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(57) Abstract: There is provided a floatation device for supporting at least one photovoltaic solar panel above a body of water.
Preferably, the floatation device includes a base that is able to tloat on or in the body of water, and at least one support to position
the at least one photovoltaic solar panel at an angle to the base. At least one coupling member is used to couple the floatation de-
vice to an adjacent floatation device. In various embodiments an array of floatation devices holding solar panels can be construct-
ed that can be rotated on the body of water to relatively easily track the motion of the sun across the sky during the day. The pitch
angle of solar panels can be fixed or varied. Optionally, the base includes at least one opening.
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FLOATATION DEVICE FOR SOLAR PANELS

Techical Field

[001] The present “invention generally relates to frames, mounts or supports  for

photovoltaic solar panels. More partlcularly, the present invention relates to a floatation
device that can be used as a frame, mount or support to enable a solar panel to be floated
on or above a body of water. . |

~ -

Background

{002] Photovoltaic solar panels are well known and convert electromagnctlc radratxon

from the sun mto electricity. This renewable energy source contmues to attract a high -

level of i mterest in both research and commercial ﬁelds

[003] In use, photovoltaic solar panels are often mounted"ori a supporting frame.

Conventional frames support solar panels above the ground and at an angle to an axis

parallel to the ground (i.c. pitch angle). This often means that an array of solar panels has

a fixed rotational orientation about an axis perpendicular to the ground (i.e. rotational
angle). For improved efficiency, it can be primarily desirable to lvary the rotational angle
to track the motion of the sun during the day. It can be secondarily dcs1rable to vary the

pitch angle to track the height of the sun above the horizon during the year However,

| relat:velybulky or complex mechanisms are required to allow a ground-based array of

solar panels to be rotated through variable rotational angles as a complete unit.  The

~ Applicant has identified that ground -based arrays of solar panels can have s1gmﬁcant

tracklng problems due to the requlred complexrty

'[004] The Applicant has identified a need for a new or .improved floatation device for

supporting a solar panel above a body of water. The Applicant has also identified a need

to reduce the evaporation rate from the surface of a body of water.

'[OOS] The reference in this specification to any prior publication (or information derived

- from the prior publication), or to arly matter which is known, is not,dand should not be -

taken as an acknowledgment or admission or any for_rn of suggestion that the prior

~ publication (or information derived from the prior publication) or known matter forms part
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of the common general knowledge in the field of endeavour to which this specxﬁcat:on R

relates ‘
Brief Summary
[006] In a general form there is provnded a ﬂoatatlon device for supportlng or mountmg

at least one photovoltalc solar panel above a body of water.

[007] The angle of inclination (i.e. piteh angle) of the solar panel relative to the surface of

~ the body of water can be fixed or variable in different embodiments. In one embodiment,
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the angle of inclination of the solar panel relative to the floatation device is variable. In
another embodiment, the angle of 1ncllnat10n of the floatation device ltself is variable

relatxve to the surface the. body of water.

[008] - In a particular example form there is provided a floatation device for supporting at
least one photovaltaic solar panel above a body of water, comprising: a base, integrally

formed as a section including at least one opening, able to float on the body of water; at

.le'ast one support to-position the at least one photovo]taic solar'panel at an angle to the

base, and, at least one couphng member to couple the floatation dev1ce to an adjacent

‘floatation device.

[009](Vln another particular example form there is provided a ﬂoatationvde‘vice for

supporting at least one phoiov’oltaie solar panel above a body of water, comprising: a base

A . P ) . ' . .
able to float on the body of water; at least one support to position the at least one

photovoltaic "solavr panel at an angle to the base; and, a coupling member, formed as a

recess within the base, used to couple the floatation device to an adjacent floatation device.

[010] Ina partlcular embodlment the base includes a hollow body or shell, and/or the

- hollow body or shell is filled with a buoyant material. In another particular embodlment

- the base includes at least one opening. In a further particular embodiment the_at least one

vsolar panel is positioned above and away from the at least one opening.b In a further

particular embodiment the base includes a first opening and a second opening. |
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[011] In a particular embodiment the at least one support is a protrusion extending from a _
surface of the base and having a support surface that is positioned at an angle in relation to
the surface of the base. In a further particular embodiment the-at least one solar panel is
fixed to the support surface. In a further particular embodiment the at least one support is
a rigid and the angle is fixed. In a further partlcular embodiment the at least one support

allows the support surface to be rotated to change the angle

[012] - According to another example forrn there are two supports space_d' apart for
supporting a photovoltaic solar panel. According to yet another example form there are
three. supports being a ﬁrst end support positioned near an edge of the base, a second end .
support positioned near an opposite edge of the hase, and ‘2 middle support positioned

between the first opening and the second opening.

[013] Ina partrcular embodiment the device rncludes a ballast tank or container operable -
to adjust a base angle ofa surface of the base relative to the surface of the body of water.
In this form, air and/or quurd can be 1nput/released from the ballast tank or container to' ,

adjust the base angle (i.e. the angle of inclination of the floatation device.itself is variable -

- . relative to the surface the body of water) and hence the pitch angle of the at least one solar

: ‘2.0

25

30

- panel.

[014] According to other various optronal embodiments: the at least one couplmg

~member is a recess provrded in the base; the at least one couphng member is a pro;ectlon'

provrded as part of the base, the at least one. couphng member is a linkage member

received by recesses in adjacent bases; the recess is able to couple with a projection of the -

adjacent floatation device and/or the linkage member to form a joint; and/or the projection

is able to couple with a recess of the adjacent floatation device to form a joint,

[015] Accordmg to still other various optlona] embodrments the at least one coupling
member is a mortice provided in the base; the at least one couplrng member is a tenon
provided as part of the base; the at least one coupling member is a dog bone member;

and/or there is provrded a plurallty of coupling members including a first mortlce a second.. '

- mortice, a ﬁrst tenon and a second tenon,
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[016] In another optional form a first solar panel and an adjacent second solar panel are‘
supported by the at least one support In yet another optional form an array of ﬂoatatlon_

devices is formed by coupling a plurality of floatation devices together.

