SUPPORTI NG STRUCTURE FOR GREEN BUI LDI NG FACADE FI ELD OF | NVENTI ON The
I nvention relates to supporting structures for green building
facades. 5 BACKGROUND TO THE I NVENTION  The fol |l ow ng di scussi on of

the background tsyﬁfg%)ﬂafm@;mub‘fuhﬁ F@i@ér&@eﬁ%‘ﬂﬂﬂ@@ﬁeﬁag@m

under st andi ng of present invention. However, 1t s
appreci ated that the discussion is not an acknow edgnent or adm ssion
that any of the material referred to was published, known or pad of

t he commﬁug_eg @\Nwléﬂge in any jurisdiction as at the priority

date of the application. ban heat island effect (UHHE) refers to

t he phenonenon when city tenperatures run higher than those in

subur ban andhedngntionergdates) Buppwiting sprictvaes far ateen building fgeanigeng
nunbers of buildings being built as a consequence of 15 urbanization
and ecpnom c growth, and these grow ng nunbers of buildings have
suppl anted vegetation and trees previously filling the city area. In
addi ti on, BAGHKGROQYND TOEHEINMENHONat and such generation of heat
contributes to the rise in city tenperatures. The city environnent is
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in the city I's e 1 ncrease 1n tenperature, together w
t he presefanilitate sm ungetdtariding &f theepraskest inrehtien. fldowetarpit sbib ulkineg,

whi ch not only.da es, the natural environnen ut al so poses
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direc atfects the buildings® energy consu 5I'n an attenpt

t o r educekntwlegigednsanyijofisdictimreasfat theepligitF daie gbthat applisatior gr own on
rooftops (i.e. green roofs) and on building facades (i.e. green

valls) to coppanpabeisisid %ﬂ?ﬁtgrBFgEPFefﬁr‘éﬁB'tﬁQ?@@n&ﬁ%ﬁbﬁtvbl%h gfp trees.

The vegetations serve to reenhouse gases such as carbon
di oxi de atapetaduresoxinaghar thae tledgeyin dubunizan bee mursi aciasd UHHE occurs
denonstr a%)zgtrdnatr#yaéues L%g tc]hag{hgjl’eae\ar\ﬂné %%E‘nsbea}'g Cc]|n° g[}ﬁ(ﬁgg\sl\%le;nsg built as a consequence of
15  urbanization and economic growth, and these growing numbers of buildings have
supplanted vegetation and trees previously filling the city area. In addition, human
activities generate heat and such generation of heat contributes to the rise in city

temperatures.

The city environment is greatly influenced by the higher temperatures. Firstly,
20  air quality in the city is lowered. The increase in temperature, together with the
presence of air pollutants, results in the formation of smog, which not only
damages the natural environment but also poses a danger to human health.
Secondly, UHIE leads to greater use of electrical appliances such as fans and air-

conditioning units, which directly affects the buildings’ energy consumption.

25 In an attempt to reduce the adverse influence of the UHIE, vegetations are
grown on rooftops (i.e. green roofs) and on building facades (i.e. green walls) fo
compensate for the loss of supplanted vegetation and trees. The vegetations
serve fo filter greenhouse gases such as carbon dioxide and other toxins in the
city. It has been studied and demonstrated that such green roofs and green walls

30 help to reduce roof and wall ambient temperature and that heat transfer from the

11



30 help to reduce roof and wall anbient tenperature and that heat
transfer fromthe roof and the wall to the roons directly underneath
the roof and behind the wall is |owered. A reduced anbient
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i nclude all types of photovoltaic 30 panels including hybrid

phot oaol t ai Rhptaneltsics Brré eblig-staley sargi-oprefuatdappe sleniceghihatsiroduog ont o
the BIPV creates electricity. This electricity flows through power
conver si ofﬁleetgmtwﬁmn IRPSERtS "QPiE AP YRIIRie Baderials (alsatermed abaron

system fggachiBYr solar cells) are increasingly being used to replace conventional building

materials in parts of the building envelope such as the roof and the facades. They
are increasingly being introduced into the construction of new buildings as a

25  principal or ancillary source of electrical power, although existing buildings may be
retrofitted with modules containing photovoltaic materials. Photovoltaic materials
incorporated in the roof or facades of new buildings, or photovoltaic materials
contained in modules for retrofitting in existing buildings are commonly known as
building-integrated photovoltaics (BIPV). BIPV include all types of photovoltaic

