6kiérger8twhose
any horizontal axis can be achi eved sinply by noving

a neas,scald junction requinesicogling) i Bothythese eagrgy eeltacters/gonverters

ororarcpphAfeRe! BRI RsS0RE. PSP badBlhelh
| Ndaytithe aptbisntabeieratule, aetith s goaerallf tive tass dhedths cells are
if required, can be achieved with small propeller

drinveelarge bady of epen dader-t angential |y at the edges of
the concentrator.

20 4. The underwater situation provides structural components with support via
their buoyancy in water and reduces deflections caused 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
25 weather-related damage risk, including that from hail and wind at all times

with no active control or power required. Such a system is passively robust.
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3. The placenent of the energy converter underwater

al so provides efficient convective cooling of the
wep@ngyesedl | ecti ng devi ce when required, especP@i/Ay2002/800699

when this collector is a set of PV cells or :

t hernoel ectric converters (whose rear, cold junction

requi res cooling). Both these energy coIIectors

|
| I’{: l%%{é‘é‘%(/é& ﬂ?aé él‘l?eglﬁ éto‘l3 @hf(\)/\gs[ %ﬁﬁ@éﬁgl\zﬁ \ngf/ IPRiTH a?ggﬁ%e the costs of
tltaenpertaif mmaerlablto thels sije of nstallatioheanchihe hansltingroosts
ﬁ l.arge body of open water. 20 4. The
%ﬁﬁ%‘@%@é{‘whé’?sﬂﬁ I8 provi des structural conponents

with support via their buoyancy in water and reduces
ﬂﬁ’é Iehtion s wall'saredto Bppltationtinal hyd?@élé@ﬂﬁﬂélﬁn EdBusage

| ower mass, strength and cost rmé utilized reI ative
syeters gonsiating nttva damsratidifferenhalitudespyilea petarigenerator linked

G e FEA e BEMESEH Rl itbo g M il SBEF Blac

dehetratdrean Bapply epardyatd lifbwetam fl‘tdn ahe Pviertdar@go thé prer dam
no active control or power required. Such a syste

vhenssurlight isodaiieble theis stoung thsuenergy 7 he floating solar collectors

W#ﬁ%? gpcf%t Q)?ﬂfeggar{gltsdrﬁaﬁ%ﬁ%do%&? bE %?Far@%ﬁ tUSi'ﬁqv%f no contact with

thé bottbﬂﬂ@hhétda!mﬁ ushig abalve-viatet feﬁnersaﬁawlhg if needed to allow
instal lation and the handlln?] Qﬁ\ﬁe sQcj atgd Wit h
adeptatiando; WiHelyTyarking Waler 19ye1S- ol reyige 96‘?’6'%"&19{ ams and

y
BBl O Sl e R ThE Byl §8ermiofy S AiRates o
lagfeoiragdionasfahe usalditeoand setwup nobisrm‘ a snolar power plantveen
the two dans. The floating solar electric generators
can supply energy to lift water fromthe |ower damto
t he upper dam when sunlight is available thus storing
the energy. The floating solar collectors can cover
nost of the dam surface and can be arranged to have no
contact with 10 the bottom of the dam using
above-water tethers and wiring if needed to all ow
adaptation to widely varying water-|levels. The use of
exi sting dans and reservoirs for solar energy
collection, utilising the present invention,
elimnates a l|arge fraction of the usual site and
set-up costs of a solar power plant. -22
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WD 2004/ 106817 PCT/ AU2004/ 000699 Cdainms: 1. A

collector for the collection of solar radiation, which
w@oeiokaedsor i ncl udes: at | east one energy convRCEAURN04/000699

device for the conversion of electromagnetic energy

into another formof energy, and 5 at |east one

concentration device for the reception of :

CGlhimsr omagneti c energy and the concentration of the

el ectromagneti c energy onto the energy conversion

device, in which the energy conversion device is
Isubs*aReliegienfor thr Fallartionrafsglariradiaga, whichreoligaterimaludes:
concentr atj ICEe Ny [

duri ng.{ et atoiscshérdy Sonk G B8 for el PTG AE
body of | iakegtrbmagnetfc endiggdniorarmsther farmest érergy;airid 1,

in which t i uidissb?talatially transparent to

vi sible |i33 ?‘St%. e&%elng’@ 187 dgyice far therecspiPaom 1 or
claim2, i ' h&rdly S aSthwaod : ect or
as cl ai rredén? ér?mcrﬁgwn&ic %’?&gygaldr%st 9 [ nhﬁmré?wortﬁﬁggie% qui d

i s a 15 h@ednimagneticensigy dnte theenargydonversion deriog,

one of th receding clainms, ,in which the. conversio L
dovi Sk fleceetonany B eiee s Sustatially Fugiessedduring it
cl ai pRratiorRndIAE cBhcehRafitn delite % at Ba¥fpaftially fnmersed
energ conversi on device includes a chem cal reaction

chantséiringbe slaily operation oele, dratle miithin #he same body of liquid.
el ectromagnetic energy. 7. A collector as clainmed in

n | O Ny ' t.he ene .
2 o e Eoltetrdy Shirfed o Gairh Y, SR ARSI SR Bsystantialy
8. Atpshamsmtto gisilsledighed in any one of clains 5 to 7,
in which the energy conversion device is encased in a

hernetic seal. 25 9. A collector as clainmed in any one
ot gf“a??ﬂL?O?Oftaﬁ glaimed jihelapm Ther @aigr gyin Wblﬁ'héh@i“@w)é is water.

devi ce includes a conponent which: -23 WO 2004/ 106817
4PCT/ AR AUOA]imES wmﬁli%\grﬁ 1 SCISRND, fl \GRichAHBAGEHR IS a

energy Into heat; and
hydrocarbon.

