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1 Executive Summary

Increasing oil-prices, a growing threat of oil-dlagies, greenhouse gases and their effect on clichatgge,

are elements that contribute to the concern fofuh&e of our oil based economy. The search fobased
polymers and a more extensive use of the natusaurees will be needed to cope with these probkemas

to initiate growth in the biobased economy. Agrtiteg can offer a very attractive end market irs tlieigard.

At the moment the market is dominated by polyolebiased agrotextiles. Other products are based on
natural fibres but are degraded too fast to be aéractive. BIOAGROTEX aims at developing novelyfu
biobased agrotextiles with a drastically reducepaat on environment.

Different production routes are followed to devethis type of end product.

In a first route standard natural fibre based gdaoners are upgraded via application of bioresiotuting
functional additives. For the natural fibres eithecycled is used or upgraded side fractions cfela or
hemp production can be used. Properties of thdse fractions are improved by optimising the fibre
preparation process, including enzymatic rettingpmr@treatment. Upgrading the durability is perfotdnwia
Furan based bioresins specially developed forapication in order to control reactivity of thesin and
the flexibility of the woven or non-woven fibremasn alternative route using partly oil based cheats is
developed as well with included functionality tdadedegradation. It is shown in lab trials using barial
and Q-UV tests along with field trials that the d®ped products have a considerable extendechiieitn
normal usage (> double).

In a second route meltprocessable biopolymer fatinris either starch based or PLA based are eeauat
for their potential in textile extrusion processesluding: staple fibre, monofilament yarns, miuiléifent
yarns and tapes. Processes are optimised to db&appropriate properties.

The objective to use Starch based thermoplastith@se applications couldn’t be reached. Improved
formulations were developed that allows produciranafilaments, multiflaments and tapes, but meaoteini
properties are still insufficient for developinglurstrial products.

With PLA based formulations the complete rangeeafikes can be produced with acceptable propefties
further processing, including production of non-wos, knitted and woven fabrics. Also a range of
functionalisation routes either to improve procesitg and properties, to control or improve therahility

of the products and to introduce specific functlies like: colour, flame retardency and anti-noioial
properties. Also durability of these materials fgted in laboratory conditions and in real lifadiag to an
expected life time of at least 3 to 5 years.

Several demonstrator products are developed in@udioven PLA ground-covers, knitted PLA insect
screens, PLA needlefelt ground covers and natibied groundcovers (needlefelts or woven) with rdise
durability by resin application. Demonstrators igasalled in several test sites in Europe for eatihg their
real life performance.

For all materials produced the ecological impacthef development was analysed. It was also vertfiatl
the used products or degradation products genesaagetibt causing toxic effect to fauna or flora.

Based on these positive evaluations the commesatadn of several products will be started.

For the natural fibre based products, woven jukgidawill be launched treated with bioresins andhwan
extended durability. Different PLA based productdl Wwe launched as well for the agrotextile market,
including: woven groundcovers (tradename DURACOVEReedlefelt groundcovers (HORTAFLEX
and different types of knitted insect screens imdvbreak nets ( FILBIO PLA Ultravent PLA).
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2 Summary description of project context and objecties

2.1 Context

Increasing oil-prices, a growing threat of oil-dlages, Kyoto agreements on greenhouse gases,
environmental effects and climate changes, arelathents that contribute to the concern for the
future of our oil based economy. Europe is graguplleparing the shift towards a biobased
economy, a multistep process that will take deceriai come to its completion. Initiatives are
required to start-up this process of change arekpbore at an early stage the possibilities offered
by products already under development.

Textiles and especially agrotextiles offer a vettyaative end market. Volumes in this market area
are high and fast growing. At present, products amainly based on Polyolefin's (>
200Ktonnes/annum in Europe) and to a lesser ettt petrochemical polymers such as PA and
PET are used. In most cases these agrotextileatdhe end-of-life difficult to recover from the
fields and will be polluted by a vast amount of amg material and sand, making efficient
recycling and even combustion with energy recoesttyemely costly and not attractive.

A number of agrotextiles are based on natural $ibbeit in general these products are degrading
that fast in the natural environment that theretilifie is usually limited to one or maximum two
years and textiles with a relatively high weight p& are required in order to compensate a bit for
the fast degradation.

Bio-based polymers in combination with natural dérand side products can offer a good
alternative, if biodegradation can be modelled addpted according the specific end applications.
Intrinsic positive properties of the bio-based podys such as low flammability, light fastness or
intrinsic preservation properties can boost teabgiobl advantages, leading to major economic and
technologic benefits in industrial implementatidime proposed project envisages the research and
development of new 100% renewable agrotextiles,cambination of natural fibres, bio-based
fibores and bio-based resins and this respectingett@momic and ecological relevance of the
development.

2.2 Objectives

The BIOAGROTEX projects aims at the developmentfudfy biobased agrotextiles with a
controlled (or extended) durability as alternatiyes the existing PP based agrotextiles or the
natural fibre based agrotextiles with a very shifatime.

Two routes are followed:

1. The development of biopolymers formulations (WHRigttcan be melt-processed using a
range of textile extrusion techniques including etapr monofilament, staple fibre,
multifilament extrusion on laboratory and pilot EcgWP2) and on industrial scale
including a range of further industrial processingls such as knitting, weaving, needlefelt
production (WP6). Two biopolymer families are esfd:

a. use of biopolyesters as meltprocessable polymetis facus on PLA
b. use of starch based formulations
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2. Development of natural fibres, either recycled ronf low value agricultural fractions and
optimising properties via (enzymatic) pretreatmgenoptimise yield and properties (WP4).
Development of bioresin (furan based) to finish thE based products, extending the
durability without jeopardizing the mechanical pegpes (WP3), processing the
experimental fibres into non-woven structures antstiing them on pilot scale (WP5) and
upscaling further to fully integrated industriabpesses (WP6).

Both routes are supported by biodegradation testdabscale and via field tests and detailed
chemical analysis of the degradation routes (WR@)gawith the evaluation of the ecological
impact (LCA) and the possible ecotoxicity trials .

The developed production routes will be used tadpece at industrial scale demonstrators to be
installed in centralised field tests allowing thealeation of the relevant performances of the
developed products. (WPS8). Further supportive WRPs foreseen including Training &
dissemination (WP9), IPR and Knowledge Managemadt Bxploitation policy (WP10), Project
management (WP11).

Based on this approach the following specific otiyes were defined at the start of the project:

A: For the thermoplastic biopolymer formulations:

* The definition of optimised starch based formulasiothat can be processed on standard
textile extrusion equipment to fibres, mono- or tfilAments with acceptable mechanical
and processing properties,

» The definition of optimised biopolyester (PLA) bddermulations, that can be processed on
standard textile extrusion equipment to fibres, oroar multiflaments with acceptable
mechanical and processing properties,

» Selected range of additives to optimise processabil the biopolymer formulations and to
integrate specific properties

* To define routes to vary the (bio)degradability #fetime of end products

* Optimised industrial extrusion processes, with augmilar to production processes with
standard polymers.

B: For the natural fibres
» Defining alternative sources of natural fibres loasa agricultural wastes or low value side
products
» Development of ecological relevant (enzymatic) prafon routes to extract fibres with
optimal yield and properties, including raised rogtrilicity
» Defined processing routes for pure or blended ahtfibre materials into qualitative
nonwovens

C: For the biobased resins with preservation adiyvi

* Realisation of fully biobased water dilutable resin

* Realisations of resins with increased reactivitppwaing complete curing at acceptable
temperature (max 180°C) and within 2 to 3 minuteet

* Optimised resin formulation that doesn’t alter thechanical properties such as stiffness or
drapability

» Bioresin with high preservation action that at mom doubles the expected lifetime of the
natural fibres based ground-covers.

* Routes for industrial application of the bioresimgombination with specific functionalities
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» Realisation of natural fibre based groundcovers witeduction in weight/m2 of up to 50%.
* Realisation of natural fibre based groundcovert it extended (min doubled) lifetime

D: Realisation of demonstrators and pre-commergmbducts
» Developed industrial production routes for thernasgic and natural fibres and formulations
via standard textile processing techniques inclydiwveaving, knitting, non-woven
production, needlefelt production, ...
* Realisation of at minimum 4 demonstrator produasecng the different development
routes and product types defined. Possible denainstmodels are:

o Knitted biopolymer cloth for covering crops: creafti micro-climate and crop
protection against insects applied either out-dwom green houses, requested life
time: 1 up to 3 seasons; limited degradation urstandard conditions of use,
compostable

o Biopolymer based non-woven groundcovers: supporinédural grass mats: to be
applied in the earth strengthening the turf andtabilising slopes, should retain its
properties during 1 up to 5 years; slow degradatioder “soil burial test’- fast
degradation under composting,

o0 Biopolymer based woven groundcovers (preventiorweed growth and use of
herbicides, support the water housekeeping of thengl) stability during minimum
3 to 5 years, fast degradation under compostingitons

o Natural fibre based groundcovers for out-door useed prevention improved water
housekeeping, with an extended lifetime (up toedry) due to the application of
bioresins with preservation action

o Other possible domains for implementation:
natural fibres or biopolymer based agrotextilesgjoplications in green-houses, sun-
screens, limitation of heat-loss, light reflection,durability minimum 5 years under
high temperature and high humidity conditions
alternative out-door application (nets for bird teion, hail protection or
sunscreens) minimum durability 5 years under highdonditions.

E. Scientific proof of enhanced properties and eggical aspects of the development.
Detailed analysis of all generated materials, both performance and ecological impacts are
foreseen in order to proof the potential and thelaggcal relevance of the development. The
following core evaluations are defined.

