wo 2014/114626 A1 |[IN I N0F V000 O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

31 July 2014 (31.07.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/114626 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A01G 9/02 (2006.01) A01G 1/00 (2006.01)

International Application Number:
PCT/EP2014/051097

International Filing Date:
21 January 2014 (21.01.2014)

Filing Language: English
Publication Language: English
Priority Data:

13152290.6 23 January 2013 (23.01.2013) EP

Applicant: XF TECHNOLOGIES B.V. [NL/NL]; West-
ervoortsedijk 73, NL-6827 AV Arnhem (NL).

Inventor: WOHLFAHRT, Karl; Butzbachweg 14, 63739
Aschaffenburg (DE).

Agent: BERKHOFF, Marc; c¢/o CPW GmbH,
Kasinostrafie 19-21, 42103 Wuppertal (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: PRE-VEGETATED VEGETATION ELEMENT

(57) Abstract: A pre-vegetated vegetation element for greening artificial or natural surfaces is provided which retains sufficient
strength over a prolonged period of time and which is bio-compostable at the end of the lifetime of the vegetation element comprises
a three-dimensional entangled mat of extruded filaments having an open space of at least 50%, a two-dimensional material layer, ori-
ented plane parallel to the three-dimensional entangled mat of extruded filaments and connected to the three-dimensional entangled
mat of extruded tilaments, wherein the three-dimensional entangled mat of extruded filaments is filled with a substrate and a vegeta-
tion is grown on it to form a pre-vegetated vegetation mat wherein the three-dimensional entangled mat of extruded filaments and the
two-dimensional material layer consist essentially of synthetic polymeric material selected such that the pre-vegetated vegetation ele-
ment is bio-compostable according to EN13432.



WO 2014/114626 PCT/EP2014/051097

Pre-Vegetated Vegetation Element

Description:

The invention pertains to a pre-vegetated vegetation element for greening of

artificial or natural surfaces.

Vegetation elements are used for greening of artificial or natural surfaces such as
for example roofs of buildings and tramways. Vegetation elements may comprise a
vegetation carrier consisting of natural fibers such as coconut. However, the
vegetation carrier of natural fibers will rot quickly, generally even before the
vegetation has grown sufficiently to the level that the pre-vegetated vegetation
element can be harvested and transported to the surface to be greened.
Therefore, the use of such vegetation elements comprising a vegetation carrier of
natural fibers is therefore limited to applications where the vegetation is allowed to
grow at the surface to be greened. However, growing of vegetation requires a
considerable amount of care-taking such as for example watering and fertilizing,
which is preferably performed in a greenery to achieve higher production
efficiency. Considerable costs are involved when personnel of the greenery has to
visit each separate surface to be greened, such as roofs of high-rise buildings.
When the surface to be greened is a tramway not only high costs are involved for
care-taking during growing of the vegetation element, but there is also an

increased risk of collision of personnel with a tram.

When the vegetation element is to be applied on an inclined surface, such as for
example an inclined roof or an inclined wall of a building, the vegetation carrier of

natural fibers will lose its mechanical strength due to rotting before the vegetation
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has grown sufficiently to give some integrity to the vegetation element, and as a
consequence there is high risk that the vegetation element loses its integrity and
(part of the) material of the vegetation element will slide down on the inclined
surface or will even fall of the roof or wall of the building.

Vegetation elements may also comprise a vegetation carrier consisting of
synthetic fibers such as polyamide-6. However, these vegetation carriers are not
bio-compostable, which means that at the end of the lifetime of the vegetation
element, the vegetation element has to be disposed of, for example by dumping
the vegetation element in a landfill, which is not only expensive, but also a waste
of valuable material. Alternatively, the grown vegetation and the substrate may be
separated from the vegetation carrier, for example in an additional mechanical
process, and be disposed separately resulting in considerable costs at the end of
the lifetime of the vegetation element.

US 6,219,965 B1 discloses plant growth sheet structure provided with plant
protection projections to protect the growing vegetation, the structure being made

from polyamide, polypropylene or polyvinyl chloride.

