WO 2011/ 086518PCT/ 1B2011/ 050152 Substrate having a porous surface for
vegetation Field of the invention 5 The present invention relates to a
substrate for vegetation which may be used in the formof a panel, building
bl ock, til ewor2brictkgssng exanple. 10 More parti cBCA/IF201he0HOES2Nt
invention relates to a nodule permtting the juxtaposition of a porous wall
with interconnected spaces with a substrate as a support for vegetation, in

particul ar | vertical .position and_ in u i nt. 15 Prior art
Substrates,éﬁ%gtﬁ&%%pﬁ%vﬁﬁau?e%?r?%$ %%5%?§?i%€§2¥§3%%%gggf|y known in the
prior art. 20 For exanple, the publication WO 2006/ 010846 Al relates to a
structure for a wall provided with vegetation designed for urban

| andscapi ngF e f of Eﬁ%dhﬁVﬁﬁthﬁﬁse screens, partition walls, fencing

ar ound ilding 25 sites, etc. Said publication discloses, nore
particularly, boxes of prismatic shape provided to be juxtaposed and/ or
super posed, Teachpbexehei ngnhieghlipnperkérated drd fa | Isedhsthrateexdmt e, with

conpost in which the roots. of vegetation planted in _the conpaost 30 are able
to grow. EatRIBoXthas Mﬁﬁ&ﬂnﬁﬁVoPecﬁﬁ -|%%kE58c $%hd saHﬁﬁﬁéﬁwnernally

with a mat ggi{a@brgcoo8ckt scit1enbrapdierarcbacesappori ded with perforations
or slits through ich the vegetation nmay be planted in the conpost. Mre
specifically, the front and rear WD 2011/086518- 2 -PCT/1B2011/ 050152

10 More particularly, the present invention relates to a
module permitting the juxtaposition of a porous wall
with interconnected spaces with a substrate as a
support for vegetation, in particular in a vertical
position and in an urban environment.

15

Prior art

Substrates, for example modules, for vegetation are
generally known in the prior art.

20
For exampie, the publication WO 2006/010846 Al relates
tc a structure for a wall provided with vegetation
designed for urban landscaping and for producing noise
screens, partition walls, fencing around building

25 sites, etc. Said publication discloses, more
particularly, boxes of prismatic shape provided to be
juxtaposed and/or superposed, each box being highly
perforated and filled, for example, with compost in
which the roots of vegetation planted in the compost

30 are able to grow. Each box has wire-mesh or chain-link
faces and is lined internally with a mat or fabric on
its front and rear faces provided with perforations or
slits through which the vegetation may be planted in

the compost. More specifically, the £front and rear



faces of at |east the boxes are covered on the inside with a mat or fabric
fi xed by stapling or bonding, which ensures the retention of the planting
substrate. Plants are placed through the perforations or slits of 5 the mat

or fabric sqotheiipbeésigoots grow i n-the.pl anti ngcepbsoal gos&ased nat or
fabric may fulfill various roles: nanely, apart fromretaining the conpost,

the retenti eR-0f 19 WAl efcDft MPhSt UbResPREClbPEre@ YhSkal Juigdeid or the
planting of vegetation according to a predeterm ned pattern, decoration, a

| i ghting suppbht @ emat Aetorfdibrg < oféhird Ktowsteprdeturer trididyktation is

15 thus diregt! I iRt qggl te-0 o] . r fabric
only fquiIWéR% egpgﬂgggi%'ﬁig%g%aa 6%2.8%héh%ugﬁ%§%??%ﬁ‘%@5& 0&%%61255 Al
di scl oses arfantbebr20 pduhety atre-cayst erhe | pethbsacasesi brecaisicst ofof a
buildin%bblock having two zones in which soil is placed where plants are

abl e t o yr oW, Mt | ¥ ThePPubBI it R TUS-BDBE/ %5 IKPYdi S8 a

ceram c 25 Prhgk;whi ghncopprises a shaped ceram ¢ porous part to grow
plants in conbination wth a support. The plants are directly planted in
t he porous ceram c, w thout the use of a substrate. 30 The docunent DE 39

32 644 discloses _a further. systemt row-plants i frame i may be
hooked on v&ft cgﬁFyfm:V§§36¥i/8§§51 -j§Mt¥(ﬁ7%§33§1?8§8%52I?%gggﬂblication
US 2004/ 001@%5&tdi§m@se@@i&m&@mﬂh& t hembekm, of thet ubet ot gsrowqh ant s .

The tube is hollow and contains the substrate for the plants. Th%Etube
furt herl ContirEeEs Spef igdiser PYPFRAgEtHR pPanfssyal guide for the

planting of vegetation according to a predetermined

pattern, decoration, a lighting support, etc.

According to this known structure, the vegetation is
15 thus directly planted in the substrate or compost and
the mat or fabric only fulfills the roles indicated

above.

The publication WO 2004/061255 Al discloses a further
20 substrate system. In this case it consists of a
building block having two zones in which soil is placed

where plants are able to grow directly.

The publication US 2008/0003445 Al discloses a ceramic
25 brick which comprises a shaped ceramic porous part to
grow plantg in combination with a support. The plants
are directly planted in the porous ceramic, without the

use of a substrate.

30 The document DE 39 32 644 discloses a further system to
grow plants in a frame which may be hooked on

vertically.



