ROOF BASED ENERGY CONVERSION SYSTEM Field of the Invention 5
The present invention relates to a roof based energy conversion system for a
building, and in particular to a roof based renewable or alternate energy
conversion system. 10 Background of the Ilnvention The potential
environmental, economic and cultural dangers arising from the use of fossil
fuel_s to power energyR%%P/_eéR%gleﬂ{;ﬁ%? Qn%m&eég? gﬂc(?!assrﬁgucle
engines and 15 power stations are we d%cumente . In order to reduce or
avoid these dangers, some advocate the increased use of nuclear power.
Howevearsthis creatés oftrereditemmas relating to the safe storage of
radioactive waste. In addition, nuclear power stations are opposed by many

2Q, peaple anad.Goyernments dug 0 lhe potential for. their B}{BEQQ%Q%E(%%‘Z

used in the construction of nuclear weapons. Attemlpts have been ma
develop BEWET stations baded Bh 75 ciehialtethate' enelgy 8oUrces and/or @
energy e6hvERTG sYSRATS Blieh &5 GeGthermBr eRBFGY Blarhs wintfatms
and largesselar arrays. However many of these systems are limited in that
they are only commercially viable in certain geographical locations and

f&]uir g%lgti\é%%rggg f’%QC %pif%lvig\r{%sitg%ent. Summary of the Invention
ccor%ng-ta-onempen-gﬁhe—presemﬂnvention there is 35 provided a roof
based energy conversion system comprising: a roof frame structure; and,

a plurdlity of sokarterrergyconverting tikes, eachrofithe solar enérgyrednviErtingrs
tiles compsising & bhasettile thatisdixethbtasatileast apartiopofdhe saet-trame

structyrg, and.ong pripgre. photgyeltaic, cover Wes,attachedtoa. cngines and

cogresgonding base tile, 5 wherein_the base tiles are confi u(ged to sealiggl
1 owe s?etlﬁns a%F we?l(ﬁocu epted. %n ﬁr to re e or
engag ea_crh other-along adjacent edges to foun d substantially waterproo
claddifg $arthe 56 iofrerthET00f ST CRIFECERARRCIERzed AT Bt Ehch Fase

nuclear power. However this creates other dilemmas

relating to the safe storage of radiocactive waste. 1In
addition, nuclear power stations are opposed by many

20 people and Governments due to the potential for their by-
products to be used in the construction of nuclear

weapons.

Attempts have been made to develop power stations based on
25 clean alternate energy sources and/or energy conversion
systems such as geothermal energy plants, wind farms and
large solar arrays. However many of these systems are
limited in that they are only commercially viable in
certain geographical locations and require relatively high

30 capital investment.

Summary of the Invention

According to one aspect of the present invention there is
35 provided a roof based energy conversion system comprising:

a roof frame structure; and,



tile has a planar substantially continuous surface on which the cover tiles lie
and by a plurality of posts that extend through the 10 surface and couple the
cover tiles to the base tile. The energy conversion system may be further
characterised by an electrical connection t%be coupled an underside of the
base tile wherein the posts electrically and"mechanically couple at one end

15 with the elegtigal,copnection tube, The plyrality of sqley energy conveing
tiles may further comprlge one or more tﬁ%rm.arfl tiles COver at?_éc edtoa
corresporting 6588 i YRAt tohvert Solarenergydothétihal etfergy 20 SThé*ed
roof frame stagettireantay comprise kepitehe d reut frammecstctanme lvavirmg atore
least tyi-staping sides tbatcarverge Jomard eachkethesdoranidpward tile,

ditectign. 22 The coyartiles for QPéM&@fEQ&’EQX%@%&Q?%@TQ ‘é}l%c%%@r%@fh other

tiles may be fouled so as to have respective exposed surfaces thatare of

su bsta%¥?£® TieRtCaT apiFearance T this Wal2VidGany e photavoltaicties? -
and thethéphal tleSWhen firell & 806 frarfie SRtettié Hrhve theasanjeh base
appeataneeh39) d he energylconversionysystennmays fartherceompriséca the
hydro-gleetric system configured toiconvert kinetic energydrem ai foming the
qffthe.portion ofhe 1o Lo glectrical enardy. Tne vdrg:elediric system may
comprise one or more gutters and downpipes; and, one or 35 Thore water
turbines wherein the gutters and downpipes are arranged to collect rain
flowingloff eherportion cirthienoef ftamestrusturertd produceratwateedidw that

drives dhec-er each caat@a;ﬁu@bir@ba iS@@Y@ﬁ@@ddﬁt&ix@id@@@r ende{eneigk
more of the down.p Is provided with a reservalr faregulatg the flowof o4

\/Yﬁter to.t n %qssoclia ed turbine. Onet or more roof channels may be provided
which &are dispeoseegcg]aﬁaon(%ﬁwg%régg {he Foof leading to the gutters. The
hydro-electric system may further comprise storage tanks to collect rainwater
for useir thtuwoweiall erfergy corversipncsystemioy in thesbuddimgis-inateromprise
SySter%néooIhﬁo%QeiQé(rﬁﬁme?ﬁ@ &xﬁe%g%@th@r&m&%&wﬂg base
power,systerm haying one ormore wind ybings, supporied by the roof frame
structure which convert kinetic energy of a moving air mass to electrical

@r?ergy. In this embodiment, the wind power system may further comprise a
cowlingher roof frame structure may comprise a pitched roof frame structure

having at least two sloping sides that converge toward each other in

an upward direction.

25 The cover tiles for both the photovoltaic tiles and the thermal
tiles may be formed so as to have respective exposed surfaces that
are of substantially identical appearance. In this way, visually
the photovoltaic tiles and the thermal tiles when fixed to a roof
frame structure have the same appearance.

30
The energy conversion system may further comprise a hydro-electric
system configured to convert kinetic energy from rain flowing off
the portion of the roof to electrical energy. The hydro-electric
system may comprise one or more gutters and downpipes; and, one or

35 more water turbines wherein the gutters and downpipes are arranged
to collect rain flowing off the portion of the roof frame structure

to produce a water flow that drives the or each



15 sub-roof that overlies the one or more wind turbines to create, together
with the roof frame structure, a wind tunnel that directs moving air to flow up
the roof frame structure through the one or more wind turbines. The wind
turbines may be mounted along a crest of the roof frame 20structure. The
energy conversion system may further cbn‘?prTse an energy management

system, which fecelyes and.manages. fhe electrical eneray, iom the.solar o
energy converting tile; 25 hydro-e_lectric_sy%?em and the WITEID(? power system.
Furthe? TtHECEReryy manageiient Ssterhmay CoHisAsd Atdormediontecan to
electricigpsupply driid ahdldw cohfigared td mamagestwe wayeflowwfleleetricabne
energy beiween e energy,cenversign sysien angthesupply grid. Meksosed

particylady,3Q the energy. management sysigm, may cQmprie an.electrical,
energy storage agé)aratus, the enerljg%, man%?nements stem being configured

to provide electrical énérgy/to He Lipply Grid \When R el&&tridity stdfage™ <
apparét@sis it attlly thargéd stater andcohheetstiy stpply Gt Ethe 35
electricity: staragerapparatus whenrtherelettncity storagevapparatys has a
charge level below a threshold level. The energy management system may

f%therT%omgrise apparatus to. measure, control gnd ensure safet}/ of the .
e cner CONVvVersion systém ma urthe omprrse a _.wind
energy Inputs and to invert the eriect\ﬁ(:lty suppr to provu]*je from the electricity

storagBABifaratiis dh ArRerating Currént S Sridf DesEhption of the Brawigs °Y

An embltliment of thenpresentdtverttiornwilhnennbe destribed by waypofy of a

example- ey, With-referencedodheaccarapaayisggrawings thwhichickinent,
the wind power system may further comprise a cowling or

15 sub-roof that overlies the one or more wind turbines to
create, together with the roof frame structure, a wind
tunnel that directs moving air to flow up the roof frame
structure through the one or more wind turbines. The wind
turbines may be mounted along a crest of the roof frame

20 structure.