[017] According to another optional form the base includes at least one anchor point to .

~ attach a cable. In yet another optional form applying a force to the cable causes rotation of

the floatation device on the body of water.

§ [018] In other optional forms, a tank is operable to adjust a pitch angle relative ’to the

base; air is input/released from the tank to adjust the pitch angle; the tank is able to move

wrthln and extend through at least one opening in the base; and/or the tank is connected to

' or forms part of a.frame that supports the at least one solar panel

'[019] According to another optional form, one or more struts are provided to set a pitch

angle, and the one or more struts. may be collapsible, According to yet'another optional

form a horizontal pivot axis is located within an opening of the base.

[020] According to another opt10na1 form, a heat sink is posmoned at the back of the at

least one solar panel In another example, the heat sink includes a base section and

| plurahty of ﬁns produced from metal sheet by a rollmg and then pressmg process.

[021-]‘ In another exarnple embodiment, there is provided a system' for electrical power
generation, including: an array of solar panels- supported by a p'lural'ity “of floatation

devices; a hydrogen generator to receive electrical power from the array of solar panels

' and use water, from the body of water, to produce hydrogen, and an electrical generator to

receive the hydrogen and to produce electrical power. In one cxample, the hydrogen can

' be stored in one or more tanks for on demand use by the electrical generator o

Brief Description Of Figures

[022] Example embodlments should become apparent from the following descnptron,

_whlch is given by way of example only, of at least one preferred but non-limiting

embodlment, described in connection with the accompanying figures. .
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[025]

[026]

[0'27]'

[028] -

[029]

-5-

Figure 1 illustratesa perspective view of an er{emple floatation device.

Figu_re 2 illusrrates a. front view of the example floatation device. ‘

Figure 3 il.lustr_'artes a rob view of theexamp-le.ﬂoatation .device.

Figure 4 'iliustrates a ri.ght side view of the example ﬂoatatiorl device.

Figure 5 illustrates a bottom \riew of .the exampleﬂoatarion device.

Fivgure 6 illustrates a ;rerspective view of an example array of ﬂpatation,deVices.- '

Figure 7 illustrates a perspective view of an example array of floatation devices

with attached solar panels.

: [O30] .

[031]

[032]

033]

[034]

- [035]

[036]

panels and an example rotation system

[037]

devices having an altemate connection mechanism.

Figure 8 illustrates a front view of the array ill’ustrated‘ in Figure 7..
Figure 9 illustrates a rear view of the array illustrated in Figure 7.
Figure 10 illustrates a top view of theérray illustrated in F igure 7.

Figure 11 illustrates a left side view of the array illustrated in-Figure 7.

Figure 12 illustrates a right side view of the array illustrated in Figure 7.

Figure 13 illustrates a Bottom\ view of the array illustrated in Figure 7.

Figure 14 1llustrates a top view of an array of ﬂoatatron devices. w1th attached solar

Figure 15 illustrates a perspectlve view of another example array of ﬂoatatron
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[038] Figure 16 illustrates a sidé view of the array illustrai_ed in Figure 15,

[039] Figure 17 illustrates a top view _of the array illustrated in’Figﬁre 15.

. [040] Figure 18 illustrates a bottom view of the array .illustmted in Figure 15.

- [041] Figure 19 illustrates a perspective view of another example array of floatation

devices having below surface tanks and attached solar panels, the array being in a first

pitch position.

, [042] Figure 20 illﬁstratcs a s'ide’vie_w of the array illustrated in Figure 19.

[043] Figure'21 illustratés a top view of the array illustrated in Figure 9.

[044] Figuré 22 illustrates a bottom view of the array illustrated in Figuré 19.

[045] Flgure 23 1llustrates a side view of the array 1llust\rated in Flgure 19 when thc array

~isina second pitch posmon

[046] Figure 24A .illustrates a 'pe‘fspectivc view of another ¢xampie arréy, of floatation »

| devices having above surface tanks and attached solar panels, the array being in a first

pitch position.

[04:7] 'Figure 24B illustrates a pérspective view of the examplg afray of floatation devices |

of Figuré 24A with the solar panels removed to more clearly illustrate the above surface

. tanks.

30

[048] Figure 25A illustrates a front view of the array illustrated in Figﬁre 24.
[049] Figure 25B illustrates a rear view of the array iI_luStréfed in Figure 24.

[050] Figure 26 illustrates a side view of the érray illustrated in Figufe 24,
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[051] Figure 27 illustrates a bottom view of the array illustrated in F igure 24.

[052] Figure 28 illustrates a perspectlve view - of the array illustrated in Flgure 24 when
the array is in a second pltch position.

1053} Figure 29 illustrates a front view of the array illustrated in Figure 28 in the second
~ pitch position. S '

'_ [054] Figure 30 illustrates a side view of vthc array illustrated invFigure- 28 in the aecond

pitch position.’

[05”5] .,Figure 31 illustrates a perspective view of another example floatation device with

- -attached solar panels, the solar panels being in a first pitch position.

15

[056] “Figure 32 illustrates the floatatlon device of Flgure 31 in a second (fully upward or
'mclmed) pltCh position. ' ' '

[057] Flgure 33 illustrates the floatatlon device of Flgurc 31 in a third (fully downward or

. flat) pltch posmon

20

[058] Figure 34 lllustrates a perspectlvc view of another example floatation devxce w1th a

attached solar panels the solar ‘panels belng in a first pitch position.