5 grow out of the tube, said plants being sown in the substrate. The
publication US 2003/0196376 illustrates a further systemin the formof a
post conbined with containers 10 to grow the plants. The containers are

shaped to cpptabi p@sés1gor exanple, ang their experpab2suLfasessgonprise
openings to permt the passage of plants. The publications DE 10 2005

063 133 Al, B 2,412-3880A Ihs andoWFo89030904 LR 1437 U a disgetese ifiir t her

exanpl es of subStrates for vegetation. Summary of the invention 20 The
obj ect of theei fivent pnai $ubs |tprover t heakhown FPst &P NiT P4 cul arl y,

an object of_the invention. is ropose Si e t or. enment s
wth 25 veg%?éticéb?ﬁ oF eggerarpléé&wa f%eparf{%ﬂig}r%% g%?ln 'ueﬁ]?:% tthrHebeéurban
envi ronnent ut-bBet hefdmdr Lded aciRir istdscs pefrmd thunlgdi nge theacont el of

rai nwater, the acoustics and the pollution control. 30 The invention is
useful foor FEEWIESTofOR| thKei GRS, REAE P13t er PEFEIWTUF arB potous and
hybri d, mhiggb$ggggése i norgani ¢ substances or plants and/or are synthetic
- or amterial In the formof a soil mx W 2011/086518- 4

- PCT/1B2011/ 050152 applied to the wall and which m ght contain seeds. This

i's known " " .
asTﬁe %E&ﬂ%%&g¥gn US 2003/0196376 illustrates a further

system in the form of a post combined with containers
10 to grow the plants. The containers are shaped to
contain soil, for example, and their external surfaces

comprise openings to permit the passage of plants.

The publications DE 10 2005 063 133 Al, GB 2 412 558 A
15 and DE 20 2004 000 438 Ul disclose further examples of

substrates for vegetation.
Summary of the invention

20 The object of the invention is to improve the known

systems.

More particularly, an object of the invention is to
propose a simple system to form elements with
25 vegetation, for example walls/partitions to influence
the urban environment, the thermal characteristics of a
building, the control of rainwater, the acoustics and

the pollution control.

30 The invention is wuseful for facades of all heights,
made of materials which are porous and hybrid, which
comprise inorganic substances or plants and/or are

synthetic - or a material in the form of a soil mix



The invention also relates to a systemwhich makes it 5 possible to
cultivate plants vertically or in a simlar position. According to the
present invention, a "container nodule" is constructed, for exanple, from

concrete orgdO,g0pybHgEs@N-porous materjal. The npgu)ergonpyosessat | east
one face or wall which is porous, the spaces or porosities thereof being

| nt efPonneC% 1idBeROr NS Eageahs GeNRined oWitt ko aliiN a1 .C B or
organi c) su rate for the purpose of prOV|§}ng vegetation in 15 new or
exi sting fatadesowiThes noditechay vake"different forms, for exanple, in
particular that of a building block, a tile, a panel or a brick according
to the enbodi nents disclosed in detail in the present application. 20 The

nodul e accorgingrtenthen nvert i poL£OEPr tses asydigind sheth, maltesh dits sol i d
and sel f-supporting and conprises, as indicated_above, at |east one porous
face or Swal PoesiBtEsFAgCPAEEVEERNBLRBASsPEEEL CaE LEorEsii) & Wi ch pernit
the roots tB be.established. The provision of vegetation in the nodule is
carried out %y SOW ng in the spaces or porosities and the plants being
directly rooted into the rigid surface where the porosities are

i nterconnected, which forns . the association of_ a volune 3Q:0f root s in the

porous faceP8Rd=gh@nvi-Pontiit WHETE " The rB3TE gPBw afd where Wiater

circul ates jphfathersybstéte: riist &) egukt extaigy feQot SrPassokbt-eugh an i nert
element, for exanple of 2 to 3 cm (depending on the thickness of the porous
face), Wef oreoEhAdi MPWRBTOWHhdMaRer2ei1/ (8651890 LepCFPIBYHTEF 055152 f ood

in the substrate, | r 1.5, 1.npl £d L.t prior,.art, see
for exanpleiﬁﬁégogégo%%g%%qig %?%ggagﬁéééj&ﬁéggﬁg%e'veggtgﬁﬁbﬁsiéjplanted
directly inporbbecteaposherdbfis bhengodithiee Scauoartidg tThe heodmment i on

proposes a way of colonizing the spaces and porqgsities,of the poraus face
by t he vege?ﬁF?od“%hF@W9%§@%laW%Eg tHer 6109 @aFéﬁetﬁ?aéﬁrgfgﬁﬁﬁﬁﬁﬁuraIIy in

the porositigpsel-athe for the purpose of providing vegetation in
15 new or existing facades. The module may take different
forms, for example, in particular that of a building
block, a tile, a panel or a brick according to the
embodiments disclosed in detail in the  present
application.
20
The module according to the invention comprises a rigid
gshell, which is gsolid and self-gupporting and
comprises, as indicated above, at least one porous face
or wall comprising interconnected spaces or porosities
25 which permit the roots to be established. The provision
of vegetation in the module is carried out by sowing in
the spaces or porosities and the plants being directly
rooted into the rigid surface where the porosities are
interconnected, which formg the association of a volume
30 of roots in the porous face and an environment where
the roots grow and where water circulates in the
substrate. As a result, the rocts pass through an inert
element, for example of 2 to 32 cm (depending on the

thickness of the porous face), before finding water and



10 face of the npdule. The size of the porosities does n
| i gneous plants to germnate on said surface. Preferably
t he porous face(s) 15 according to the invention has the

ot permt seeds of
,the nodule with
fol |l owi ng

features: -wybtsoingets31@r porous wall(s).is(are)pehgmizgatbyobnese (no

chem cal interaction with the environnment); 20- its

wal I (s) consigstg(cansi stnof g b8Pl 00fi nnat@idladd - €co
cycles of freezing and thaw ng) and Is heat-resistant, f

reghstantid o the
or exanple a

ceranm c or onhkemeguedal emt et erpalor 251t corgRd sdem sEFHTE Wih

permts the #' h of .roofs in_jts rQus rf . forng, an
el enent of %ﬁﬁéﬂ? g?4€§2%%) %ﬁﬁ?%ﬁ %H%g agggrgr 3§%I f%g%ﬁé%%%glg% namnel y
the face coppahséag dhesdilter conrected spasesser neEkue- fios osiddEs said

face 30 being forned froma non-porous material wth int
whi ch f & m 8aFErA6RBuUBOpaRE; 1nVeptips PEPREE Sy 2a Wavgitt

erconnect ed spaces

SR A% Wer than 5

mm whi ch i s, ol g, and sghg- tdings 8f- dhe @tswﬁgbiﬂaiéey gl the

substrate is greater than that of the shell; - 1
| ayer ed struegatetand vhechaierpadstefierkefeacti ng as an
10

forms a nodul e, the

anti-noi se wal | .

