~ Fraunhofer

UMSICHT

FRAUNHOFER INSTITUTE FOR ENVIRONMENTAL, SAFETY, AND ENERGY TECHNOLOGY UMSICHT

FRAUNHOFER UMSICHT TAKES POSITION
TOPIC: RECYCLING OF BIOPLASTICS

' \&é\ﬁo\\en

on Spul-

A POSITION PAPER OF THE SERIES »UMSICHT TAKES POSITION«

OBERHAUSEN | JULY 2018




\

~ Fraunhofer

UMSICHT

FRAUNHOFER UMSICHT TAKES POSITION
OUR POSITION PAPERS

Within the series of position papers »Fraunhofer UMSICHT takes position« we cover issues which
currently attract the attention of society, science and economy. In addition to our research activi-
ties, we would like to take a position and make a contribution towards greater objectivity in emo-
tional debates. At the same time we would like to show whether and how we can help to solve
societal challenges.

Our statements are developed within the staff of Fraunhofer UMSICHT. Each position paper is the
result of an opinion-forming process throughout the institute; in this case driven by the Bio-Based
Plastics department, which was supported by the Sustainability Group. In controversial issues, the
staff of our institute often displays the diversity of opinions within the society. We openly present
the variety of opinions in our position papers if we cannot come to one single position concerning
the subject in question.
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FRAUNHOFER UMSICHT TAKES POSITION:
TOPIC: RECYCLING OF BIOPLASTICS

Position of the Fraunhofer UMSICHT on the recycling of bioplastics
Background

Our way of life results in increased resource consumption and emissions [Welt-2016]. In order to
achieve a sustainable development, it is imperative to bring about far-reaching changes in today's
economic system and consumer behaviour. The United Nations has included these necessary
changes in the Sustainable Development Goals in goal 12 »Ensure sustainable consumption and
production patterns« [UN-2015]. For instance, sub-goal 12.5 calls for a substantial reduction in
the amount of waste by 2030 through prevention, reduction, recycling and reuse [EDA-2017].
These demands are translated into concrete political strategies under the term »circular economy«
[EC-2018a]. Goods and raw materials are to be recycled through intelligent product design (with
re-use, extended use and recycling). This provides jobs and added value, especially locally (e. g. for
repair) and ideally results in no more waste [UMSICHT-2017]. The EU takes up this concept in the
circular economy package and plans to strengthen the implementation of the waste hierarchy.
Furthermore, in January 2018, the European Commission published a strategy for plastics [EC-
2018b]. An important driver of this strategy is the discussion about microplastics and marine lit-
tering, which Fraunhofer UMSICHT already addressed in an earlier position paper [UMSICHT-
2015]. The topic of plastics was also discussed at the World Economic Forum 2018 in Davos. The
European plastics association PlasticsEurope has issued a voluntary commitment to achieve high
recovery and recycling quotas [EUWID-2018]. There are also voluntary commitments by some ma-
jor companies such as packaging manufacturers, food companies and consumer goods manufac-
turers to increase the proportion of recycled materials in their products [EMF-2018; HVD-2017].
Incentives for recyclable packaging are set out in Section 21 of the German Packaging Act, which
demands ecological structuring of the participation fees. Furthermore, according to Section 21 (1)
2, the use of recyclates and renewable raw materials is to be promoted [VerG-2017]. The law
comes into force in 2019.

The following paper examines the material group of bioplastics in more detail and addresses the
guestion of whether and how these bioplastics can contribute to closing circular material flows.