- [059] Figure 35 illustrates ihe floatation device of Figure 34 in a secohd pitch position. ‘
2 _ . _ _ : T

[060] Figure 36 illustrates a perspective view of another example ﬂoatat.iovn device witha

fixed pitch position of attached solar panels.

_ | ‘[061] Figure 37 illustrates a schematic of an example process for producing a heat sink.
[062] Figure 38 illustrates an example system for power genération..
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Preferred Embodiments v
[063] The following. modes, gi\}en' by way of example only, are described in order to
provide a more premse understandmg of the subject matter of a preferred embodiment or

embodlments

[064] In the ﬁgures, incorporated to illustrate features of an example embodiment, like

- reference numerals are used to identify like parts throughout the figures.

[065] Referring to'Fig. 1 there is illustrated a floatation device 10 for supporting at least
one photovoltaic solar panel (not illustrated) above a body of water. Floatation device'10

includes a base 12 able to float on the body of water. The base may be partially or f_ully

“submerged so long as supported photovoltaic solar panels are above the surface of the

~ body of water. Also provided is at least one support 14 used to position at least one

- 15

20

25

30

photovoltaic solar panel at an angle (i.c. pitch angle) to base 12. At least one support 14 is

used to hold or mount at least one photovoltaic solar panel at a desired pitch angle relative
to the base, where the 'an_gle can be either fixed or variable depending on the type of
support 14 used. At least one coupling member 16, 18, 20, 22 is provided to couple

floatation device 10 to an adjacent floatation device (see Fig. 6).
[066] Preferably, though not necessanly, base 12 includes at least one opening 24, 26
passing through- base 12. A solar panel when positioned- on support 14, is hence

positioned above and away from the at least one opening 24, 26.

'[067] Support 14 can be provided with a support surface 28. The support surface 28 can

be integrated with support 14 or provided as‘an attached separate cornponent Support
 surface 28 is a surface that contacts a mounting back-plate or bracket of a photovoltalc

~ solar panel, whlch can be any number of commercnally available solar panels. Support

surface 28 can be provided with, for example, holes or other attachment mechanisms to v

~allow one or more solar panels to be positioned and held.

{068) Reference is also made to Figs. 2 to 5 which illustrate different views of ﬂoatation

device. 10. Preferably, though not necessarily, base 12 includes first opening 24 and

second op_ening 26. The presence of an opening is optional, and furthermore the number



WO 2011/094803 PCT/AU2011/000098

10

15

20

25

30

.9.

~and geomerry of openings is also optionally variable. For example, 1,2, 3, 4, etc. openings

could be provided in various geometries (e.g. rectangular, square, circular, etc.) and/or
positions about_ base 12. Openings 24, 26 assist to dissipate wave energy on the surface of

the body of water. Openings 24, 26 can also assist to retain cooler air and cool an adjacent

, solar panel, which provides efficiency gains in silicon based solar panels.

[069] The at least one support 14 is préferab!y a protrusion, extension, arm, strut or the

like, extending from the base 12 and having a support surface 28 that is made to mount a -

solar panel at an angle in relation to the surface of the base 12. A wide variefy of shapes or
configurations of support can be used. The support need not be solid as illustrated but

could be a framework struts ‘and/or brackets, to support a. solar panel A solar panel is

. fixed to. the support surface 28, for example by using one or more threaded screws to hold

a bracket of the solar panel to the support.

[070] Inan example form, as illustréted, there aré three supports provided, being a first :
end support 14a positioned'near'an'edge of base 12, a second end support 14b positioned
near an opposite edge of base 12, and a middle support 14c positioned between first

opening 24 and second opening 26. First end support 14a can be provided with assoc1ated ‘

.support surface 28a, second ‘end support 14b can be provided with assocrated support

surface 28b, and middle support 14c can be provided with associated support surface 28c.

[071] Supports 14a, 14b and 14c are illustrated as rigid components and thus the pitch
angle of the support surfaces 14a, 14b and l4c, that hold solar panels, is fixed. In an

~ alternate embodiment, supports can be provided that allow the suppon surface to be angled

or rotated to chahge the pitch angle of the support surface relative to base 12. For
example, an end of a support may be pivoted at, near, or within the opening of, base 12, or

at or near tho support surface; with the other end of the support free to move ina generally

' 'upw;lr-d or downward motion, thereby. vuryi’ng the pitch angle of the support surface -

“relative to base 12. A variety of locking mechanisms can be provided to fix the pitch angle

of the support surface relative to base 12 when a desired pitch angle"is obtained. A wide
variety of arrangements of providing a variable pitch angle using a support can be

implémented. This includes mechanical arrangements; hydraulic arrangements, and/or
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electro-mechanlcal arrangements where an electromcally controlled mechamsm can

~ provide for automated changes in pitch angle.

(072} In another embodiment, it might be considered that two pitch angles are sufficient,

for example corresponding to summer and winter  positions, or spring and autumn

‘positions, of the sun. Fixed supports may be used providing a first pitch angle and a

second different pitch angle could be obtained by attachlng or inserting an appropnately
shaped/angled block or wedge to support surface 28. This could be used to provrde anew

~ support surface at a different pitch angle.
10 ‘ ' |

[073] In yet another embodiment the angle of a surface of base 12 itself relative to .the :
surface of the body of water (i.c. base angle) can be varied oy increasing or decreasing the
height of one end of floatation device 10 with respect to the surface of the body of water.
A change in base angle will provide a corresponding change in pitch' angle, For example, a
ballast tank or container can be positioned within, 'near, above and/or underneath one or
both ends of base 12 that is operable to adjust the base angle. For.example, air or liquid .
(for example water) can.be input or‘released from the bballast tank or container to affect the

buoyancy of an end of base 12 to thereby adjust the base angle, resulting in a

* corresponding change in pitch angle of a solar panel supported by support surface 28..

