SUPPORTI NG STRUCTURE FOR GREEN BUI LDI NG FACADE FI ELD OF | NVENTI ON
The invention relates to supporting structures for green building
facades. 5 BACKGROUND TO THE | NVENTI ON The fol | om ng di scussi on of
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growi ng nunbers of buildings being built as a consequence of 15

ur bani zati on and econom c growth, and these grow ng nunbers of
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the city pAEKGROUNIYTO PAE INVERTIONRLI vities generate heat and such
generation of heat contributes to the rise in city tenperatures. The

city envirqnnent is greatly influenced b he hi.gher, t enperatures.
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city. It has been studi @éd and denonstrated that such green roofs and

gr een walprimady iskeledottoe geawiog nusaiberared bwidinga meingbuitt @spe cansaasieand of

that 1@eatur 5%@%&8{, a%%@o%g%ic g:;Lrowth, 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) to
compensate for the loss of supplanted vegetation and trees. The vegetations
serve to 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
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roof and the wall to the roons directly underneath the roof and
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hybri d photovoltaic panels. Briefly, during operation, sunlight

20 Photovoltaics are solid-state, semi-conductor type devices that produce
electricity when exposed to light. Photovoltaic materials (also termed as solar
panels or 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



shining onto the BIPV creates electricity. This electricity flows
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Thr oughomhthojtadmwﬁeﬁave inhe nstataderhavedhpn@oetation leveltsedhabie ary,
the ter mSphotovoltaic units are not shaded by the extensive vegetation, thereby reducing its

efficiency. On the other hand, the photovoltaic units provide partial 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



"conprising”, "consisting of', and the like, are to be construed as
non- exhaustive, or in other words, as nmeaning "including, but not
limted to". 30 In a first aspect of the present invention, there is
provi ded a supporting structure for mounting onto a building facade,
conpri si ng: -3 & sectivacgqVered Witk eeRhatpYoitaic sHeeBV@dai ¢ system and -
a section covered with a vegetation system BRI EF DESCRI PTI ON OF THE

DRAW NGS 5 1 4 Bisctidnastiesed With @vddeisior 8jfemby way of exanple only,
enbodi ments of the present invention, Figure 1 is an illustration of

the supporting structure in a first aspect. Figure 2a and Figure 2b
show a rear elevation and a side elevation, respectively, of the

supporti | e’ ted onto a building lo
%@F" Bg;s‘%lgl l;o'l_il OFEHE DRAWINGS 9

f acade. ure Igure 3b show partial view of the staircase
core wall with the supporting structure after installatjion of the
veget &t i on 18yRe Egpresnwhigh iustratashymaytaf exasirle ralyprBtRefIMeaisofdlat em
and the v t.i stemin a second aspect, respectively, in which
t he rooHﬁ%gé@g?ﬁ§g§%¥he veget ati on system and the 15 photovoltaic
systemis sufficiently strong to withstand the wei ght of a nan.

Fi gure 4a drigure dus andbistiegan &f the sperartive stiuetvraita dirgiaseest- evat i on,
respectively, of a supporting structure in a third aspect where the

veget at i on Figipd @MRMMGUPE 2bEMHIGAY Pedt Ele CADIEXNIB RS clchbfieie S5a and
Fi gure 5b show perspective view and side el evation view, 20

r espect i vebgectyely loé thaupprpariing skuetucs af BigureHowhen eoypried entn a dugding
systgﬁl ig acfcordance with the first aspect where the vegetation

syst c ﬂfﬁ es convex nmesh; Figure 5c¢c and Figure 5d show
perspective view and side el evation view, respectively, of the
suppor t i ng Fgure8armdvifighire Bb shiowt pardibt vew cfytbe staifcaseaote wddivgth thiet h

the first aspect ere t vegetatio ste onprises convex 25

resh, | i GUPEDRL T et Ay o B AG ok O TR ST Bt B P o

syst em angsthiition of the photovoltaic 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¢c and Figure 6d show the close-up views of a curved mesh in isometric

view, side elevation view and plan view, respectively.
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veget ati on system such that the gap between themis mnimzed; Figure
6b, Figure 6¢c and Figure 6d show the close-up views of a curved nesh
inisonmetric view, side elevation view and plan view, respectively.

4Figures7 eshowal ernative, configurations of t h of the
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to suppordijpgyet ructures for green building facades. In accordance
wth a flrst enbodi nent of the invention, there is provided a

supportlng structure 10 for nmounting onto a building facade as shown
in Figure 1. The supporting structure 10 conprises two sections: the

first Se%%?ﬂlLéDW§CR@bTI‘MNh a photovoltaic system 12 and the

second section 1S covered wth a vegetation so system 14. As
illustrated, there may be a third section 16 which may be void or
cover &d wi t heinentien ielesdo sLPBOEINGFrUStgRS & saj]esgsbtwdwgl fgcades.