The energy conversion system may further comprise an
energy management system which receives and manages the
electrical energy from the solar energy converting tile,
25 hydro-electric system and the wind power system. Further,
the energy management system may comprise a connection to
an electricity supply grid and is configured to manage two
way flow of electrical energy between the energy
conversion system and the supply grid. More particularly,
30 the energy management system may comprise an electrical
energy storage apparatus, the energy management system
being configured to provide electrical energy to the
supply grid when the electricity storage apparatus is in a
fully charged state, and connects the supply grid to the
35 electricity storage apparatus when the electricity storage
apparatus has a charge level below a threshold level. The

energy management system may further comprise apparatus to



Figure 1 is a section view of a building incorporating a roof based energy
conversion system in accordance with an embodiment the present invention;
Figure 2 is a partial side view of the building depicted 15in Figure 1; Figure 3
is a section view of a base tile of a photovoltaic tile assembly incorporated in
the roof based energy conversion system shown in Figures 1 and 2; Figure 4
s a top elevation yview of the base le shown,in 20Figure.3; Elaure 5 isa.
section view o?'_a cover tile incorporated in the p otovoltaic tiie asgémjbrf)g);
Figure®6'?s &4%op eI&vation Fiew 6ftHe Cover tHBEhowr th Biguifeds 25 Riyuree
7 is a katerat section viewof the @hotovoltaic tikmassembhs tRigarec8his ant .
transverse section view of the photovoltaic tile assembly; Figure 9is a
scgwen‘@gigergpﬁgg%qt@ggg of an-elegtrigal ggig%nection post incorporated in
the photovoitaic tite assembly; Figure 101S a perspective view of an electrical
connection tube incorporated in the photovoltaic tile assembly; 35 Figure 11
is a plaa vieW of te fibe Sholwh IRTEigard 107 FRjUrect? 15la SetfisnFew of a
tube shewnrindeigures &8 anetltxdrigire 3 iy avsedtionafiewcofca postiamef
a covey dile showun infigHres 8BANd 8; which:

10

Figure 1 is a section view of a building incorporating a
roof based energy conversion system in accordance with an
embodiment the present invention;
Figure 2 is a partial side view of the building depicted
15 in Figure 1;
Figure 3 1is a section view of a base tile of a
photovoltaic tile assembly incorporated in the roof based
energy conversion system shown in Figures 1 and 2;
Figure 4 is a top elevation view of the base tile shown in
20 Figure 3;
Figure 5 is a section view of a cover tile incorporated in
the photovoltaic tile assembly;
Figure 6 is a top elevation view of the cover tile shown
in Figure 5;
25 Figure 7 is a lateral section view of the photovoltaic
tile assembly;
Figure 8 is a transverse section view of the photovoltaic
tile assembly;
Figure 9 is a schematic representation of an electrical
30 connection post incorporated in the photovoltaic tile
assembly;
Figure 10 is a perspective view of an electrical
connection tube incorporated in the photovoltaic tile
assembly;
35 Figure 11 is a plan view of the tube shown in Figure 10;
Figure 12 is a section view of a tube shown in Figures 10
and 11;



Figure 14 is a schematic representation of an embodiment of a hydroelectric
system incorporated in the roof based 5 energy conversion system shown in
Figures 1 and 2; Figure 15 is a top elevation view of a down pipe
incorporated in the hydroelectric system shown in Figure 14;  Figure 16 is
a side elevation view of the hydroelectric 1633_/stem; Figure 17 is an end view
of a wind energy conversion system ingargrated in the foof based eneray. , .
conversion system s}g‘]own In Figures 1 and 2; and, 1lfjlgure 18isa partia
side vigWPEPthE systeHT RowndR5Figure 17. Detailed Description of
PreferfadyErmsbddiments Referriagito Figores ¢rarmd-2 @nroof basechrénergyc20
convetsion, syster d.0for @i buildisgesuch asabouse d 2iwithraraaf d8, based
9‘%!“”&%»‘?&%&0%%%@&%%0%{;% 14214, 8,plurality- of solar energy converting
tile assemblies. Each tile assembly comprises a base tile that is fixed to at
least a poHion oftherodf Frané& stridtre™1 4 '&%d Bhe™5'8F hdteTSover tiles
attachabReiPe EokeSpbhdiftf bage ke TFve base 1eS afe ebafiguied fo-gure
sealingly ;engage each other along adjacent edges so as to form a
substantiglly waterproof cladding far,the; artion.qf the roof strueture towhich
tpgy are fixed. As explained in 30 greater detail below, the tile assemblies

may be selected from photovoltaic (PV) tile assemblies 100 that convert solar

energy irft8etectrical’éherfy aRbthefiial til@ GssemBiigs (ndt Shawn)thar srs+or
conversolarenengy to therptal energyhTherthefmaltile nagrcompriseopipession
35 threygh which wiater Howsgthe-tiles absorbing:selar radiation to heat the

water ﬂl%’ﬂl%thlré’u% the pipes-Bothtypes of jiles haye abase file ghgimilay
q%ner%igure 17.

Detailed Description of Preferred Embodiments

Referring to Figures 1 and 2 a roof based energy

20 conversion system 10 for a building, such as a house 12
with a roof 13, comprises a roof frame structure 14 and a
plurality of solar energy converting tile assemblies.
Each tile assembly comprises a base tile that is fixed to
at least a portion of the roof frame structure 14, and one

25 or more cover tiles attachable to a corresponding base
tile. The base tiles are configured to sealingly engage
each other along adjacent edges so as to form a
substantially waterproof cladding for the portion of the
roof structure to which they are fixed. As explained in

30 greater detail below, the tile assemblies may be selected
from photovoltaic (PV) tile assemblies 100 that convert
solar energy into electrical energy and thermal tile
assemblies (not shown) that convert solar energy to
thermal energy. The thermal tile may comprise pipes

35 through which water flows, the tiles absorbing solar
radiation to heat the water flowing through the pipes.

Both types of tiles have a base tile of similar general



construction and configuration. It is further envisaged that the respective

cover tiles will have the same shape, configuration and exterior appearance

so as to be visually indistinguishable when laid together on the same roof 5
frame structure 14. However the construction of the cover tiles will be

different for the PV tiles and the thermaltilés in order to accommodate the
different tasks of converting solar.energy .to electricit d heat. In different
embONTIE 116 Sy L0 ey FEbTPIOIE other To oy 108 P tiee o
only tHe tHer4f tilés> Rithotigh it R/Bélidveda More effitiént €tfibdaitfernt are-
would coniprise-atcombimation:ofoth PV titesand thesmaktilesoltlis visually
envisagegliwbendhe system theampsisesthetb iV tiles, 15randsthermal difes,

that the Py tiles will.bg laid,on upper portiqns of the.rqof 43 tg,benefit from, . .
wind cooling and higher exposure thefreby f%cmte%}ln _(iptlmunéeffkllmency n _,
the gehération’sf élg%f‘ri(?} V- MRV iF thé S5 sfem 10'iRRofStates ofily

PV tilesi #fén theserfiles rhay be-2oradadverithe ehtiré exposetlodrieasdt the
roof 13;corit onlyng lisaited-namberof RV dilesare used, them sucttilesIn
should; asrrnestionedahove. beslaid, endhewpper portions of the £k 13.33 ner
The P tie assembies 100 are deseribed In greater defai lter. The eneroy,
conversion system 10 can also incorporate a hy(fro-electrlc system 00 That

is configurat tb™csivett 36 Kin&tic ehéfgy oM RANTERAING S the v8BF 1€ 2

structurertd toeleetricdl ermergyFPYhée hielsoalectricsystemt20@ is-described

in detail below. Further, the system 10 may also incorporate a wind energy

35 conyersion_system 300 fhat converts Kinglic energy,of moving air, (g wind) . o

t? electrical energy energy conversion S)éstem 10 .fﬂther |qcluges an

5 and thermal tfies . ﬁ e PV %es wil. Pe ald on upper

energy management systent 2 whic recelves]_t € electrical energy

gener&edbyie PY fies TotPialcalies 2onié hyfrereléthit Spténngoand

via cablesiZtandghewinderergipb cenvarsicrt systeop 800wia cabiesi26clt in

is envisggeddhat ation of electricity. Naturally if the system 10
incorporates only the PV tiles, then these tiles may be

20 laid over the entire exposed areas of the roof 13, or if
only a limited number of PV tiles are used, then such
tiles should, as mentioned above, be laid on the upper

portions of the roof 13.

25 The PV tile assemblies 100 are described in greater detail

later.

The energy conversion system 10 can also incorporate a
hydro-electric system 200 that is configured to convert

30 kinetic energy from rain running off the roof structure 14
to electrical energy. The hydro-electric system 200 is

described in detail below.

Further, the system 10 may also incorporate a wind energy
35 conversion system 300 that converts kinetic energy of

moving air (ie wind) to electrical energy.



the energy management system 20 will include a plurality of input jacks 28

into which electric cables providing output current from the various energy
conversion assemblies and systems 100, 200 and 300 can be plugged. 10

The energy management system 20 may ir7lcorporate an electrical energy
storage device such as rechargeable batteries for storing electricity

generated by the various energy conversion systems. The ener

hanagme LSyt 20 ey At ML & Lot syl 46 il cSBer o
32 15 {5 E8ARBE o Y 2ictricity BUpply Gif andss cohfroltertomarateSivg 9Y
way flowrofeléetrdicity betweBH the Irattelies and thelsupplyZgrid.tinethis/ way

the systese d0ican{ead-aleptricityito thessupply grichwhene fariexaraples dhe

batteries,are fully, charged, ang, can, draw glectricigy 204 Eo@éhgrﬁ%’?é}%%dthat

when the level of charge in the batteries is below_afredetermined level.
Naturally® tté eh&¥gy st agement eyt will drsolinaflide csnverterdahd tY
invertets téBohvertDESto?ACTA® AC e DC sty 16 conbérthBigpe 1
currend producedibydhe ehesgy 25conuversion sysiems, wheremecessary

from AG 1e PG 1@ enghle stprage dn the batteriesnand secondiyuto alidWged .
t[%nsfeIr of electricity from the bnacttesries to ei%er tgle surpcpol)é grid Qr_to_power

points a}hed 56&? ces within the bui}]cﬁﬁer{}vhlchn\}vgulé typic ﬂ)r/%perate on

AC. 3G Protovditdic T8 ASsethBiés 1 00Refetring 18 Figuress-1396r s
acconmpanyig drawingss anrembodimentofa photevoitaic ¢ite agsémblyarious
(hereirafters35 referredstooas simphmassenmily 9kl comprisesnahase fie em

112 haying & least ong, (@angd;in this papticylar,embodiment, foyr) solid,fegion

]1354 throu%h which a mechanllcal fastener such %s a nail or screw is drive
for to Tonnect to an electricity supply grid and a controller

to manage two way flow of electricity between the
batteries and the supply grid. In this way, the system 10
can feed electricity to the supply grid when, for example,
the batteries are fully charged, and, can draw electricity

20 from the supply grid when the level of charge in the
batteries is below a predetermined level. Naturally, the
energy management system will also include converters and
inverters to convert DC to AC and AC to DC, firstly to
convert the type of current produced by the energy

25 conversion systems, where necessary from AC to DC to
enable storage in the batteries, and secondly to allow
transfer of electricity from the batteries to either the
supply grid or to power points and appliances within the
building which would typically operate on AC.