[074] In one example embodiment, the ballast tank or container could be a "weight" tank.

The weight tank can be positioned either forward or aft of the solar panels. Preferdbly,

- though not necessarily, the weight tank is an above surface, or at leasr partially above

surface, tank which could be filled, and emptied, using liquid (preferably water). By .
adjusting the quantity of liquid the pitch of the floatation device can be adjusted. '

[075] In another example embodiment, the ballast tank or container could be an "under

. surface" tank with a downward facing opening (i.e. utilising an upside down bucket -

principle). In the neutral position the under surface tank would be full of water. By

‘pumping air (typrcally low pressure, hlgh volume air) mto the top reglon of the tank, the

contained water can be forced out through the downward facing opening (i.e. bottom

' openmg), thus provndmg additional floatation and adjustment of the pxtch of the ﬂoatatlon o

device.
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-[076] The at least one coupling member used to couple floatation devicé 10 to an

adjacent floatation device 50 or 60 (see Fig. 6) can be a wide variety of mechanical
coupling arrangements. Any suitable mechanical coupling that reliably holds floatation

device 10 in position relative to adjacent floatation devices 50 or 60 can be used. This

- could include a variety of interlocking projection and recess arrangements, 'thet could be
~ provided, for example, in a clip-together or sliding locking arrangement. A wide variety of

'different types of connecting arms, linkage rnembers,bracket's, links, rods, ties, cables, etc.

could be utilised as coupling members. Spring-based, or resilient coupling members that

allow some relative movement of ﬂoatation devices also could be used. For clarity, the

_ couplrng between floatation devices can be a direct Jom or coupling of members or can be

a flexible, moveable or sprung coupling arrangement As would be appreciated a large
variety of mechanical couplmgs or joints could be readrly applled to couple floatation

devrces

least one recess 16, 18 within base 12, that is extending into the extent of base 12. A

further at least one coupling member is provrded as a projection 20, 22 as part of base 12.

- Recess 16, 18 is able to couple or join with a corresponding projection of an adjacent

floatation device 50, 60 to form a joint. .Projection 20, 22 is able to couple with a ’

correspondrng recess of adjacent ﬂoatatlon device 50, 60.to likewise form a joint.

Preferably, a coupling member is a recess, such as a mortice. Also preferably, a couphng ‘

member is a prOJectlon such as a tenon.

[078] Oprienally, recess 16 can be covered by additi'o'nal.material providing hump 30 so

that sufficient material is provided about recess 16 to provide suitable or improved
integrity or rigidity in the vicinity of recess 16. Recess 18 is in the vicinity of support 14

thus avoiding any reciuirement for similar additional material to be placed above recess 18.

[079) -Refem'ng to Fig. 6-there is illustrated an array 40 of floatation devices formed by .

r ceupling. or joining a plurality or floatation devices together. For example, floatation

device 10 is coupled or joine’d to adjacent floatation devices 50 and 60. In this manner an '

array of any desired geometry can be constructed using floatation device 10 as a base unit.”
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[080] The floatation device 10, and parts thereof, can be integrally formed or can be '

ass_embled as components. Preferably, base 12 is integrally formed as a section, that is

| buoyant including at least one opening. Preferably; floatation device 10 is made of -

plastic.  Floatation device 10 can be formed as a hollow body or shell to. improve

buoyancy, however ﬂoatatlon device 10 could be a solid body. Also, a hollow body or
shell can be filled with a buoyant material to increase overall buoyancy of floatation device
10, such .asb an-expanded polymer, for example 'expanded polysiyrene (EPS) or expanded
polyurethane (EPU).  Preferably, floatation d'evice 10 can be manufactured from a low to -
medium density polyethylene However it should be appreeiated that a wide variety of |

other materials or composites, including synthetrc or semi-synthetic materlals, can be used

to produce ﬂoatatlon device 10.

[081] A wide variety of dimensions of floatation device 10 can be manufactured,
typically depending on an associated size of solar'pan'el»tlhat floatation device 10 is to be
used with. In a non-lirmtmg embodiment _provided by way of illustrative example, the

dimensions of the base may be 2100mm X 2050mm x 200mm. The top front corner of

- support 14 may extend 250mm above the surface of base 12 and support surface 28 of -

support 14 may be sét at a pitch angle of 20° relative to the top surface of base 12.

‘ [082] Referrmg to Flgs 7-13 there 1s 1llustrated array 40 of floatation devices with
| photovoltaic solar panels attached. Floatation device 10 has first solar panel 70 and second

_solar panel _72 attached. First solar panel 70 is attached to and supported by supports 14a,

14¢ and second solar panel 72 is attached to and supported by supports 14b, 14c. Passages |

or walkways are provided between joined floatation devices to enable access for cleaning

* or maintenance. - 2

[083] Referring to Fig. 14 there is illustrated a. further optional embodiment showing
array 40 of floatation devices with each floatation device provided with at least one anchor

point 80. ‘Anchor points 80 could be, for example, a protrusion, projection, ring, etc. to

- which'a cable, wire, rope, line, etc. can be attached. Altemanvely, anchor pomts 80 could

‘bea form of recess. Cable 82 is attached to an anchor point 80 and can thus be used to

rotate array 40 on the surface of a body of water, By pulling or otherwise applymg a force
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to cable 82 this provides a simple means to rotate array 40 about a normal direction to the

surface of the body of water. To assist in reproducible or stable rotation, an opposmg

_ “corner could be if possible, fixed, for example by being fixed to the ground beneath the

body of water or by being fixed using cables to points at the edge of the body of water.