» Lab scale durability testing, via different rousasiulating different routes of degradation

0 Soil- burial test (AATCC 30-2004) resistance todegradation (resisting minimum
56 days, doubling the durability of standard NFdabgroundcovers)
Q-UV tests: resistance against UV light (min 1508uks)
Combined Q-UV and Soil burial tests
Hydrolysis tests under extreme conditions
Analysis of mechanical properties and moleculargieias function of durability
tests
o Lab scale composting tests; industrial conditions

* Real life testing via locally installed agrotexsilend via demonstrator field tests for a

minimum period of 1 year.
» Ecotoxicity tests on the developed materials ankratomposting; to ascertain the

possibility of implementation without creating toglogical side effects.

© O 0O
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* Detailed LCA analysis taken into account, producgtiose and end-of-life solutions for the
newly developed end-products.

Based on the realisation of these objectives anti@oreated knowledge base regarding interaction
of product parameters, processing conditions, fanat additives and durability properties it
should be feasible to bring at least some of thaatestrator products to the market within short
term after finalisation of the project. The genedaknow-how should allow via further industrial
developments the creation of a large range of miffeagrotextiles. The results obtained could be
valorised further in other application fields swahtextiles, composites, injection moulded articles
and can therefore contribute to some extent toveeall development of the biobased economy.

2.3 Defined workplan.

For the realisation of these objectives a multigigtary approach is required covering the

complete production chain - starting with the depehent of the biopolymers up to the final textile

products. At the same time the project has to gassigh all stages within the innovation process;
starting with fundamental research aspects, thraogttementation and up-scaling development of
adapted testing procedures and even providing amploof of concept via full-scale and real life

demonstrators.

The structure of the workplan and the interactibesveen work packages are highlighted in the
following scheme:

Basic research Applied research Demonstrator
(=] We2
developrment & formulation of L meltextrusion processing |
melt processable EE— of bio-based EERm——
bio-based polymers polymer formulations
WES WES
WP3
development of "Furan” finishing \ - fabric production ™| evaluation of end-use
chemistry for textile applications WS g e potentials via
developrment of nonwoven ! integrated processing demonstrators
E finishing processss |
based on furan chemistry
Wik /
definition & preparation of
natural fibres for agrotexdiles

! ‘1 ‘1

YWY modeling of the biodegradation & ecological impact ‘

‘ WP training and dissemination ‘

Supporting

Work packages ‘ WWE 10 knowledge management, IPR and sxploitation policy ‘

’ WP 11 project coordination and managemsnt ‘
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3 A description of the main S&T results/foregrounds

Along the 4 year project a multitude of results al#ained in the different research domains.
Results are not reported per WP since some of tRecWisely interact with one another and are
evaluating the same products or processes alongrtfaiction chain: formulation, processing lab
scale, processing industrial scale, definition fl @roducts. Due to constant feed-back and fed-
forward along this chain it's better to report tlesults per individual development topic. Results
are therefore grouped together under the followiopics:

* Results related to starch based formulations aodgssability to textile yarns.

* Results related to the formulations, processalalitgt properties of biopolyesters.

* Observations on fast degrading PLA materials an8lpm solving.

» Alternative natural fibre sources and processing mon-wovens

» Development of biobased resins and applicatiorataral fibre structures

* Demonstrator development & demonstrator field tests

» Durability and ecological aspects of the developextiucts.

3.1 Results related to starch based formulations and mcessability to textile
yarns.

For the starch based biopolymer formulations aeasfgapplications are already known. At present
it are these type of biopolymer formulations thavd the largest share in the biopolymer market.
Based. The applications are at present howeveropredntly in (food) packaging applications,
film extrusion and to some extent injection mouddiapplications. In these applications the fast
biodegradability of the products offers a major aubage. Since starch itself has very poor
thermoplastic properties, it cannot be processesliels and always needs plasticizing and blending
with other biodegradable polymers. Popular polynfierslending are amongst others the oil based
PolyCaprolacton, and Ethylenevinylacetate or bigp@rs such as PLA. Development of textiles
made of starch based formulations is in its infaang no commercial products were known at the
start of the project.

The objective within Bioagrotex is that starch lhdermulations are developed that can be
processed into the different textile products: sapemonofilament and if possible multifilament. A
minimum level of mechanical properties (tenacityeleof 0.2 N/tex) should be reached in order that
the products can be processed further.

As a starting point standard Solanyl formulatiopasically used for film extrusion, were selected
for first small scale textile extrusion trialswas observed that these were totally inadequatiaéor
textile processing route. Inappropriate stabilitygl anelt strength was observed. Either no filament
structures could be obtained or only filaments ddag produced without applying a cold drawing
step and therefore resulting in a very brittle prctd

Detailed microscopic analysis of the Starch formoites used showed an insufficient
homogenisation of the formulation and insufficienmpatibility between polymer products leading
to deblending of the formulation and insufficiembperties.

It was concluded that the formulations needed adiapis and the following elements were taken
into consideration:
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* Intensification of the compounding process: - laegdio a finer distribution of the polymer
components in one another, this is observed buedding limits the efficiency.

» Adapting water content during extrusion; - watem bave a positive plastisizing effect but also
catalyses degradation and hydrolysis. In combinatigth (bio)polyesters the water content
should be kept low.

* Lowering the extrusion temperature - as low assipes (x 160°C) - in order to avoid
degradation of starch and the hydrolysis of othepdlymer components.

» Evaluation of different blend compositions and aati — Raised compatibility between
materials influences in a positive way the finenafsslend morphology and reduces deblending
effects. A higher % of thermoplastic polymers im@® processability, but final “starch”
content will become low.

» Selection of high molecular weight grade of the eatldhermoplastic polymer (PLA) — a
considerable improvement in melt strength and fbeseprocessability and stability was
observed.

Optical microscopy in combination with staining ealed an improved morphology in contrast to
the previous dry blend system. The starch (dar&saiethe figure below) was dispersed in a matrix
of PLA and PVAc (red areas). This morphology isrfduto be beneficial for the mechanical
properties which are mainly determined by the matomponents. PLA gives rise to toughness and
PVAC brings flexibility.

I - 100 pm v 'H -

Fig. 1: Optical micrograph of stained Solanyla&yigrade. Red shows the PLA/PVAC matrix
and dark dictates starch.

Using these improved formulations the processabiliv textile monofilamnts and even
multifilaments become feasible. Secondary drawisgli (state) of the materials was feasible.
Mechanical properties obtained still remain un&ati®ry (tenacity of £ 15 cN/tex) in order to start
up large scale production trials and the realisatibend products. .

Due to lack of mechanical properties no demongtdiased on starch based formulations could be
defined. A further improvement in mechanical praojgsr of about 30% is required to produce
textile materials that can be considered for Agtile applications.
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3.2 Results related to the formulation, processability and properties of
biopolyesters.

PLA is one of the biopolymers available in the nedrfor a longer time, at considerable volume (>
100kton) and acceptable price. The implementasoaspecially known in packaging applications
and to a lesser extent for textiles or injectionuidong. Although the first products are proposed a
long route of developments still is needed to britng biopolymer formulations and the
processability to a similar level as the petrocleainbased ones.

Within the Bioagrotex project the developments be biopolyesters formulations are specific
aiming at increasing the mechanical propertiesagtéeym and elongation at break, and reduction of
brittleness), increase in processability (operatvigdow at different process lines, production
speed), improvement in processing stability (infice of temperature and humidity) and integrating
functionalities in the biopolymer formulation. Irddition the formulations are function of the

different extrusion routes required for the diff@réypes of textile intermediates: tapes, monofils,
staple fibre, FDY or POY.

For the different processes different pilot andustdal extrusion systems are used to explore the
processability. The different lines have differeonfigurations that have important consequences
on the polymer requirements and processing comditidOne can differentiate between the
following extrusion systems:

A. Monofilament or tape extrusion line.

This type of extrusion equipment is used for praigucof thicker textile monofilaments or tape
material. Due to the diameter of the produced fdata more cooling is required and this is
provided by quenching the melt coming from the @cér directly in a water bath. As an alternative
the melt can also be deposited on a metal querkfint@rnally cooled). After cooling the yarn is
monofilament is heated again and drawn to a higjtese(factor 5 to 12) in order that the polymer
chains are stretched to the maximum and the mhtedaives its highest tensile properties possible.
This process is in general performed at a limifgglesl (100 a 200 m/min). The products produced
via this route are amongst others used in knittgtbtextiles using monofilaments or tape
production for production of woven tape fabrics.

Water bath
I:— Water rernoral

.

5~ (900F] | ggg: %

i)

B —— 'y L I
251 Extroder S 1o bl -ofF Chen Fazt hanl-off Fast haul-off

I'-.-'Ieterjng g ) (Cald ralls) (roax. 160°C) (Heated rolls) (Cold ralls)
Inlonofil, multifil or tape die

Fig. 2: scheme of semi-industrial tape line
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B. POY extrusion — separate draw (texturation) step

Fine filament yarns or staple extrusion is in gahgerformed via air-quenching instead of water
bath quenching. The production speeds are consigenagher (3000 up to > 5000 m/min) and
spinerettes are much finer, making the process mrtieal. Especially the rheology of processed
materials becomes more critical) (less viscous toatons required) as well as the fineness of any
additives used should be below a few pm in ordértmdlock filters or to disturb the built-up of
mechanical properties.

Moreover the POY production process is a two stageess. In the first stage extrusion of the
filaments take place at a high speed without arsteny drawing. Due to the high melt drawing

ratio the filaments produced gets already an ingmbrtlegree of orientation and therefore stability
and tenacity. Nevertheless the yarn is still onlpaatly Oriented Yarn and will need a secondary
drawing step to obtain it’s full mechanical propestand stability. This two-step production process
is especially explored for the production of veiryef multiflaments, which can be used in knitted

crop protection products.

3-zone Bxtruder
Pilot Draw-
Winder
|
[olNe!
LT
00
0) 20
P 00
% ‘E} ‘
\ | \
POY-Winder

Fig. 3: Scheme of POY extrusion with second steyvdrinding operation.