30 panels including hybrid photovoltaic panels. Briefly, during operation, sunlight
shining onto the BIPV creates electricity. This electricity flows through power

conversion equipment and into the building's electrical distribution system, feeding



electricity to the building' s electrical |oads such as
air-conditioning and common |ightings. It is not until very
recently the conbi ned use of green roofs and BIPV in a single
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structure for nmounting onto a buil ? facade, conprisin

efficiency. On the other hand, the pho ovoltaic unlts provide partlal shade for the

vegetation during the day, thereby reducing evaporation rates and the amount of

20 needed watering. At locations where strong winds are frequent, either an
extremely strong metal structure and strong roof or a good wind block behind the

photovoltaic units is needed, preferably both, in order to prevent wind damage.

It is desirable to provide a system for reducing UHIE that overcomes, or at least

alleviates, the above problems.

25
SUMMARY OF THE INVENTION
Throughout this document, unless otherwise indicated to the contrary, the terms
“comprising”, “consisting of", and the like, are to be construed as non-exhaustive,
or in other words, as meaning “including, but not limited to”.
30 In a first aspect of the present invention, there is provided a supporting structure

for mounting onto a building facade, comprising:
3



3 a section covered with a photovoltaic systen and a section
covered with a vegetation system BRI EF DESCRI PTI ON OF THE DRAW NGS
5n the figures, which illustrate, by way of exanple only,

enbodi nents of _t he. i.nyent i i J nillustration of
t he supportiﬁga§?$E°3{ gﬁ‘zé}fgﬂ "%5@%&’8&%%”%""’ grI’—qf‘gure 2a and Figure
2b show a rear elevation and a side elevation, respectively, of the
supporting straecetdie obvdredwrith 4 vebelationwysign.ont o a buil ding 10

f acade. Figure 3a and Figure 3b show partial view of the staircase
core wall with the supporting structure after installation of the
vegetation system and after installation of the photovoltaic system

and the VBRERIDESCRYBTHONIOF IHEDRAWHSESCt, respectively, in which
the fl ooring between the vegetation system and the 15photovoltaic

H ur @ 4a aderigEres AR IR B R BIONER GHE drBheh e otineon,
respect i vgleenbinvantisipporting structure in a third aspect where the
veget ati on system conpri ses concave and convex meshes. Figure 5a and

Fi gure 5b sbow perspective vie nd si de. el evati on vi gw,

207 espect | VEIRHTB ot AL B EataT G SUPRET G UMD & St BRRESvol t ai o
systemin accordance with the first aspect where the vegetation

syst em conpFigare 2aoanvak K igueel2b Bhowreerdae ebavaitibn gundea Sid estevation,

per spective view an i de el evation,view,_.respectively, of the -
support i nrgeSE?PE‘@'Yrrcgt SHPPABINGHIUS P iFd‘é’ES)g? Sfrenmkbetdemte Riiding
the figstraggect where the vegetation system conprises convex 25

nmesh. Figure 6a illustrates the positioning of the photovoltaic

system and the vegetation system such that the gap, between themi s

i i m zed: PP G410 FIGHRIShaN P (e B SRITERES CPBSRal b Bas

of a curv. (e ly! i i } -' i an

vi ew resﬁ%ﬁﬁg 5@&&?&%&{# hsYAIRion B e FoGMaTIbP ByMeRtY Mtk
installation of the photovoliaic system and the vegetation system in a second
aspect, respectively, in which the flooring between the vegetation system and the

15  photovoltaic system is sufficiently strong to withstand the weight of a man.

Figure 4a and Figure 4b show a perspective view and a side elevation,
respectively, of a supporting structure in a third aspect where the vegetation

system comprises concave and convex meshes.

Figure 5a and Figure 5b show perspective view and side elevation view,

20 respectively, of the supporting structure without the photovoltaic system in
accordance with the first aspect where the vegetation system comprises convex
mesh; Figure 5¢ and Figure 5d show perspective view and side elevation view,
respectively, of the supporting structure with the photovoltaic system in
accordance with the first aspect where the vegetation system comprises convex

25 mesh.