- [084] A variety of mechanisms to achieve rotation of array 40 can be utilised, including

_mechanical arrangements, = hydraulic  arrangements, and/or electro-méchanical

arrangements. where an electronically controlled mechanism can provide for automated

changes in rotation angle.

[085] In an example embodiment for rotating'arra'y 40, cable 82 may be wound about,. or

: otherwise attached to or associated with, a rotatable shaft 86. Likewise, cable 84 may be

wound about, or otherwise attached to or assocrated with, rotatable shaft 88. By rotating

~ shafts 86, 88, independently or in comblnatlon, a force is apphed to cables 82, 84 resultmg

in rotation of array 4_0 of floatation devices. Rotatable shafts 86, 88 could be srmply

rotated mechanically, for example by a human- operator, or by using an glectronic ‘control

unit. If an electronic control unit is used hydraulics could assist or be used to rotate shafts

86, 88 as required. For example a srmple t1m1ng device could be used in the electromc

) control unit to rotate shafts 86, 88 at a detenmned rate to approxrmately match rotation of

array 40 to track the movement of the sun across the sky. Alternatrvely, a more complex
electronic control unit could mclude a photo-sensor(s) to track the movement of the sun
across the sky during the day and produce an output signal to control rotatlon of shafts 86,
88 to correspondmgly align the rotation angle of array 40 to gam optimal exposure to solar

radiation as the sun moves across the sky.

[086] The followmg examples provide further discussion of vanous embodxments The
examples are intended to be merely 111ustrat1ve and not limiting. to the scope of the present

invention.

_[087] Referring to Fi 1gs 15t0 18 there is rllustrated an alternate couplmg member used to

couple floatation device 100 to an adjacent floatation device 102. The illustrated alternate

coupling members are- a type of. removable linkage member, for example dog bone

" members 104 that can be positioned in recesses 106. Dog bone members 104 are
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p‘referably flexible (e.g. made of rubber) and are reinovably positioned and held m recesses
106 so as to join adjacent floatation devices. Dog bone members 104 and recesses 106 can

be provided on both upper and/or lower surfaces of a base section.of a floatation device.

ThlS allows relative movement of adjacent ﬂoatatien devices to accommodate for wave

action.

[088] Referring to -Figs 19 to 23 there is illustrated an alternate mechanism for eontrolli’ng

~ the base angle and thus the pitch angle of the solar panels. Floatation device 110 has an

attached "below surface" tank 112. By pumping air into a top region of tank 112, for
example via an orifice, hole, valve, etc., this causes water to bbe pushed out of a lower
oriﬁce'114, thus creating buoyancy.- This results in floatation device 110 pitching forward R
from a ﬁrs_tv pitch position (e.g.. Summer (midday) p_ositi.on shown in Figs. 19 to 22) to a’

second pitch position (e.g. Winter (morning / afternoon) position shown in Fig. 23).

,[089] In the alternate embodiment shown in Figs. 19 to 23, there is also shown another

alternate connection mechanism to join adjacent floatation devices. Plate 116 holds

together an adjacent pair of floatation devices, i.e. floatation device 110 and floatation

~ device 118. Plate 120 holds together floatation dev1ce 122 and floatation device 124,

Plate 116 has an attached arm or plpe arrangement 126 that passes through a hole or orifice
m plate 120, thus flexibly holding ﬂoatatlon devices 110, 118 in position relatlve to
ﬂoatatxon devwes 122, 124. This arrangement allows for a change in base angle (and thus
pitch angle) whilst still holdmg floatation devices in an adjacent position. In a particular -

example; stainless steel plate and pipe can be used. -

[090] Referring to Figs 24 to 30 there is illustrated another alternate mechanism for
controlling the pitch angle of the solar panels. Floatation device 130 includes an "above

surface" tank 131, or other form of container or weighting mechanism that can be either-

 internial or external. In another example, it is possible to use the above surface tank 131 in

30

‘co'njunction with the below surface tank 112. Filling the above surface tank 131 with

water causes the floatation: dev1ce 130 to pitch backward from a first pitch position (e g

Winter (mommg / afternoon) posmon shown in Figs. 28 to 30)to a second pltch position -

(e.g Summer (midday) position shown in Figs. 24 to 27). As the water is emptled, or
weight otherwise removed, the floatation-device 130 returns to the first pitch position (e._g;_'
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Wmter (mormng / afternoon) posmon) Tanks of adjacent floatation devices are preferably
connected in parallel, thus enablmg the pitch angle of all connected ﬂoatatlon devices to be
adjusted sxm,ultaneously, and can.be formed as an internal part or cav1ty of a ﬂoatatlon.
device. Floatation device 140, provided with above surface tank 141, includes pbrt 144 for
filling and/or emptying of water at or near the base of tank 141. Hole 146 is pfovided as a

breather or venting hole.

[091] Floatationv device 130 includes a recess or groo've 132, that may.be arcuate as
illustrated, in support structure 134. Finger or other protrusion 136 is adapted to slidingly

engage with an associated arcuate recess or groove of another floatation device. Floatation

device 140 provided with above surface tank 141, incllides a corresponding finger 142 that

shdmgly engages with arcuate recess or groove 132. This arrangement holds floatation

'devxces 130, 140 in position whllst allowing a change in base angle of floatation devices

130 140. Preferably, a pair of support structures, arcuate recesses and fingers are prowded

" as part of a floatation devxce, as illustrated. -

[092] Ina non-lirniting example, liquid or air can also be allowed enter 6r exit an interior
hollow region of the base, if prov1ded which is connected, i.e. can exchange llqulds/alr '

with an interior reglon of the ballast tank or container.