DE 102010007552 A1 discloses a vegetation element comprising a quickly
biological degrading film which is already decomposed at the time of harvesting of
the pre-vegetated vegetation element.

It is an object of the invention to provide a pre-vegetated vegetation element which
retains sufficient strength over a prolonged period of time and which is bio-

compostable at the end of the lifetime of the vegetation element.

The object of the invention is achieved by a pre-vegetated vegetation element for
greening artificial or natural surfaces comprising of a three-dimensional entangled
mat of extruded filaments having an open space of at least 50%, a two-
dimensional material layer, oriented plane parallel to the three-dimensional
entangled mat of extruded filaments and connected to the three-dimensional
entangled mat of extruded filaments, wherein the three-dimensional entangled mat
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of extruded filaments is filled with a substrate and a vegetation is grown on it to
form a pre-vegetated vegetation mat characterized in that the three-dimensional
entangled mat of extruded filaments and the two-dimensional material layer
consist essentially of synthetic polymeric material selected such that the pre-

vegetated vegetation element is bio-compostable.

When the pre-vegetated vegetation element is installed on an inclined surface, the
synthetic polymeric material of the three-dimensional entangled mat of extruded
filaments and of the two-dimensional material layer in the pre-vegetated vegetation
element provides sufficient strength and/or modulus to withstand gravity and/or

shear stresses, even after a prolonged period of time.

Preferably, the pre-vegetated vegetation element retains at least 50%, more
preferably at least 60%, most preferably at least 75% of its mechanical properties
for at least 5 years, more preferably at least 10 years, most preferably for at least
25 years, in particular the breaking strength and/or breaking elongation of the
three-dimensional entangled mat of extruded filaments and/or the two-dimensional
material layer in connection with the three-dimensional entangled mat of extruded
filaments, as determined in accordance to EN-ISO 10319-1996. As the complete
vegetation element is bio-compostable, the vegetation element can be
transformed into valuable raw material at the end of the lifetime of the pre-
vegetated vegetation element, for example after 30 to 50 years.

The three-dimensional entangled mat of extruded filaments may be made of
extruded filaments that are randomly laid down on a forming substrate and bonded
where they cross. Preferably, the extruded filaments are stretched only by gravity
before being laid down on the forming substrate. The filaments may be irregularly
looped and intermingled in a highly porous, three-dimensional structure with a
large open space. The open space of the three-dimensional entangled mat of
extruded filaments, in this context, is defined as the total volume between two
planes sandwiching the three-dimensional entangled mat of extruded filaments

over a given area, minus the volume occupied by the extruded filaments
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themselves, as a percentage. The open space may, for example, be at least 50%,
preferably at least 75%, more preferably at least 85%, even more preferably at
least 90%, even more preferably at least 95%, most preferably at least 98%.

The thickness of the three-dimensional entangled mat of extruded filaments may
be varied in wide range of about 2 mm to about 100 mm. Preferably, the thickness
of the three-dimensional entangled mat of extruded filaments is in the range of 2 to
30 mm, more preferably in the range of 5 to 20 mm, most preferably in the range
of 10 to 20 mm to provide the sufficient space for the substrate.

The thickness, or diameter, of the filaments in the three-dimensional entangled
mat of extruded filaments may be in the range of 0.1 to 2.5 mm, preferably in the
range of 0.2 to 2.0 mm, more preferably in the range of 0.3 to 1.5 mm, even more
preferably in the range of 0.4 to 1.2 mm, most preferably in the range of 0.5 t0 0.8
mm. The thickness of the extruded filaments can be used to further adjust to the
ease of bio-compostability and the level of mechanical properties remaining in the
pre-vegetated vegetation element after a prolonged period of time. With increasing
thickness of the extruded filaments the ease of biodegradability in accordance with
EN13432 will be reduced, while the level of mechanical properties remaining in the
pre-vegetated vegetation element will be increased. The ease of biodegradability
will increase with decreasing thickness of the extruded filaments, while the level of
mechanical properties remaining in the pre-vegetated vegetation element will be
reduced.