decorative panels and safety panels. The photovoltaic system 12

serves to Qﬁ%ﬁéFo%r%b%HéWét PWEimeht 8MHRURLARIYN, Ttﬁbréﬁfgﬂﬁcﬁ/l@étﬁégy
| oad of the building while the vegetation system 14 serves to_cool

t he ambi exppodingestascivre 10rfor egritng orin aslytsl ferageyasashyvminl pigure 1.

to reduce.surface.tenperatu of the UI|

phot ovor + B SWgETing SBAEREAE Bt Bbs ik Selitne 38T g povered
panel s. TWith aphetriaicdystéi15amdihdsedtrdesdiionfis tonbrét dued a vegetation
photovol tai ¢ sub-units joined together or a stand-al one photovoltaic

uni L 10ThesygtRin G%Aﬁaﬂl@t'@ﬁ@d dhareemay digr a thitdoseating upiEHtMAY Petvoittelr e
10
y Secilbngy I”ﬁﬂ'?ﬁh Qm%g\g{%é %g UhSrs p%é’sﬂaér‘?é@a&ééb%ﬁve Ea!lkgexs

phot ovol tai ¢ Un e su struct
The vegetatd sn*fetyy;sarmis cﬁmoph@tesoleanmyﬁeﬁousbmésem genendte etl@ctnoadq:rower

LoT el T T SORISHO il Sharasions of Wl Dakding wpis Sranvegetalion systdm T4
adhe5|ve- r
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pl antis. As retiecesegiéace ieompeggiire of e buildingiquasied to the exteri or,
i.e. exposed to the harsh climatic conditions, hardy species and

clinmbers Wiy Ghotovoltaic system comprises photovoltaic units such as solar panels. The
photovoltaic units may be made up of individual photovoltaic sub-units joined
together or a stand-alone photovoltaic unit. The photovoltaic 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 system 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, frost, 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 forming
5



tol erance for wind, heat, drought, frost, etc depending on the
climatic conditions where the supporting structure is depl oyed
shoul d preferably be selected. 30 Preferably, the supporting

cont | gur AP SHeltant Der st serier snudedithie srsloudBic Shdem 12 f s tioped
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12 is positioned on a first face of the supporting structure 10
wher eby tduppbirting stregereot0 isheosittnngsoivriheyawey donu il boilding pedivvhamiae

further away from.the bujldin | J n the. orti tructure 10
s mount BRI HENTWR 1A fRyRpuiBentdite blind 1etls. ghEplf Hton
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fol I owi ngrienied buigding facadae Irpthod amahgament yisé eupperting stoictusbadestross to
i 0 bl ocked by the vegetation _and maxi mum exposure to sunshine nmay be

d
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mor e ef fiyeigRidtlon sysRRM490b&to EoYIthe BIRAhY faddttk bhd thd B&r&diRg
phot ovol tai'c system 12 is protected by the inner veget ation system

14 agai nstmbigntiteiniparaturecheretyredasingdhsiemeegy load fph Idirzg as wedtasm
12 is_positioned, further a fromthe .buildin l.l,s. 1N ddi_ti on
to 11 mabkroEs e BidEne Ehihe pafeve B ke Cnd Surd work yREE sl
such 20 amder kbbeaedsiraiflenisgandoRY) o oty pAbBRohgicusetbm M2as phsibbted
the nesh and billboards or sign boards are bein sed, the mesh may

u
al so pr ottycdhetinremiagebaipnasysteip 14 agaipsfaramsialismy Ef@ﬂbamd gamags shicesthgn
boards arg . |0 A . i . af e sh
are a so PAAIRIBIC S 17 RboStionotf Py aucl i (0BRGNl
pr ot ect s ddaétigphiottbe ohésh, otissrsiretectidg fimeand foe the phatodohaibisydten?d32, such

F gurzg Z%Sak?lﬁLOFalrgg rza%dzs?gnsggg\llfd%, a%?/ralgcl) %\ézﬁsie(c)ihV\?hnedn gotﬁitﬂg n?els vaalgé on.
billboards or sign boards are being used, the mesh may also protect the billboards
or sign boards if the billboards or sign boards are installed in front of the mesh.
Other shapes of the mesh are also possible, including irregular shapes so long as

the mesh protects the photovoltaic system 12 from the top and behind.

25 Figure 2a and Figure 2b show a rear elevation and a side elevation,
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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respectively, of the supporting structure 10 when it is nounted onto
a building facade. In this enbodi nent, the supporting structure 10
i's shown to conprise the first section covered with the photovoltaic

t 12 d rt ati,
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12 and the vegetation sy steml may be fitfed wth flooring strong
enough tsuppoﬂmr&trmﬁakevﬁ& afmraneltaﬂamn/\eﬁ thtphoftoaltaicaystemit2 ang ther

t he purposes, of rra't?nt ggance of the photovoltaic system 12 or
veget at.dﬁgégﬁg%rﬁyf Mdfld watering 6 of the vegetation. Figure 3a

shows partial view of the supporting structure 10 after installation
of the veg&igureosda sydtFiguisidhistioi @mlaeeémbbdmma]ftﬂhasummvm@fstmere
supporti Hg structure, 10 after, installation of thee%]ot ovol al C system
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view and a side elevation vi ew, respect I vel Y. nmbodi nent
both the ppbtbrooedlm”ame fsfytsfaeeromweampnmg/etyecctate 0 védheselyriheafirst face of