The vegetation grows naturally in the porosities of the

10 face of the module. The size of the porosities does not

permit seeds of ligneous plants to germinate on sald

surface.

Preferably, the module with the porous face(s)

15 according to the invention has the following features:

- its face(s) or porous wall(s) isl(are)

chemically

inert {no chemical interaction with the environment};

20 - i1tes wall(s) consists(consist) of a frost-proof

material (i.e. resistant to the c¢ycles of freezing and

thawing) and is heat-resistant, for example

or other equivalent material;

a ceramic

25 - it comprises a gurface which permits the

egstablishment of roots in its porous surface. It forms

an element of which (at least)! one of the faces or wall

is permeable, namely the face compriging the

interconnected spaces or macro- porosities,

said face

30 being formed from a Nnon-porous material with

interconnected spaces which form said porous part;

- for example, it is wused to construct

vegetation on an inorganic substrate;

a wall of



Preferably, the size of the spaces (porosities) is 1 to 3 mm which peimts
the establishnment of roots in the porosities and the selection of the
desired roots as a result of capillary action which is produced fromthe 15

inside to tfae Sy sieigssapd not in reverge). Qtherpgrzeszeiipesessties are
natural ly possi bl e depending on the circunstances. Preferably, the nodule

is entirely inorganic and solid 20 and the interconnected spaces are
smal | er over the first 2-3 centineters and w der over the last 4-5
centi meters-oitt he tfhirvledesy, aviicghid oslheld parostt yhgnadi em wiREISai d

porosity gradient illustrated in figure 8 allows the plants to be anchored
ina first +%y%?ihﬂe?ﬁatﬁ%igb%%%goﬁg%n%halIer and for water to circulate to

the rear, irrigating the roots which pass through the porosities in the
| ayer where the spaces are wider. 30 The principle of a porosity gradient
may be éxtendddi&t oPpEpEabélifE stbsthgt eSBYSBr3eti d5f r 8BS & niig at eri al |

said materi el.hg e .as that used to formthe porous face but with
| ar ger poro§$??e%£ tb%)i%%¥¥086518- 7 -PCT/ 1B2011/ 050152 Typically, to

produce such an enbodi nent of the invention, plates (for exanple ceramc

pl ates) are juxtaposed, said plates_havi orosities or porosit radi ents
of different sizes® BSTh? éﬁvgﬂfhgeggﬁf.{$&%?%§hiégﬁgfti 8rg%ﬁ$ctﬁ§%yle
according tQ,the;hn¥ephLoBcar 8cciAgPaEt hgubati -asiselhows;, 10 - it is

formed froma single material; the water is retained in the concave areas
of theldpaces or porosities;

Preferably, the size of the spaces (porosities) is 1 to
3 mm, which permits the establishment of roots in the
porogities and the selection of the desired roots as a
result of capillary action which i1s produced from the
15 inside to the cutside (and not in reverse). Other gizes
of porosities are naturally possible depending on the

circumstances.

Preferably, the module is entirely inorganic and solid
20 and the interconnected spaces are smaller over the
first 2-3 centimeters and wider over the last 4-5
centimeters of the thickness, which forms a porosity

gradient.

25 Said porosity gradient illustrated in figure 8 allows
the plants to be anchored in a first layer where the
spaceg are smaller and for water to circulate to the
rear, irrigating the roots which pass through the
porosities in the layer where the spaces are wider.

30
The principle of a porosity gradient may ke extended to
replace the substrate by a solid free-draining
material, gaid material being the same as that used to

form the porous face but with larger porosgities.



15 - hydroponic system soil-less system(in the case of the free-draining
"solid material). 20 Advantageously, the nodule is conbined with an
irrigation system Preferably, the irrigation systemis not in direct

contact w t;@otb@1§}d§>§&§%e but it is repote therepepprhsoil pyesLsS _
approximately 5 mmtromthe soil). Thus the roots do not block up the drip-

25 feeders of teripng Natwral 1y, 1 LnhsaPRssibl gt o yge ot her
equi val ent ﬁ%%%gg%%\?avo:tg t%%%i]%gv]ev bei ng bl o%ke%m%édt h% roots. The
wat er whi chigiegsuliates phatde sUbstrateauply 3emscapepldirasigh atee rigid

shell in the form of vapor,.. The advanptages of the nmodul e _accordi.ng to the
i nvention a? &XhaHBFB%s: SAWE Zigﬁai?%%GQngng 99825705/ 850 B °F e modul e

i's resistang Qi tNe=fyROk; andrahgagizedhere is never any surface water but
this is preSent in the soil or the conpost (substrate); S maintenance is

easy; Watering is carried out in the substrate contained in the nodul e,

for exanpl erpy afglLbiaatlion Systals thgnllrLage hbhdaher coppapled spaces
remai ni ng aer at ed an us dry;
according to the invention are, 1in particular, as

follows:
10 - 1t is formed from a single material;

- the water ig retained in the concave areas of the

spaces or porosities;
15 - hydroponic system;

- soil-less system (in the case of the free-draining

solid materizl).

20 Advantageously, the module 1s cowmbined with an
irrigation system. Preferably, the irrigation system is
not in direct contact with the substrate but it is
remote therefrom (for example approximately 5 mm from
the scil). Thus the roots do not block up the drip-

25 feeders of the watering system. Naturally, it is
possible to use other egquivalent means to avoid the

flow being blocked by the roots.