In particular, the combination of the selected synthetic polymeric material and the
thickness of the extruded filaments can be used to tune the biodegradability to
level of mechanical properties remaining the pre-vegetated vegetation element
after a prolonged period of time.

The two-dimensional material layer may comprise a film, a woven fabric, a

nonwoven fabric or a knitted fabric. The two-dimensional material layer provides a
barrier to prevent that substrate disappears from the vegetation element while the
vegetation is grown, for example by erosion due to (heavy) rainfall. The thickness
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of the two dimensional material is preferably 5 mm or less, more preferably 2 mm
or less, most preferably 1 mm or less.

The two-dimensional material layer may be connected to the three-dimensional
entangled mat of extruded filaments by any suitable means such as by mechanical
means, such as for example by sewing and/or needling, by thermal bonding, such
as for example hot-air bonding or ultrasonic bonding, and/or by an adhesive, such
as for example a hot-melt.

The two-dimensional woven fabric, nonwoven fabric or knitted fabric may comprise
bicomponent fibers, filaments and/or tapes to enable thermal bonding of the

nonwoven fabric to the three-dimensional entangled mat of filaments.

The two-dimensional material layer may be a co-extruded film comprising at least
two polymeric components to enable thermal bonding of the film to the three-

dimensional entangled mat of filaments.

The construction of the two-dimensional material layer may be such that roots of
the vegetation can grow through the two-dimensional material layer to provide
increased integrity to the pre-vegetated vegetation element.

The two-dimensional material layer may be integrally formed together with the
three-dimensional entangled mat of extruded filaments wherein part of the
extruded filaments form a three-dimensional entangled mat and a part of the
extruded filaments form a two-dimensional material layer, the extruded filaments
preferably being bonded where they cross. Such an integral combination of a two-
dimensional material layer and a three-dimensional entangled mat of extruded
filaments is for example available under the Enkamat® Flatback name. The
integral combination of a two-dimensional material layer and a three-dimensional
entangled mat of extruded filaments may have up to 2700 m of extruded filaments

per m? of mat.
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The two-dimensional material layer may comprise a multitude of openings,
preferably in the range of 50 to 1500 openings per m? to make the vegetation
element insensitive to wind suction during installation on the roof even at great
roof heights as the openings enable that an immediate equalization of pressure
occurs between the top side and the underside of the vegetation element. The
number of openings can be selected as a function of roof height.

The openings in the two-dimensional material layer may have a non-circular cross
section, such as for example rectangular, having a major dimension defining the
largest distance between two opposing sides of the cross section and a minor
dimension defining smallest distance between two opposing sides of the cross
section. The minor dimension of the non-circular cross section is preferably in the
range of 2 to 20 mm. Non-circular openings may for example be introduced in the
two-dimensional material layer by a weaving process forming an open-weave or

by a punching process.

The openings in the two-dimensional material layer may also have a circular cross
section having a diameter preferably in the range of 2 to 20 mm. Circular openings
may for example be introduced in the two-dimensional material layer by a

punching process or by making holes with hot needles.

The two-dimensional material layer comprising a multitude of openings may be an
open weave, a perforated woven fabric, such as a perforated closed weave fabric,
a perforated film, a perforated nonwoven fabric or a knitted fabric.

The pre-vegetated preferably does not comprise plant protection projections as
disclosed by US 6,219,965 B1. As the vegetation element is pre-vegetated in a
controlled location, plant protection projections are not required.

Growing a vegetation on the vegetation element to form a pre-vegetated
vegetation element may take a considerable amount of time, for example 9 to 36
months, preferably 9 to 18 months. When the vegetation has grown to a level that
at least 50% of the surface of the vegetation element is covered with vegetation,
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preferably at least 60%, more preferably at least 75%, most preferably at least
90% of the surface of the vegetation element is covered with vegetation, the pre-
vegetated vegetation element may be rolled up and transported to the surface to
be greened, such as for example a roof of a building, the roof being either
horizontal or inclined, a wall of a building, the wall being either vertical or inclined,
or a tramway. Vegetation grown to a level that at least 50% of the surface of the
vegetation element is covered with vegetation fulfils the FLL norms for green roofs.