Figure 6a illustrates the positioning of the photovoltaic system and the
vegetation system such that the gap between them is minimized; Figure 6b,
Figure 6¢ and Figure 6d show the close-up views of a curved mesh in isometric

view, side elevation view and plan view, respectively.

4



Fi gures 7a-e show alternative configurations of the nmesh of the
supporting structure. DETAILED DESCRI PTI ON 5The invention relates to
supporting structures for green building facades. I n accordance

with a firste :
Suppor i ng. 41 Purut i b kbl EBhaabAE e e BEA KE s hporing.,
i n Fi gur esttuctlite supporting structure 10 conprises two sections: the
first section is covered wwth a photovoltaic system 12 and the second
section is covered with a vegetation io system 14. As illustrated,
there may be a third section 16 which may be void or covered with

ot her el epEMAILED DESORIPTSONh as gl ass panel s, decorative panels and
safety panels. The photovoltaic system 12 serves to generate

el ectrj cal wer fromsunlight to reduce ener | oad, o

white$ho vEgeThErRR et ERurBrhRE S o ORE R aedhnliihe Fachdes
tenperature. The vegetation system 14 may al so hel p 15to reduce
surface tenjreaciondanad withe st daruibngimiemtadéhe Trhentibntttnem tsaprovisigsiteem

o e TP M S TR il VB RAS
t oget her ?ﬁe%uﬁ?@ﬂi@l patRREUB N APFiS St bdctioHRe RGP YOI i§ déUeFe%i

are secured to the Supporting structure 10 by securing neans such
bolts andwrtbtasphczomltaw systenet a anttibe ghooweectmmlsmvesedwwyh taevegmmtm

O o sd0'F YRR D LECSEH! FrehOmay nd B3I Sb A T8 IS Ry RIROMS

A i mber ptandred witl oteer eliierntoor bstehffsiich as glafssfpé#rléﬁ teB6ratha els
such as root clinbers and adhesi ve-suckers, and plants that nee

25suppor t 2 satatyeanels. Shephatovoltais sigtam sservesio geepnate plesiiog) power
| eaf cli I t

Csapscu T OFTREEE AL AACRLES ofife WIRIHEINR EPERER Hlinte
condi t i onservbatalgoshibeiasbiantitethparatire. Thé hegetatibrrsysieen fldrmay alo help
heat, drought, frost, etc dependi on the clinmatic conditions where
the s%?ppo'iotrerﬁ’g'c:?tsr“'{f@f’ﬁli%'“f)@r% Qﬁ}ga yidinddaprdeer abl y be sel ect ed.
30Preferably, the supporting structure 10 i s shaped to have a

subst ant i al Te peotavogticadystdrm elongoriksphoddvatiohits sest 4§ 8blaf panels. The

and horizontal frames forming 5
photovoltaic units may be made up of individual photovoltaic sub-units joined

|Id|ng

together or a stand-alone photovoltaic unit. The photovoliaic units are secured to
the supporting structure 10 by securing means such as bolts and nuts.

20 Alternatively, the photovoltaic units may be hooked onto the supporting structure
10.

The vegetation sysiem comprises a mesh for climber plants to cover the
supporting structure 10. Climber plants include, but not limited to, self-supporting
plants such as root climbers and adhesive-suckers, and plants that need

25  supporting structure such as twining vines, leaf-stem climbers, leaf climbers and
scrambling plants. As the vegetation system will be exposed to the exterior, i.e.
exposed to the harsh climatic conditions, hardy species and climbers with a
tolerance for wind, heat, drought, frast, etc depending on the climatic conditions

where the supporting structure is deployed should preferably be selected.

30 Preferably, the supporting structure 10 is shaped to have a substantially

rectangular block configuration with vertical frames and horizontal frames foerming
5



the skeletal. The first section covered with the photovoltaic system
12 is positioned on a first face of the supporting structure 10
whereby the first face of the supporting structure 10 is positioned