- [093] Referri'ng to Figs. 31 to 33, there is illustrated another alternate mechanism for

: controllmg the pltch angle of .one or more solar panels. Floatation device 150 'i'ncludes

tank 152 or other type of container, Flllmg the tank 152 with water or air (or otherw1se

o removmg water or air) causes tank 152, and thus also attached support frame 154, to raise

25

30

or lower, thereby altering the pitch angle of attached solar panel(s) 156 Telative to base

160. A vanety of shapes or configurations of tank 152, and frame 154, are possible. Also,

it is possible to use tank 152 (controllmg pitch angle) together with either or both of tanks
- 112, 131 (controllmg base angle)

[094] In one example for attachment to adjacent devices, floatation device 150 can
include one or more mortices 156, and one or more tenons or projections 158 for
interconnecting adjacent floatation devices. Mortices and tenons, or other connection

mechanisms, can be provided at a variety of locations about the sides of base 160 of |
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floatation device 150, for example as hereinbefore described. - Optionally, base 160 can
provide one or more recesses into which a further joining or locking member can be
inserted to assist in holding together adjacent floatation devices as an array of floatation

devices.

[095] Thus, there is provided a floatation device that. offers a variable t)itch angle for one

~or more solar panels attached to and supported by the floatation device. Fig. 31 illustrates |

ﬂoatatlon dev1ce 150 in an intermediate pitch angle or position.  Tank 152 1s part of or
attached to fram.e 154, that is able to pivot about a lower end, for supporting one or more
solar panels. In one form, frame 154 may be part of the solar panels themselves, that is
attached to a top surface of tank 152. The solar panels themselves could be, in some
forms, considered as a structural element that pivots about a lower horizontal axis, which |

may be within the opening of base 160. Tank 152 is movable within and eXtends through

the' opening of base 160. A pivoting action of solar panels can be prov1ded usmg a vanety

of mechamsms such as bolts, rods, hinges or the like.

- [096] Air can be pumped into tank 152, for example high volume, low. pressure air, usin_é
" hole 164, which can. act as an air inlet/outlet. When air is forced into tank 152 this forces

‘water to escape via a hole- (not illustrated) in the base of tank 152, thereby causing

increased. buoyancy of tank 152. Changes in buoyancy of tank 152 can be utilised to vary

the pltch angle of the one or more solar panels attached in ﬁxed relation to tank: 152 :

Slots/protrusxons can be provided as part of an exterior surface of tank 152 and/or on a '

surface of opening of base 160 that act as guxdes for tank 152 dunng movement of tank

o 152 within the opening,

25

30

[097] Surface slots or channels 162 near a top surface of base 160 can be used to
accommodate one or more electrical cables, that mterconnect between solar panels on
adjacent floatation devices, when one or more solar panels are in a fully downward (i.e. ‘

flat or horizontal) position. | Photovoltaic solar panels could be assembled prior to

' transpbrtat-ion,_'and floatation devices could be assembled on-site. Although a variety of

- different transport/assembly scenarios are possible.
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: [098] Referring to Fig. 32, floatation device 150 is illustrated with one or more solar

| panels 156 in a second pitch position_v,.being in a fully upright or inclined position. The

extent to which tank 152 can traverse in an upward direction can be mechanically and/or

electronic control feedback limited, for exatnple so that at a fully upright position.there )

~ remains a significant amount of water in a bottom reéion of tank 152. This remaining

yOlume of water can assist in preventing wind from blowing over floatation device 150. -

\

{099] Refemng to Fig. 33 ﬂoatatlon device 150 is illustrated in a  third pitch posmon

being a fully downward or ﬂat position. By removmg air via hole 164 of tank 152, ora

bprOJectlon extending from tank 152, or otherwise forcing ‘water into tank 152, the

buoyancy of tank 152 decreases and the pltch angle of one or more solar panels 156 lowers = - |

towards a horlzontal position as 1llustrated

v [0100] Refemng to Fig. 34 there is 1llustrated another alternate mechamsm for controllmg

or setting the pltch angle of one or more solar panels. Floatatlon device 170 provndes fixed

angles for different pitch angles of one or more solar panels 172. Floatation device 170

_provides a thinner device that can signiﬁt:antly r'educe‘t.ransportation costs. One or more

solar panels could be attached with all hardware prior to transportation, and yet assembled |

- floatation devices still could be stacked for transportation. -

[0101] Struts 174 are provided to position oné ot' more solar panels 172 at a first pitch
“position, . Referring to Fig. 35, struts can be removed, repositioned or collapsed so as to

allow one or more solar panels 172 to be moved to a second pitch position, being

substantially flat or horizontal. Struts 174 could be fixed or removable, or provided as "
different fixed lengths dependmg on a desired inclined pitch angle Altematlvely, fixed
length struts could be prov1ded that - are releasably attached to.or “slotted in variable
locations at one end, such as within the opening of the base, so that different fixed pitch
angles are achieved. Still furthermore, struts 174 could be telescopicvor' extendable and
able to be 'éxpand_éd/rétracted so as to provide variable ‘pit(‘:h angles. Slots 178, or
channels, can be’ provided to allow elect'ric_a'l‘ cables to interconnect between solar panels

on adjacent floatation devices.
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[0102] Referring to Fig 36, there is illustrated another alternate form of floatation device

180, again providing a simplified and relatlvely thin device that can assist in transportation

“and/or reducmg manufactunng costs. In this example embodiment, no attachment

hardware is provided at a moulding production stage for reduced cost and simplicity of

~ production.- Various brackets 182, struts 184 and straps 186 can be provided, in a variety

- of configurations, to support one or more solar panels 188 at a fixed pitch angle, In one

form, brackets 182, struts 184 and straps 186 could be made of aluminium, although a

variety of other materials could be utilised.
p

[0103] In the various floatation devices illustrated or discussed, integral joining elements

- can be utilised. Preferably, though not necessarily, arelatively large aperture or opening in’

a base sectlon is provided to allow advantageous coohng of one or more solar panels by

being placed above a body of shaded water.