The vegetation grown on the vegetation element may be any type of lower and/or
higher plants. Preferably, the vegetation comprises moss and/or sedum.

The substrate may be any substrate suitable to allow vegetation to grow and may
comprise for example sand, small rocks, lava stones and/or fertilizer. The small
rocks and/or lava stones preferably have a diameter which enables that the small
rocks and/or lava stones fill the gaps between the extruded filaments of the three-
dimensional mat of extruded filaments and to provide porosity such that the roots
of the growing vegetation can penetrate between the small rocks and/or lava
stones. Preferably, the small rocks and/or lava stones have a size in the range of 0
to 8 mm, preferably 0 to 3 mm. Preferably, the substrate comprises lava stones to
reduce the weight of the pre-vegetated vegetation element, which reduces the
loading on the surface to be greened and simplifies transport and installation of the
pre-vegetated vegetation element.

The three-dimensional entangled mat of extruded filaments and the two-
dimensional material layer consist essentially of synthetic polymeric material,
which means that the three-dimensional entangled mat of extruded filaments and
the two-dimensional material layer consist for at least 90 wt.%, preferably for at
least 95 wt.%, more preferably at least 98 wt.% of synthetic polymeric material.

The three-dimensional entangled mat of extruded filaments and the two-
dimensional material layer may temporarily be exposed to ultraviolet (UV-A and/or
UV-B) radiation until the vegetation has covered the surface of the vegetation
element. Therefore, the three-dimensional entangled mat of extruded filaments
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and the two-dimensional material layer may comprise additives such as for
example UV-stabilisers, crystallization promoters and/or processing aids.

The synthetic polymeric material is selected such that the vegetation element is
bio-compostable at the end of the lifetime of the pre-vegetated vegetation element.
The synthetic polymeric material may comprise a polymer made by a
polycondensation reaction of hydroxylcarboxylic acids or a ring opening
polymerization of lactides. Preferred synthetic polymeric materials comprise

polymer(s) of a-, B-, y-, O-, or e-hydroxylesters.

Preferably, the synthetic polymeric material of which the three-dimensional
entangled mat of extruded filaments is made is selected to comprise polymer(s)
from the group of polyhydroxyalkanoates (PHA'’s), such as for example
polyhydroxybutyrate (PHB), polyhydroxyvalerate (PHV), poly-(3-
hydroxybutyrateco-3-hydroxyvalerate) PHVB or polyhydroxyhexanoate (PHH) as
for example available from Metabolix under the Mirel brand name, polylactic acid
(PLA), polyglycolic acid (PGA), polycaprolactone (PCL), poly-B-butyrolactone
(PBL), polybutylene succinate (PBS), cellulose derivates and/or blends thereof. In
a preferred embodiment, the synthetic polymeric material of which the three-

dimensional entangled mat of extruded filaments is made is polylactic acid (PLA).

Preferably, also the synthetic polymeric material of which the two-dimensional
material layer is made is selected to comprise polymer(s) from the group of
polyhydroxyalkanoates (PHA’s), such as for example polyhydroxybutyrate (PHB),
polyhydroxyvalerate (PHV), poly-(3-hydroxybutyrateco-3-hydroxyvalerate) PHVB
or polyhydroxyhexanoate (PHH), polylactic acid (PLA), polyglycolic acid (PGA),
polycaprolactone (PCL), poly-B-butyrolactone (PBL), polybutylene succinate
(PBS), cellulose derivates and/or blends thereof. In a preferred embodiment, the
synthetic polymeric material of which the two-dimensional material layer is made is
polylactic acid (PLA).
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A synthetic polymeric material provides improved control over product properties
as compared with natural materials, whose properties vary greatly under

environmental influences, such as for example temperature, humidity and/or wind.

Although the synthetic polymeric material may be made from oil-based raw
materials, the synthetic polymeric material is preferably made from bio-based

and/or renewable raw materials for improved sustainability.