C. FDY extrusion — integrated drawing step.

A second production method to produce fine filamgrhs is the extrusion with integrated drawing
resulting in a full drawn yarn in one productioegstDepending on the process, 1, 2 or even 3 stage
drawings are possible. Not only multifilament yamare produced in this way but as well staple
fibre production. In that final case also texturatand cutting the yarn to the appropriate length a
integrated in the same process.
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Fig. 4: Examples of filament extrusion pilot linegh integrated drawing.

E. Formulation routes or PLA based materials.

Formulation routes explored are related to:

Initial polymer grades; varying in molecular weighi lactic acid content (homogeneity and
crystallinity) — A high MW contributes to a raisedelt strength and processability and is
needed to reach a higher tenacity level in theileexiroducts. A few % d-lactic monomer
content contributes to the flexibility of the prads and reduces the brittleness but at higher
percentages the melt temperature and the ovellglineo properties are reduced too much.
Addition of “Poly D Lactide content”: A specialystal structure is generated when a fraction
of Poly D LA is blended in the PolyL LA with a Higr melting point (> 200 °C). The highest
effects are expected at 50/50 blend ratio, but aidower % of added Poly D LA effects can be
obtained. The addition contributes to a higherrtadrstability of the extruded monofilaments or
tapes but little effect on tenacity is observedeDu the limited availability and higher price of
the Poly D LA polymer, this route of formulation isf interest for future industrial
developments.

Incorporation of low% of other biopolymers (PHA), can contribute to an improved
processability and has an impact on draw ratiorasdlting mechanical properties especially in
air quenched production. Effects are variable mcfion of the processing routes and should be
evaluated for specific end applications.

Addition of impact modifiers and crystallisationeags — In most cases products seems to have
only minor effect on the extrusion process or oe #ftrength of the textiles produced, but
crystallisation and recrystallisation behaviour dearly influenced, contributing to textile
intermediates with a raised stability. Use of thgges off additives can be considered in these
processes where fast crystallisation is required.

Control of humidity content: During melt processipgrtial hydrolysis of PLA will occur as
function of humidity content, residence time andgass temperature. Predrying of polymers to
below 250 ppm is in general sufficient to avoidruoeéntal effects during the processing.
Proccesing of formulations with higher water comterill lead to uncontrolled shifts in polymer
properties.

Use of chain extenders: Chain extenders can haasitive effect on molecular weight of the
biopolymer. They can contribute to reduction of thalrolysis effect created by processing
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Biopolyesters with a too high humidity content f(be required level of predrying) and can
improve properties and processability by countangct the polymer hydrolysis.
An interesting side-effect is observed namely iaseeof dyeability; although less important for
agrotextiles this can have important benefits lreopplication area’s such as clothing.

» Use of biodegradation promoters — It is possibleatln low amounts of a biodegradation
promotor during the extrusion. Concentration mustidw and processing conditions must be
kept well under control to limit the impact on hgtsis and lower tenacity during extrusion.
The products show clearly a much faster degradatimimg further durability testing, especially
Q-UV artificial weathering tests, than referenceoducts. This can be of importance for
applications where a reduced lifetime is requirednewithout entering industrial composting
conditions.

* Use of hydrolytical stabilisers — PLA is vulneraldtehydrolysis at high temperature e.g. 80°C
and high humidity degree. Within one or two daythate extreme conditions the polymer loses
its mechanical properties and the molecular wedybps drastically. It could be proven that
using selected hydrolysis stabilisers under corpeotessing conditions will largely stop the
hydrolysis process. The additive stabilises as wadl melt during the melt processing stage
although it is still to be advised to dry the metiewell before processing.

The extrusion process of these materials into miffetextile intermediates: monofilaments, tapes,
staple fibre, continuous filament yarns, has swsfog been demonstrated at laboratory, pilot and
full industrial scale with acceptable mechanicaparties. Tenacity ranges from 0.25 a 0.35 N/tex
for the multiflament materials and from 0.25 tat@.N/tex for monofilament and tapes. Also
extension to break is acceptable for most processisough in general yarns and tapes are
somewhat stiffer than reference PP materials tlaese la sufficient flexibility to be processed via
different processing routes into a range of semugtrial articles.

The very fine multifilament or monofilament PLA yer defined by Inotex, needed for the
production of knitted agrotextiles, could only b@guced on pilot lines and not on the industrial
equipment available in the consortium. The spedidig-out of the industrial equipment and
throughput were not compatible with the operatingdew required for the PLA production. As
alternative some industrial yarns could be soufoethe evaluation of the processing potentials.

3.3 Observations on fast degrading PLA materials and pvblem solving.

In the course of the project two difficulties wesbserved for instabilities of the extruded PLA
textile materials:

» Shift in mechanical properties due to reorientaiod crystallisation process

» Decay in mechanical properties under warehouseitomns

3.3.1 Shift in Mechanical properties due to reorientaton and crystallisation process. .

PLA is a polymer that in general crystallizes oslgwly. This can create some problems during
processing as illustrated in the following figure.
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Fig.5: Destroyed bobbin by crystallisation

If insufficient crystallisation takes place duritige extrusion process, the material will furthestpo
crystallise after the production process, whethearab accelerated by heat treatment. In the example
shown above crystallisation in a POY extrusion was low that after winding, the post
crystallisation process caused such an increasemperature and in tension that the bobbin was
destroyed completely. In most cases the effectsnatehat spectacular but shifts in mechanical
properties of 10 to 20% can be observed in a nurobeases if insufficient crystallisation on the
extrusion line is obtained.
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Fig.6 : Mechanical properties of yarns spun at FEohdition before and after storage

A detailed analysis of the recrystallisation pr@caad of the extrusion parameters influencing the
crystallisation before winding the yarn was perfechin order to resolve these problems.
The experiences led to the following rules of thuimloptimise crystallisation of PLA yarns.
Achievement of high crystallinity and thereforethggability of mechanical properties after
processing will be obtained by:
» application of low cooling rate during melt drawjng
* increased melt-drawing ratio
» additional support of crystallisation by
— stress (winding speed, draw ratio)
— nucleating additives
» application of secondary drawing (drawing on hadejs or oven)
* multistep drawing
* heat treatment of yarns: high setting temperatures.
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3.3.2 Stabilisation of PLA against hydrolysis.

Although PLA is stable under standard conditiohss easily hydrolysed at high humidity and high
temperature. Within about 3 days the polymer lodtsegroperties at 80°C and 80% rel. humidity.
Although such extreme conditions are not occurdiiging real life of agrotextiles, it is still of
interest to be able to stop this process.

Specialty hydrolytical stabilisers additives werealeated and found that not only stop the
hydrolysis at the extreme storage conditions bed alhibits the hydrolysis during melt processing,
as can be observed in the enclosed fig. 7.

Climate chamber RH=80%, T=80°C

200 - -
PLA- filament
. *
molecEla}r thelgth ~®=pLA — filament + 2%
A PLA Resin
0 T T T
0 2 4 6

# days

Fig.7: Effect of hydrolysis stabiliser additivesPh A materials under extreme conditions.

3.3.3 Decay in mechanical properties under warehouseitomsl

During the project it was observed in a few casas PLA materials that normally should have a
high stability and should not loose their mechanpraperties under “warehouse conditions” over
years started to degrade very fast. The drop ipgt@s can occur in a few weeks to a few months’
time and is totally unacceptable for commercial l@pgions. Other materials produced under
similar conditions stayed intact for several yedisee phenomenon was analysed in great details.

It was observed that the direct cause of the prolderelated to the growth of fungi on the material
as could be observed by microscopical analyisisnaicdobiological tests.
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Isolation of 3 fungi found on the sample
T1200723
Fig. 8: Fungal species detected on fast degradidgrRaterial.

Further analysis indicates that although the miclogical action is the direct cause of the
degradation, there are other elements contributrtge fact that these specific production samples
are vulnerable for degradation. A first cause esrdlatively low molecular weight of PLA used in
the production of the material. A second elememihiésimpact of the further mechanical processing
of the fibre materials under harsh conditions, sauthe appearance of some minor surface cracks.
Degradation by the fungal enzymes will occur prexiéially starting from these cracks. No proof of
fast degradation is found for intact PLA materialsculated with fungi.

3.4 Alternative natural fibre sources and processing itb non-wovens.

3.4.1 Alternative natural fibre sources and upgradingroerties.

Also natural fibres are used in the developmeragrbtextiles. Hereby the project is focussing on
NF sources either obtained via recycling, as a evast side fraction of agricultural crops or

products with a high agricultural output.

Main NF sources evaluated are recycled jute, lihs$keex, hemp, hop wastes and nettle.

It was shown that hop or nettle offer no economiotgresting source due to the very low fibre
yield generated from these materials. Linseed @amdphoffer good potential to generate fibres with
high yield and good properties.

Hemp and linseed fibre fractions offer good potdnto be used for technical fibre applications
including agrotextiles.

Table 1: fibre yield and purity for several bastréi types.

Reference values Unit Bast plants

2009 value Linseed Flax Flax Hemp
(cutting) (pulling)

Stem yield t.ha' 2,952 2,390 3,130 9,867

Fibre content % 34,59 38,49 35,78 33,38

Fibre yield t.ha' 1,021 0,920 1,120 3,293

Impurities content % 24,59 22,49 6,4 28,59
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Further improvement of yield and quality of fibresuld be obtained both for linseed and hemp by
use of enzymatic processing (“bio-retting”) inclogithe optimized enzyme product "Texazym

SER 7”. Especially the field spray application wdeveloped as the most effective route for
harvesting quality fibres in the most economicatditions. This enzymatic treatment process was
alternatively supported by smooth (longitudinal)amanical treatment on the new concept of the
opening/cleaning device REA 120 (Rieter CZ) andttesinproved fibre yield and quality.