[0104] Preferably, though not necessanly, an, expanded polymer, for exarnple expanded

: polystyrene (EPS) or expanded polyurethane (EPU), is used inside the base section, whrch '

in this example is initially hollow or provided as a skin, and/or other hollow sections of .
various floatation devices, but preferably not inside a tank which should remain hollow for '
the ingress/egress of air or water. The inclusion of an expanded‘ polymer could allow a

thmner base of ﬂoatatlon device, and/or a thinner outer skin of the floatation devrce to be

used and then filled with expanded polymer to provide a more buoyant ﬂoatatron device.

[0105] Thus, there has been provided a floatation device . for supportingat least one

| photovoltaic‘ solar panel above a body of water. Inrportantly, this allows relatively easy |

25

rotation/orientation of solar panels to track the movement of the sun across the sky during

‘the day.

[0106] Also advantageously, the floatation devices and solar panels have a cooling effect '
on ‘the water by shleldmg the water from solar radratron It is beheved that pockets of
cooler air are held under the solar panels whlch beneficially cools the solar panels as the

efficiency of the photovoltalc effect in silicon improves at cooler ambient temperatures.
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[0107] Moreover, by reducing the level of solar radiation incident on the body of water a

‘reduced evaporation rate of water results Importantly, this assists to preserve the volume
of water by reducmg evaporatron rates from the water surface. This can be especially
'unportant in hot climates where adequate water supply can present a ‘problem and

- evaporation from bodles of water, for example dams is sought to be rn1n1m1sed

T0108] According to another aspect a heat sink can be provided. In an »optional form, a

heat sink can be provided as part of, or attached to, a floatation device or a solar panel. It

is believed that the addition of a heat sink, preferably to a rear face of a solar panel,

‘enhances heat dissipation from the solar panel. For example, heat dissipation is enhanced

-to cooler air above the water shaded by a floatation device and solar Ipanel. ,

3

/[0109] In one example, a heat sink could be produced from folded aluminium forl using a
rollmg and pressmg process. Referring to Fig. 37, there is illustrated an example process
t‘or formmg a'heat sink. A thm metal 200, such as aluminium foil (e.g. 0.1 mm thickness),

is passed through rollers 210 to produce a sheet with a corrugated surface. . The so-

_ produced corrugated sheet can then be placed adjacent one or more other sheets with cut-

“out sections. This layered structure can then be pressed, for example using a pneumatic

press, to form layered sheet structure 220, which can be further pressed to form heat sink

' 230 which includes a base section and a plura]lty of fins. Heat sink 230 can be attached to

a rear surface of a solar panel to enhance heat dissipation. A vanety of methods or

. processes can be used to produce a variety of configurations of a heat sink.

[0110] Accordmg to another aspect a novel method and system for power generatxon is

prov1ded Referring to Flg 38, there is illustrated a system 300 for power generation. An

' array of solar panels 310 floating on body of water 320 and supported by a plurallty of

ﬂoatatlon devices, is used to generate electrical power 330, such as DC power, using solar

radratlon' 340, as hereinbefore described. The DC power 330 is then used to run a

' hydrogen generator 350, which can produce Hydrogen 360, typlcally in gaseous form,

from water 320 using a variety of known water-sphttmg techniques. This is advantageous

- . as the array of solar panels 310 is already supported above a body of water provrdlng a.

ready source of water 320 for generation of Hydrogen The Hydrogen gas 360 can be

~ stored in one or more tanks 370 for on-demand use by an electrlcal generator 380 that runs
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on Hydrogen 360 resultmg i electrical power (electricity) 390 being generated on an as

requlred basis.
[0111] This system can be mcorporated into the power grid to supplement current power
sources on an as needed basis, or the system could be provided as a stand alone facrhty,

such as for use on prlvate land or for an isolated area, town, industry, etc.

[01‘12] Optional embodiments of the present invention may also be said to broadly consist

in the parts, clements and features' referred to .or indicated: herein, - .individually or

collectwely, in any or all combmatxons of two or more of the parts, elements or features,

and wherein specrﬁc mtegers arementioned herem which have known equlvalents in the

art to whlch the invention relates, such known equtvalents are deemed to be mcorporated

herem as if mdlvrdually set forth

[61'13] Although a 'preferred embodiment has.been described in detail, it should be

' understood that many modifications, changes,isubstitut-ions or alterations will be apparent

to those skilled in the art without departing from the scope of the_present invention,
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~The claims:

1. A floatation device for supportmg at least one photovoltalc solar panel above a

~ body of water, comprising:

a base, integrally formed as a section mcludmg at least one opemng, able to float on :
the body of water;

at least one support to position the at least one photovoltalc solar panel at an angle
to the base; and, _ _ _

at least one coupling me_mber to cbuple the_ floatation device to an adjacent

floatation device.

2. The floatation device of claim 1, wherein the base includes a hollow body or shell.
3.. The ﬂbatativon device of claim 2, wherein the hollow body or shell is filled with a
buoyant material. . -

4, "The ﬂoatatibn déi}ice of any'oné of clai_ni's 1to 3; bwherci.n the at least one solar

panel is able to be positioned above and away from the at least one opening.

~ opening and a second opening.