30
Photovoltaic Tile Assemblies 100

Referring to Figures 3-13 of the accompanying drawings, an
embodiment of a photovoltaic tile assembly (hereinafter

35 referred to as simply “assembly”) 100 comprises a base
tile 112 having at least one (and in this particular

embodiment, four) solid region 114 through which a



fastening the base tile 112 to an underlying structure such as a roof structure.
It is envisaged that the solid region will not necessarily be predrilled or

formed with 5 holes for the mechanical fasteners to allow an installer to select
the best location for the fasteners. However in a variation of this embodiment
one or more such holes can be formed. 10°The assembly 100 further
comprises,one or mare. gove fles, 116 each haying a photoyoltalc gel 116 for,
converting sc?lar energy Into eﬁec.trlcny.afhe cell'118 enerates an electric
current #9358 tiddé vaitabre &tg6sitive and ﬁ@gé’ﬁ\%é&%ﬁ%ﬁﬁﬁ%@?&?@a
and 120trrespectivehy A 5¢{herainafter. reféfredtodngereyabas Hettpute solid
terminals;120")wTwo fosmsnefcovertie 1 1Ie-mayde pravdedInfa firstdrem: h

of.covertle 116 the gell 1185 provided.an 20.substantally ih ﬁaWh?tL% 1"%85@8?

area of the tile 116 except the Eortion, of surface area having the outpu _
terminafs £50°M"a %}é%oﬁa $5rm Bt TobeP tife 116 5bout ore third- of tha"ever 1n
surfacé afeaifimediatély BelswahbstitpatterfiifalRrl 2 iEleftbiank(fes can
withoub@a ghaetovaltaic 25 cell 118)so that only about the lower two thirds of

the surface area of the tile 116 is formed with the cell 118. As explained in
qrgate{_ detail beI%V\iin tereOtillguarsE embléf( 100 .thescover tiles 116 oveorl\%)

by .
one thlrgeofatﬁgiermsur Ace area with the first ft(;%r%eof gg\?erotﬁeriol%ebging §O¥lles

upperrhd8t SAdTully 8kpBséd i thelirdéryind tild 19 658 of tha §etbhtd
form apdlkas teeupperthid ofits suifacearealtovered 1 Thé Coventiles-£86 an
are eI@:Jt_Eiaalha andme@mn icaly 35@@@1@ aaaiqm&pmdipg dasevtilesklP
by elegfrical eqangetion posts (herfenaftes seferred to i ,gengral as; posts”)
]1?52 The posts 122 are Sl%pported within the base_tile 112 and have a first
endlZ%%ﬁh]&ﬁﬁgag\ﬁﬁh%§F d to in general as "“output terminals

120") .

Two forms of cover tile 116 may be provided. In a first
from of cover tile 116 the cell 118 is provided on

20 substantially the whole surface area of the tile 116
except the portion of surface area having the output
terminals 120. In a second form of cover tile 116 about
one third of the surface area immediately below the output
terminals 120 is left blank (ie without a photovoltaic

25 cell 118)so that only about the lower two thirds of the
surface area of the tile 116 is formed with the cell 118.
As explained in greater detail below in the tile assembly
100, the cover tiles 116 overlap by one third of their
surface area with the first form of cover tile 116 being

30 uppermost and fully exposed while the underlying tile 116
is of the second form and has the upper third of its

surface area covered.

The cover tiles 116 are electrically and mechanically
35 coupled to a corresponding base tile 112 by electrical
connection posts (hereinafter referred to in general as

“posts”) 122. The posts 122 are supported within the base



provides electrical connection with respective output terminals 120 of a cover
tile 116. In addition the first end 124 penetrates through the cover tile 116 to
provide 5 mechanical attachment of the cover tile to the base tile 112. As
explained in greater detail below particularly with reference to Figure 8, each
post 122 also has a second end 126 that is electrically coupled to an

electn%al COI’éﬂFéZtlon tu}l?e 128 thfat fagllltatgs t@% JEOBeIectrlcatC cou Ilng tcp]c the

cover tile 116 6 the ener ymanagement System Looking at the

compdients Gt thé Ja%%*éﬁftﬂﬂo%%ﬂ%?:é getdir the B%%Betﬁé 2 @%Bi&%ﬂy
in the 15onfigusaticiy oba syuareplateiRavihg e plahar ahdisulstantiallffirst
contindaus uppepsuefacetll3). tihe continuity ebthe-uppeesurface d30Hsvide

interrupted, ophcby the £xIsRsan 05%“%1985&%% through the, surface 130:in,

a direction perpendicular, to the plane of the surface 130. 20 The posts 122

are in thi§ embSdireht arrgﬁgeglﬁfwgiaraﬁieeﬁ% A SpIBme g folrdhar LY
below " WateRfoorBeal isfofhedrsosut theosts Srszzlwl%eﬁelﬂﬂewéﬁteﬂd
througbdtbersuréace 136. 25An undel siceri32 of the basedile Ad 2-is formed

with a plurality; ebwalls or £ibs;dividing the pigderside éé’@liﬁ@ 2-umpek of
qh eren SG%’[IOI‘]S Inthls artlculag bodlment é—:- qf tgne fou%orners of
ma

e baseé tile 11218 formed of 5o feria \é%atlng the solid T portions 5 30 114

throughANARAME iechaticdl faStener such as a nail or screw can be driven. A
pair of parallel walls 134 extends between opposite sides 136 and 138 of the

base Ilxanddn partiosmeahovndary of the selid pestions, 1140 The base-
fUrtherd%%@?!’t'se§t?ept%%'gy@fﬂé”ﬁ%W?QS A}&%Qﬂ%'}q}ngt{éﬂpe“d'cu'ar

the WaII 134 and Whlcg also bound res e sides of the solid portions
I?IEZ Thel Wa $130'SeRd bervden resBectlve aajace%t S|c§)es 142 and” - 10 -
144 oftheVase-tiel11? andthetearesPivall 134 Byrthis %anlgﬁi‘ﬁlon the
under sige- 132 0f the basecl 12 issformedtwith comparments Ad6radjdcently by

the sides-142 ands144, apd 851%9@65‘%@”@&@0%@6%%“%@8 snlh€ce 130 in
compartrgents 46 and 148 may. Qe left as lénfllledlvmds Hovxﬂever it i

101 perpe e sur?ace 130.
enwsa&ed that the compartments 146 Wlﬁ contain a trhermal insulation

miterialand WE TohfPartment 148 may TRSHHNG tortah &Y efectiicalsower
10 storage mlednslsucts as abattar/ 230 edthf any remaisihgrspaterinthenvoid £
148 filleskwith insuwating naterial Q& couksesinithe enentdhathbattest £5Q is

not inclyded the entire, compartmegt can be filled with thermal insulation

material. In either case the base tile 112 containing the

25 An under side 132 of the base tile 112 is formed with a
plurality of walls or ribs dividing the underside 132 into
a number of different sections. In this particular
embodiment, each of the four corners of the base tile 112
is formed of solid material creating the solid portions

30 114 through which a mechanical fastener such as a nail or
screw can be driven. A pair of parallel walls 134 extends
between opposite sides 136 and 138 of the base 112 and in
part form a boundary of the solid portions 114. The Dbase
further comprises a plurality of further walls 140

35 extending perpendicular to the walls 134 and which also
bound respective sides of the solid portions 114. The

walls 140 extend between respective adjacent sides 142 and



15 thermal insulation material, or otherwise made from a thermal insulating
material is able to perform an insulation function. The walls 134 and 140 may
also be provided with longitudinal extending recesses for seating the
connection tubes 128. Each tube is of a_Ie{]gtrl equal 20 to the length of the
recess in the walls 134, 140 in which they are seated. The assembly 100 also

comprises 8 file coupling system fqrproviding a waterproof gpypiing
between _ad?acent .tileaz assemblies. In this er_nbod?ment the coupling s st\ém
compridessa fatBraiRFERtentihg toHgue 1562 tRaffuns’zloRd atd]ﬁcgﬁf’ﬁdg%2 1S
138 arfcb td4bfthelbasentiertth®: Each ton el 252 1¢ furtisersprdvidedt withnal
longitudinally,extendingsaubherrseal 11 54 e -tilecoupling. system also 30
cojmprises complementary grooves 156 extending longitudinally along
adjacent sides 136 and 142 of a base tlil4e 112. The prO\éision of thfe_ tlolnegéjes
152 and gréoVES 158 Shables & tid assembiy 1000 156 toRfielted in'a
waterpredf franier &y &l fodtr SideSty btheriichtieal 356ecassenbies 1601 46
With paiticulaprefetence thfigures 7,8sanich O] iircambe seeh thatieath post
122 is thefarmf a-tubeshaving an opening attbeddirst end l24-torreceivingwer
?@e”d gap In the form °£9cﬁ%‘b§§r$r%a @%&15%5]5“%9“9 CaR oL grammet 5

8 is formed of a resilient material such as rubber andtretaln%drin the end

124 by’BAEOr Bbth 6t affinterféfente fitSthd i use Ot Huhesi ey THe st OF
122 isiselfnade oflan efeetricdllyedordhuctiveymaterial suchtas steeléed the
stainlesststeel anehis: farmed withra pairaf1LQ eirgumferentiahand axiallat i on

spaced apart grooves, orrecesses 160. A copductive; spring 162 js elegirically .
d mgghanlc?llg couE)Ietd to the end 126. The rqﬁfgasses 160 receive

cotresponiding protrusions formed 15'in the Holés forfed n Tie basé tife 112

into wiiehhe posts 122redingefed Thislis arfafgéd to provide ewater

proof sealbetween gactrposinl2? Eimel thelbasel file and 140 may also be
provided with longitudinal extending recesses for seating
the connection tubes 128. Each tube is of a length equal

20 to the length of the recess in the walls 134, 140 in which

they are seated.