The water which circulates in the substrate only

30 escapesg through the rigid shell in the form of vapor.

The advantages of the module according to the invention

are numerous:



it is lightweight, whilst remaining rigid; 15 - it permts shorter delivery
times than other systems on the narket; it invol ves reduced transport
costs relative to other systens on the market, in particular wthout the 20

transportatgQn,of; phagsg it forms an gcol ogi cal peypigmioyothessubstrate
in teLnms of primary energy (concrete). 25 The nodul e according to the

| nvent i on MY, e HS&thd Ny DURBLOUSNEYS, TPI LHAPl endoafoaena vall. To form

said wall, as a res e desired nunber’ of dul'es according to the
invention are stacked and an irrigation systemas disclosed in nore detai
30 hereinafter _is added thereto. 2011/086518-. 9 _-PCT/,1 B2011/ 050152 are
possi bl e havi h§EHFf £8r &Rt SSh&Pes %ﬁ%%%ﬁﬁrﬁﬁYﬁﬁ ggﬁetBﬁ?n&Fpﬁgﬂfér&he

present i nveptign. sBri ebr deserigkbost of siher daewi ngs 5 Figure 1 shows in
perspective an expl oded view of the principle of the invention; figure

2 illustrates a partial viewin section of the 10 principle of the
invention; figures 3A 10 §£)é£éy§trate an enbodi ment of a wall

- watering is carried out in the substrate contained in
the module, for example by an irrigation system, the
10 face with interconnected spaces remaining aerated and

thus dry;
- it is lightweight, whilst remaining rigid;

15 - it permits shorter delivery times than other systems

on the market;

- it inveolves reduced transport costs relative to other
systemg on the market, in particular without the

20 transpcertation of plants;

- it forms an ecological system for the substrate in

terms of primary energy {concrete}.

25 The module according to the invention may be used in
numerous ways, for example to form a wall. To form said
wall, as a result, the desired number of modules
according to the invention are stacked and an
irrigation system as discloged 1n more detail

20 hereinafter is added thereto.

Naturally, said embodiments and dimensions are provided

by way of non-limiting example and further embodiments



wi th building blocks according to the invention, figure 3C being a section
along the axis A-A of figure 3B and 15 figure 3D being a section along the
axis B-B of figure 3B; figures 4A to 4D illustrate an enbodi nent in the

f or m of tilﬁﬁ;%éiﬂfﬁ@éﬁfébeing a sectiop al ong thg?@?&gzgifygge?ngigure 4B

and figure eIng a Section along the axis B-B o Igure 4B; tigures 5A

to 5D illustrate an. odli i-0 r anel s, . f.igure 5 ing a
section aIoﬁﬁetﬁ%sgiﬁggAgéggggoggFEEEEEQSghgﬁggf?gﬁrgsgégbgﬁﬁbggggéction
along the apirsnBiBlofadigheepbBsehit gimeshridhustrates the principle of the
porosity in the present invention; 30 WD 2011/086518- 10

- PCT/ 1 B2011/ 050152 figure 8 illustrates the porosity gradient between the
out si de andgigkdgefStPSt{SheoBi €RY - drawings

5
Figure 1 shows in perspective an exploded view of the

principle of the invention;

figure 2 illustrates a partial view in section of the

10 principle of the invention;

figures 3A to 3D illustrate an embodiment of a wall
with building blocks according to the invention, figure
3C being a section along the axis A-A of figure 3B and
15 figure 3D being a section along the axis B-B of figure

3B;

figures 4A to 4D illustrate an embodiment in the form
of tiles, figure 4C being a section along the axis A-A
20 of figure 4B and figure 4D being a section along the

axis B-B of figure 4B;

figures S5A to 5D illustrate an embodiment in the form
of panels, figure 5C being a section along the axis A-A
25 of figure 5B and figure 5D being a section along the

axis B-B of figure 5B;

figure 6 illustrates the principle of the porosity in
the present invention;

30
figure 7 illustrates the principle of the distribution

of water in the present invention;



Detail ed description 5 The principle of the invention is disclosed with
reference to figures 1 and 2. The nodul e has the shape of a buil ding bl ock,
as illustrated by way of exanple. The nodul e according to the invention
thus conpri ggs ' es 1, 2, 3, 4,,5, and 6 gsrsheup1inpEhgese 1. A
first face ?Si%a?%?%%%§%§ an interconnéé%ed por ous ngterial? Preferably,
the faces 2_.and r r I contaLpers: (k- RSuUhsis ate 7),
the face 2 Fﬁgyﬁgr%pgﬁﬁiSE?%ge%hEH%%S%%¥ %ggagggr?zoﬁtal maf%r 15 supply.
The faces 4pubsand &ndreasidad(yebsteatessidds)in figure 1) are seal ed and
may be of different types. For exanple, the face 5 (or 6 or both) may
contain a vertical water supply. 20 According to a variant, in the case of

provi di ng vggggggggndggcfggtigﬁes (inthis case faces 1 and 4, for

exanple), said faces 1 and 4 are forned in a porous interconnected nateri al

accordirfg to the principle of the invention. 25 To produce the face of

porous material, a.material is ed with interc ect. ities (for
exanpl e of %hFo §rﬁﬂf18%?ni Finé%ﬁhelgwggﬁﬁégﬁoﬁﬂgf<%§%%$8£%?r‘%h t he
anchoring okckheehoet 8o 30gl@epr aduced suchTas moteleohaectdet poragies

material, it is possible to use a ceram c powder conbined with a second

mat er i al whPEh 3 $USdESEqURASK didpenseds et Rids YPar A FAmRte -
i nterconneckgd g@ﬁgﬁ?s%EHSEHEEg 0 2011/:0865180rl 1 nBET/d B H50152

Ref erence may b or exanple, to the teaching of the follow ng
publ i catd onsixERate$4Q,731, 3US 4, (R4, Z1Q ands\W\eh2@06/101853nrfeorl t He
production %Er§%Chf 8£0%§ Egcegérggd< by an interconnected poroug
material. Preferably, the faces 2 and 3 are permeable
but act as containers (for a substrate 7), the face 2
further permitting the support of a horizontal water
15 supply. The faces 4, 5 and 6 (rear and vertical sides
in figure 1) are sealed and may be of different types.
For example, the face 5 (or 6 or both) may contain a

vertical water supply.