Table 2: fibre yield of enzymatic treated bastdilypes.

Fibres Fibre yield after 1x REA (coarse fillet cylinder used) in %

enzymatically untreated enzymatically treated
Linseed 76,9 83,6
Hemp 83,8 79,7

Table 3: Fibre impurities content/cleanness/lemgtermination
Impurities content (%) | Shives content (%) | Fibre content (%) | Mean length (cm) | Short length cm)

— part of impurities

Linseed enzyme 8,79 3,04 90,54 8,38 6,12
Linseed 18,59 5,79 80,49 9,09 5,08
Hemp enzyme 3,72 3,72 96,07 10,18 6,50
Hemp 2,92 0,52 96,98 10,93 6,56

Also hydrophilicity of fibore material is increasefjcilitating further impregnating processing to
improve homogeneity in finishing processes (fig.9).

= Wet pick up (%)
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100 1 97
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Control Enzyme field Enzyme bath

Fig. 9: Improved hydrophilicity of enzymatic tredtbast fibres.

The field retting system developed can be consttéve industrial exploitation for natural fibre
production whether or not for agrotextile applioas. The evaluated natural fibre sources have a
better quality than the recycled jute, but pricalese alternative sources is still higher dueh#o t
required processing. Price level is still accemdbl the application envisaged, as far as tramspor
costs are not increasing price too much.
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3.4.2 Alternative natural fibres and processing propsrtge non-woven production.

The processibility of the different natural fibreusces into needle felts - pure or in blends of
different ratio’s — were evaluated on pilot andusttial lines.

Card + Cross lapper F.O.R.
Needleloom DILO (900 cp/min)
Width 1 m

Fibres from 3 to 15 dtex

e [

// ,/"
oo

Hopper Card Crosslappel Needleloor Winde|
Feede

Fig.10: Scheme of pilot needlefelt line.

It was shown that pure Hemp fibres were difficaltpgrocess on pilot scale due to stiffness and
hardness of the fibres. Adapting the equipment mak@ossible to process also the pure hemp
materials on industrial scale. On pilot scale otieural fibres or hemp/linseed or Jute blendsctoul
be processed offering good mechanical propertiesy®ed jute with a high fraction of short fibres,
need to be processed into felts of > 500g/m? iriotdl reach acceptable felt properties.

Table 4: Overview of pilot line production samptéexperimental NF based needlefelts.

Ratio Fibre | 1000g/m2| 500 g/m? | 250 g/m?
1
2 Not possible
3
4 1100 517
100% 5 1150 533
6 1180 560
7 1095 540 300
8 1075 505 285
1/4
70%/30% |2/5| 1118 537
3/6| 897 535
1/4] 1140 550 278
50%/50% | 2/5| 1118 540 273
3/6| 1056 580 232

Samples 1-3 Hemp, 4 -8 Linseed materials; diffesentces and pretreatments

In addition to the pure NF based non-wovens alsA flire based non-wovens as well as blend of
NF and PLA non-wovens (90/10) were produced. It whewn that production was feasible.
Introducing PLA offered improvement of mechanicabgerties to a limited extent. Additional
thermal aftertreatment didn’t offer the expectett@ase in mechanical properties.
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Table 5: Range of different light weight non-wovgm®duced on pilot line using experimental
natural fibres and PLA fibres.

Ratio Fibre 500g/m? | 300 g/m? | 250 g/m?

Linseed X X X
100% Hemp (light)
Hemp (dark)

PLA X X X

Linseed X X

90% / 10% | Hemp (light) X X
Hemp (dark)

Maximal strength

180 T

= Machine directory

Strength (N)
8
—

Cross directory

40 17

Linseed 100% Linseed + PLA Hemp + PLA

Fig 11: Strength of experimental needlefelt witlkd anthout PLA fibres.

3.4.3 Evaluation of hydrophilicity via moisture managemtsster.

To evaluate the interaction with water, a new tasthod of 3D moisture spreading through the
agrotextile structure was developed by use of tiMTMEDL device. The MMT was developed to
measure dynamic liquid transport properties ofrptaktile substrates.

Moisture Management is a method to characterize3thdiquid transport properties of fabrics.
Spread of solution applied on the top side of texdubstrate during its penetration through the
textile structure is electronically detected.

The limits regarding weight and fabric thicknessd dest conditions (prolonged time and testing
liquor dose) were studied to facilitate measures@fitactual agromat constructions of different
weight. This improvement of methodology facilitaté evaluation of the samples processed using

bioresins, enzyme treatment, and measuring ther watesmission and suction behaviour as shown
in the samples below.
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Fig. 12: Moisture management tests of differentbdiSed needlefelts of 500 g/m2, before starting
field trials.
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Fig. 13: Water absorption tests for experimentalira fibre based needlefelts. Hydrophobic effect
of Furan treatment

It can be concluded that short fibre qualities:

» linseed fibre with the growing potential of nutriggroduction waste
* hemp as an alternative short bast fibre
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can be identified as potential, effective sour&assitive efficiency of the new enzymatic process —
preferably its field spray alternative (called “bigtting”) was confirmed by repeated seasonal post-
harvest trials. Special INOTEX enzymatic produdEXRZYM SER 7 conc.) developed and tested
in real field conditions. Common and enzymatic nfiedi fibres were tested in pilot scale
production of needle punch carded nonwovens. Naifgignt differences and limitations by
process-ability of various blend combinations obsdr

3.5 Development of biobased resins and application toatural fibre structures

3.5.1 Development of bioresin formulations

For the development of the bioresins it was showmn early stage that the furan bioresins are
offering an increased biostability to the naturaids they are applied to.

Jute NV 750 Jute 750-9

after 28 days

after 28 days

Fig.14: Comparison of jute textiles after a 28 dagd burial test: left reference material, right
Furan resin treated Jute textiles.

The treated textiles showed however disadvantaggading a limited reactivity, long and harsh

processing and high stiffness. Therefore the falhovoptimisation routes were explored:

* Increase of reactivity - to reduce curing tempemtand time to be compatible with the
application process on natural fibres, reactivitgreased via adapting functional groups and
catalytic system.

» Development of water dilutable furan formulationttwhigh water content, to allow a more
homogeneous application with reduced resin content.

* Reduction of brittleness and hardness after cunag
= development of alternative reactive monomers vatiger aliphatic side chains; feasibility

was tested but offers only potential at long tedoe to the complex chemistry,
= Dblending with long chain fatty acid esters — ineeean flexibility, remaining fully
biobased.

* Optimisation of stability and anti-foaming via atidin of the appropriate agents.

A novel hybrid BioRez® formulation was developekedn these elements into account and

resulting in a fully biobased, water dilutable asthble thermoset reactive emulsion, with
appropriate reactivity, to limit curing times.
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Fig. 15: examples ofpment of a stable vvdilétl Furan formulation

3.5.2 Application of Bioresins to natural fibres basextiles

The stable hybrid furan-fatty acid based resimimitely water dillutable and this makes it podsib

to utilise the resin in any given solid contentratural fibres and to use different resin applaati
systems. The best suited application technology tfes resin was found to be full bath
impregnation with an aqueous dilution of the redihe textile is then squeezed to remove excess
resin and water and is dried and cured in an ovédms application technique allows even
distribution of resin throughout the cross sectbithe substrate as well as in width and in length.
Prior to industrial tests this technology was estegly tested on “lab”-scale coating line of
Centexbel.

Fig.16: Full bath impregnation of natural fibrebifia at Centexbel
As an alternative also a spraying application colokd developed at Ensait allowing that the

application of resin stays limited to the surfaéehe@ material. This application system will create
only a partial protection at the surface of theemat.
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Fig. 17: spraying device integrated in the nonwoles

3.5.3 Alternative formulation based on non-renewable doals

An alternative resin formulation (not biobased) waseloped as back-up solution. The formulation
is based on synthetic resin in combination withyatisetic anti-microbial additiv@EGIS® that is
well known and applied in other textile applicasorAlso in this case it was essential to find a
proper balance in the ratio between resin andramtiobial concentration. Other prerequisites are
water dilutability, stability of the formulation,nd non-toxicity of ingredients and degradation
products.

Via the developed formulation 8% of the anti-midedb product (AEGIS) and 4% of DPCLK
acting as binder is applied to the fabric, alonghwan appropriate wetting agent. Also for this
formulation the full bath impregnation offered thest properties. The polymerization, of the binder
is realized via curing at 150°C up to 175°C durdigp 5 minutes. Formulations were also applied at
full industrial scale.

3.5.4 Additional functionalization of resin systems
In addition also functionalization of the formutatiwas explored via:
» Colouration with pigments

» Addition of Hydrophobic agents.
« Flame retardency.

Pigments (red, green, yellow/brown, black) wereecteld that can be integrated in the Furan
formulation without destabilising the emulsion. #dugh it is feasible to define a red, green brown
colour, the colouration effect is not that good tlméhe intrinsic colour effect of the Furan redm.
the future colouration still can be used to redtle bleaching effect of sunlight of the treated
fabrics and to stabilise the brown colour of therfalated products.

Devan PPT tested the compatibility of hydrophicrdagewith the Furan resin formulation. Some
compatible products could be defined. Although duferan resin has as such already a hydrophic
effect, the effect can be considerably enlarged.nfast agrotextile applications, hydrophobicity is
not a major property required.

It is of interest to combine a minimum level of [pRoperties to materials such as ground-covers.

Applying furan resin in a sufficient amount impreviéame retardency of the natural fibre based
fabrics. For the Aegis treated fabrics or to furthpgrade the flame retardency of the furan treated
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fabrics, Devan PPT developed an FR treatment: EQMFP-128 (400 g/l), to be applied via full-
bath impregnation. High level of flame retardenould be obtained.