The assembly 100 also comprises a tile coupling system for
providing a water proof coupling between adjacent tile

25 assemblies. In this embodiment the coupling system
comprises a laterally extending tongue 152 that runs along
adjacent sides 138 and 144 of the base tile 112. Each
tongue 152 is further provided with a longitudinally
extending rubber seal 154. The tile coupling system also

30 comprises complementary grooves 156 extending
longitudinally along adjacent sides 136 and 142 of a base
tile 112. The provision of the tongues 152 and grooves
156 enables a tile assembly 100 to be connected in a
waterproof manner on all four sides to other identical

35 tile assemblies 100.



112. More patrticularly, the posts 122 are pushed into corresponding holes in
the base tile 112 so that the end 20 124 protrudes from the surface 130 to
thereby facilitate connection with the cover tile 116, while the end 126
protrudes into the recess formed in the walls 134 to enable coupling with
respective connection tubes 128. 25 Fidurje% 8, 10, 11 and 12 depict in more
detail fhe, palyre of e eledtieal conneqlion ubes 126, the tube,comprises
an opening 64 10 engage and prowcfe efectrical ‘connection with the second
ends 176 6f Fék?fec%@%é&§ﬁﬂ.2 Eath dpénihg T4 Eomprides d bhgittidiial
slot 166°80 which tintthis émbodiment exterfds-for¢he ientire lemgthnof thep in
tube 128:tagetherwith a phnalityelsecondary slotsrk6& that extend fripmthe
loggituginal;slot 166, The secopdary slofs 168 comprise a first length, 170 thay
extends in a circumferential direction, and a second 35 length 172 that
extend<inthe Sxial dire&icH “THe Seldnd féngth L7 terdiinates & eircafarc©
portiorf 174and FhE|e@ficafendtopheefors 176caRd178lare providegat made
each axtaleenc: bt atcomectipndubeuk28 teeenablerend teend electicatl or

connegtion between adjaceniubesA48.dn thistegard.the end connectors
31706 mgyrbe inthe fg{tr)n qf 5§griggilg??ed or bia%[(jd malg plu%% while the end

connectors Li%er%%%%léa in the form of female sockets. The %alevﬁﬁgg 176

can be fétFEcted 1o Be substantiaiy LR Wil i adfceht efdofits-catly and
correspendmyitibel128 durihedinstallationcafthé BV tiles, and subsequently
be pushed 10 by spring action into corresponding female sockets 178. A first

condugtor 180 cannects one ot the,end coppestors 146 10.0pe 08 IAg endy e

cogwnectors 178 aréd also rovides eﬁcetn%aéll coutp.h{\gl with a, group %f.t e

sleconélélrytgl%tsh 85 SImiAH . a Second ¢onductor g2 prolwaé)s‘f[ Gactrical

conneBfi&it betwéen ifie bifier ERE conheforssL 75 t* 178 AnePtoPd S€EBRd2
group o# thker secondaryesiotoE68 cMore particulatly L the eonducter$d 86 anid e
182 provide elestrical connegtion 19 alieraatecslots 168 whicharerelectrically
EZHQ?%%Q%W%E, %Oc?itr'l"ge and negative, 20 ferminals; 12q3 and 1200, of the PY, 4
20 124 protrudes from the surface 130 to thereby facilitate
connection with the cover tile 116, while the end 126
protrudes into the recess formed in the walls 134 to

enable coupling with respective connection tubes 128.

25 Figures 8, 10, 11 and 12 depict in more detail the nature
of the electrical connection tubes 128. The tube
comprises an opening 164 to engage and provide electrical
connection with the second ends 126 of respective posts
122. Each opening 164 comprises a longitudinal slot 166

30 which, in this embodiment extends for the entire length of
the tube 128, together with a plurality of secondary slots
168 that extend from the longitudinal slot 166. The
secondary slots 168 comprise a first length 170 that
extends in a circumferential direction, and a second

35 length 172 that extends in the axial direction. The

second length 172 terminates in a circular portion 174.



effect, the positive terminals 120a of each of the PV cells 118 are electrically
coupled with the conductor 180 while the negative terminals 120b of each of

the PV cells 118 is electrically connected with the conductor 182. 25 Each of
the axial ends of the tube 128 can be formed in a manner to facilitate
mechanical coupling with an adjacent tlIbeLzldéaIIy this will be by way of an
interferenc |t or "C|ICk connectign” bet n adj ttubes 128..30 It is
enwsa%%d that t Che base ﬁes 119 WlJfISbeY\[LJ?r%w&gdajlfngg pa& ﬁ)geth(%r \(/jllvtﬁt cach
pack ﬁ@lréfhrﬁ@% P58 AvtRTRE Cover tifds F16 provided if'sEparad packsd

35 To instalt the tile assemblies1 00dw tre recf frametstrydtare 148the postshis
122 (witheuit dhe gremenetsckh)arednsented into,corespondinghales dermed
Indhe 0gse fles s i3a 142 $0 el ing endshad, profiude beyand fhe surface

130 and the ends 126 >%rotrude |ntQ the JECESSES Or grooves ormed |n the

walls T34 BRGTAC Nt A ihdiidudl baSe g T127s hhehedi8a oot T0e
structdte sy Raiiienn§ 5°RailSthroagh 16€ 36lill potiofis 1142 Respektivé L ush
connectiomn tubes d28arerthenrplaced in therecessesrinthe walls=134 @ndhiring

140 with the ends 126 gkthe,posis 122 located in the slats 166:3nd aligned e o
\/?:/I h thbe secondary sl ots 168. The tubes are th (gn roteted ;nd S|Id 10 Iocli :IfQ

em in-plate with the enélls 126 of the posts 122 engaged in respectlve
circulal Potfiof& 174 the €pfings 1625pressiny %%?1 GRdecSiviacs BF the 7°
circulaf portien 47 4ttofaeilitateceleetrical sontdttavith alcorresponding
conduets d80i061820LD1ing with a group of the secondary slots

168. Similarly, a second conductor 182 provides

A

15 electrical connection between the other end connectors 176
to 178 and to a second group of the secondary slots 168.
More particularly, the conductors 180 and 182 provide
electrical connection to alternate slots 168 which are
electrically connected with positive and negative

20 terminals 120a and 120b of the PV cells 118. Thus in
effect, the positive terminals 120a of each of the PV
cells 118 are electrically coupled with the conductor 180
while the negative terminals 120b of each of the PV cells

118 is electrically connected with the conductor 182.

25
Each of the axial ends of the tube 128 can be formed in a
manner to facilitate mechanical coupling with an adjacent
tube. Ideally this will be by way of an interference fit,
or “click connection” between adjacent tubes 128.

30

It is envisaged that the base tiles 112 will be provided
in a pack together with a pack of grommets 158, with the

cover tiles 116 provided in separate packs.

