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THE PROBLEM AND BACKGROUND INFORMATION

According to one of the latest reports on plastic
industry for EU1 the demand from European plastic converters increased by 1.1% from 2010 to 47
million tonnes in 2011. The relative size of end-use
applications remained fairly stable with packaging
as the largest segment and representing more than
39% of the overall demand.
In general terms, out of the plastics consumed in
Europe, 25.1 million tonnes ended up in the waste
stream in 2011.

It is in this context where ECOBIONET
project results can bring an actual
solution to the flexible plastic
packaging industry.
When the ECOBIONET project was prepared (2008),
the information on the use of flexible packaging in
Europe showed a consumption of 9.2 Million tons
of polyolefins, around the 5 % of this amount2 corresponds to extruded tubular nets, accounting
around 450.000 ton. Products packed with nets
include potatoes, onions, green beans, garlic, shellfish, etc. Therefore, the scenario ECOBIONET project faces up when it is proposed is the following:
the end-life treatment of this amount of plastic
material is mixed with the household waste. The

management of this waste causes problems to
household waste treatment due their low apparent
density and high strength (i.e. material difficult to
be cut the nets may get entangled and collapse
treatment machines).
Using compostable nets, enables to minimise the
environmental impact (reduction in plastic waste and used energy), since these nets will suffer a
complete degradation in composting site conditions.

Fig. 1.- UP. Image of a landfill containing conventional plastic packaging
nets. Fig. 2.- DOWN. Alternative environmental solution provided by the new
ECOBIONET packaging nets.

Until then, the use of biodegradable nets available
on the market was with the “knitted nets”a. The
requirements for the material used in this type of
process are less restrictive (a high melt flow index
and low melt strength), and the costs are higher
than the melt spinning nets.

The new biodegradable compounds developed in ECOBIONET project have been
tested and proved technically suitable to
obtain four different biodegradable packaging nets: shellfish nets, oriented and
non-oriented nets and combined nets with
plastic sheets, in conventional Extrusion
Melt Spinning (EMS) equipment.

The biodegradable nets have similar physical and
mechanical properties than the ones used at present for all their lifetime, are completely biodegradable in the conditions of a composting plant
and are cost-competitive taking into account the
energy reduction during their manufacturing and
their added value as compost.
a. The knitted nets are produced in two steps. In the first step,
using a special extruder line an oriented fibre is obtained and
rolled. Afterwards, using a textile machine, the individual fibres are twisted and the net knitted.
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PROJECT OVERVIEW AND OBTAINED RESULTS
The main objective of the Project is to industrialize
the process and technologies related to the fabrication of different types of biodegradable-compostable nets, obtained by extrusion melt spinning
process (one-step process), for agriculture and
shellfish packaging products.
ECOBIONET goal was to manufacture completely
biodegradable and compostable packaging nets (in
order to obtain the compostable logo) while being
both cost-competitive and technically comparable to current polyolefin-based nets.

After the PICUS [COOP-CT-2005-017684 FP6 CRAFT
project] , a new biodegradable compound was obtained, derived from the synergic combination of
different immiscible biodegradable polyester materials (including an important percentage of PLA)
with plasticizers and compatibilizers, which was used
as starting point for ECOBIONET implementation.

The biodegradable blend properties have
been tested and proved technically suitable to obtain non-stretched mesh at pilot
plant level in one-step extrusion process.

There has been an incremental improvement. In
fact, the actual system is proven through successful
implementation and with customer satisfaction (regarding their excellent technical behaviour), and the
innovation is ready to be disseminated on a large
scale.
To reach this main objective different partial goals
were achieved, described in the next pages.

NET PRODUCERS
COMPOUNDER

SHELLFISH PRODUCTS

AGRICULTURAL PRODUCTS

TECHNOLOGICAL PLASTIC SUPPORT & COMPOUNDING OPTIMIZATION
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COMPOSTABILITY TESTING LAB

1. An optimized formulation for each type of nets according to their processability by EMS
The Extrusion Melt Spinning (EMS) is the technology used for obtaining the extruded nets in tubular
form. This process has a very specific die which is
the most important part of the processing line.
The most common type of nets obtained with this
method is non-oriented nets. This process is shown
in Figure 3.
To obtain the other kinds of nets in one step process
(oriented nets, shellfish nets and combinations of
net-plastic sheets) some modifications are needed
over the described process.
•

•

Oriented net: This process includes a new
step after the net formation and cooling. In
this step, the net is heated again and stretched by means of drawing rollers, improving the mechanical properties due to the
orientation of the molecules.
Net for shellfish products: This process
is similar to the oriented nets but it is necessary the use of a specific die with lower
amount of threads to provide the net geometry required.

Fig. 3 - Steps in the Extrusion Melt Spinning Process for non-stretched nets: a) Extrusion of threads to form the net, b) Immersion in water to cool
down and c) winding onto the roll.