15" mount ol OB el b Bsod WD hEBuRRRRElS SRah i Heftbhed
with the vagetigt fave shitbé e0ppdrting Partireoredgherchy thediostdata@cetief t he

supporting structure 10 whereby the second face of the supporting
st r uct ur eSUPPeENG SUCiBALY inPgsitioned Turkenawayfrag the builginghwalavhen the

supporti ng?ﬁﬁéﬁﬁb%ﬁrﬁcﬂgﬁﬁ |§9H5\5rﬂgd%?1ttc98‘;é]ﬁu!m1%é fgdéglef ﬁ*ﬁ %c%ﬂé@ sb&ich

arrangenent’, e~su tructure 1 rovi
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cool the buoid tﬂreﬁgntﬁa‘tgaﬁmadedlmmts anamgameint) theastpporting etrpefuse dPeserves to
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nore effi 6|d%RéHSbybtﬂé%g@%bﬂrar%wa&@ﬁurmré@os@@to(ét)ﬁsh'ir@arn%'yttﬁiachleved
photovol tai c system 12 is protected by the inner veg_@;t ation system 14

agai nst véidemeparts néthe wegttatiomgystemté is shedsidobviig! proteveliait eystem

the mesh, Tachirdhbafe BIRbebakeE et kBB tondEiht A,

20 as bil k/é?@tédan%lyéte‘m 94 Hefsy @scodltlye BUBEING factERAanINIRNslres indime

nmesh and bill boards or S|gtn boards are being used, the nesh may als
prot ect t REVHENYiBEWResiuGs be@?yﬂéawa@guthe@ﬁsrw Iord dar e wldmgga.s well as

boar dgg ar ﬁngrtbﬁ)ﬁjrfdeih deﬂ‘[{ﬁuhéyﬁ BE 1+ pﬁg{ Qeﬁ?‘i 2 Wﬁ/oﬂ{%@gﬁ%gﬁﬁmnﬂy

are a so poSs I nc g |rregu ar S es so long as
protects uhdeptatiovehtieoroneaytst and 1i2) fneomtehphmmpommd systeinmd 2 i2 HFitgoted

2a and Figure 2b show a rear el evation and de el evati,on,
respect i vgb’ he mnecfh’@g@Ia?é'ﬁé‘r%yﬁF?d" s'@r%&%"&% ntheft %J damagesingg the
a buildin hBRs%ﬁé;c dﬁ/@térh'ﬁ %Mh&?éﬁ furihfé‘?a&}é%%rﬁ'tﬁ'@ bﬁﬂcmHE;WII% M is

shown to corrprl se t first section covered wth e photovoltailc
system 123déntlng tomharrmﬂmemapmtectaegmemﬂmr wWhﬂtONhléals@gehem 12, such

secti co veget.ation . O.lLlustrated,in

o our €035 B ittt And o RISLEL el AR b Dsrd; Wiver Botbuhe Pidd €01t om
12 and th@nrb@gﬂi@éﬂ anw?mﬂeélbmg L@edftﬁetméswnﬁéy alseroteat fHe' WiMoards
enough to support and w thstand the wei ght of |'east one nman for

the pur poSESIgsf bcrferﬂﬁﬂfetharhtl&w@rd?e RESIHAAIORIO BER msﬁq}l@démfmt gf the mesh.

vegetat i 0@)tﬁ¥§§ﬁé‘;8 ftﬂﬁqn&ﬂ gFé %'I é)%fs#b@ |H&98§}fgtl}r§§'ulafkﬁé’é% %(g oln(c):;nas

shows partia e supportin ructure er rnsta

of the vegss atesarprslseiitefhelﬁh@todoiﬁdigsyaea’o1zm@mtmardpl@dd belendof the
supporting structure 10 after installation of the photovoltaic system

anot nér empbiaita e R FALETRR sreR Rt TRl ond 84ide dRvalin!

respectively, of the supporting structure 10 when it is mounted onto a building
facade. In this embodiment, the supporting structure 10 is shown to comprise the
first section covered with the photovoltaic system 12 being in a spaced apart
relationship with the second section covered with the vegetation system 14. As

30 illustrated in Figure 3a and Figure 3b, the spacing between the photovoltaic
system 12 and the vegetation system 14 may be fitted with flooring strong enough
to support and withstand the weight of at least one man for the purposes of

maintenance of the photovoltaic system 12 or vegetation system 14, and watering
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10 in a perspective view and a side elevation view, respectively. In
this enbodi nent, both the photovoltaic system 12 and the vegetation
system 14 are positioned on the first face of the supporting

structure f '
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building fagade would not damage the photovoltaic system 12 from the fop.