35 To install the tile assemblies 100 on the roof frame
structure 14, the posts 122 (without the grommets 158) are

inserted into corresponding holes formed in the base tiles



This process is then repeated for the next adjacent base tile 112, which, after
the posts 122 have been inserted is pushed up against the previously laid
base tile 112 so that the tongue 152 of one of the base tiles is received 20 in
the groove 156 of the other base tile 112. Durlng the installation of the
connection tube 128 in the adjacent tile the male plugs 176 of one tube may

be retr Eed whﬁlea_Fe %onnecg{lon t e 12(%8é Tr agcgent ﬁ)ﬁse tile 9.1(3235130
mat wit

rotate nto place ereafter tﬁe piu gi ana extend into

the ferfdfe SOCKE LB é%éuﬁﬁgtﬁﬁﬁ%cﬁﬁﬁ@nﬁﬂeﬁt bf e iibeL 1280 tHES
previo@shkriaitl and Adfacent ties. A perthapst siniplet irstaliatiory procassyase
the base tides 30 112 may-beassembled do includedhaposts 122rand they

C%‘”eﬁtc&%é“%%%gékp@{eto%eﬂ N9 fixsditodhe r??ﬁfra”%%%g%’{@ém In

this process when the next tile 112 is Iald an installer need only en ?ge the

tongués 185 andy o%l%/%efSé%anﬁfﬁe a8 glugs 176w tﬁhﬁe fémafe'35 "
sockefshE78'plibp té ﬁf&m@fﬁelﬁé’xt“tﬂékll‘z% theddof famé stietiests 122
14 - Ohocedhe dase tiles 1dPohave beearddickandsecured in placestheccaiery

tiles 116 g simply C|ﬁIQRBG£QB@sm@r‘éOVE%%PIOQQJBQM%H@SS]%%b)l<PU§J5‘<EW<9
Eg enggﬁlm t?r:roggh corret qgln% glesl? the cover t%%ZUG 5 an
Ing t e

en pus ommets |nto t een e posts 1

holes corréSpéing ff?th‘é%ﬁt‘b%ﬁ“feﬁﬁnﬁ%‘r&i‘?o ]o?"ché‘fé%vEPﬁle%pﬂ@g,&s T62
opposite ehelsof eachof thedeonsectimyrtubes 128 areé iieelectricalrdormtact 74
with each othearihy virtie-otcoupling ot-theceennectors 10d%6-ekppadube

with the connectors, 148 aof angadjacent tube, electrical connection is provided
cantinuously along each row of tile assemblies 100. Electrical connection can
then be provided with an adjacent row by use of similar tube connectors 128
seated ihifedes3ES Tormed iR a5 trerralsd 70 setFighfe8) Elee i EutteAt
from the assenbliesHi0his edupliedithe powersmahagementisystenr2@ vized is

cables,22:1Lhe ¢overtilesst16 ace gimensioned and gopfiguredite: 112 so
that the tongue 152 of one of the base tiles is received

20 in the groove 156 of the other base tile 112. During the
installation of the connection tube 128 in the adjacent
tile the male plugs 176 of one tube may be retracted while
the connection tube 128 of the adjacent base tile 112 is
rotated into place. Thereafter the plugs 176 will mate

25 with and extend into the female socket 178 assuming
correct alignment of the tubes 128 of the previously laid

and adjacent tiles.

In perhaps a simpler installation process, the base tiles
30 112 may be assembled to include the posts 122 and the
connection tubes 128 prior to being fixed to the roof
frame structure 14. 1In this process when the next tile
112 is laid an installer need only engage the tongues 152
and groove 156, and the male plugs 176 with the female
35 sockets 178 prior to fixing the next tile 112 to the roof

frame structure 14.



20 vertically overlap each other by about one third of their surface area as in
a traditional shingle or tile roof so that a lower portion of one tile overlaps an
upper portion of a vertically adjacent but lower tile. Further, a lower portion of
a lowest cover tile 116 on a particular base 25 tile 112 will overlap an upper

. . — 14 = .
portion of an uppermost over tile 116 on a vertical adjacent but lower base

tile 11%. Addigié)n IIX the coyer tiﬁ 1%6 will be maf(ge.from water roof, .
: t 2 d
materlafls(.:%ccoer(;%gfye thelcgseri“lses al%e, |§.1I%elﬂ t iaélma?lrﬁer,sv?/l Iuljrfleéjﬁelcr%

providB £§&cdhiE W@F@O%@JSFI&%@ f6r therdBt 18 andRiditictal thérfifal
insulatiorr.rAs depitted ibd&gures 2 & 8 e fower portion theaem tife fests on
and is ushioned-by the pnenfgrorymets 158 B3&ofitheturderdying coves tiless
116. In addition wheu,atiaching the cayer tiles-L16, gonventionaltile,clips.or 1,
hooks 117 may l)2e mse}{ted b%tvxieen ad&acent co(\j/er 1;|Iehll§31 - 15 - which
hook dV&F Zbdttsm edd€ BF ah overlying tife 128anH fidok UhddF the Lpper
edge éfeamratfabent ahdeflyiritptilec Tie PVictHs 118 maysbert ephventisAal of
constraetion.cd Howeverntocenhance: efficienids aaPV cell £18 asrdepictecbintact
FigUf?ﬁ%gl%?gi@@f@eb : Whli)?@ ?@E}:ﬁ@eéﬁ; E'&mﬁ%'itY_er |%)f_ef§h@° rl:?;@i%@%@s

teri : that absorb different frequencie ight where a one
Wy et i 108 16 LR s ot A R o T08 e (B ohe

P . ! : .
incomingAfght AritFiocatéd abovethE Yayer £8 43 ANitA &reffector sy préviaeand
in a layechelowrthef lalyet 4 8dbsamtbfacing 1Ré onebway mikror filirr186 clhithis
way, light passingdstethe,/celkd 18brough thejeneway sirmey 1864So

continually: reflected through the photpyeltaiclayers; 15 184a.and 184b,c4 in
blestwe%ﬂ ethe 0{‘16 W§¥ 6n|[ror 186 and th% refl% tlncgcsurface 188. An OQ%C%I

transparentwsaepasra ng Iafeerelgd uéf)/e be)p'rovideed between een[%hcf) ovoltaic”

layers ABZRI&Ad A84b0 Aditiciral . SrotEER/ fillTS oF PATS I &7¢ 19120

are providedain 26 opposite sides of the cell 118 adjacent the mirror film 186

and the reflector 188 respectively. Hydroelectric System 200
The cover tiles 116 are dimensioned and configured to

20 vertically overlap each other by about one third of their
surface area as in a traditional shingle or tile roof so
that a lower portion of one tile overlaps an upper portion
of a vertically adjacent but lower tile. Further, a lower
portion of a lowest cover tile 116 on a particular base

25 tile 112 will overlap an upper portion of an uppermost
over tile 116 on a vertical adjacent but lower base tile
112. Additionally the cover tiles 116 will be made from
water proof materials. Accordingly the cover tiles 116,
laid in this manner, will in effect provide a second water

30 proof layer for the roof 13 and additional thermal

insulation.

As depicted in Figures 7 & 8 the lower portion of each

tile rests on and is cushioned by the line of grommets 158
35 of the underlying cover tiles 116. In addition when

attaching the cover tiles 116, conventional tile clips or

hooks 117 may be inserted between adjacent cover tile 116



25 Figures 14 - 16 of the accompanying drawings illustrate an embodiment of

a hydroelectric system 200 for converting kinetic energy from water flowing

off the roof 13 of the house 12 into electrical energy. The system 200

comprises a turbine 216 having a rotor 218 and a generator 219 which 30 is
driven by the rotor 218, and at least one d%évn_pipe 220 having an upper end
222 for receiving the water ru from the roqf 13. The down pipe.220
compr@elscc ;kl]n(%oe s 2%%a §n§ %Q&fgl%%hee%i%aﬁqgr ?Sfe??@edr t ﬁlnger?e%l a%le_s and
"chanfé18’224PY ffat ‘EGe HEFOmM THE Tpper ThdP222 £635 répettive dutibts© -
226a and 226b (hereinafter referred to in general as "outlets 226"). Each of

the outlets 226 is disposed tadirect watet flovdng therefrom onte the rotor -

16 - 218 10 cayse rotgtion of thegptor; 218 in the sgme.direqtion. As gxplained

in greater detail later_in this specification the channels 224 are further,
configdfed ih°A Trarner'sd that thehahhet 2233 GWerfiohsinto tHe hamndr
5224bl &Jppet ahitl IpWETTiei¢ fingsTZeRr and 28 Pholbtthe thhsine B P
place withirethendownpipe220 as the rotoh218etates, amd mayy be iisecktof i 1m
route theecables 24,10 between the generator 219.and the energyient to

management system %Q Thg ystem 00 11;urthert%omprises quytter 22§}t1hat
receives the \l/\?a)%er from the roof 13 and directs thatewafale%ef‘sallnto The down °

pipe 2267 TheWhanhiets B2A% iff 224b Aré BoTightéd th BfianndFso thaP 2nd
water énterirg theedown pipe 220cinitiallfiflows #troughntherdlanmet 22Uecaitd
out fropa tha aytleh226awntedhe rotos 2080 drive the geperater 21bror 186
However in 8, heavy downpouy the channel 20,224 may overfiow into the . . ¢
cfgann%%%ﬁ% Th?zg%?e)r?goevg vgater Erk]len flows tgrouqr%r%%cg gngl 2% o
t%roug the slitfet o turn the rotor 218 thereby providing fuitier drive to
the geRBfatdF 2199 25U THe e9eftiv of WatePirbht thaNhER222E X6 224D is
facilitategh by forimingl the=chadtels 224owithrespectivébet ween the
photovoltaic layers 184a and 184b. Additionally
protective films or layers 191la and 191b are provided on
20 opposite sides of the cell 118 adjacent the mirror film

186 and the reflector 188 respectively.