20 According to a variant, in the case of providing
vegetation on two faces (in this case faces 1 and 4,
for example), said faces 1 and 4 are formed in a porous
interconnected material according to the principle of

the invention.

25
To produce the face of porous material, a material is
used with interconnected porosities (for example of 2
to 3 mm) permitting the circulation of water, air and
the anchoring of the roots.

20

To produce such an interconnected porous material, it
is possible to use a ceramic powder combined with a
second material which is subseqguently dispensed with,

thus forming this interconnected porous structure.



Once the porous face/wall is produced, it is possible to joinit to the
concrete elenents (for exanple) by pouring said concrete into the
porosities of the porous part. The porous face or wall nay thus have any 10

shape whi Clig) s, i2e)hbe g necessary depanding on therdesipes sserand it i
possible to TiX 1 0 parts formng the renmai nder of the nodul e by using

the spaces or_porosities. . Naturally, u quiya t fixkng,means are
possi bl e. 1§eﬁg¥%§§%r#g§c€8rh%ﬁ%’tngieé%r %%t F%v%ﬁ?igﬁééphegporous face
i's sown withhsegdsiokhus, pibe iparasnti:esmll owt 0 hesseeds t4o (gar #ilkat e. The

concave areas where water and air circulate allow the plant to be rooted in
20 this face@ndQ hed?votsBthenissekthmt @FCEHETLRB Ut r FBAts AT e
substrate 7ghy.followi ng the porosities or interconnected spaces. According
to the invention, the porosity of the face 1 25 is dinensioned so as to be
sufficiently large for the plants to be able to take root, but prevents

spont aneous_l i gneous vegetation frombein ) | i sh tLr shrubs of
whi ch t he r%%‘fg %&S‘? (Paor‘?%)d‘les t{T:IaeC% Yocturé %fre?%%bebdm Ig?né‘% epg%'%e
2011/ 086518+ 612 RCT{ t B2B11/i350d52crdtea elefmeus sl &5 abxhapieng hhe

i nterconnected porous face (for exanple 1 in figures 1 and %g whi.ch permts
the plant tBOBELRACheREd HNNFEH%t 49T hélsubePraEetess 2.9 isstrate 7

whi ch pefm'%éré € gg&eul %%xieo'ﬂ)o(%fow.ﬁsj l5adWtEi epL 51 andy Wehek PRGessaky for the
growm h of the plants; 10 3. plfants 8 suitable for the quantity of Substrate
10 shape which is useful or necessary depending on the
desired use and it 1s possible to £ix it to parts
forming the remainder of the module by using the spaces
or porosities. Naturally, further equivalient £fixing
means are possible.
15
Moreover, according to the present invention, the
porous face 1is sown with seeds. Thus, the porosities
allow the seeds to germinate. The concave areas where
water and air circulate allow the plant to be rocted in
20 this face and the roots then seek water and the

nutrients in the substrate 7 by following the

porosities or interconnected spaces.

According to the invention, the porosity of the face 1
25 is dimensioned so as to be sufficiently large for the
plants to be able Lo take root, but prevents
spontaneous ligneous vegetation from being established
(trees and shrubs of which the roots may damage the
structure of the building) .
30
According to the invention, the basic structure of the

module may comprise three elements (see figure 2):



avail able, the climte, the aspect, the vertical situation and the
avail abl e water. This structure allows the vegetation to live naturally, 15
healthily and over a long period. It w thstands environnental stresses

(wi nd, froq%%agghfyggﬁsfgc.) and has _aggustic andpdRefEmh: Py ePeids es.

hgturagly, e sizes and shapes of the material and 20 planting may be

adapted to the requir ts_of | o iﬁﬂt the,ori i and seasons
for the pld%ting? cgﬁggggtig%Fég%%B o esidvgﬁgagggk% c?%g'stfﬁ%ture
accordi ng tgotdes 25acayefidroneasepheiner aus, figuadsi i amd 021 hede.cdl r eady

menti oned above; - industrial manufacture of the oduct; 30.- the product
i's able to BRIBASE -RfanBlel" ({6t &%anﬁ“éh%@‘f[‘h ‘ﬁ)rgf)ofr%tﬁf?l &g bl ock
or other equiyvalept-ebement); - it is easy to use; WO 2011/086518- 13

- PCT/ 1 B2011/ 050152 littl e maintenance is required; the properties of the
soil aré& conserved, said 5 material which is perneable to air and water

alLous the oot s, of, (e BLAM S (9P NS VALl oLy JaGRLAA B ss0i | from

air, nutrients and water necessary for the growth of

the plants;

10 3. plants 8 suitable for the gquantity of substrate
available, the c¢limate, the aspect, the wverticail

gituation and the available water.

This structure allows the vegetation te live naturally,
15 healthily and over a long period. It withstands
environmental gtresses (wind, frost and heat, etc.) and

has accustic and thermal properties.