Bio-compostability of the pre-vegetated vegetation element is, in this context,
defined as fulfilling the requirements of the norm EN 13432. Norm EN 13432
defines that the vegetation element has to be biodegraded for at least 90% into
carbon-dioxide (CO.), water and minerals and new cell biomass within 6 months in
an industrial composting unit, at a temperature of 60°C and at 100% relative
humidity.

In embodiments, the two-dimensional material layer may be a water retention layer
capable of storing a sufficient amount of water to support growth of the vegetation.
The roots of the growing vegetation may grow into or through the water retention
layer. Preferably, the water retention layer is capable of storing at least 25 wt.% of
water based on the dry weight of the water retention layer, more preferably at least

50 wt.%, even more preferably at least 75 wt.%, most preferably at least 100 wt.%.

Preferably, the water retention layer is a nonwoven fabric, more preferably a
nonwoven fabric comprising staple fibers. The weight of the nonwoven fabric may
vary, but preferably the weight of the water retention layer is 500 g/m? or less,
more preferably 300 g/m? or less, most preferably 200 g/m? or less to further
improve the bio-compostability of the pre-vegetated vegetation element.
Preferably, the fibers in the nonwoven fabric have a diameter of 250 um or less,
more preferably 100 um or less, even more preferably 75 um or less, most
preferably 50 um or less to further improve the bio-compostability of the pre-
vegetated vegetation element.
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The water retention layer may consist essentially of synthetic polymeric material.
Preferably, the synthetic polymeric material of which the water retention layer is
made is selected to comprise polymer(s) from the group of polyhydroxyalkanoates
(PHA’s), such as for example polyhydroxybutyrate (PHB), polyhydroxyvalerate
(PHV), poly-(3-hydroxybutyrateco-3-hydroxyvalerate) PHVB or
polyhydroxyhexanoate (PHH), polylactic acid (PLA), polyglycolic acid (PGA),
polycaprolactone (PCL), poly-B-butyrolactone (PBL), polybutylene succinate
(PBS), cellulose derivates and/or blends thereof. In a preferred embodiment, the
synthetic polymeric material of which the water retention layer is made is polylactic
acid (PLA).

The pre-vegetated vegetation element may further comprise a drainage layer of
any known type oriented plane parallel to the two-dimensional material layer to
drain excess amount of water, such as for example during rainfall or during

watering of the vegetation element.

The drainage layer preferably comprises a further three-dimensional entangled
mat of extruded filaments as described above to provide sufficient drainage

capacity.

The drainage layer may be connected to the two-dimensional material layer in any
known manner, such as by mechanical means, such as for example by sewing
and/or needling, by thermal bonding, such as for example hot-air bonding or
ultrasonic bonding, and/or by an adhesive, such as for example a hot-melt.

The drainage layer preferably comprises a filter layer facing the two-dimensional
material layer to prevent that too much solid material enters into the drainage layer
in order to ensure that the drainage capacity of the drainage layer remains
sufficient during the lifetime of the pre-vegetated vegetation mat.

The filter layer may consist essentially of synthetic polymeric material. Preferably,
the synthetic polymeric material of which the filter layer is made is selected to
comprise polymer(s) from the group of polyhydroxyalkanoates (PHA's), such as for
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example polyhydroxybutyrate (PHB), polyhydroxyvalerate (PHV), poly-(3-
hydroxybutyrateco-3-hydroxyvalerate) PHVB or polyhydroxyhexanoate (PHH),
polylactic acid (PLA), polyglycolic acid (PGA), polycaprolactone (PCL), poly-3-
butyrolactone (PBL), polybutylene succinate (PBS), cellulose derivates and/or
blends thereof. In a preferred embodiment, the synthetic polymeric material of
which the filter layer is made is polylactic acid (PLA).

The drainage layer may comprise a further two-dimensional material layer located
on the opposite side of the filter layer. The further two-dimensional material layer
may be a waterproof layer or a water permeable layer depending on the type of

surface on which the pre-vegetated vegetation element is to be installed.