In a third embodiment, Figure 5a shows the perspective view and Figure 5b
shows the side elevation of the supporting structure 10 comprising only the
vegetation system 14. Figure 5¢ shows the perspective view and Figure 5d

25 shows the side elevation of the supporting structure 10 comprising the vegetation
system 14 and the photovoltaic system 12. Figures 5a-d show clearly the curved
mesh of the vegetation system 14 having a convex configuration whereby the
mesh is bulging outwardly. The edges of the mesh curve inwardly in order fo

accommodate the photovoltaic system 12 as shown in Figures 5c¢-d.

30 In a close-up view of the curved configuration of mesh of the vegetation system
14 shown in Figure 6a, the spaced apart relationship, i.e. gap, between the

photovoltaic panels 12 and the mesh of the vegetation system 14 is minimized so
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5t enperature surroundi ng the photovol taic panels and hence inproved
efficiency of the photovoltaic panels. The nesh may be desi gned such
that the gap between the nesh and the photovoltaic panel is not too

wi de resul B%f{e{%ﬂ@é&ﬁ?@u%&%ﬁhé&t 1Bt 8 PG orth @ BhSid B8 Winefd.

the sane tinme |ent
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during operation, the individual performance of_ the veget ation system
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| oadi d f st t 6b- d_show
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t he angl es of curved nesh of the vegﬁy ation system 14 are also
S
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e 6. e ARABIL ARG o AYLTaRR. THEThel st BeirhRlshd deliit
i s that tHheeZbysidtionlsysesi ictunstbritfiie photoywoltaidpeinegs wtvhl@ot&trahmibwsr@me
on buil di n?WéO‘ﬁlj“ als and | abor that would normally be used t

construct H c mnqlﬁ@ngmelt arofgeisribe RRoBItRE pangls éﬁdéoé&”@@@*’di’r and
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y etically appe n

genera end i'n be ter d are e aes al1 ng
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and quieter thr ou%g t he shadi ng, evaporative transpirfation and
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over the cordrigeaiemaneftha dghsilof Qi ednted et BEclebatftionysstih 14 are also
possible. Further examples of such mesh arrangement, such as straight, wavy,

pyramidal, curved and bent are illustrated in Figures 7a-e.

The advantage of BIPV over more common non-integrated systems is that the
25  initial cost can be offset by reducing the amount spent on building materials and
labor that would normally be used to construct the part of the building that the
BIPV modules replace. In addition, since BIPV are an integral part of the design,
they generally blend in better and are more aesthetically appealing than other
solar options. These advantages make BIPV one of the fastest growing segments
30 of the photovoltaic industry.

Besides the well-established benefits of reducing UHIE and therefore reduced
energy consumption and improved air quality, cities are now cooler and quieter

through the shading, evaporative transpiration and the absorption of sound by the
8



5Facades of buildings provide |arger surface areas for nounting
phot ovol tai ¢ systens and vegetation systens as conpared to the roofs
of the buildings. Therefore, cooler anbient tenperatures and | ower

energy |o ﬁéer‘??ac]tégi% sPEreEH A5 EEY:aHealé’&Hé tSdred@ﬁée“sﬁﬁf @Pd%ﬁ & the

roof s of bui ngs gener al experi en har r c I mat |
condi ti onbutltiagst he facades of bUI | di ngs. Thus, the phot ovoI taic
systens and vegetation systens nounted onto buil ding facades are nore
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t he roofs not s sin e roo S are genera
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th b i th . t at 1
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wi t hstand harsh climatic conditions. The supporting structure,

i ncl utd ngsya’@rm@shd veggtation rayetenas manunter entodbuiidig datles are mreaiwable

manuf act ure nance. Al ter nat es | ud

St ai it ess 2ORLIAD R BMEouTRaR AL R ALERGNER ik DBRRB Hfe Beshete 4h

structur eﬁié@éﬁrﬁ%d@ﬁ@&@@t@ﬂ@gﬁé@ﬁehﬂpi@id&i E)ﬁ&@dveﬁ] NtictPS@REiisighanning
u e

neans such as bolts and nut, hooks, etc. Altho f or egoi ng
i nvent i onOMes |asgensyéae atsas af the B?rﬁ@deét‘é«flﬂhoypthﬁa\pegtﬁtaﬁlcm aﬁtem arasrhthe