Hydroelectric System 200

25 Figures 14 - 16 of the accompanying drawings illustrate an
embodiment of a hydroelectric system 200 for converting
kinetic energy from water flowing off the roof 13 of the
house 12 into electrical energy. The system 200 comprises
a turbine 216 having a rotor 218 and a generator 219 which

30 is driven by the rotor 218, and at least one down pipe 220
having an upper end 222 for receiving the water run off
from the roof 13. The down pipe 220 comprises channels
224a and 224b (hereinafter referred to in general as
“channels 224”) that extend from the upper end 222 to

35 respective outlets 226a and 226b (hereinafter referred to
in general as “outlets 226”). FEach of the outlets 226 is

disposed to direct water flowing therefrom onto the rotor



upper edges of progressively increasing height whereby water overflowing
the upper edge of one channel, for example channel 224a, can subsequently
flow into the 30 adjacent channel 224b. In this regard, it can be seen from
Figure 14 that the channel 224a has an upper edge 230a while the channel
224b has an upper edge 230b which is T1iglh6er_than the upper edge 230a.
Thus, if the channel 224a fills with water and qverfl , the overflow flows 35
over 116 pber SASE S i3 tho ShabHal 2HE 1ot bt AR that

for exahhpfthePBown’pip8 22 ihgte proidea With astfther thirG thaineh+s
water woedd floge t 13- ipte tlvé dirg thadAél after waterisas overflowedd in a

both the:upper edger230a abthenfirst €hanneh224a anc-ihe upper edge 2390ne 1
of¢he segand channel 224b. 5 In order to provide a controlled steady flow of
water through the channel 224a, the upper end 222 of the down pipe 220 is
provided with a water flow regulating reservoir 232. The reservoir 232

comprigezean epfight il Z36inst inéaporatesthendpperlédge 230806f the
10 channst 224 a2 acbase 237 dhatvslopes downwarndlyiand 22seecend bpright or

wall 238 spaged ftom tB%cW%Ua%?@eTh% é@S%/QFo%%_% is provided a\étmwo
%tlets%)totthe chﬁ?nel 224a. ,61\:flrrsté)luéle{;[1 r%§4t%%m8r'ses a slot or 15 series of

holes formed in %ewgﬁ%%}éané)ar its junction with the babe 237.The seco fem

outlet, Which is spaced above the first outlet, is a horizontal slot 240 formed
near an upper end of the wall 238. The slot 240 in effect constitutes a spill
way torthe channel 224a. flwsnwheBomprises a gutter 228 that

receives the water from the roof 13 and directs that water

15 into the down pipe 220. The channels 224a and 224b are
configured in a manner so that water entering the down
pipe 220 initially flows through the channel 224a and out
from the outlet 226a onto the rotor 218 to drive the
generator 219. However in a heavy downpour the channel

20 224a may overflow into the channel 224b. The overflow
water then flows through the channel 224b through the
outlet 226b to turn the rotor 218 thereby providing

further drive to the generator 219.

25 The overflow of water from channel 224a to 224b is
facilitated by forming the channels 224 with respective
upper edges of progressively increasing height whereby
water overflowing the upper edge of one channel, for
example channel 224a, can subsequently flow into the

30 adjacent channel 224b. 1In this regard, it can be seen
from Figure 14 that the channel 224a has an upper edge
230a while the channel 224b has an upper edge 230b which
is higher than the upper edge 230a. Thus, if the channel
224a fills with water and overflows, the overflow flows

35 over the upper edge 230a into the channel 224b. It will
be appreciated that if for example the down pipe 220 where

provided with a further third channel, water would flow



20 water collects in the reservoir at a level below the slot 240 it flows into the
channel 224a via the first outlet 234. The outlet 234 is dimensioned to
provided a steady continuous stream of water down the channel 224a when a
head of water is contained within the reserlvoir 232. If 25 rainwater volume
increases sufficiently water will initially fTothr_ough the slot 240 and flow into

the chanpe! 2342 providing addiional pressyre to drive the turbine 216, .,
Shoul&?he water level in the reservoir % Increase at a SU? |C|enﬁy reater

rate thahiSt HBREOWRBFfron? the*6uftéC234 and thiaugh the $fot it &y
then overtow tie edge 230 td-flewsdowndhelseconad chahmnel 224b. The
channels 224 may be provided with either the same or 35 different hydraulic

digmetgy. However, ina preferred embadiment the chapnel gg4a may have a

smallerlp dra%lic giameter thalm Ehe channel 224b. Thec?eéeZCZtion of the 3 18 -
hydradiit diafeter ?orct]ﬁaencfheanne% ?282’4a?}t1ﬁe siZ7eof fhe openinﬁfZ:fﬁj,eanoo tHe
volum& 6t the #8séy o232 Arsy Beelécteditprovive aesnstdntTow of
water #tweaghdhe channel 224ar 5s¥ateriffowitg) thwopgh ske dewnipipes220
and thyugh ﬂ%@@&@ﬁ?x@’rﬂ@‘é’a‘@@@ @'&QF%QQJZ%@%@@QW&WE&ZZO
into a water t 44. The water 44 may be disposed either on t
o BBt THERiTs 2 o o oty NE R B
for varf§us® plrpBsesIntiubing nonSpotabfetsés Shchds Watering 6f a
garden, cleaning outdoor areas, washing machines and dishwashers, or
aIter_r@el;y w?alaethe@f@yizm okappropriaie filters, used tardrinking watee 15
Additiqnally, the water !3 Eb?f?f‘gtz%glaé&% @yr@eﬁgﬁﬁagé@#aabég&ag or
q%a““ge?lyféemé? Rroyide either heate tVM"é“%EJ?EI“%% within the building 12
such as for showers andswaanng machines, or aternaterfy pumped throug
radiatotsTor heating Purpéses. IRSuctEeRibobdimehts;, which is spaced

above the first outlet, 1s a horizontal slot 240 formed
near an upper end of the wall 238. The slot 240 in effect
constitutes a spill way to the channel 224a. Thus when

20 water collects in the reservoir at a level below the slot
240 it flows into the channel 224a via the first outlet
234. The outlet 234 is dimensioned to provided a steady
continuous stream of water down the channel 224a when a
head of water is contained within the reservoir 232. If

25 rainwater volume increases sufficiently water will
initially flow through the slot 240 and flow into the
channel 224a providing additional pressure to drive the
turbine 216. Should the water level in the reservoir 232
increase at a sufficiently greater rate than it flows out

30 from the outlet 234 and through the slot 240 it may then
overflow the edge 230a to flow down the second channel
224b.

The channels 224 may be provided with either the same or
35 different hydraulic diameter. However, in a preferred
embodiment the channel 224a may have a smaller hydraulic

diameter than the channel 224Db. The selection of the



20 pumping of the water from the tank 244 may ideally be powered by
electricity generated by solar cells on the roof 13. The tank 244 may also be
provided with an overflow valve 246 that is configured to open to allow
excess water to drain from the tank 244 if the water 25 pressure on the tank
244 is above a predetermined level that wotlld be exceeded prior to the

entirety o thetfiown ipe 220 being filled with water, ure_15 illustrate
particfﬁ FI 5851 |gl§ra%§?{1)mo %ae aovf/%%& %lepec %rﬁherze%%e’cﬁiiﬁné]ﬁ%aO% e

compriseTineiect & ppeiwithmn theldiun Pipé FEhé Yifter 228 feedsiaibtere
directly ¢4 the adoth arropeniagofthe €hannef 20daafhicht whemcompletelye
filled withewiader, zanoverflow into the channel 224b which constitutes the
region of the down pipe 35 220 between the outside of the channel 224a and
the inside of an_outer pipe 246 defining the down pip2e %20. - 19 - Refehrring

to FigUfa'f&, if c3H Hiirthsrb8 san that th¢ hylrdslestric Sstem’260 May
also cémprise<drie 6RMAreYB0T ERannERI248 thatexeAd diagoraly fleritapire
upper pootiamobthe reof<k3 tathie gatter 228=Thetreof bahiamels 248 ast to

direct raingynping-Qftheroof 13:10 fiow.in @ direction-atan.acyte angle to,the
difection of flow o water In.the autter 226, This provides added momentum or
velocity to the water in the gutter% 810 tﬁereby increase Its kinetic energy.

Deperidiig ofthe 1 Stitd b theteBENI 232 3T the<izE df thé Opehthg’ T 2
234, theirttease e kinetic endrgyprovidedsto thesater may!providesgreater
electricalsenergyautpubironl the-turbie, 1biklectreitygenerated hyreach

turbine, g @IJ\?I%%%"@ eorespanding.cahle,24;t0, the; powgr management

system 20, Now that an gmbodiment of the hydroglecric system 200 has,
through a solar heating system to provide either heated
water for use within the building 12 such as for showers
and washing machines, or alternately pumped through
radiators for heating purposes. In such embodiments,

20 pumping of the water from the tank 244 may ideally be
powered by electricity generated by solar cells on the
roof 13. The tank 244 may also be provided with an
overflow valve 246 that is configured to open to allow
excess water to drain from the tank 244 if the water

25 pressure on the tank 244 is above a predetermined level
that would be exceeded prior to the entirety of the down

pipe 220 being filled with water.