5. A collector as claimed in any one of the preceding claims, in which the

conversion device includes a photovoltaic cell.

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.

7. A collector as claimed in any one of claims 1 to 4, in which the energy
conversion device includes a thermoelectric converter.

8. A collector as claimed in any one of claims 5 to 7, in which the energy

conversion device is encased in a hermetic seal.

9. A collector as claimed in any one of claims 1 to 4, in which the energy
conversion device includes a component which:
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Is enclosed by a vacuum chanber. 10. A collector as
clainmed in any one of the preceding clains, in which

W bad/1e@ntent rati on device i ncludes a mrror. BCWAU2084/000699

collector as clainmed in any one of clainms 1 to 9, in
whi ch the concentration device includes a lens. 12. A
collector as clained in any one of the preceding

cl ai wenverts Wviddhtidieicmagnstit énsrgplinty Hvand Rdich
water, in which sun tracking rotations are achi eved

by all$ BPEPPEHHYicvagim ehaMPEE buoyancy of | ateral
buoyancy tanks. 10 13. A collector as clainmed in claim
2 | I ;

102 ¢ PEEPIe IR omedh o) Bh8lor BeeHRRtin Bis, Hitich the
I nt erconpericatenh dévice mmludds ghdgbr.porti on by a passage.
14 A collector as claimed in either of clains 12 or 13

14t RbFolacionad Shived ;o phekige T o tcate

r evelcshbbmratsn dév6e HARIACE G punp positioned in
sai d passage to transfer liquid fromone tank to the

other to thereby tilt the collector in the desired
18 r eét edlectarmsaClainect it any age oéthepeeceding elaims, 4r which floats

2 seroBnebar ShoVe iR farer o RHIER skBrehif ralinsive Behieved
mountydilieratis initHe relbtive BabYAKE) oMéf&a%@oﬁgfc?ﬂSﬂ(s.

with the vertical axis of the system 16 ol | ect or
as clained in claim10 or 11 or claim12, in which the

1?5 c drediectartasoplatmesd theclaign flawhergineeach of thedataral rgytancy
! . : s _
bor SRR TBHfRal ahovs fite WA a8 are integgonnected at

one dleit highpsiepertiondycd passagd. ur t her i ncl udi ng neans
to inhibit the formati on of waves at the interface

etween .the body . of Jiguid-and.the air, 5 18 A
1801 1 Becolietfor 23 oinikn 11 SHhes oRR R d 2 £ wheceindas dateral
for babydhdy i ' ] '
subst an}’i alyl %ﬁiﬁgﬂ&%ﬁ?ﬁq%@?cﬁ? @F@?’WF%P%?PSW a fsssage,
A coMithca mversible positive displeicamant puotp positiond@in said passage
whi Ctgo %rgﬁsfg? ﬂal‘j’idffPorm one tank to the other to thereby tilt the collector in

the desired direction.

15 A collector as defined in claim 14, wherein the operation of the pump is
controlled by a servomechanism fed by right and left light sensors
mounted either side of a vertical vane and aligned with the vertical axis of
the system.

16 A collector as claimed in claim 10 or 11 or claim 12, in which the

concentration device is fabricated at least in part from plastics material.
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inhibiting the formati on of waves includes a floating
barrier or a floating 10 nenbrane. 20 A collector as

waledounad1i n any one of clains 17 to 19 i n whi chCT/AB2004/000699

means for inhibiting the fornmation of waves includes
a fixed barrier. 15 21 A collector as defined in any
one of clains 17 to 20, in which there a plurality of

19uch Aneallestdraas claimhéd ini agy bhe of therptdaeiraf clabneSurth@cicluding
22 A collector as

e
O ai Msahs fodnbBiHbS terealit s bvatiesat Beuniatace bameen the body

the offiqlitBHtHengh udes a conponent to suppress the
growt h of al gae. 23 A collector as clained in any one

of the preceding clains, substanti aI ly as described
draw A col | ect or

5
18, o A BT S8 i GBI A S uliel theimanns Tounbiniingsthe
t gsaﬂ’&maﬂﬁ)n‘ o Wé\iésais%ﬂsfbﬁtféﬁy HEPIPRAM SIS Pitfiation.

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  Acollector 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 to 20, in which there a
plurality of such means for inhibiting the formation of waves, each of which

is regularly spaced.

22 Acollector as claimed in any one of the preceding claims, in which the

liquid includes a component to suppress the growth of algae.

23 Acollector as claimed in any one of the preceding claims, substantially as
described with reference to the drawings.

24 A collector substantially as hereinbefore described with reference to and

as illustrated in the accompanying drawings.
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