Naturally, the sizes and shapes of the material and
20 planting may be adapted to the requirements of the
location (the orientation and reasons for the planting,

compogition, etc.)
The advantages of the structure according to the
25 invention are numercus, in addition to those already
mentioned above:
- industrial manufacture of the product;
30 - the product is able to be easily handled (for example
in the form of a building block or other eguivalent

element) ;

- it is easy to use;



Various uses and interpretations of the systemnay be 10 conbi ned:
dynam c-evol ving system the vegetation is selected according to the
climate, their aspect (shady or sunny) and the type of managenent

(extensive b Jgfensdylg 15 Thus the phants, thepdh)ekness/©foide

substrate and the water consunption vary. "ext ensi ve/ aut ononous” system
porous material with a small amunt of substrate. Very |ow water
requi renent 20 and very little maintenance. Lightweight system it is

al so possi bt el 1o bonoei veetdrate the poywiussdmt erial is sufficient for
certain plants, which have few requirenents in terns of water and

mai ntenance, to 25 be established. "evapo-transpiration” system porous
material and lahgerpsybstrade |ayerchderdidls awm deforghaivest,of spliants and
the ability to influence the urban climte 30 nore effectively (nore
evapo- t Ganspiteriah)whighi hai paredaabeveC BRE &t ¥ALEECHLdNF 158t he

invention i fera ived i t of ..a.- ule dul e
beingableto§%£%§e§E 3&%2gﬁ%&%§%§%§}ﬂ34§§%%§#?%20?%}g%%lS%e?%%EpendentIy. I t
has al |l thestErebsat yried esettstd oof prowvding vegetation thereon, nanely: a

porous face connected to a substrate and vegetation and a structure
depending on its predicted use.

Various uses and interpretations of the system may be

10 combined:

- dynamic-evolving system: the vegetation is selected
according to the climate, their aspect (shady or sunny)
and the type of management (extensive or intensive).
15 Thus the plants, the thickness of the substrate and the

water consumption vary.

- "extensive/autonomous" system: porous material with a
small amount of substrate. Very low water reguirement

20 and very little maintenance. Lightweight system.

- it 1is also possible to conceive that the porous
material is sgufficient for certain plants, which have
few requirements in terms of water and maintenance, to

25 be established.

- "evapo-transpiration" system: porous material and
larger substrate layer. Permits a wider choice of
plants and the ability to influence the urban climate

30 more effectively (more evapo-transpiration).

As indicated above, the system according to the
invention is preferably conceived in the form of &

module, each module being able to be used



5 The structural system provides that the substrate is contained in the
nodul e whilst water is permtted to circulate. 10 Different sizes nay be
avai |l abl e, depending on the planned use, in particular. It is possible

for it to } ifferent ways, acgordi t i i @t d
Lo gtk uh 3o vaye, acgordig Levehferen getient s o

with differen is manufactured industrially, sown with seeds

in the factofy or 4%% ry gnd ypunted im0, .20 B Yeddn QN LM ting

exanpl es, the*TduTe ot t he i rivent i on may take the follTow ng forns: A

bui | di ng bl gedvi{sesy f arepxamplen f itperesn] andn2)yof ahimiraonre dicehe

facings, face 1 or faces 1 and 4, 25 is/are forned fraogma or ous mat eri al
I

Wi th int er coPPRRE R shacdsSPRSaFpEEpatfal cdFFBELPENE *ThHe S HH -4 Ty bl ock"

el ements arg handl ed sasity, psiackesk upsand j uxtaposed. The interna
vol umes are conti nuous from%op to bottom Its rigidity also provides it

with 305a structural function. Figure 3A shows the principle of a wall

formed from.buil di ng, bl ocks 20 according to pr.esent. ion. WO
2011/ 0865131“9_58%5&%9‘% 11%%6?%2%%r"el%seﬁec%?ig%aﬁ%, %Hl%%‘xf/]gg‘ts Xe 2 front
view of par¢cfaiheiwakl cespasadief Wil ngabkockiss 2feiniwbédh tiche
distribution of water is illustrated schematically by dashed-dotted I|ines.
Figure 3B i818c%}®W#in elevation 5 of a part of the wall, figure 3Cis a
sectional view along a horizontal plane A-A and figure 3Dis a viewin
section along a vertical plane B-B. Mre specifically, figures 3C and 3D
show t he pobbfifSerent sizes may be available, depending on the

planned use, in particular.

It is possible for it to be used in different ways,
according to different variants and with different

15 plants.

It ig manufactured industrially, sown with seeds in the

factory or nursery and mounted in situ.

20 By way of non-limiting examples, the module of the

invention may take the following forms:

A building block (see for example figures 1 and 2) of
which one of the facings, face 1 or faces 1 and 4,
25  is/are formed from a porous material with
interconnected spaces in all spatial directions. The
"building block" elements are handled easily, stacked
up and juxtaposed. The internal wvolumes are continuous
from top to bottom. Its rigidity also provides it with
30 a structural function. Figure 3A shows the principle of
a wall formed from building blocks 20 according tc the

present invention.



10 face 21, the substrate 22, the container 23, for exanple corresponding
to the faces 3-6 of figure 1, and the irrigation system 24 which is both
hori zontal and vertical (see dashed-dotted lines of figures 3A-3D). 15

Figures 4A 40 481{)dspdf@te an enbodingat _in the f@rmPiofr féd@ P of which

the front face 1s conposed of a porous material with interconnected spaces

in all spatj dj ! i th. S o] Lng:Qnt g st |=.
Accordi ng tﬂgg%%eé e?lg#c?ﬁjél% ?h@u?%vi}é%ﬁ%né ?Eghgogtligﬁegfc%%g\???ef a porous
face 31, a substwmatle @peeabnbii merl 188 ngndobocks r 2§atironwiyskem84 (shown

schematical Ly by, dashed-dotted lines of figures 4A-4D and. 4 25 Figures
SA to SD i I@h%??hl?‘étla‘?fleﬁgod'i’aiﬁe?ﬁ TR the ¥ 5 asﬁgﬁ@?gﬁﬁ%%%p;%é’d '?o a

wal | or intghgediaisersiduectyes WhichiJd il €enpriseew henf @0evht ibber med from
a porous material with interconnected spaces in all spatial directions.