1. Neadle falied jule 2. Woven jule

Fig. 18: Natural fibre based ground-covers FR &@and perfectly resisting cigarette test.
3.6 Demonstrator development & demonstrator field tests

3.6.1 Demonstrator production.

Based on previous results, industrial productionsrwere performed both for the natural fibre
based and for the biopolymer based, agrotextilesnd@nhstrator end-products were defined and
realised on industrial production equipment.

The following demonstrator products were defined:

3.6.1.1 Natural fibre based ground covers — La Zeloise.

La Zeloise produced are non-woven and woven jubeirgt covers against weed growth and soil
stabilization. The purpose of this products fam#yto consolidate the terrain, suitable to resist
external conditions and to avoid the growth of watien. Furthermore, the ground covering
reduces the transpiration of ground, and reducesétessity of water. A set of materials treated
with the biobased Furan Hybrid resin (Transfuran@icals) or with the synthetic Aegis
formulation (Devan PPT) were tested along withnexiee materials.

Table 6: La Zeloise ground covers, product chareties of tested materials

C: de Fabric and treatment
1 360g/sgm Jute (woven) 8,3VR/8,3BR 190°C, 3m/min
2 360g/sgm Jute (woven) 8,3VR/8,3BR 220°C, 4,5m/min
3 460g/sgm Jute (woven) 8,3VR/8,3BR 220°C, 4m/min
4 500g/sgm Jute (felt, enzyme treated) 8,3VR/8,3B&8,3 220°C
2,5m/min
6 500g/sgm Jute (felt) 8,3VR/8,3BR 8,3/8,3 220°Gni¥min
8 360g/sgm Jute (woven) natural, not treated
9 500g/sgm Jute (felt) natural, not treated
10 | 500g/sqm Jute (felt) Aegis treated
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3.6.1.2 PLA based ground cover — DS Textiles.

The demo material provided by DS Textiles is atlighight, non-woven mat made in PLA. The felt

is expected to be used as an erosion protectiosldpes, and to avoid the growth of vegetation.
The contemporary achievement of such two functitiealmakes it necessary to have a relevant
strength. To avoid a too fast degradation the nomen was calandered to limit the microbiological

contamination. ,

Table 7: DS Textiles product

#

Code Fabric and treatment

1 PLA non-woven mat

3.6.1.3 PLA based insect proof nets — TEXINOV.

TEXINOV produced industrially knitted insect scrednom PLA monofilament and multifilament
materials. The aim of the demonstrator is to prevadphysical barrier to insects that can provide
problems (iliness, destroying fruits, ...) to plarttees or cultures. The net is very lightweight and
permeable to air; the mechanical resistance needbet sufficient to avoid damage during
installation, and must be very resistant to UV afidns.

Table 8: Texinov products

#

Code Fabric and treatment

1 PLA multifilament knitted net

2 PLA Monofilament knitted net

3.6.1.4 PLA based groundcover fabric — Bonar.

BONAR developed for the demonstrators phase a wayennd cover made in PLA as an
alternative for standard PP based groundcoverslandscaping it is used as covering of land
besides highway or railways. Groundcovers are as&al for weed control to reduce maintenance
and the use of herbicides in public green areas orchards, ... . Different product colours are set
so as to mimic the environment (green, black, browalours).

Table 9: BONAR demonstrator products

#

Code Fabric and treatment

1 PLA woven fabric green/black

PLA woven fabric brown/black

2
3 PP woven fabric green/black - ref
4 PP woven fabric brown/black - ref

3.6.2 Demonstrator field tests.

Demonstrators were installed at two different iltston sites representing different climatic
parameters; the first is in the North of Italy ies®&i Levante and the second in the Southern byf Ita
in Lecce at the Botanical Garden of University etcte. At both sites the durability of the materials
was evaluated by following up the installed materéand regular sampling of products.
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In addition at the Lecce site, the mulching effebims been evaluated for the Jute based
demonstrators in combination with the evaluationptdnt growth (chicory growth), irrigation
included.

In addition some materials were installed as-wetha premises of the industrial partners.

The following pictures give an indicati f sonfetee installed materials.

Fig. 20: PLA woven groundcovers / Iandscping pmmiinstlled at two different locations

3.6.3 Durability tests on demonstrator products.

A range of different durability tests were perfodvan the experimental and demonstrator materials
to follow up the degradation of the products andyébd an indication of the real lifetime. Tests
procedures are related to:

Soil-burial tests —simulating materials in contadh microbiological active ground samples,
Q-UV tests, tests with UV-light source simulatingndight,

Combined Q-UV test with soil-burial test,

Aging tests under warehouse conditions or undeeméd temperature and humidity conditions,
Ecotoxicity tests for used products and their degtian products after composting

The degradation is followed by visual interpretatianalysis of mechanical properties (strength &
elongation), and for the PLA materials by analyses change in molecular weight of the polymeric
samples.

3.6.3.1 Soil burial test

The natural fibre based materials as well as th& Based agrotextiles were evaluated for their
durability using the “soil burial tests” accorditg AATCC 30-2004. This is a biodegradability test
for textiles buried in a microbiological active kait high relative humidity content and at a
temperature of 29°C. The activity of the soil istézl via adding a reference cotton fabric that
should be degraded completely after 1 to 2 weeadatrirent. The experimental materials are tested
for different periods in some cases up to 84 dayhkis accelerated soil burial test.
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It can be clearly observed that materials approggidreated with Furan based resins are protected
to a large extent and will have an extended lifettimat is expected to be at least the double of the
reference products. Also for products treated wiith alternative Aegis formulation, a similar
improvement is observed.

Referen e=: 0 days 42 days

Fig 21 : Results of soil burial tests for referedagée and Furan treated jute non-wovens in function
of time.

For the demonstrators in real field conditionsah de observed after 1 year that fungal attack on
reference products has started considerably. ThanFreated articles are still intact except for
some discolouration effect, due to the bleachimgceby the sunlight.

3.6.3.2 Follow-up of molecular weight after Q-UV and outd@exposure of PLA

PLA based agrotextiles were tested both in soil-Bdegradation tests and in standard Q-UV tests.
Exposure to ultra violet light according to ASTM &84 (4h at 60°C and 0.77W/m? followed by

4h at 50°C condensation) represents an acceleeafazsure environment. This test is using UV-A

light simulating outdoor sunlight, but temperatemnditions are raised in order to raise the impact
and reduce testing time.

As can be observed PLA materials will be slowly rdelgd under the test conditions defined.
However the material does resists much longer #tandard polymers like PP or PET if they are
not functionalised with UV stabilisers. PLA as suddis clearly a higher UV stability than these
reference polymers. PLA easily resists up to 208@-# of Q-UV treatment before properties drops
to halve of the original values.

In contrast it is observed that hardly any reductio MW is observed for samples in out-door
weathering tests. This can be an indication treptioposed testing methodology (used in standards
for testing PP, PET, PA) might be too aggressivettie PLA material and that the Q-UV results
offer an underestimation of the real durability pedies of PLA fabrics.
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Fig. 22A: Molar mass (Mw) of PLA based fibres afeaqposure to QUV (QUV), exposure to similar
temperature and humidity conditions without UV @9nand storage in the dark at 20°C and 50% RH
(stored). Material containing a degradation enhandegrades considerably faster.

Fig. 22B/:Molar mass (weight average, Mw) of PLAséa fabrics tested under real life outdoor exposure
during two growing seasons (April — October in 2046d 2011) in southern France. No relevant
degradation in MW and tenacity could be detected.

The soil burial test seems to have no impact abmalmechanical properties or on the molecular
weight of the PLA material. Extended testing cyad®en up to 12 months showed only a minor
reduction in properties. Even the combination df@+ests (1000 h) followed by further soil burial
test didn’t reveal an increased speed of degradatithe artificial soil.

Molar mass vs Exposure time (Soil Burial)
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Figure 23. Molar mass (weight average; Mw) of PliBrds (BL-0183) during laboratory soil burial after
various pre-treatments: 1000 hours of exposure t/ QUV), 1000 hours of exposure to similar
conditions without UV (cond.), and 1000 hours afrage in the dark at 20°C and 50% RH (stored).tsTes
included a-biotic controls (AC).

3.6.3.3 Fast degradation test under extreme conditions

A novel test method was defined for evaluationhaf hydrolytical degradation of PLA at extreme
conditions. Tests were performed in an oven at 8@ with a relative humidity > 80%. Under

these conditions the PLA will be completely hydssg and brittled. The test is mainly used to
evaluate the effect of added stabilisers. Someifspadditives could be defined that not only stops
hydrolysis in these conditions but as-well the loygkis during the melt processing as could be
clearly observed for a number of tests as repaéelier (see fig 7).
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3.6.3.4 Phytotoxicity tests via seed germination and ptantvth tests on soil samples with
partially degraded BioAgrotex demonstrator material

Phytotoxicity tests (according to OECD 208) werefgnened on jute based ground-covers treated
with Furan or an Aegis formulation. The samplesemasmposted and seed germination and plant
growth was evaluated using different species: Gamtess I(epidium sativurp Summer barley
(Hordeum vulgarg SoybeanGlycine max

No statistically significant effects could be ohsmt for the different composts based on the
experimental products used. It could be concludeat ho phytotoxicity are present in the
developed agrotextiles.

.....

Fig. 24: Ecotoxicity test set-up according OECD208

In addition to the laboratory ecotoxicity testscatbe demonstrator sites were observed for any
negative effects on plant growths either from wegrdsving next to the installed demonstrators and
of the chicory plants, planted in the middle of #®und-covers. Also in these field tests any
negative effect on plant growth could be observed.

3.6.4 Conclusions from demonstrator field tests.

The installed demonstrator materials were followedduring minimum 9 months but most
materials for 15 months or more. Even then it'dl stisufficient to draw final conclusions on
durability, since for most products a lifetime oinimum 3 years is expected.