•

Combination of net and plastic sheet:
Another kind of package for the agricultural
sector is the combination of plastic bags
with non-oriented nets joint together to
form like a small window in the package.
This kind of package has the advantage that
the product can easily be visualized, transpires, and if the product has some waste
(dust in the case of potatoes, pieces of skin
in onions and garlics), this remains inside
the package maintaining, in this way, the
shelves and the pantries clean. Figure 4
on next page shows the net types abovementioned.

ECOBIONET Project | 5

The modification of the compound developed in the
former EU project (PICUS) using mixtures between
different biodegradable materials available in the
market, with the addition of some additives, improves the final requirements and provides new suitable compounds to manufacture the four types of
nets using conventional equipment.
ECOBIONET project started from a basic formulation which showed some limited properties, nonoptimized processability and high economic costs.
That formulation was based on a mixture of biopolyesters with PLA.

During ECOBIONET Project, different formulations
were developed (AC 16040, AD16040, ARBOBLEND
SC 2305 TE), achieving the suitable melt strength, melt flow index to be processed by Extrusion
Melt Spinning. Furthermore, the processability of
these compounds have been excellent in the types
of nets described, even it was achieved higher output (extrusion speed) comparing with commodity
material, besides the nets obtained show the mechanical properties defined in the target objectives. The cost of the material has been reduced
by 30% from material developed in the previous
project.
One of the final formulations is AC16040 and it
has been selected to perform two types of nets
(Oriented nets ant Nets for shellfish products).
Some rheological and mechanical properties have
been improved and are shown in next table.
Starting material
from PICUS Project

AC16040

MFI (g/10min)
Cond.: 2,16Kg. 150°C

0.932

0,691

MVR (ml/10min)
Cond.: 2,16Kg. 150°C

0,836

0,636

Tensile strength* (MPa)

33,2

36,70

Elongation at break*(%)

14

400

Property

Fig.4 - Types of packaging nets; a) Non oriented nets,
b) Oriented net, c) Shellfish Nets, d) Combination net +
plastic sheet
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(*) specimen thickness = 260 microns

2. Modifications in the Extrusion Melt
Spinning line according the characteristic of the new biodegradable
materials developed
The following modifications were considered in different parts of the net manufacturing equipment to
produce bio nets.
a. Screw configuration in the extruder machine.
The adequate screw is the HDPE screw. This screw
provides the maximum delivery according to its geometry and shows the adequate compression ratiob.
b. Die elements to produce a film in the nets in
combination with plastic sheets. Taking into account their rheological behaviour and the high viscosity of the biodegradable developed to be able to
process in EMS, the die selected to obtain the films
is the Coat Hunger die with variable cross section.
c. Pelletized system. Using a Under Water Granulation system, the output of the compounds developed can be increased by 50% and problems with
granulation of soft materials are removed.

Fig. 5 - Coat Hunger die with variable cross section

b. Compression ratio: The ratio of the volume of the first turns
of the channel of the screw (at hopper end) to the volume
of the last turn of the channel (at the die end) is known as
the compression ratio. This ratio usually between 1.5:1 to 4:1
depending upon the material.
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3. The elimination of the plastic
waste generated by the current
packaging nets

The elimination of the plastic waste will
cause a reduction in landfill disposal.
Specifically, according to the data which
were obtained taking into account 1%
of market introduction of biodegradable
material, over the total production of
PE net of ONLY the two companies
involved in the project, this would
impact positively in a waste minimization of 7,680 kg (at the end of the
project).
By analyzing only the figures within
the project consortium, it is possible to
foresee the huge impact that the replacement of the conventional nets by
ECOBIONET ones could have in the packaging sector. The new biodegradable
nets will promote the use of compostable packaging as the meshes will suffer
a complete degradation in composting
site conditions. The new nets will be
biodegradable and compostable, so the
nets after their life-span will be able to
generate good quality compost for the
land to be used as a fertilizer.

AT START

2 WEEKS COMPOSTING

1 WEEK COMPOSTING

Fig. 6 - Positive biodegradation of final developed compounds.

4 WEEKS COMPOSTING

Fig. 7 - Positive disintegration test of one of the final
selected formulations (AC16040)
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4. An Ecolabel stamp
for the developed products
Two Seedling logo certificates were obtained
on the developed compostable nets. This EUwide established eco-logo is based on the
European standard EN 13432, which defines
the requirements for organic recycling of packaging by industrial composting and includes
degradation during composting and environmental safety aspects.

Fig. 8 - Vinçotte Certificates obtained within ECOBIONET framework for two of the formulations (AC 16040
and AD 16040)
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OBTAINED RESULTS, BIODEGRADABLE NETS FOR EACH CASE STUDY
The results obtained are shown in the following table where there are additional information about the characteristic of the bio-nets developed in ECOBIONET project in
the four case studies in comparison with the traditional nets, thus both visual and mechanical similarities (such as tensile test on each kind of net) can be appreciated.