Figure 15 illustrates a particular configuration of a down

30 pipe 220 where the channel 224a comprises in effect a pipe
within the down pipe. The gutter 228 feeds water directly
to the mouth or opening of the channel 224a which, when
completely filled with water, can overflow into the
channel 224b which constitutes the region of the down pipe

35 220 between the outside of the channel 224a and the inside
of an outer pipe 246 defining the down pipe 220.



been described in detail it will be apparent to those 20 skilled in the relevant
arts that numerous modifications and variations may be made without
departing from the basic inventive concepts. For example, system 200
depicts a down pipe being divided into twolchannels 224a and 224b.
However as previously mentioned, the down pipe 220 can be 25 divided into
more t? anp two, channel Further 6whrl% it is be%revgg tha a rotor 21& rrcthéahe
form of an Krchrr%e%les crews may constitute a most efficient form of rotor,
howe VY the WiFsd1s of p?éﬁﬁéﬁ&s%%y%u@é& CARYR SECAtitPoblef' G the

reservoir 3 Zwhicte issdegcétibeth B0 abiove] atdeshiown las arsiot 240 waper
take alternate forwmns.cher example the wall238 eanbesimplyade ©f a
hejght squal 19 éh‘% bgttom OE&h%ﬂOé&»f‘ hPﬁH?%HBPS% MQst eP&?fOfﬂ?eto

wall 238 acts, as a dam wal] over which Water lows. In a further varratron the

slot 240'C4n b2 35 feplaced Witk h pittratity of hoTsSSt the SAfe dighti the”
wall 238.0v 205 WAk Enetgy Corersion System Bobs FE&LSPﬁéSdfF andglof
the accompanying drawings; fllistrate laa embedimentobtheawind-eneryyto

conversiQn system 300.f08 i+s kinetic energy. Depending on the

10 state of the reservoir 232 and the size of the opening
234, the increase in kinetic energy provided to the water
may provide greater electrical energy output from the

turbine.

15 Electricity generated by each turbine 216 is fed via

corresponding cable 24 to the power management system 20.

Now that an embodiment of the hydroelectric system 200 has
been described in detail it will be apparent to those

20 skilled in the relevant arts that numerous modifications
and variations may be made without departing from the
basic inventive concepts. For example, system 200 depicts
a down pipe being divided into two channels 224a and 224b.
However as previously mentioned, the down pipe 220 can be

25 divided into more than two channels. Further, while it is
believed that a rotor 218 in the form of an Archimedes
screws may constitute a most efficient form of rotor,
however the wheels or propellers may be used. Also the
second outlet of the reservoir 232 which is described

30 above, and shown, as a slot 240 can take alternate forms.
For example the wall 238 can be simply made of a height
equal to the bottom of the slot 240, so that the upper
most edge of the wall 238 acts as a dam wall over which
water flows. In a further variation the slot 240 can be

35 replaced with a plurality of holes at the same height in
the wall 238.



5 the building 12 as comprising one or more wind powered turbines 312,
together with the pitched roof structure 14 on which the turbines 312 are
mounted, the roof structure having a first pitch and, a cover 316 supported on
the pitched roof structure 14 above the turbines 312. The 10 cover 316 has a
second pitch that is less than the first pifct%ol.e_. less than the pitch of the

pitche o f tructure &élﬁJehresQ'é%hesd rchc’J strycture 14 has two s_loplng sides
3181 in an upward direction. The

turbines 312 are supported on the structure 14 in a ridge region 322 created
by and’between the eonvergingfsitdes 3d8camt 3201 Otherthamieavinglthestrate
crest afidge-region 3220f thestiuctdreskd ependonthae-204noupting of Hiw for

tugbings, 312, the seaf structute 145 of generally, canveptigngl formiand e req
configuration and thus will comprise a plurality of roof beams 324 together

with raftérs {dfsts and’battehs (Aot sHown). 25°THe toler 316 dberfies i vre 14

S an

upper portidhi326 bR the ot StiRttute?14aRd BRisHaxto dpposiesides-sficture
the ridgeweginn322 i lnseffect titie cowear 36 and/the upper porijon-826 ofthe the
roof stgiGture 44 create aractk-as aavind tuppel,328 that diregssiuind Yo | The
flaying ypwardly on 3 the sides 318,and 32 hypugh the rbipgs 312, As ;o
previousl mentlonecfa, the pit(ﬁﬁ of the" cover 3 6 IS less than the pitch of the

roof stiidttife 14'sS thatthigerpeidictiar distahcd D BetwbBh thR'ddver 816 °°F
and thet33:apperportion 326 of the first structure 14 decreases in a direction
toward the ridge region 322. Thus, the wind tunnel 328 reduces in cross

section grea,toward the ridge 21,z {ggion 322;T1is has theffactof siges 313

increasing air pressure and thus air speed throu%h tlple turt%lnes 312. It will be

1 an that .conYerg% towaﬁg ac other 1n an upwar

appreciated that the ‘configuration-of the win
direction. The turbines 312 are supported on the
structure 14 in a ridge region 322 created by and between
the converging sides 318 and 320. Other than leaving the
crest or ridge region 322 of the structure 14 open for the

20 mounting of the turbines 312, the roof structure 14 is of
generally conventional form and configuration and thus
will comprise a plurality of roof beams 324 together with

rafters, joists and battens (not shown).

25 The cover 316 overlies an upper portion 326 of the roof
structure 14 and extends to opposite sides of the ridge
region 322. In effect, the cover 316 and the upper
portion 326 of the roof structure 14 create or act as a
wind tunnel 328 that directs wind W flowing upwardly on

30 the sides 318 and 320 through the turbines 312.

As previously mentioned, the pitch of the cover 316 1is
less than the pitch of the roof structure 14 so that the
perpendicular distance D between the cover 316 and the
35 upper portion 326 of the first structure 14 decreases in a
direction toward the ridge region 322. Thus, the wind

tunnel 328 reduces in cross section area toward the ridge



tunnel 328 has the effect of directing wind from opposite 5 sides of the

structure 14 to flow through the turbines 312. Each turbine 312 comprises a

wind rotor 330 coupled to a drive shaft 332 passing through an axis of

rotation of the 10 wind rotor 330. The drive shaft 332, and thus the axis of
rotation of the propeller 330 is perpendi?:ulgalr or transverse to a line or

direction of extent of the ridge region 322..Thus, the drive shaft 332 is . .
su bstarneti%wnpar%ﬁ%l to thqu]lrlesqtio%agf a%? 1?l%w t#r%tejﬁ h thé)SI:?erllr?ec 1531270 “*°
furthePASsIStin cotié@ntratifig tHe aiftHid throagHhe tirbire'3P21R6 system 1T
300 furthek cdmprisesre respective bewling 834don eachofttherturbines B¢2. wind
Each 20.gewling 834rsiHTrouelsarr upperoportionfia eorrespending turbie site

312 extepding apovg, the heams 324 and has open OpResils ends.directing,; e
air flowmlg up the roof structure 14 through the turbine 312. The cowlings 334

are ideal y aerodynamically shaped and configured to concentrate air 25 flow
across or through the wind rotor 330. In this regard, for example, an inside
surfaceaftihe cowling 3342mayherdonfiguseditonprogeessively taperfromdheo a
OPDOS_%QP@HQ?Q;SEEO a genyrak E%Qi@n_*&l?lﬁ‘\dﬂ% t%%Wé}@Q kotor 3§Qtf£’£a}§§_- A8 the
segn in Figures, 17 and 18 eagh 08‘%’{'9% 30 extends)n the yertical direction ; . ¢
between an inner suffacé of the cover 316 and an outer surface of the roof

structur8 “F4 ‘Spposite endsf the ahive Shaft 332 are Coupktrieessiicular  or
respectivengererators 338 forigenerating efectricity. Thegererators 338¢anidge
be configyred opduven topreduaghe drive shaft 332 is substantially

parallel to the direction of air flow through the turbine
15  312.

To further assist in concentrating the air flow through
the turbine 312 the system 300 further comprises a
respective cowling 334 for each of the turbines 312. Each
20 cowling 334 surrounds an upper portion of a corresponding
turbine 312 extending above the beams 324 and has open
opposite ends directing air flowing up the roof structure
14 through the turbine 312. The cowlings 334 are ideally
aerodynamically shaped and configured to concentrate air
25 flow across or through the wind rotor 330. In this
regard, for example, an inside surface of the cowling 334
may be configured to progressively taper from the opposite
openings to a central region in which the wind rotor 330
rotates. As seen in Figures 17 and 18 each cowling
30 extends in the vertical direction between an inner surface
of the cover 316 and an outer surface of the roof

structure 14.

Opposite ends of the drive shaft 332 are coupled to
35 respective generators 338 for generating electricity. The

generators 338 can be configured or driven to produce



- 22 - electric current of the same phase which in turn is provided to the
power management system 20 via cables 26. It will be appreciated that wind
passing through the 5 turbines 312 in opposite directions cause the wind
rotors 330 to rotate in opposite directions. Depending on the type of
generators 338 incorporated in the systén%%Of), it may be important to

maintain the phase of the electric current produced by the generators 3%8 .
irrespeecltﬁ/%%épfl the 10 %lrree%%onoogroﬁétleon g?lﬁ'uee p??)lggl?er @dc%hislcnan e 1

achievEPby tf&! prvision 6Tedr BoxesBBRtdert the SRaft 332iand the =S 26 -

generators 338 so that irrespective of the direction of rotation of the propeller
330 and drive shafb332a fhe-direction of tatation.ohine [lers (ot showapts the
of{he gengralors 338 remains ihe Same;A gUIer 340 s pravided hatiynsg . o

along the ridge region 322 beneath the turhines 312 for catching an)i( water

that m%flooetb%ﬁ Tfﬁr%%gﬁ?heot‘&%%%f’é%.dﬁﬁee %Eﬁ%?éAO ma geng on t}?e
plumb&tRRtothe FRARFS P2B0FIAE hydrsalBetR SyStem 200 Fromiere 300, it
abovengescriptionnpwitlbe appreciatechthat emblodiments of the enleegyelectric
conversion systepy g&wg@e@ne@%% G SISEARNAIS SIBFRY SOUSEObE che
arr lation, win ,-and rain capa (o) eneratin ower mt rooves o
e R e o s o be

"mix aRAMEHEH! apprddth ©BTF0Wer §Bnératigh Whete tiesigiiersfstiilders caratt
select € mest30-efficiennspedific enéryy conversioh systemsipowiere of the

generation:systemsfor the prevailing conditionsgefthedocatiornatithehwildingar ¢
athangSZ, the direction of rotation of the rotors (not shown)

15 of the generators 338 remains the same.