The observations indicate already that none ofdineeloped materials showed an unacceptable
degradation level. Some of the materials clearkpedormed the reference products as was clearly
the case with Jute fabrics or felts treated withaRubased or an alternative antimicrobial resin. A
continued following up of the tests is performe@m®beyond the project timeframe. The efficiency
of the reduction in weed growth is more relatedhi® transparence of materials. Except from the
lightweight woven Jute fabrics (>350g/m?) all ma&ks were sufficiently blocking the growth of
weeds.

The additional tests with the chicory growth wea fully straightforward since the tests seems to

be influenced too much by local differences in tit fields and large intrinsic variations between

plants. Anyhow it could be concluded that no nagaticotoxic effects were observed based on the
different resin formulations used to extend thetirhe of the natural fibore based groundcovers.

This is observed in the field tests and in thededile fytotoxicity tests according OECD208.
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Also for the PLA based agrotextiles it is obsertieat the durability of the materials both used on
top of a crop or buried in the ground is sufficlgritigh. UV stability is high and easily outperform
standard synthetic polymers such as PP or PET autlley are functionalised with large amounts of
stabilisers. PLA materials, if not degraded in aeavia long term UV illumination, will resist
degradation in contact with the ground for a comsatlly long time and therefore lifetimes between
3 and 5 years are feasible in all cases.

3.7 Durability and ecological aspects of the developguroducts.

The BIOAGROTEX project is an ecological driven @ Therefore it is essential that the
ecological advantages generated can be clearlgetbfind individual products can be analysed for
their ecological footprint. In this regard a detdil LCA analysis for the different production
processes were performed for the different dematwstproducts developed that also form the basis
for the commercial products defined.

Life Cycle Assessment (LCA) is a structured, corhpresive and internationally standardised
method. It quantifies all relevant emissions ansbueces consumed and the related impact on
environment, human health and resources that apziased with any goods or services. The term
“life cycle” refers to the notion that a fair, hstic assessment requires the assessment of raw
material production, manufacture, distribution, uaad disposal including all intervening
transportation steps necessary or caused by tlieigrexistence. The sum of all those steps — or
phases — is the life cycle of the product.

LCA can be used in a number of direct applicati@ng, for product development (eco-design) and

improvement, strategic planning, public policy nmakimarketing, etc.

In this project we undertake the following steps:

* Interview with the “Commissioner of the study” bgithe Owner of the technology in order to
establish the goal, the scope and the boundaritgedftudy, to gain sufficient understanding of
involved processes and products and to obtain dugitity data for the LCI phase;

» Data collection based on which the LCA model isated;
* Input of the data in the software GaBi 5;
» Evaluation of both inventory and impact and intetation of results;
* Model revision and refining with improvement of dajuality.
This LCA study has been performed in accordanch wmiernationally recognized guidelines (see
e.g. ILCD Handbook: General guide for Life CyclesAssment - Detailed guidance”) and standards
(ISO 14044:2006 and 1SO 14040:2006) main requirgésaen
Structural elements regarding the quantificationthed environmental impact of the elementary
ingredients both for the NF and biopolymer basedtenas have been defined and the
specifications of the demonstrator production sgftiare taken into account to finalise the LCA
analysis. The analysis offers a detailed overviéallaspects related to ecology including: demand
on resources, energy, water and on aspects rdlatedhission in air, water and the ground. The
analysis takes into account production, real usageend-of-life stage.

For the demonstrators generated a detailed LCApsda®rmed and the key issues are summarised

in a one page publishable report. These reportsh@executive summary of the LCA analysis

performed of each single product. These short patiins are intended to be an exploitation of the
results of the LCA analysis in order to show to ¢thistomer the benefit to produce and to use (and

as a consequence, to implement in own facilitigspbased product (fig 27).
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In addition, a Bioagrotex Eco-datasheet is createdrder to give to the LCA analysis output a

commercial / industrial address. To have a trargganethodology to assess the carbon footprint
(as the LCA) and report it to the customer coujgr@sent a plus in the marketing management of
the product. In this infancy stage the Eco-datasisda a preliminary status that could be improved

and adapted according to the textile producerssieed

The aim of the Eco-datasheet is to use the PrirRaptprint as a parameter of eco-friendliness of
the products and processes defined. Its calculaloms not need the involvement of suppliers’ or
other third parties’, being exclusively based arhtecal data. Moreover, the Primary Footprint can

be also used as a marketing means of communicétsimg directly linked to consumption and thus

interesting in the eyes of the customer both frone@nomic and environmental point of view.

BIOAGROTEX ECO-DATASHEET

PRODUCT DESCRIPTION

Contnercial name: DURACOVER
Type of Textile: PLA woven Agrotextile

PROCESS ENERGETIC/ENVIRONMENTAL PARAMETERS

Energy consunmption: 9,649 MJ /i’ textile Weed resistance
Average Density of Reference Product: 130 g/ ni’ fextile UV-stability
Durability: 3 years Natural flante-retardant
Available densities: NA.

PRIMARY CARBON FOOTPRINT "

o2 ® 0000 S80@  vear2013 88 @ Year2014
' 0,238 kg of CO.eq /r textile ' = kgof COeq /m textile ' - kg of COeq /nr textile

(%) WORK CYCLE & BOUNDARY CONDITION:

Fig. 26: Example of a BIOAGROTEX ECO-DATASHEET
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Fig. 27: Example of a LCA publishable report.
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LCA study on the new PLA woven groundcover — BONAR Technical Fabrics

the environmental impact relsted to their entire life cydes
(production, application, sutodegradation) is assessed. The
analysis doss not support sy business decigion,
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Anchzing elementary flows and comparing the results, it
comes out that:

- Being the most complex and articulsted phase, the PLA
granulate production for PLA produds is obvioudy the
“heaviest”™ phase for all chosen indicators,

- The fabric counts for higher fevels of emissions to air and to
fresh water. Most of the emissions are either inorganic gases
(mainly steam and carbon dioxide) or exhaust gases. Most of
the emission & waste water needed for PLA gramulste

produchion process.
-mmm&wmamm

resoences i terms of nonrenewable ensigy resowrces and
both non-renewsbie and renewable material resmurces. Energy
resources are mainby crude oil, hard coal and naberal gas.
Material mesources ame mainly notural matedal for the PLA
production, water and air as renewable resources.

.
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4 The potential impact

4.1 Exploitation approach

BIOAGROTEX is an industry driven initiative wherd partners have contributed in ideas and
concepts. It builds on feasibility assessment bgustry and key RTD organizations in the
consortium of the ideas presented. It is a majgeaive to bring these ideas forward and to
develop technology which can be used and exploited.

The basic IPR rules is laid down in the Consortidgreement (CA), signed at the start of the
project. The CA also indicates the background keogyk of individual partners. Access to this
background knowledge will be given to the othertpenrs on a “need to know” basis for the
execution of the project. This access offered iegpho transfer of ownership or right to use the
information for items outside the project withoutitten consent of the partner owing the
background knowledge.

Foreground knowledge whether or not developed imt jactions is to be handled with great care.
To avoid discussion concerning ownership of foragcbknowledge developed during the project,
the partners are instructed on good practices @okblab recordings) and are described in the
Quality Manual. Foreground knowledge, offering poi&@ for commercialisation, is to be protected
in an adequate and effective manner, in conformitis the relevant legal provisions and in regard
to the legitimate interests of all participants. drder to maximize commercialisation potential
within the consortium access rights on backgroumdl fareground knowledge will be offered on
favourable conditions.

The Consortium Agreement also carefully governadssrelated to the disclosure of confidential
information in accordance to applicable laws andr&gulations. It further recognizes the fact that
the EC Model Contract requires the use of resatismnercial exploitation or further research). The
Consortium Agreement specifies the responsibilitiethe Partners to meet this requirement. Since
it is in the benefit of all partners that the deysd know-how, products and processes will be
applied on a large industrial scale, access tofdheground knowledge will be offered to third
parties outside the consortium on a commerciakbasi

An IPR tracking system has been developed withenptfoject during last months which collect all
relevant exploitable results information and publiavailable information. This tool will allow
defining the freedom-to-operate and will be of stsgice in defining the most appropriate way to
protect the developed foreground knowledge. Nonfidential information, such as analytical
techniques that can be implemented into standard®reground knowledge once protected in an
adequate way, will be released for disseminatiostfe importance of dissemination is growing,
strong emphasis is placed on the disseminatiorpasmotion of results achieved in Bioagrotex. A
multifaceted dissemination strategy is put in plgoéng beyond standard academic publications
and conferences by including measures for dissdimmaf results to industry to ensure take-up of
the developments by industry and the market.