Accordi fig toft he prdsepf Fheentilon, BOIYWFR PEndlS faur CREF1EBAPr V€Y a

substrate 42, a _contain Ny i Qe t S :
schemat i cal ‘F%/O%% %a%ﬁjéﬁ%é%?%leggg?ﬁgshi—% ?lﬂgu%?&ﬁgg}) fl% \%\()@%@1/16186518- 16
- PCT/ | B20114£850152 #bohddh cad etk ebbviel andieB ribdul e may be i ndependent,

provided with vegetation on one or both faces depending on its use and on
the different enbodi nents disclosed above. 5

Pr ef er abl y’ﬁg{f&p‘stg%%!f&%iag@&i,onﬁ’é&@é%53&“%{&30@@'[ achdw the Ridrsispl e. The
water circulates within the“depth of the substrate, the excess being
col | ectlgd afdceeudbd, Wi chslbairatsasiage.tifhe antangat ion sysfemis

conpri ses. { BFEERARLF & BT HER O EORAUFLE DAC Ta  fa O th oo o] or
exanmpl e sl o6} perAbhtibg thethassagewdfickhhe d rvdgat horimeansl( fard exanpl e

water) into the substrate. Further , ,
vertical (see dashed-dotted lines of figures 3A-3D).

15 Figures 4A to 4D illustrate an embodiment in the form
of a tile 30 of which the front face 1s composed of a
porous material with interconnected spaces in all
spatial directions, with a system for hooking onto the
wall. According to the principle of the invention, the

20 tiles c¢omprise a porous face 31, a substrate 32, a
container 33 and an irrigation system 34 (shown
schematically by dashed-dotted lines of figures 4A-4D
and 4C).

25 Figures 5A to 5D illustrate an embodiment in the form
of a panel 40 stapled to a wall or intermediate
structure which might comprise the face 41 formed from
a porous material with interconnected spaces in all
spatial directions. According to the present invention,

30 the panel further comprises a substrate 42, a container
43 and an irrigation system 44 (shown schematically by

dashed-dotted lineg in figures 5A-5D).



15 equival ent systens are naturally conceivable. Figure 6 illustrates the
principle of the porosity in the nodul e according to the invention. As may
be seen, the flow of air (shown schematically by the arrows) may 20

C@rcu!ate_iﬁba%b1£Wé§@éi§”s- Figure 7 ilg ustratespeherpsbicypserns the
di stribution of water (as also shown in figures 3A-3D, 4A-4D and 5A-5D). As

I ndi cated, fhe dis{sd i%@y)av%,ca%ieedmeaalgn w2y t Mo parprprdicuar, (or
approxi mat el'y perpendi cul ar) pl'anes, namely in & horizontal" plane and a
vertical planevided urathyyedependbngoononheopodicttinofasfest Ifepesduing

(what ever the enbodi nent thereqf) sai | anes not rictl
hori zontal Ehd*Vér 4%l 32 Oo?hg:%eys%eﬂ?%é?r%t?%éﬁ?g\?gg%i aésllrjs{cgﬁs)oér? of the

facade, thegpngleprotection (both in summer and in winter) and, as a result,
al lows an energy saving. WO 2011/086518- 17 -PCT/IB2011/050152 The
constitwent elenents (depth of substrate, choice of vegetation, water flow,

etc.) are sglecled,ascording g ha ard ent ajjpn,olohhe WekloAr agst hetic

and ecol ogi cal Fequitenen Ing to varitants, it is possible to
col or the poneusporiesdaliror ther t berintapés . of Thhe wotkrt e.ciFmilegesof a

translucent naterial permts |ighti f the f de by light-em.tti
di odes or oWﬁEFl%qdﬁVQI@ﬁPtEO‘#gaﬁéggfﬁﬁb%Qﬁ%?%;?tgﬁ?gﬁéégﬁ?f E%Jﬁéggbe

planar or spgpedeted and reused, which limits wastage. The
10 irrigation system is shown schematically in the figures
disclosed above, as explained, and comprises for

example pipes or conduits 24, 34, 44 with openings (for

example slots) permitting the passage of the irrigation

means (for example water) into the substrate. Further

15 equivalent systems are naturally conceivable.

Figure 6 illustrates the principle of the porosity in
the module according to the invention. As may be seen,
the flow of air {shown schematically by the arrows) may

20 circulate in all directions.

Figure 7 illustrates the principle of the distribution
of water (as alsc shown in figures 3A-3D, 4A-4D and 5A-
5D) . As indicated, the distribution is carried out in
25 two perpendicular {(or approximately perpendicular)
planes, namely in a horizontal plane and a vertical
plane. Naturally, depending on the position of the
module ({(whatever the embodiment therecf) said planes
may not be strictly horizontal and vertical.
30
The system permits improved insulation of the facade,
thermal protection (both in summer and in winter) and,

as a result, allows an energy saving.



The nodul e may be used vertically, obliquely or 15 horizontally. Naturally,
the exanpl es given above are by way of illustration and do not have to be
understood as limting the scope of the present invention, for which 20

variants arﬁbp9§§%p6§55£§fferent enbodiment s nmay, pdpy XD} 85002 Oof any
size, determ ned tor exanple by the application. Mreover, the concept of a

face or vali,used,Lo;5Lhpee 2anlhesPORRNEHPBE oObsthe aodu e has 4o be

under st ood as” covering an enfire ce or wa t he nodul e but also a
Eartial f acee@staal bn pf whber mbtluke. ekn .t hesecaséecaedi wewdracadortanal | may
ave a porous part (according to the_ present invention, i.e.. which 30
conpri ses v%@%t8??%%Faﬁhﬁnaoﬁoﬁbﬁowaag 8§r??St&ﬁgiﬁlffﬁbégfgpgﬁfgl

- PCT/ 1 B201110301p&n&hekms 1. A nodul e for providing vegetation on
surfaces, for exanple walls, said nodule conprising at | east one 5 porous

face comprising interconnected porosities (1), said porous face permtting

the circul allon, ofoyatsr and.aleand;peing Ysed 49 Soysseedsoof dlants and

anchor the T6or5"6f said plrants in sard porosities, sald roots growing in a
substrate (gprafitenabaviay 30 passedrt fineaghofaictiepowdsilis.esthe 2iseThe

nodule as clainmed in claiml, in which said porous, face conprises a
porosity grafli eht BFoRY WHFRhH t%t“?ﬁ%} ccﬁﬁf@&te% :lﬂé%éts”é‘?e %%rralqsféer on the
external 15¢5i0ge 0fp} he Pl sand iy deri cBst heri nbekeal shderfedihe

nodul e.
10 means.