The drainage layer may consist essentially of synthetic polymeric material.
Preferably, the synthetic polymeric material of the drainage layer is selected such
that also the drainage layer is bio-compostable at the end of the lifetime of the pre-
vegetated vegetation element so that the complete pre-vegetated vegetation
element including the drainage layer can be composted at the end of the lifetime of
the pre-vegetated vegetation element. Preferably, the synthetic polymeric material
of the drainage layer is selected such that the drainage layer does not start to

degrade during the life-time of the pre-vegetated vegetation mat.

Preferably, the synthetic polymeric material of which each of the components of
the drainage layer is made is selected to comprise polymer(s) from the group of
polyhydroxyalkanoates (PHA’s), such as for example polyhydroxybutyrate (PHB),
polyhydroxyvalerate (PHV), poly-(3-hydroxybutyrateco-3-hydroxyvalerate) PHVB
or polyhydroxyhexanoate (PHH), polylactic acid (PLA), polyglycolic acid (PGA),
polycaprolactone (PCL), poly-B-butyrolactone (PBL), polybutylene succinate
(PBS), cellulose derivates and/or blends thereof. In a preferred embodiment, the
synthetic polymeric material of which components of the drainage layer is made is
polylactic acid (PLA).
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The pre-vegetated vegetation element may optionally be connected to a pressure
sensitive adhesive for easy installation on and adhesion to the surface to be

greened.

In an embodiment, the pre-vegetated vegetation element comprises a three-
dimensional entangled mat of extruded filaments having an open space of at least
50%, a two-dimensional material layer, oriented plane parallel to the three-
dimensional entangled mat of extruded filaments and connected to the three-
dimensional entangled mat of extruded filaments, a drainage layer comprising a
filter layer facing the two-dimensional material layer and optionally a further two-
dimensional material layer located on the opposite side of the filter layer, wherein
the two-dimensional material layer is a water retention layer, wherein the water
retention layer is a nonwoven fabric, wherein the three-dimensional entangled mat
of extruded filaments is filled with a substrate and a vegetation is grown on it to
form a pre-vegetated vegetation mat and the three-dimensional entangled mat of
extruded filaments, the two-dimensional material layer and the drainage layer
consist essentially of synthetic polymeric material selected such that the pre-
vegetated vegetation element is bio-compostable.

Example 1

A three-dimensional entangled mat of extruded filaments made of polylactic acid,
type 6202D as available from NatureWorks, was made by extruding filaments and
randomly laying down the extruded filaments on a forming surface. The filaments
had a diameter in the range of 0.4 to 0.6 mm were bonded to each other where
they crossed. The three-dimensional entangled mat of extruded filaments had a
weight of 270 g/m? and a thickness of 10 mm.

A two-dimensional staple fiber nonwoven fabric, made of polylactic acid, available
from De Sadeleir, was oriented plane parallel to the three-dimensional entangled
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mat of extruded filaments. The nonwoven fabric had a weight of 168 g/m? and a
thickness of 1.0 mm.

The two-dimensional staple fiber nonwoven fabric was connected to the three-
dimensional entangled mat of extruded filaments by thermal bonding by bringing
the two-dimensional nonwoven fabric in contact with the three-dimensional
entangled mat of extruded filaments while the extruded filaments were still hot.
The combined structure had a thickness of 9.6 mm.

The combined structure was subsequently filled with a substrate and vegetation
was grown to obtain a pre-vegetated vegetation element. The pre-vegetated
vegetation element is capable of retaining at least 50% of its mechanical
properties after at least 5 years.

Example 2

A three-dimensional entangled mat of extruded filaments was provided as in

example 1.

A two-dimensional nonwoven fabric, made of polylactic acid, available from Unitika
— type LOS03WTO, was oriented plane parallel to the three-dimensional entangled

mat of extruded filaments. The nonwoven fabric had a weight of 50 g/m?.

The two-dimensional staple fiber nonwoven fabric was connected to the three-
dimensional entangled mat of extruded filaments by thermal bonding by bringing
the two-dimensional nonwoven fabric in contact with the three-dimensional

entangled mat of extruded filaments while the extruded filaments were still hot.