At an early stage of the project potential explaigaresults were identified. The consortium has not
limited themselves to define exploitable end praslubut as well exploitable processes and
products to be generated as intermediates. Thewinlf table reports the exploitable results

defined during the course of the project with thenpany responsible and the other project partners
involved.
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Table 10: Possible exploitable results as definedeabeginning of the project

Exploitable Result

N° Exploitable Results Partners Involved
Manager
1 Chemical formulations of starch based RODENBURG
polymers
Starch based compounds for melt DPPT, ITCF,
2 processable polymers RODENBURG DLO/FBR,
Biopolyester based compounds for melt DPPT, ITCF,
3 processable polymers TECNARO CENTEXBEL,
4 Extrusion process for melt processing of ITCE DPPT, CENTEXBEL,
above bio-polymers ENYA, DS, BONAR
5 Blopolymer based textile fibres, yarns, ENYA DS. BONAR
filaments and tapes
6 Furan Based Prepolymers TFC
. DLO/FBR,
7 Watgr bgsed furap formulations for TEC CENTEXBEL, DPPT,
application to textiles LA ZELOISE. ENSAIT
8 Upgrading process of natural fibre waste| INOTEX AGRITEC, DLO/FBR
AGRITEC, ENSAIT,
9 Modified natural fibres INOTEX DLO/FBR, LA
ZELOISE
Biopolymer textile: processing into knitte DS, LA ZELOISE,
10 ' CENTEXBEL BONAR, TEXINOV,
woven, non woven structures
ENSAIT
, LA ZELOISE,
11 | Non woven products based on natural fif ENSAIT AGRITEC
Furan finishing technology in production TFC, DPPT, LA
12 lines CENTEXBEL ZELOISE, AGRITEC,
ENSAIT
13 Furap f|n|§hed products with integrated TEC LA ZELOISE
functionalities
132 Ap.pllcatlon of DPPT f|n|§hes tq agrotexti DPPT LA ZELOISE
to increase biodegradation resistance
13b Appllcatlon of DPPT Flame Retardant (F DPPT LA ZELOISE
finishes to agrotextiles
14 ?g:tl?g:cal technique for biodegradability DLO/EBR CENTEXBEL
15 D_eS|gn for te_x_tlles with tailor made DLO/EBR DAPP
biodegradability
. : DS, LA ZELOISE,
16 |LCA Analysis D’APPOLONIA BONAR, TEXINOV
17 Industrial textile applications: natural fibr¢ LA ZELOISE TFC, DPPT, AGRITEC
based ground-covers
18 Industrial textile applications: biopolymer DS TEXTILES RODENBURG,

based fibre mats

TECNARO, DPPT
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N° Exploitable Results Exploitable Result Partners Involved
Manager
19 Industrial textile applications: biopolymer BONAR RODENBURG,
based woven ground covers TECNARO, DPPT
Industrial textile applications: biopolymer RODENBURG,
20 . .y TEXINOV TECNARO, DPPT,
based crop protection textiles ENYA

For each exploitable result a summary table has peepared as well as a preliminary business
plan has been provided. Finally a patents sceraradysis has been performed focusing on the
most relevant patents, for which a detailed deionphas been provided. Suggestions regarding
patenting possibilities and/or strategies have Ipeevided.

The summary table contains general informatiorheféxploitable result as the innovation content
of the result, potential customer and expected fitecarrent achievement status and if necessary
expected date; commercial and financial infornmatie the time to market, evaluation of the cost to
be sustained after the project, price range ofréiselt or price of licenses, potential market size,
competition against other products in terms of err performance and the competitors;
collaboration and exploitation information as parminvolved, industrial partners interested in the
result (partners, sponsors, etc...) and IPR strategy.

The business plan consist in 27 questions organized)ht different sections: general organisation
description (current and future business activégal form of ownership, goals and objectives for
the specific Exploitable Result), info on the magragnt team (core assumptions of the business
model and managerial objectives, business manageahé specific Exploitable Result, need for
external management resources), technology infoomgtechnology as business opportunity with
added value to offer new solutions to customergeld@ment work needed to bring the technology
to the market and associated costs, reaction flmmcompetitors, bottlenecks to be overcome,
standardization (reference materials - referencéhodelogies or regulation etc...), intellectual
property rights strategies (IPRs clear within theojgct consortium, technology protection,
comprehension of the of the state of the art cuirsfination, including patents), products and
services (stage of development of product(s)/se(s)¢ product(s) dependence on other
technologies or IPRs of 3rd parties, unique selpngposition of the product(s)/service(s) offered,
competitive advantages), market analysis (markas and market growth, market segment(s) and
drivers of growth, competing products and companieeliminary marketing plan (sales targets
for the Exploitable Result, strategy for pricinguss, sales methods and distribution channels) and
tentative financial plan (break-even and cash fbaculations, capital needed over a period of time
and level required of external funding).

As outcome of the work performed, here after, resurof the current status, the valorisation
potential and the strategies for the exploitatibthe project results is presented, according € th
progress of RTD work performed up to the end ofptagect.

Table 11: Analysis of exploitation potential atdiised project.

Exploitable result Current Status — Valorisation potential

1. Chemical formulations o Improved formulations and routes to prepare themewdefined and
starch based polymers offer potential for other application fields.
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2. Starch based compounds { Know how generated can be implemented for otheliGgijmn fields
melt processable polymers

3. Biopolyester based compoun Can be commercialised, can be improved by stabiliznd chain
for melt processable polymers extenders. There is no potential for patenting.

4. Extrusion process for me Industrial processability has been demonstrated nimst extrusion
processing of the above bil processes except POY/FDY. Processes are used togrsa+ Patenting
polymers difficult,

5. Biopolymer based textileConsulting and use in further developments posshyteindustrial
fibres, yarns, filaments and tapesextrusion and by research partners.

6. Furan Based Prepolymers  The base technology has been patented in 2007ndtates of the patent
(EU, US, WO) are programmed. New formulations arbe decided, to

7. Water based furanbe evaluated the palm oil formulation. Productscose to the market
formulations for application totesting.
textiles

8. Upgrading process of natur There is no space for patenting; it's quite difficto get patent

fibre wastes specifications. The process is between farmerseamtusers and it's
difficult to be accepted and to enter in the marketto now. Process
and related properties are well known. Fibreshat moment not yet
used in the NF needlefelt production within biodagxg.

9. Modified natural fibres Possibility to valorise the enzyme field spray fatation

Possibility for use and consulting of know how ameyme treatment
and alternative fibre sources

10. Biopolymer textiles: Only minor adaptations are required within the pssing. Only
processing into knitted, wover internal use of individual generated know-how - it@d external
non woven structures valorisation potential

11. Non woven products bast¢ Different combinations of fibres including enzymesed to be done
on natural fibres For the next years, producers near Ensait coultbbtacted for the raw
materials supply

12. Furan finishing technology i Not patentable. Needle felt and woven textile &reshed using
production lines existing equipment.

Generated know how: Use and eventually consulting

13a. Application of DPPT The listed products are currently on the marketiiflerent sectors,
finishes to agrotextile to increas transfer to natural fibres is a direct one withitegalready completed.

biodegradation resistance Middle term exploitation route foresee to identifyssible end users for

13b. Application of DPPT Flame this application.
Retardant (FR) finishes

. O Next actions are technical testing for new subssrat
agrotextiles

14. Analytical technique fo Achieved, to be used in-house

TR EE iy Sert Exploitation of testing facilities and interpretati (consulting)

15. Design for textiles with tailo Achieved, to be used in-house
made biodegradability
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Use and consulting
16. LCA analysis Available, used for consultancy

17. Industrial textile applications Available, pre-commercial status, industrial prdituts can start-up
natural fibres based groun
covers

18. Industrial textile applications Available,

SUS(Bli D (52t lare el Some products at commercial status, other pre-coniahstatus

19. Industrial textile applications Available, commercial status, the product is a\dédan the market.
biopolymer based woven grour
covers

20. Industrial textile applications Available, commercial status
biopolymer based crop protectic
textiles

4.2 Specifically generated and commercialised agrotexéis based on the project
result.

Based on the results mentioned above a range obrErator products were defined and tested in
the field. In addition durability testing was perfted at lab scale conditions via soil burial tests,
composting tests and fast degradation in oven demubV-illumination. It was clearly shown that
the lifetime of the natural fibre based ground-gsvis at least doubled after application of the
bioresin and also the PLA based agrotextiles vadlily resist 3 to 5 years under outdoor conditions.
No eco-toxicity effects of the materials or the gwots generated during degradation could be
observed. Also a detailed LCA of the different destoator products was performed showing the
ecological relevance of the products.

Based on these results a range of commercial ptoaere developed and are commercialised:

4.2.1 Woven PLA Ground covers - DURACOVERBonar Technical fabrics)

Woven groundcover fabrics, based on extruded Plpedawere developed by Bonar Technical
Fabrics and are commercialised under the commenaale DURACOVER®. Products have a
high UV resistance and the durability is guaranteedcat least 3 years. They are light weight and
can be easily installed. Products are availablelifferent colours. Several pre commercial and
commercial installations have already be realisédnww.bonartf.com/en/x/159/duracoyer
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Fig. 28: Examples of installed DuracoVenaterials: test field and first commercial inst&bn.

4.2.2 PLA fibre needelefelt groundcovers — “HORTAFLEX"'®& EED CONTROL®" - DS
Textiles

Another set of groundcovers were defined by thegiaal company DS Textiles and are
commercialised under the tradename “HORTAF{EXand “WEED CONTROL®". These are
based on PLA staple fibres processed into neetief@hether or not with an additional calander
treatment. Products are also available that aréagong the necessary seeds and can be used as
seed mat. www.dstextileplatform.com

Fig. 29: Examples of installed HORTAFLEX WEED CONTROL® materials:

4.2.3 Knitted PLA insect screens — FILBIO®PLA and ULTRAME®PLA -TEXINOV

A third type of products are brought on the matigthe French company TEXINOV. They are
producing is specialty range of crop protectiondmais (against insect, wind, hail, intense sunjight
via well-defined knitted fabrics based on mono+miltifilaments yarns. A special range of PLA
based products are now commercialised under theletrmames FILBIO®PLA and
ULTRAVENT®PLA. Due to the high UV resistance of thewly developed articles the products
can outperform the present products based on R®eor on PA.ww.texinov.fr)

R, S T, SRR S T M —_—
- N

Flg 30 lllustration of the use of FILBIO®PLA

4.2.4 Natural Fibre based ground covers treated withelsios - LONGLAST — La Zeloise.

A final set of groundcovers were developed basedws fabrics and non-wovens treated with
bioresins from the Belgian company: Trans Furann@bals. The products are produced and
commercialised by the Belgian Company La Zeloiske Tnajor advantages of the materials
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developed are the extended durability of the nafilvee based fabrics (double or triple lifetime)
this combined with the fully biobased characteg fimal compostability and the absence of any
eco-toxicity effect. (cfwwww.lazeloise.bp.

4

! o walic
Fig. 31: lllustration natural fibre based groundex/from La Zeloise with extended durability.