The external porous surface may be planar or shaped.

The module may be used vertically, obliquely or

15 horizontally.

Naturally, the examples given above are by way of
illustration and do not have to be understood as
limiting the scope of the present invention, for which
20 variants are possiblie. Different embodiments may, for
example, be of any size, determined for example by the

application.

Moreover, the concept of a face or wall used to define
25 the porous part of the module has to be understood as
covering both an entire face or wall of the module but
also a partial face or wall of the module. In this
case, a given face or wall may have a porous part
(according to the present invention, i.e. which

30 comprises vegetation) and a non-porous part.

As disclosed above, the module may alsc have more than

one porous face or wall according to the invention.



3. The nodule as clained in one of the preceding clains, said nodul e being
formed fromconcrete or any 20 other equivalent material. 4. The nodul e as
claimed in one of the preceding clains, in which the size of the porosities

is in the opgdepo@i/gbsbeast 0.5 mm 25;¢5.. The nodurerasoghapsedspn one of
claims 1 to 3, in which the size of the porosities is 1 to 3 nm 6.

The nodul e g@g;¢h,ai med in one of the preceding 30 clainms, conprising two or
nore porous faces. 7. The nodule as clainmed in one of t he pr ecedi ng
clainms, in which the substrate is formed fromsoil and/or conpost or a

solid free-drainjn 011/0865 8-..19 011/0 52 8.
The nodul e as cl _ﬂgg&ﬁ Fﬁg BFSXé cIFETm a%lonwhlcﬁﬁﬁiéﬁﬁ) 5%

free-draini agampleriwdiis, ttseuszarr&toaslltehat:om@edsttagf O£t tr@i@@rm f ace,
said solid free- 5 draining material conpri si i nt erconnect ed porosities.
9. The ﬁbdupefa§sdﬁﬂQﬁxﬂPﬁpth%l%ﬁeé@ﬁ@ﬁfQﬂQﬁé%eqnpﬁﬁPéht%ﬁé 1)

| nt erconneckedapPYAsitd eg,0L r% & ds%ummt eatalw & | arger

t han t hose o% 3{porous %g 3%% the e béing formed by a

j uxt aposi ti endofa:ezt € Ryt sbeth@ poragsi ttloessoherwdsbelorﬁg piadi$f exrght si zes.
anchor the roots of said plants in said porosities,
said roots growing in a substrate (7) after having

10 passed through said porosities.

2. The module as claimed in claim 1, in which said
porous face comprises a porosity gradient along which
the interconnected spaces are smaller on the external
15 side of the module and wider on the internal side of

the module.

3. The module as claimed 1n one of the preceding
claimg, said module being formed £rom concrete or any

20 other eguivalent material.

4, The module ag c¢laimed in one of the preceding
claims, in which the size ©f the porosities 1s in the
order of at least 0.5 mm.

25
5. The module as claimed in one of c¢laims 1 to 3, in

which the size of the porosities is 1 to 3 mm.

6. The module as claimed in one of the preceding

30 claims, comprising two or more porous faces.

7. The module as claimed in one of the preceding
claime, 1in which the substrate ig formed from soil

and/or compost or a solid free-draining material.



10. The nodule as clained in one of the preceding 15 clains, conbined with
an irrigation system 11. The nodule as clained in claim 10, in which the
irrigationsystenactsintwoapproximately perpendi cul ar directions. 20 12.

The nodul e @s £68d peglssPgcl aim 10 or 135 in whichpgherbssigass@Nssyst em
conprises pipes wth openings, said pipes being |located at a distance of
approximately 5 mmfromthe substrate to avoid being bl ocked by 25 roots.
13. The nodule as clained in one of the preceding clains, having the shape
of a buildifg blDek wotlhlsi e acksindd 2n 3hat, pBecgiinat cleast dwe of said

faces 30 form id face,wth interconnected porositi 1 nd _t he
substrate b%?ﬁggpgg?tﬁb Y?E?%EEE%&%i%%iP %ﬁégﬁﬁoéﬁ% gﬁﬁg?g?ﬁeaﬁodule as
claimed in eng: ofuseldi 88 kdren 12he hddrghid heater mefida tbled fime-The
modul e as claimed in one of claims 1 to 12, having the form of a panel.

16. A stirucltaEnERHpPrsEhie at CPERSES RS HDEET €CRRSET ! ReF PR ot of t he
precedi ng cl ai ns.

9. The module as claimed in the preceding claim, in
which the interconnected porosities of said solid free-
draining material are larger than those of the porous
10 face, the module being formed by a IJuxtaposition of
elements, the porosities thereof being of different

sizes.

10. The module as claimed in one of the preceding

15 claims, combined with an irrigation system.

11. The module ag claimed in claim 10, in which the
irrigation gsystem ackts in two approximately
perpendicular directions.
20

12. The module as claimed in cliaim 10 or 11, in which
the irrigation system comprises pipes with openings,
said pipes being located at a distance of approximately
5 mm from the substrate to avoid being blocked by

25 roots.

13. The module as c¢laimed in one of the preceding
claims, having the shape of a building block with six
faces {1, 2, 3, 4, 5, 6), at least one of mzald faces
30 forming said face with interconnected porosities {1)
and the substrate being positioned inside said building

block.
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14. The module as claimed in one of claims 1 to 12,

having the form of a tile.

15. The module as claimed in one of claims 1 to 12,

having the form of a panel.

16. A structure comprising at least one module as

claimed in one of the preceding claims.