25

30

6. A floatation dev1ce for supportlng at least one photovoltalc solar panel above a

body of water, compnsmg
a base able to float on the body of water; _
_ at least one support to position thc at least one photovoltalc solar panel at an angle
to the base; and, ‘
“a coupling member, formed as a recess within the base used to couple the
floatation device to an adjacent floatation device.

7. The ﬂoatatlon device of clalm 6, also 1nclud1ng at least one . further coupling

mernber formed as a pIOJCCtlon of the base.



WO 2011/094803 PCT/AU2011/000098

10

15

20

.25

30

.-22- .

8. The floatation device of claim 6, wherein the recess is able to couple with an

adjacent projection of an adjacent base of the adjacent floatation device to form a joint.

9. - The floatation device of claim 7, wherein the projection is able to couple with an

‘adjacent recess of an adjacent base of the adjacen't floatation device to form a joint.

-~ ™

- 10.  The floatation device of claim 6, wherein a removable linkage member is received

" in the recess and an adjacent recess of an adjacent base of the adjacent floatation device to

form a joint.

11 ‘ The floatation device of claim 7, wherein the recess is a mortice.‘ahd the projection
isatenon.
12. - The floatation devnce of claim 11, wherein there is prov1ded a plurahty of couphng

members mcludmg a first mortice, a second mortlce, a first tenon and a second tenon.

13.  The ﬂOatation device of ahy one of claims 1 to 12, wherein the at least one support

is at least one protrus1on extending from a surface of the base and having a support surface:

that is posmoned at an angle in relatlon to the surface of the base.

<

14.  The floatation devrce of claim 13, whereln the at least one support is rigid and the

angle is ﬁxed

15.  The floatation device of jclairh 13, wherein the at least one sup_port allows the

: support surface to be rotated to change the angle.

16.  The ﬂoatatlon device of claim 13, wherem there are two supports spaced apart for .

supporting a photovoltalc solar panel.

17, The ﬂoatatlon devrce of claim 13, wherein there are three supports being a first end

" support positioned near an edge of the base a second end support posxtloned near an
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}opp‘osi'te edge of the base, and a middle_suppbrt positioned between a first opening and a

second opening in the base.

18.  The floatation device of any one of claims 1 to 17, including a ballast tank or

_container operable to adjust a base angle of a surface of the base relative to the surface of

the body of water.

19, - The floatation device of claim. 18; wherein air is input/released from the ballaét

tank or container t0 adjust the base angle.

20.. The ﬂoatatioﬁ device of claim 18, wherein liquid is input/released from the ballast'

tank or container to adjust the base angle.

21.  The floatation device of any one of claims 18 to 20, wherein an arm or pipe extends
from the ballast tank or container and through a hole in an adjacent base of an adjacent

floatation device. -

22.  The floatation device of claim 21, wherein the arm or pipe is movable along its a

length within the hole.

'23. . The floatation device of any one of claims 18 to 22,‘whe_i'ein liquid or air can enter’

or exit an interior région of the base being connected to an interior region of the balla_st

-tank or container.

24, The floatation device of any one of c'l'ai_.ms 1 to 23, including a support structure

 positioned below the base.

25. - The floatation device of claim 24, wherein the support structure includes a recess or

groove extending along at least part of an exterior surface of the support structure for

receiving a finger provided as part of an adjacent base of an-adjacent floatation device.

26. The floatation device of claim 25, wherein the finger is movablé along the‘rve_cess.or

groove,
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- 27. ~ The floatatlon device of any one of claims 1 to 26 including a tank operable to

adjust a pitch angle relative to the base.

28.  The floatation device of clalm 27, wherein air is mput/released from the tank to

“adjust the pitch angle.

- 29. “The floatation device of claim 27, wherein the tank is able to move within and

- extend through at least one opening in the base.

30.  The floatation device of any one of claims 27 to 29; wherein the tank is connected

to or forms part of a frame that supports the at least ohe solar panel.

31, The floatation device of any one of claims 27 to 30, whereiﬁ_ the base includes a

- recess for at least one electrical cable when the at least one solar 'pane_l is in‘_a horizontal

position.

- 32, The ﬂoatatlon device of any one of claims 1 to 31, wherem one or more struts are

25

30

‘ prov1ded to seta pitch angle
20

33, The floatation device of claim 32, wherein the one or more struts are collapsible,

34. - The floatation device of any one of claifns 30 to 33, wherein a horizontal pivot axis

is located within an opening of the baSe.'

- 35. The floatation device of any one of clalms 1 to 34, wherem an array of floatation .

devwcs is formed by couphng a pluralxty of floatation devices together

36. The floatation deVice of any one¢ of claims 1 to 35,vwherein-the’ base includes at

least one anchor point to attach a cable.

37.  The floatation dev1ce of clalm 36, ‘wherein applymg a force to the cable causes

rotation of the ﬂoatatlon device on the body of water.
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38.  The floatation device of any one of claims 1 to 37, inciuding a h‘eét_ ‘si.nk positioned

. at the back of the at least one solar panel.

39. The'ﬂoatation device of claim 38, wherein the heat sink includes a base section and

‘ plurélity of fins produced from metal sheet by a rolling and then pressing process.

40. A system for electncal power generatlon, mc]udmg

an array of solar panels supported by a plurality of ﬂoatatlon devices accordlng to
any one of claims 1 to 39; - ' '
a hydrogen generator to receive electncal power from the array of solar panels and
use water, from the body of water, to produce hydrogen; and,
~ an electrical generator to receive the: hydrogen and to produce elcctncal power.
41, . The system as claimed in claim 40, wherein the hydrogen is stored in one or more

tanks for on demand use by the electrical generator.
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