Phe 11 reths StepqinoibuiBaBie ey tErRd AR At ko bE R udte Wil Fhér

away 161 omdited vhtdittRobiRlidg Ftede 1@h@9ﬁ6f0®6!t§1@t§3/std?ﬁ 12Uk ticed ihacade.
The photovoltaic system12 is placed in a aced apart relationship

with the spag@ﬂ appgelajienghip Mﬂh’fﬁl@ \m@tai@@eﬁy& emridsyid e ve_g@tatéorpﬁéﬁé@@
nearer tq, ?g fuald ﬁ’éé}gr Wtﬁ 64\8!?‘19;\10& Hggwttgxéfﬁeﬁo%&ox@’é h212. iR MESK

ofthevege |on system 'S e I'S shiown t o be

shaped i of the eegeteﬂbmeyétégumtun@hnslembcemheof igshbah ttplbersha(oad ina
illustrated in Figure 2) when 15 wewedfromthe élé elggﬂtlon The

veget at i GH“@FS‘EWQP@U%‘ iapierd af @ airplang (asyillupiealg ¥Ry e
conf i gur @Févx?é&j f0R ﬁ%\{%ﬁ%ﬁﬁbﬁ#ﬁé V&ktat cﬁ? f&@ﬁp’(@'ié Swn BY 84 editld

is positioned In front € concave nes veget ati on system
14 so tm&shelsdwawweomwsrcommgurmlome@mtmnm coydigerativs. The photovoltaic

substanti al | ush he hqgtovol taic system. 12. Wth the
F1 ushi ng Sottel 2 i Betienes regeRth B Sanfaa RESHET Wi vevdrlian SVpm i,
12, a peksqRatthe dofﬂwemééw S¥Ahe VEBEttBA @@f@ﬁqu ivalibs@htibneflughivitaitng
fagade woul d not danmage the photovoltaic system 12 fromthe top.
photovoltaic system 12. With the flushing of the vegetation system 14 with the
20  photovoltaic system 12, a person who throws things over the parapet wall of the

building fagade would not damage the photovoltaic system 12 from the top.

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 to

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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In a third enbodi nent, Figure 5a shows the perspective view and
Figure 5b shows the side elevation of the supporting structure 10
conprising only the vegetation system 14. Figure 5c shows the
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20" side elevation and plan views, respectively. Other configurations of the mesh
arrangement and the angles of curved mesh of the vegetation system 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



menbers. Figures 6b-d show cl ose-up views of the curved nmesh in
isometric, 20 side elevation and plan views, respectively. O her
configurations of the mesh arrangenent and the angles of curved nesh
of the vegetation system 14 are als ossi bl e. Further ex | e, of
such mes O1PRAAGRIR Erogh AP Ale S Sar A am R duon SRR L PR and
bent are plilfgjdated in Figures 7a-e. The advantage of BIPV over nore
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achi EVEd.oMﬁﬁ@bﬁBaﬁéclye atdae oftleé facaideshwithoiut thengsgadatiar aydtgm and the
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mount.ed ()t t ; t
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systens ﬁgannj n over larger surface areas of the facades. Wt hout
the veget'St$ ¥8"&P% em and the photovoltaic system mounted onto the

facades, glare or reflection of the sunlight
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 modifications may be made thereto without departing from the spirit or scope

of the invention as described in the appended claims.



15 fromthe concrete facades may cause di sconfort to the eyes.

G eenery on the roofs may not have such effects since the roofs are
generally | ess accessible and [|ess viewable. The supporting
structuredio he green building facade and the nmesh of the
vegetatid Eé em may be formed of |ightweight materials (such as,
but not limted 20 to, hot dipped galvanized nmesh) that is resistant
t o corr osi.onA sugdperingwtiubtiraor mausting bhtved geearondidingfeadéheomprising:
supporting structure, including the nesh, may be nodul ar and
pre-fabricated w eas ure |nst | ation and

mai nt enance. @fFﬁ%&W@B%Dﬁ%@dvﬁﬁﬁhaﬁoEvgﬂﬂFé¥§eE?é%FPcab|es, ropes,
wires and rods. The supporting structures may be nounted onto the
bui I di ng f acadesedyndSectionwoveedwiths wgedtatam altérs. and nut, hooks,
etc. Although the foregoing invention has been described in sone

detail_ by way of illustration and exanple, and with regard to one or
nor e énbodinents, for the purposes of clarity of understanding, it
is readily apparent to those of ordinary skill in the art in |ight

of the teachings of this invention that certain changes, variations
30 and nodifications nmay be made thereto w thout departing fromthe
spirit or scope of the invention as described in the appended
claims. 9 1 CLAIM 1. A supporting structure for nounting onto a
green building facade, conprising: - a first section covered with a
photovol taic systemy and - a second section covered wth a vegetation
system 5 10
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