A gutter 340 is provided that runs along the ridge region
322 Dbeneath the turbines 312 for catching any water that
may be blown through the tunnel 328. The gutter 340 may

20 be plumbed into the gutters 228 of the hydroelectric
system 200.

From the above description it will be appreciated that
embodiments of the energy conversion system 10 utilize one

25 or more renewable energy sources of solar radiation, wind,
and rain capable of generating power from the rooves of
buildings of different size, shape and architecture. The
system 10 allows a “mix and match” approach to power
generation where designers/builders can select the most

30 efficient specific energy conversion systems/power
generation systems for the prevailing conditions of the

location of the building at hand.

In the claims of this application and in the description
35 of the invention, except where the context requires
otherwise due to express language or necessary

implication, the words "comprise" or variations such as



In the claims of this application and in the description 35 of the invention,
except where the context requires otherwise due to express language or
necessary implication, the words "comprise” or variations such as - 23 -
"comprises” or "comprising” are used in an inclusive sense, i.e. to specify the
presence of the stated features but not to f‘)?eaude the presence or addition
of further features in varioys embodiments of the in(\j{ention. -24 -lCIaims: 1.
A roof b%%%%rér?eer%y coornveCf(s)fg%rslySs%gl% cgrﬁ%riglsneg: a roof frame structu re;
and, 5alGfality of soldt etieigy ‘convertiny fifes) eachofthe sotarénergy? tures
convering tiles comprisingaibasé ¢ilethvatds fixedtoatdeasta pofticn of the
roof fragrstréciuie andane.er Bxyepheiaveltaie caver tiles attached to a
cqjresponding base tile, wherein the base 10 tiles are configured to sealingly
engage each other along adjacent edges to form a substantially waterproof
cladding for the portion of the roof structure, characterized in that each base
tile has a planar substantially continuous surface on which the cover tiles lie
and by a plurality of 15 posts that extend through the surface and couple the
cover tiles to the base tile. 2. The energy conversion system according to
claim 1, characterised by an electrical connection tube coupled an 20
underside of the base tile wherein the posts electrically



and mechanically couple at one end with the electrical connection tube. 3.
The energy conversion system according to claim 1 or 25 2, wherein the
energy converting tile further comprise one or more thermal tiles cover
attached to a corresponding base tile that convert solar energy to thermal
energy. 4. The energy conversion system %%cBrding to claim 3, 30 wherein
the roqf,frame structure comprises at least two sloping sides that converge
alms . . . .
toward each other in an upward direction. - 25 - 5. The energy conversion
system according to claim 4, wherein the plurality of solar energy converting
tiles cdmprisésatddasteoriel photovaitaiotilecanryd at least one thenmal sileythe

tiles being arranged serthatthe bphatewgltaigtibes are fixed at higher

logations on the, portion of theeraof structyre than the thermal tiles, 6. The ., ¢
energy conversion system according to any one of claims 3-5, wherein cover
tiles for Both & photsvoitaic i%‘&ﬂég HNY the therr e arfotmedso as™©
to havéhre§péétive 8kposed strfages that are 6f stbstantiafy fstticar ame
appearance:t dr&herehergy conversiongystemaacordingotoeany: dhe=of 15

claims_k = Swherein %DMQMQ&MQW@g&WﬂQle%@féﬁacﬁ%@ Qase
elebch bca% tile and Whegein at Iga,Et two of the Egver tiles oveﬂ:afp %%%h other.

TTes are contigure O sealing éngage e er alodng
adjacent edges to form a substantially waterproof cladding
for the portion of the roof structure, characterized in
that each base tile has a planar substantially continuous
surface on which the cover tiles lie and by a plurality of

15 posts that extend through the surface and couple the cover
tiles to the base tile.

2. The energy conversion system according to claim 1,

characterised by an electrical connection tube coupled an
20 underside of the base tile wherein the posts electrically

and mechanically couple at one end with the electrical

connection tube.

3. The energy conversion system according to claim 1 or
25 2, wherein the energy converting tile further comprise one
or more thermal tiles cover attached to a corresponding

base tile that convert solar energy to thermal energy.

4. The energy conversion system according to claim 3,
30 wherein the roof frame structure comprises at least two
sloping sides that converge toward each other in an upward

direction.

35



8. The energy conversion system according to any one of 20 claims 1 - 7
wherein the base tiles are formed to provide thermal insulation to the roof
frame structure. 9. The energy conversion system according to any one of
claims 1-8 further comprising a hydro-electric system 25 through which rain
falling on the portion of the roof is directed’t flow wherein the hydro- electrlc
system converts energéfrom tgg flow of rain to electrical Lenergy. 30,10. T

energy conversion syst according to cfe\{lm g W‘Ferem ﬂlqegh dro- é]ectrlc
systen{ }&%ﬁ%ﬁée@ﬁng Jo?l?ﬁéﬁetéuﬁgrssﬁﬁdlﬁoﬁﬂﬁﬁé’s and, e&ﬁé%ﬁ niore=s
water turbinesswheegin the gutters aridodown pipescareiarangedad cbileetraine
flowing p#rthe1partios ofthe reef rame: sttycture 3o tesprasiuce-a water flow

that drjyes the.ar.gach ﬂ%@%t%P@eflx%Q a%lhIQﬁe%nefQXaCQPé’Sés'Qﬂ the

system accordln%nto an%/ one o Cc almstl 10 furt er comprising a Wln ) energy
converSidi s98tem haVing 8R& ot hdfe Wirtd ti¥binds Supp6iaa by theSfoof
frame structure which convert kinetic energy of a 5 moving air mass to

electriéal energy. <kizrhe energyr ednversion systenracdarding ¢o tainpid, of

whereim thewingd energy-canversiansystem further ¢rpprises W\;B@Eaic
gvoerllets e one or more \f\lnnd 19 rbines to crefate toogether with thﬁ roof

rame struciure, a wind tannel that dllrects moving air to flow up the roof frame
structﬁ@ﬁﬁW&@éﬁ@ﬁ%ﬁ%W&m% 518 TRk ety 12t Y
conversion syste @eeording e any one of claims 1-12 further comprising an
energy management system which is configured to receive and manage the

electrical energy from,the solar,energy,can %vsetrgfagglé%o@m@g electrig, system,, ¢

dthe Wlnd d energy cor verS|on sys ? 14. The energy conversion
calif aic, cover
systent accordlng to TIAinT S Wheréinthé energy gy mgnagemen system

comprisese® céﬁﬁeéﬁéﬁ%% élechity fipifly gHitcard s ebffGuredye least
managsertwo fveyhlowofeglectricat energyl betweem theeher .

8. The energy conversion system according to any one of
20 claims 1 - 7 wherein the base tiles are formed to provide

thermal insulation to the roof frame structure.

9. The energy conversion system according to any one of
claims 1-8 further comprising a hydro-electric system

25 through which rain falling on the portion of the roof is
directed to flow wherein the hydro-electric system
converts energy from the flow of rain to electrical

energy.

30 10. The energy conversion system according to claim 8,
wherein the hydro-electric system comprises one or more
gutters and downpipes; and, one or more water turbines
wherein the gutters and downpipes are arranged to collect
rain flowing off the portion of the roof frame structure

35 to produce a water flow that drives the or each water

turbine.



25 energy conversion system and the supply grid. 15. The energy

conversion system according to claim 13 or 14, wherein the energy
management system comprises an electrical energy storage apparatus, the
energy management 30 system being configured to provide electrical energy
to the supply grid when the electricity stor& e apparatus is in the fully
chargeldlstatc?hgnd connects the JS:%Q%IX gsridstcoethe elec]tfréﬁlitly storage ¢

. eneﬂ§§.c%nve m ﬁcco @) Pg
apparatus when the e ricity storage .ap_p}/aratus 1as a charge level below a
ﬂwesh%&?gﬁ%v%Tlo further comprising a wind energy conversion

system having one or more wind turbines supported by the
roof frame structure which convert kinetic energy of a

5 moving air mass to electrical energy.

12. The energy conversion system according to claim 11,
wherein the wind energy conversion system further
comprises a cover that overlies the one or more wind

10 turbines to create, together with the roof frame
structure, a wind tunnel that directs moving air to flow
up the roof frame structure through the one or more wind

turbines.

15 13. The energy conversion system according to any one of
claims 1-12 further comprising an energy management system
which is configured to receive and manage the electrical
energy from the solar energy converting tile, hydro-
electric system and the wind energy conversion system.

20
14. The energy conversion system according to claim 13,
wherein the energy management system comprises a
connection to an electricity supply grid and is configured
to manage two way flow of electrical energy between the

25 energy conversion system and the supply grid.

15. The energy conversion system according to claim 13 or
14, wherein the energy management system comprises an
electrical energy storage apparatus, the energy management

30 system being configured to provide electrical energy to
the supply grid when the electricity storage apparatus is
in the fully charged state, and connects the supply grid
to the electricity storage apparatus when the electricity
storage apparatus has a charge level below a threshold

35 level.