Bioplastics are either bio-based or biodegradable or both [EUBP-2017a], but other definitions are
also in use! [FNR-2017; Vert-2012]. According to estimates by the European Bioplastics industry
association, their worldwide production capacities will continue to increase in the coming years
[EUBP-2017b], as they have done in the past. Bio-based, non-degradable plastics make up around
half of all bioplastics. These are primarily so-called drop-in solutions which have the same chemi-
cal structure as fossil-based plastics already on the market, e. g. bio-polyethylene (bio-PE), bio-
polyethylene terephthalate (bio-PET) and bio-polyamides (bio-PA). Today, most of the latter two
types of plastic are offered as partially bio-based materials. Bio-PET for instance currently contains
20 percent bio-based carbon. Polyethylene furanoate (PEF), a plastic comparable to PET but com-
pletely bio-based with better barrier properties, will be added in future. Polylactic acid (PLA) and
polyhydroyalkanoates (PHA) are the most common biodegradable bio-based plastics, additionally

T For an explanation of the terms, see the info box at the end of the document.
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there are also biodegradable starch blends2 containing up to 35 percent bio-based thermoplastic
materials. Significant growth can be expected here especially in the PHAs, which after a long de-
velopment period are now being commercially produced. The production capacities of PLA will
also increase in the next five years [EUBP-2017a] and with Total Corbion, a second world-scale3
competitor for PLA and lactide joins Natureworks in the market in 2018 [Corbion-2018].
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Figure 1: Worldwide production capacities for bioplastics, annual growth (2018-2022 forecast), production capacities
2017 by material type [EUBP-2017a], own presentation

So far, the share of bioplastics in the overall plastics market has been very low. 335 million tons of
plastic were produced worldwide in 2016 [PE-2018]. Bioplastics account for about 0.6 percent of
this, with the drop-in plastics Bio-PE and Bio-PET alone accounting for more than one third.
Around 60 percent of bioplastics are used in packaging. This category also includes plastic bags
for transporting fruit and vegetables, plastic carrier bags and waste collection bags. These product
groups make up the majority of the market particularly in Italy and France, where their certified
biodegradability (industrially compostable or home compostable) is required by law.
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Figure 2: Worldwide production capacities for bioplastics 2017 by application [EUBP-2017a], own presentation

2 Aplastic blend is a mixture of two or more different plastics.
3 World-scale plants are particularly economical production plants with very large capacities.
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Other important applications are textiles, consumer goods, the automotive and transport sector as
well as horticulture and landscaping [EUBP-2017a]. These wide-ranging applications are made
possible by the multitude of different bioplastics with different properties. Additionally, custom-
ized polymer blends are often used to meet particular user requirements for the material. Bioplas-
tics continue to be used mainly in niche markets. Large-volume individual applications in the pack-
aging sector such as the Sant'Anna water bottle in Italy or the PlantBottle of the Coca Cola Com-
pany are exceptions.

Use is followed by disposal. This raises the question of the optimum disposal method for bioplas-
tics, especially for short-lived products such as packaging.

The basic technical possibilities for the processing of plastic residual streams are extremely good
due to the fast, contactless molecular recognition of plastic assemblies using spatially resolved
near infrared spectroscopy? and the recognition of shape, colour and texture using digital image
recognition and UV/VIS spectroscopy® [Visionsort-2006]. Newer methods using laser spectros-
copy® and the method of hyperspectral imaging’ have refined and extended the possibilities so
that even black plastics - and these also according to plastic type -, glass and other materials can
be detected [Beel-2017; Meyer-2017; Steinert-2016; TOMRA-0J; Unisensor-2014; Unisensor-
2016]. The possible spatial resolution of individual plastic residues on a sorting belt has also been
further improved, so that sorting at flake level® is now state of the art. With the further develop-
ment of the data analysis software of the optical sensors using self-adapting neuronal networks, a
sorting task with regard to good and bad fractions can be solved in close proximity to the applica-
tion. Even multilayer plastic composites can be detected at least in part using near-infrared spec-
troscopy [Axion-2016]. New developments such as electro-hydraulic comminution make the sepa-
ration of galvanized plastics (metal-plastic composites) appear possible in the future [Herdegen-
2016].

Like all conventional plastics, bio-based plastic residue streams can also be identified and sorted,
as shown by studies commissioned by the Fachagentur Nachwachsende Rohstoffe e.V. (Agency
for Renewable Resources) [Hiebel-2017] and the Deutsche Bundesstiftung Umwelt DBU (German
Federal Environmental Foundation) [DBU-2015] using PLA and PLA-based blends as examples. The
new bottle material based on polyethylene furanoate (PEF), which is currently being launched on
the market and is even explicitly advertised as being recyclable via the existing process chains
[SYNVINA-2017].