ORIENTED NETS
from 0.1 to 1 Kg of packaged product.
Ex: garlic, onions, etc.

NETS FOR SHELLFISH PRODUCTS
from 1 to 5 Kg of packaged product.
Ex: mussels, clams, cockles, etc.

NON ORIENTED NETS
from 3 to 5 Kg of packaged product.
Ex: peppers, potatoes, etc.

COMBI NETS
Non-oriented net from 0.5 to 3 Kg of
packaged product.
Ex: garlic, oranges, potatoes, etc.

Material

Weigh (g/m)

Tensile strength (N)

Elongation at break (%)

Traditional

13.2

14.5-15.5

145-155

Compostable
(AC16040)

11.6

16.5-17.5

330-350

Traditional

7.06

32-34

170-180

Compostable
(AC16040)

7.29

34-35

50-55

Traditional

23.4

8.5-9.5

560-580

Compostable
(AD 16040)

24.1

23-24

560-585

Compostable
(ARBOBLEND SC2305TE)

24.6

17

550

Traditional

38.5 (*)

--

--

Compostable
(AD 16040)

36.3 (*)

--

--

Compostable
(ARBOBLEND SC2305TE)

--

--

--

(*)The weight per meter depending on the bag design (more or less amount of sheet and net). Data for garlic nets.
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Appearance

THE MARKET AND EUROPEAN ADDED VALUE
According to a market analysis carried out on the
consumption of extruded tubular nets for packaging applications, it was estimated that this kind
of nets corresponds to around the 5% of the total
flexible packaging consumed in Europe1 (percentages calculated from Eurostat data) with an average cost of approximately 1.750 €/t (according to
the Spanish net market data)3.
Based on this data, the consumption of tubular extruded nets in Europe, EU27, (produced from conventional plastics) for packaging was 450,000 t/year in
2007. The demand of this kind of flexible packaging
can be justified by the increment between 5 and
14% per year in some European countries (e.g.
Spain)4. Assuming the previous figures, this project potentially addresses around 470,000 tonnes
of plastic nets (more than 8,000 million units of
extruded nets) to be replaced by the biodegradable
ones in 2015 (potential market), to pack several
millions of tons per year of vegetables (potatoes, onions, garlic...) fruits (citrus fruit, kiwis, dry
fruits...) and shellfish (clams, mussels, oysters,
winkles, scallops, lobster, crayfish and crabs).
The current polyolefin nets used to package fresh
agricultural products, shellfish and non-food products are widely used, but the problems related to
waste management are higher than in films due
to their high strength and low weight. This charac-

teristic makes the plastic nets difficult and expensive to separate from the organic fraction waste
and also provokes problems for reprocessing them
(problems for grinding and extrusion machine feeding), yielding into an expensive recycling system.
The result is compost contaminated with plastic of
very low commercial value.
There are sources5 which assure that the turnover of
biopolymers is currently 10% of the plastic market
and that in 2020 will reach 25%. Figure 9 shows the
trends for the coming years. At the same time, it is
pointed that the biodegradable manufacturers will
increase from the current 500 companies until more
than 5,000 in 20203. Therefore, the industrialization
of a biodegradable alternative to the current used
nets, will bring a solution to a growing problem in Europe; plastic waste management, particularly in the
case of household waste contaminated with plastic
packaging nets, as addressed by ECOBIONET.

Fig. 9 - Global Production capacity of Bioplastics (2016)

The easiness of adapting the conventional EMS
equipment, the environmental advantages of the
new nets promoted by the eco-label and the rapid
rise in oil prices along with continuing supply demand has driven conventional plastic raw materials
higher. The use of biodegradable polymers as a raw
material will reduce the dependence of the oil-based plastics, so it will improve the competitiveness
of the companies.

In addition, addressing the subject at EU level have
ensured that ECOBIONET can achieve European visibility, enabling European SMEs be aware of the
ECOBIONET results and having the opportunity to
adapt the ECOBIONET technology and products to
their own business, not only for packing the current
products, but also other potential sectors should be
considered, such as tubular nets for bottles, toys, etc.
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European Comission

ECOBIONET “Industrial implementation of biodegradable
and compostable packaging nets for agricultural and
shellfish products” is a CIP Eco-innovation Pilot and
market replication project. ECO/09/256032/SI2.566276.
The project has a total duration of 36 months (from
September 2010 to August2013) and a budget of M€
1,1 (EU contribution: 50 %)

CONTACT
AIMPLAS
www.aimplas.es/proyectos/ecobionet
E-mail: proyectos@aimplas.es
Tel: +34 96 136 60 40
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