and exanp

pur poses bﬁ é@?ﬁ@yé\%\‘t un Be‘(r}gtt% gﬂ?éf dgs,r@gged{)greg%%g?é% tr{egsfrﬁ'gse
of or ds nafrprskihé tondretdfacads nmayt d:amte dicornfort Raibbiaygs. Gredmdry on the
invention that certajn changes, variations 30 and nodjfjcations

be made tFPEHAKINChBAYS 8Hﬂ%?ﬁ?ﬁ’§ %"W‘Eﬁﬁhﬁ{é?ogsp@rﬁ gensralbeigse 3&9‘*?%'9 and
i nvention|as; @egehided in the appended clains. | CLAIM 1. A
supportlng structure for nounting onto a buil ding facade, conprising:

a first section covered with a photovoltaic system and
The supporting structure for the green building facade and the mesh of the

vegetation system may be formed of lightweight materials (such as, but not limited
20 to, hot dipped galvanized mesh) that is resistant to corrosion and can withstand
harsh climatic conditions. The supporting structure, including the mesh, may be
modular and pre-fabricated to allow easy manufacture, installation and
maintenance. Alternatives may include stainless steel cables, ropes, wires and
rods. The supporting structures may be mounted onto the building facades by

25  securing means such as bolts and nut, hooks, etc.

Although the foregoing invention has been described in some detail by way of
illustration and example, and with regard to one or more embodiments, for the
purposes of clarity of understanding, it is readily apparent to those of ordinary skill
in the art in light of the teachings of this invention that certain changes, variations

30 and meodifications may be made thereto without departing from the spirit or scope

of the invention as described in the appended claims.



a second section covered with a vegetation system 52. The supporting
structure of claim1l, wherein the supporting structure is forned of a
rect angul ar skeletal having a plurality of vertical franmes and a
plurality ;¢ Agki zontal frames. 3. The supporting structure of claim
2, wherein t"he 'hot ovol tai ¢ system conprises at | east one sol ar panel
secured onto the plurality of vertical franes and/or horizontal
frames. 4.1.THeSEppPBINg sigiciureder moaining entg embiildingdacagie reeintprisieg:
veget ati on system conprises at |east one nesh for supporting clinber

plants, the @%“ﬁl%%%gﬁﬁql?]%&é}emﬁtwégha{d\io)taf&fsg\%rhf &34 frames and/or

hori zontal franes. e supporting structur any one of clains
1 to 4, wherein the photovoltaic 15system and the vegetation system
are placed i m @ sge@EHSe@@Ncavered Mﬁ@i’@etﬁh@? 8¥stefor mi ng a gap
t her ebetween. 6. The supporting structure of claim4, wherein the

si de-ekevat i ofhe& Qi hAhg stRBtLRE of BRIMES WHeTeFEhe EuRBoktMy dthfdtire is formed

straight, concave, convex, wavy, pyramdal, bent, and cdnbi nation

t her eof . 207.ofEheectangdar skeletet hadngeplurality ef yargcalirames and of pluelity of

portion of the mesh i.s concave and a second portion of the nmesh is

convex. 8. T rgﬁﬁg%’rf’fq'ﬂ%s'structure of claim?7, wherein the

phot ovol tai c systemis secured at the concave portion of the nesh

such t hat 3.hellphstippatingistrusiuse efclasmf, wdterain thetpjotowiiaexsysbemi on of

the nmesh. 25 . . .
comprises at least one solar panel secured onto the plurality of vertical frames

10 and/or horizontal frames.

4. The supporting structure of claim 2 or 3, wherein the vegetation system
comprises at least one mesh for supporting climber plants, the mesh secured

onto the plurality of vertical frames and/or horizontal frames.

5. The supporting structure of any one of claims 1 to 4, wherein the photovoltaic
15 system and the vegetation system are placed in a spaced apart relationship,

thereby forming a gap therebetween.

6. The supporting structure of claim 4, wherein the side-elevation configuration of
the mesh is selected the list: straight, concave, convex, wavy, pyramidal, bent,

and combination thereof.

20 7. The supporting structure of claim 6, wherein a first portion of the mesh is

concave and a second portion of the mesh is convex.

8. The supporting structure of claim 7, wherein the photovoliaic system is
secured at the concave portion of the mesh such that the photovoltaic system

is flush with the convex portion of the mesh.

25

10