Limiting factors for sorting, and thus limiting the quality and quantity of individual sorting frac-
tions, are at present primarily:

= technical-physical factors of the separation of the plastic waste to be sorted (e. g. the dif-
ficult special separation of flexible packaging materials or the detection of rolling packag-
ing materials such as yoghurt cups),

= material design factors with regard to:

NIR spectroscopy: fast non-contact method that uses head radiation (NIR = near infrared radiation) to detect chemical structures of
plastics.

UVNIS spectroscopy: UV/VIS spectroscopy is a non-contact spectroscopic method belonging to optical molecular spectroscopy,
which uses electromagnetic waves of ultraviolet (UV) and visible (VIS) light and makes it possible to detect the colour of plastics.

Laser spectroscopy: By using lasers, the energy density of the radiation interacting with the plastic can be increased to such an
extent that atomic or molecular information is accessible.

Hyperspectral imaging is a method in which spatially resolved data are linked to wavelength-based spectroscopic data. The differ-
ence between multispectral and hyperspectral imaging lies in the number of detected points in the spectrum.

Flakes are shredded plastics.
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0 composite materials (e. g. multi-layer composite films)
0 or material combinations (e. g. plastic with paper labels)
and the associated increasingly complex evaluation of the data generated by sensors (es-
pecially with further individualisation of the design),
= economic factors that define the minimum content of a sorting fraction in the entire
sorting stream (rising marginal costs when sorting to 100 percent purity), and

= resources requirement (energy and materials) to completely close cycles (e.g. sorting and
processing effort).

With sufficiently pure sorting fractions, material combinations can also be largely separated
through downstream processes, as shown by the separation of PET bottles into caps and PET
flakes and the colour sorting of the PET flakes. Generally, complex sorting tasks can be carried out
more easily the more unambiguous the material (e. g. PET) or the origin (e. g. bottle return sys-
tems). However, sorting mixed residual material streams from recycling bins or the Gelber Sack
recycling scheme is the most difficult task in the area of packaging waste.

Economic factors ultimately dominate the quality (purity) of a sorting fraction. Due to the low vol-
ume, new types of plastics often cannot be sorted economically as a separate fraction and are ei-
ther discharged for disposal or can contaminate other fractions. However, the influence of bio-
based plastics as impurities is generally not greater than that of fossil-based impurities already
present, as shown at Wageningen University [Oever-2017].

New plastics, whether bio-based or not, should therefore be considered holistically. Only a few
new developments have been made in the field of plastics in the last 30 years, as the material
properties and costs of the plastics developed beforehand have been greatly improved through a
deeper knowledge of the physics and chemistry of polymers and innovations in processing tech-
nology. Aside from the fossil-based PA 46, several structurally new bio-based polymers are now
available on a large industrial scale or will be available shortly. These include PLA, PEF, PHA and
partially bio-based polyamides. Although not all partially bio-based polyamides can be considered
new plastics from a historical perspective, they are now being appreciated in a new way from the
point of view of sustainable added value, as is bio-based polyethylene. Developments in the field
of climate protection, which make it necessary to turn away from the fossil fuel economy, as well
as the needs of a growing world population and its aspiration to achieve prosperity, result in an
increasing global per capita plastic consumption and the need for more climate-neutral raw mate-
rials (raw material shift). It is therefore to be expected that long-term efforts towards more recy-
clable plastics will be necessary if the raw material basis changes. Drop-in materials such as bio-
based polyethylene can contribute to solving the climate problem. However, as polyolefins, which
are particularly difficult to degrade, pose a major problem if they are not disposed of properly due
to their longevity in the environment, overarching criteria must also be considered.

The new German Packaging Act therefore stipulates in Section 16 the gradual increase in the re-
covery of plastic waste to 90 percent by 2022, 70 percent of which must be recycled [VerG-
2017]. The status quo of current recovery with its high proportion of energy recovery paths [Con-
sultic-2016] will no longer be sustainable in future. Frans Timmermans, Vice-President of the Eu-
ropean Commission is now putting pressure on industry: »Our whole economy needs to be trans-
formed. We want to ensure that all packaging in Europe is recyclable in 2030« [Zeit-2018].