The combined structure was subsequently filled with a substrate and vegetation
was grown to obtain a pre-vegetated vegetation element. The pre-vegetated
vegetation element is capable of retaining at least 50% of its mechanical

properties after at least 5 years.
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Pre-Vegetated Vegetation Element

What is claimed is:

1.

A pre-vegetated vegetation element for greening artificial or natural
surfaces comprising:

a three-dimensional entangled mat of extruded filaments having an open
space of at least 50%,

a two-dimensional material layer, oriented plane parallel to the three-
dimensional entangled mat of extruded filaments and connected to the
three-dimensional entangled mat of extruded filaments,

wherein the three-dimensional entangled mat of extruded filaments is
filled with a substrate and a vegetation is grown on it to form a pre-
vegetated vegetation mat

characterized in that the three-dimensional entangled mat of extruded
filaments and the two-dimensional material layer consist essentially of
synthetic polymeric material selected such that the pre-vegetated
vegetation element is bio-compostable according to EN13432.

The pre-vegetated vegetation element according to claim 1 wherein the
pre-vegetated vegetation element retains at least 50%, preferably at least
60%, more preferably at least 75% of its mechanical properties for at least
5 years, more preferably at least 10 years, most preferably for at least 25

years.
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The pre-vegetated vegetation element according to any of the preceding
claims wherein the two-dimensional material layer comprises a film, a

woven fabric, a nonwoven fabric or a knitted fabric.

The pre-vegetated vegetation element according to any of the preceding
claims wherein the two-dimensional material layer is a perforated two-

dimensional material layer, preferably having 50 to 1500 openings per m=.

The pre-vegetated vegetation element according to any of the preceding
claims wherein the two-dimensional material layer is a water retention

layer.

The pre-vegetated vegetation element according to any of the preceding
claims wherein the synthetic polymeric material is selected to comprise
polymer(s) from the group of polyhydroxyalkanoates (PHA'’s), such as
polyhydroxybutyrate (PHB), polyhydroxyvalerate (PHV), poly-(3-
hydroxybutyrateco-3-hydroxyvalerate) PHVB or polyhydroxyhexanoate
(PHH), polylactic acid (PLA), polyglycolic acid (PGA), polycaprolactone
(PCL), poly-B-butyrolactone (PBL), polybutylene succinate (PBS),
cellulose derivates and/or blends thereof.

The pre-vegetated vegetation element according to any of the preceding
claims wherein the two-dimensional material layer is a woven fabric,
nonwoven fabric or knitted fabric comprising bicomponent fibers,
filaments and/or tapes.

The pre-vegetated vegetation element according to any of the preceding
claims wherein the two-dimensional material layer is a co-extruded film

comprising at least two polymeric components.
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9. The pre-vegetated vegetation element according to any of the preceding

claims wherein the vegetation comprises moss and/or sedum.

10. The pre-vegetated vegetation element according to any of the preceding
claims wherein pre-vegetated vegetation element comprises a drainage

layer oriented plane parallel to the two-dimensional material layer.

11. The pre-vegetated vegetation element according to claim 8 wherein the
drainage layer is a further three-dimensional entangled mat of extruded

filaments.

12.The pre-vegetated vegetation element according to claim 8 or 9 wherein
the drainage layer consists essentially of synthetic polymeric material
selected such that the pre-vegetated vegetation element comprising the

drainage layer is bio-compostable according to EN13432.

13. The pre-vegetated vegetation element according to any of the preceding
claims wherein the pre-vegetated vegetation element is connected to a

pressure sensitive adhesive.

14.The pre-vegetated vegetation element according to claim 10 wherein the
pre-vegetated vegetation element comprises a water retention layer, and
the drainage layer comprises a filter layer facing the two-dimensional
material layer and optionally a further two-dimensional material layer
located on the opposite side of the filter layer, wherein the water retention
layer is a nonwoven fabric, and the three-dimensional entangled mat of
extruded filaments, the water retention layer and the drainage layer
consist essentially of synthetic polymeric material selected such that the
pre-vegetated vegetation element is bio-compostable.
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