4.2.5 Commercialisation of intermediates.

It's obvious that in order to allow the commeraalion of the above defined agrotextiles end-
products, there is also commercialisation actioeguired for all intermediates and specialty
formulations defined. Partly the materials are Hame existing commercial products but also new
special formulations are brought on the marketpécgfic example of such a product is the Hybrid
BIOREZ®, but also biopolymer formulations or textile intexdiates can be valorised.

4.3 Dissemination of the project results

Within the consortium it was decided to disseminasemuch as possible the project approach,
objectives and results as far as they don't interfeith IPR and exploitation possibilities.
Dissemination is seen as a key element to visulisenovel eco-friendly products developed and
to create a market demand.

During the whole course of project, 44 dissemimatictions have been performed by the
consortium partners.

They comprises conferences and congress (amonghwiachen-Dresden International Textile
Conference, European Textile Platform conference Euratex, TEXCHEM -21st TCC CZ
conference), fairs (among which Techtextil, Saielv8 fair, On the Road to a Bio-Based Economy:
International event on Renewable Plastics, Texiled Composites, Salon Vert), meeting with
potential industrial partners or end user groupkese activities were supported by the posters and
the flyers designed within the project.

At the end of the project a successful Internali@yemposium: “European Research & Innovation
for a Biobased Economy” has been organized to wiisete project results, to launch the new
products ain the market and to position the devetay towards other research initiatives towards
the generation of a biobased economy.
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Table 12: List of Disseminations
# |Event Location Date Partner Contents Type and Media
European Textile Platform conference - 01-02/04/ General overview of project and
1 |Euratex Brussels 2009 Centexbel |consortium Speech, presentation
16-18/09/ General overview of project and
2 |48th Man Made Fibre Congress Dornbirn 2009 Centexbel |consortium Speech, presentation
Czech 8-10/06/ General overview of project and
3 |m-tex, technical textiles ETRforum republic 2010 INOTEX consortium Speech, presentation
Czech General overview of project and
4 |TEXCHEM -21st TCC CZ conference republic 14/10/2009 |INOTEX consortium Speech, presentation
General results and possible
5 |Meeting with potential industrial partner |Denkendorf |20/04/2010 |ITCF applications Speech, Discussion
General overview of project and [Internal lectures,
6 |Internal Lectures Wageningen 2010 WUR consortium presentation
General results and possible
7 |Meeting with potential industrial partner |Zele 2010 BONAR applications Speech, Discussion
Positioning Bioagrotex within
8 |l-sup 2010 (eco-economy symposium Bruges 19/04/2010 |Centexbel |biopolymer developments Speech, presentation
Biopolyester blends for fibre
9 |Meeting with potential industrial partner |[Denkendorf | 8/10/2010 |ITCF and non-woven application Speech, presentation
Cooperation form “Biopolymers” Positioning Bioagrotex within
10 |@Bayern innovativ Munchen 11/11/2010 |Centexbel |biopolymer developments Speech, presentation
Aachen-Dresden International Textile Biopolyester blends for fibre
11 |Conference Dresden 25/11/2010 (ITCF and non-woven application Poster, info flyer
Development of fibres with
improved properties based on
12 |Stuttgarter Kunststoff-Kolloquium Stuttgart 16/03/2011 |ITCF PLA Speech, presentation
General overview of project and
13 [Natex workshop Poland 22/03/2011 (Centexbel |demonstrators Speech, presentation
Nat fibres bio-retting, enzymes
for nat. fibres, textile biotech
24- poster —exhibition boat
14 |TECHTEXTIL2011 Frankfurt 26/05/2011 [INOTEX CLUTEX/INOTEX Poster, info flyer
General overview of project,
15 Centexbel |consortium and demonstrators |Speech, presentation
General overview of project
presentation of sample
materials to be used as Poster and Flyers :
16 Centexbel |demonstrators Demo booth
Tech-Textil Meeting Frankfurt 05/2011 Presentation of industrial
17 BONAR materials
Presentation of industrial Commercial samples/
18 DS Textiles [materials company booth
Presentation of industrial
19 TEXINOV materials
Centexbel
and
14-16 /09 / |industrial |General overview of project and
20 |[50th Man Made Fibre Congress Dornbirn 2011 partners demonstrators Speech, presentation
21-22/09/ Presentation of the new bio- Product presentation {
21 |Fair Saint Selve 2011 Bonar based textile Small demosite
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22 Centexbel
23 On the Road to a Bio-Based Economy: TFC . .
. B General overview of project and .
24 Interr?atlonal'event on Renewa.ble Elewijt 40843 Techaro consortium - Demo of samples Speech, presentation
Plastics, Textiles and Composites
25 Bonar
26 DS-Textiles
Situating the developments in
the bioeconomy with link to
Research activities towards a Bioagrotex project and results -|Speech and
27 |bioeconomy Gent jan/12 Centexbel [for local authorities discussion forum
General overview of project,
30-31 /03 / |Centexbel |demonstrator materials —woven
28 |Euratex symposium Brussels 2012 and Bonar |PLA groundcovers Speech, presentation
Situating the developments in
Research activities towards a the biopolymer processing — Speech and
29 |bioeconomy Zwijnaarde |29/02/2012 |Centexbel |delegation of GB entrepreneurs |discussion forum
Processing of synthetic and Seminar on
biopolymers and effect on comparison of
Meeting with German extrusion machine structure formation and standard polymers
30 |producer Chemnitz 8/01/2012 |ITCF properties and biopolymers
NF based agrotextiles with Product presentation
31 |Meeting with French end-user group feb/12 La Zeloise |extended lifetime and discussion
Project presentation, results
32 |Textiles for the 3rd millennium LIBEREC 2/05/2012 |INOTEX achieved Speach
Koéln - La Zeloise |Presentation of Bioresin based |Commercial contacts
33 |Trade Fair Spoga Germany 02-04/09/12 |NV Jutecloth and Juteneedle felt for the retail market
34 |Salon Vert Saint-Chéron | 20/09/2012 |NV Demonstration Product presentation
35 |Salon Vert Saint-Chéron | 20/09/2012 |Bonar Demonstration Product presentation
36 TFC applications
37 Rodenburg |Starch based formulations
Melt processable biopolymer
38 Tecnaro formulations
39 Centexbel |objectives
. . Bioresin treated natural fibre
International Symposium European )
Research & Innovation for a Biobased Gent 26/09/2012 . based grot.md'covers with Speech, Presentation
40 La Zeloise |extended lifetime
Economy
41 Bonar TF Woven PLA groundcovers
42 Texinov screens
DS Textiles |Biopolymer based needlefelt
43 Platform |groundcovers
D’Appoloni |Ecological aspects of biobased
44 a polymers and products
Disseminations planned after finalisation of project.
45 |Symposium -EURATEX Brussels 22/11/2012 |Centexbel |Overall results Bioagrotex Lecture
St-Quentin
46 |Symposium — UP-TEX Fr. 22/11/2012 |Centexbel |Overall results Bioagrotex Lecture
47 |Publication in Unitex Belgium 1/12/2012 |Centexbel |Commercialised products publication
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5 Conclusion.

The FP7 Bioagrotex project was to a large exteatessful and most of the objectives defined at
the start of the project were successfully realidada few cases alternative production routes
needed to be applied to be applied in order tonatle realisation of the envisaged group of end
products. This was the case for the starch bagsedufations, that were clearly improved but only
textile products with insufficient mechanical prapes could be generated. The focus was there for
shifted towards the implementation of biopolyesters

A range of optimised biopolymer resins or thermsfiaformulations were defined that could be
processed on existing machinery and offer good gaseability and properties. Based on these
results a set of different types of agrotextileaslddoe defined and can be directly implemented in
the field. The first commercial results are alreatbyained and already a few hundred thousand m?2
of specialty agrotextiles based on the presentldpaeent are sold to the market.
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6 Project public website and relevant contact details

Project website: www.bioagrotex.eu

Coordinator contact:
Luc Ruys

Centexbel, Technologiepark 7, 9052 ZwijnaardegBeh
Tel: +32 9 2438233 e-mail: Ir@centexbel.be

N

Company Name Contact Website e-mail
person

Centexbel Luc Ruys www.centexbel.eu Ir@centexbel.be

Rodenburg Biopolymers| Jeroen Van www.rodenburgbiopolymers.nl|  Jeroen.van.Soest@byjopeis.nl
Soest

TransFuranChemicals Hans www.transfurans.be hans.hoydonckx@transfurans.
Hoydonckx

Tecnaro Lars Ziegler www.tecnaro.de Lars.zieglecdeo.de

Devan PPT James www.devan.net James.Budzynski@devan-uk.c
Budzynski

Enya Jurgen www.enya.be jurgen.derore@enya.be
Derore

DS Textile Platform Martin www.dstextileplatform.com martin.gernaey@dsnonwover.
Gernaey com

La Zeloise Filip Haegens| www.lazeloise.be filip.haegens@lazeloise.be

Texinov Nadege www.texinov.fr nboucard@texinov.fr
Bboucard

D’Appolonia Nicolo www.dappolonia.it nicolo.olivieri@dappolonia.it
Olivieri

ITCF Rainer www.itcf-denkendorf.de rainer.gutmann@itcf-
Gutmann denkendorf.de

SDLO Gulden www.wageningenur.nl gulden.Yilmaz@wur.nl
Yilmaz

Ensait Moise www.ensait.fr moise.vouters@ensait.fr
Vouters

INOTEX Jan Marek www.inotex.cz marek@inotex.cz

Bonar Technical Fabrics| Ives Swenngn  www.bonantfi.co iswennen@bonartf.com

CETMA Francesca www.cetma.it francesca.felline@cetma.it
Felline

Agritec Marie www.agritec.cz bjelkova@agritec.cz
Bjelkova
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Overview of partners logo’s
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