The increased use of bioplastics and the sorting of plastic waste must therefore be seen in the

context of the entire economic value chain as well as in the context of the ecological effects, and
requires national and international solutions.
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Position of Fraunhofer UMSICHT

1. All plastic products, including those made of biodegradable plastics, are to be fed into a
target-oriented waste management system. The littering of the environment with plastics,
whether fossil-based or bio-based, degradable or non-degradable plastics, is a social and
regulatory problem. Communication within society about the correct or incorrect handling
of plastics - and in a broader sense the handling of all resources - at the end of their utili-
sation phase needs to be fundamentally intensified.

2. Multiple use, repairability and improved end-of-life management should be endeavoured
for all types of plastic products, including those made of bioplastics.

3. Products and materials must be designed as far as possible in a way that allows them to
be recycled. The range of plastics used today and the use of multilayer composites, espe-
cially for short-lived products such as packaging, must therefore be reconsidered. Material
combinations that are difficult to recycle should be avoided. These include, for example:

= material mixtures (e. g. PET with PA barrier layers)

= metal-plastic combinations (such as aluminium as barrier layer)

= plastic-paper combinations (e. g. through non-removable labels)

= material combinations that are difficult to detect (due to product design)

Other design criteria for recyclability are the ability of the packaging to be emptied of resi-
dues and residue-free separable components (e. g. lids for yoghurt cups). From 2019, re-
cyclability will affect the fees for packaging that must be registered in the German recy-
cling system (Section 21 VerpackG) [VerG-2017].

4. Materials with very good barrier properties are often used for food packaging. More in-
tensive research is needed on how these solutions can be achieved without multilayer
composites.

5. The use of renewable raw materials is an important strategic route due to the inevitable
long-term move away from fossil raw materials and should certainly be adhered to, re-
gardless of biodegradability. Another long-term option could be the material use of car-
bon dioxide powered by renewable energies [Marzi-2017].

6. Deposit solutions, e. g. for PET bottles, lead to high return rates (94 percent) at high purity
and recycling rates [PET-2016]. An expansion of the deposit system to other materials
should be considered openly and transparently with all stakeholders, taking into account
the costs and benefits. New deposit systems based on bio-based plastics from the outset
could increase market penetration.

7. Plastic packaging captured via the dual waste management systems can be identified and
sorted using modern sorting systems. Optimized operational management makes it possi-
ble to achieve high sorting qualities (appropriate loading and belt speed). Even if the
guantities of bioplastics are currently still small, sorting tests should be carried out with
real products. This allows to optimize system design and the adaptive algorithms of soft-
ware-controlled plastic detection in the event that larger quantities of bioplastics are in-
cluded in the sorting process in the future.

8. Clear material identification beyond the chemical basis is helpful for better sorting. This
can be achieved using barcodes, photo recognition or even marking additives [Nonclercg-
2016]. These options should be pursued further.
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9. Bioplastics currently account for well under one percent of plastic waste [Schwede-2018].
The purity requirements for the sorting fractions, e. g. by Der Griine Punkt - Duales Sys-
tem Deutschland GmbH (DSD), allow far higher impurities. Studies have shown that hardly
any deterioration due to the low bioplastics content in properties of post-consumer recy-
clates is noticeable in the sorting fraction [Hiebel-2017; Oever-2017]. It would be prudent
to conduct further investigations here.

10. The aim must be to increase the proportion of recycled content in virgin material without
causing pollutant carry-over. The use of recycled material in food contact is strictly requ-
lated by the European Regulation EC 282/2008. The regulation stipulates that only recy-
clates whose production is quality-monitored and whose raw material basis has food ap-
proval are used [EK-2008]. Meaningful solutions must be found for all sides here and it
must be assessed within which ranges recyclates can be used reasonably (consideration of
expenditures and benefits).

11. Fraunhofer UMSICHT is of the opinion that labelling of recycled products (e. g. on recy-
cling content and quality) is desirable and enables consumers to adapt their purchasing
behaviour. For example, the RAL Quality Assurance Association Recyclates from recycla-
bles from kerbside collection was founded by DSD and partners for this purpose. This aims
to make the source of the raw materials visible [DSD-2018].

12. Biodegradable bioplastics should be clearly labelled. Biodegradable plastics in which initial
degradation may occur due to contact with impurities or technical processes should not
be used in applications that end up in the Gelbe Tonne or Gelber Sack recycling scheme at
the end of their product life. On the other hand, it is necessary to adapt regulatory re-
quirements (e. g. Biowaste Ordinance, Fertilizer Ordinance, municipal waste statutes) to
open up the disposal route of composting of biodegradable products where it makes
sense. One example of this is the biodegradable collection bag for biowaste.

13. So-called drop-in materials, which are bio-based plastics that are chemically identical to
plastics from fossil raw materials, behave during recycling like their petrochemical counter-
parts and should be recycled together with these. Support through the incentive systems
according to Section 21 of the new Packaging Act is considered sensible.

14. Life cycle assessments often do not provide a longer-term perspective [Finkbeiner-2014].
For example, they fail to consider that the production of natural gas and crude oil is be-
coming increasingly complex. Furthermore, life cycle assessments currently take no ac-
count of risks in crude oil production such as oil spills (tanker accidents, Deep Water Hori-
zon) or leaks in gas or oil pipelines. An update of data sets for oil extraction is therefore
imperative.

15. Fraunhofer UMSICHT recommends a comprehensive sustainability assessment for the eval-
uation of bioplastics. The balancing of economic and ecological criteria should increasingly
be seen in the overall context of raw material supply, environmental services and ecologi-
cal effects as a responsibility for society as a whole. The cycles of new materials are in the-
ory no worse than the technically and economically (economy of scale) optimised cycles of
established recyclables.

These facts and recommendations form the basis for technical and social innovations in the field
of bioplastics that are being developed at Fraunhofer UMSICHT.
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Bioplastics are biodegradable, bio-based or both

Bio-based means that the material or product has been (partially) produced from biomass, e. g. corn, sugar cane or cel-
lulose. Fossil raw material sources remain (partially) untouched, local sources of added value secure jobs. Certification
systems essentially evaluate bio-based plastics according to the content of »old« (fossil) and »new« (renewable) carbon.
Manufacturers' data can be verified by means of physical procedures.

The term biodegradable describes a biochemical process in which microorganisms present in the environment convert
the material into natural substances such as water, carbon dioxide and microbial biomass. Biodegradability is therefore
not a function of the origin of the material, but is only related to its molecular structure. The process of biodegradation
also depends on environmental conditions (e. g. humidity or temperature) and product design (e. g. thickness of the
component).

This distinction is illustrated by a simple two-axis model into which all types of plastic and possible combinations can be
classified:

\‘

Graphic representation of all plastic types and their possible combinations
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The vertical axis shows the biodegradability of plastics, which must be demonstrated by standardised testing and certifi-
cation procedures and is therefore a material property, while the horizontal axis shows the origin of the material, i. e.
petrochemical or renewable raw materials.

Four possible groups can be derived from this scheme:

1. Non-biodegradable plastics from petrochemical raw materials - this category includes what is known as classical or
traditional plastics.

2. Biodegradable plastics from renewable raw materials - plastics made from raw materials containing biomass and
showing the property of biodegradability. These plastics are used, for example, in mulch films or biowaste bags.

3. Biodegradable plastics from fossil raw materials - plastics that are biodegradable but are made from fossil raw materi-
als. The applications are comparable to applications in group 2.

4. Non-biodegradable plastics made from renewable raw materials - plastics produced from biomass but not biode-
gradable. These plastics are often so-called drop-in solutions, i. e. plastics that are chemically identical to those made
from fossil raw materials (e. g. bio PE in cosmetic packaging).

Occasionally one also encounters the term »biocompatible«. This is used in connection with the compatibility of plastics
in human or animal tissue. Biocompatible plastics degrade after operations without toxic intermediate and end products
or are not attacked as foreign bodies by the immune system.
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